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Abstract

Cystic fibrosis (CF) is a chronic multisystem disease with manifestations from birth. It involves 

the entire respiratory system, with increased cough, and recurrent pulmonary infections, and it 

also leads to intestinal malabsorption, all of which can have an impact on sleep. In this review, 

we summarize the available literature on the various sleep disturbances in children with CF. Sleep 

quality and sleep efficiency are often impaired in children with CF. They may be accompanied 

by symptoms associated with sleep-disordered breathing (SDB), and objective findings such 

as nocturnal hypoxemia. Importantly, a strong association has been shown between SDB and 

the severity of lung disease, and some studies have reported a similar association for sleep 

quality. Further research is needed to better characterize the association of sleep disturbances 

with respiratory outcomes and the impact of treatment of sleep disorders on pulmonary status in 

children with CF.
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Introduction

Cystic fibrosis (CF) is an autosomal recessive disorder caused by mutations in the cystic 

fibrosis transmembrane conductance regulator (CFTR) gene that encodes a chloride channel 

responsible for the regulation of water and electrolyte transport across epithelial cell apical 

membranes.1,2 The major clinical manifestations of CF are respiratory and gastrointestinal.3 
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In the respiratory tract there is accumulation of thick mucus, impaired mucociliary 

clearance, chronic inflammation, and recurrent upper and lower respiratory infections; 

whereas in the gastrointestinal tract pancreatic insufficiency usually lead to malabsorption 

and steatorrhea.4

Sleep is an important pillar of general health and normal development in children. 

Insufficient sleep, sleep disruption, and sleep-disordered breathing (SDB) have far-reaching 

consequences on the physical and psychological wellbeing of children and adolescents. 

Sleep disorders and SDB are common, with 1-4% of children suffering from SDB 

and 5-30% from other sleep problems5,6. Sleep deprivation leads to mood disorders, 

fatigue, attention deficits, daytime sleepiness and anxiety, as well as impaired decision-

making leading to risky behaviors.7-13 Short sleep duration and poor sleep quality are 

associated with obesity 14,15, metabolic derangements such as insulin resistance14-16, 

immune dysfunction,17 and cardiovascular alterations.18

A multitude of factors associated with disease activity in CF have the potential to 

disrupt sleep such as chronic cough, upper- and lower airway inflammation and infection, 

gastroesophageal reflux, abdominal pain, frequent stooling, and medications effects.19,20 

However, controlled studies focusing on sleep in children with CF are scarce, and their 

results conflicting.

In this review, we summarize the current knowledge on sleep disorders in children with CF 

and identify knowledge gaps for future research.

This expands on our recent meta-analysis we reviewed on sleep and cystic fibrosis,21 by 

specifically focusing on children. Since the first publication on sleep in children with 

cystic fibrosis in 198322 there have been multiple additional studies and reports (see a 

recent review in this journal23). Thirteen pediatric studies explored PSG findings,22,24-35 

three utilized nocturnal oximetry,36-38 and one reported the results of nocturnal noninvasive 

ventilation.39 One study assessed ENT examination and endoscopy findings,40 another 

nocturnal cough,41 and one transcutaneous blood gas levels.42 There have been six studies of 

behavioral aspects of sleep using validated questionnaires.3,43-47 Two publications described 

case reports,48,49 and there were six reviews21,50-54. Two additional studies assessed sleep 

in the mothers of children with CF.55,56 One publication was a comment on a questionnaire 

study.57 In this review we attempt to describe the main findings of these studies and reports.

Sleep Quality in CF

A majority of studies that have included sleep questionnaires reported impaired sleep quality 

in children with CF21. Overall, both objective and subjective measurements indicate reduced 

sleep efficiency, defined as the time spent asleep as the percentage of time spent in bed, 

in children with CF, as compared with healthy children. Decreased sleep efficiency is 

most often the result of increased awakenings and longer wake-after-sleep-onset (WASO) 

periods3,26,32,45 , often associated with snoring and symptoms of SDB.26,32,43 Insomnia 

symptoms are common, manifesting as difficulties in sleep initiation,26,32,43 as well as 

complaints of daytime sleepiness.26,58 Sleep quality correlates with quality of life in 
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children with CF58. We have shown similar findings in children with CF and children with 

Primary Ciliary Dyskinesia (PCD).47

Sleep quality and its association with CF lung disease

A significant correlation is often described between the severity of CF lung disease and 

objective sleep disturbances as well as subjective complaints of sleepiness:

Children with lower FEV1 have longer sleep latencies, more awakenings, and spend 

more time in WASO, leading to overall lower sleep efficiencies. On the other hand, 

decreased sleep efficiency and shorter sleep duration are independently associated with 

lower FEV1.3,45,59 Increased reporting of daytime sleepiness was also found to correlate 

with a more severe lung disease.45 While limited, these data suggest a bidirectional 

relationship between sleep quality and pulmonary disease severity in children with CF.

Causes of Poor Sleep Quality in CF

In addition to pulmonary disease severity, there may be multiple other causes for poor 

sleep in CF. Most of the studies include children with CF and either normal, or mildly 

impaired, pulmonary functions, assessed during periods of relative stability, and free of 

acute exacerbations. This would suggest that sleep disruption is not solely the result of 

gas-exchange abnormalities. It is plausible that sleep is disrupted due to factors related 

to chronic lung disease such as nocturnal cough, and gastrointestinal symptoms such as 

gastroesophageal reflux and abdominal pain.3,20 In addition, sleep may be affected by 

time-consuming treatments such as airway clearance with manual chest physiotherapy, 

high-frequency chest wall oscillation vest use, and inhaled medications.43 Such treatments, 

carried out before bedtime, may affect sleep, both from the behavioral and pharmacological 

aspects. Cystic fibrosis affects the entire respiratory system, causing sinopulmonary disease 

and impaired mucociliary clearance that can play a role in the pathophysiology of SDB.60,61 

This may explain the high prevalence of snoring and mouth breathing on the questionnaires, 

discussed below.

Cough during sleep is a well-recognized cause of disturbed sleep and poor sleep quality in 

children with other respiratory conditions as well.62 However, only one study has examined 

cough objectively using a cough recorder, in children with stable CF.41 The study found that 

nocturnal cough was more frequent than described for healthy children, and more prevalent 

in children with more advanced lung disease.

Sleep quality in CF may also be affected by chronic pain, similar to other chronic pediatric 

conditions, though the exact mechanism of how pain impairs sleep is not clear. Two-thirds 

of children with CF report recurrent pain episodes. Most of the complaints are related to 

abdominal pain, but others include musculoskeletal and joint pain.63 Poor sleep leads to 

a higher perception of pain symptoms.50 The bidirectional model suggests that pain leads 

to poor sleep that in turn leads to higher pain levels64 while the unidirectional model is 

based on studies showing poor sleep leading to increased pain but no clear evidence of the 

other direction.65 Improving sleep quality may diminish pain in children with CF, although 

this is yet to be demonstrated. A recent review described the prevalence of pain and sleep 

complaints in children with CF and noted a dearth of studies linking the two.50
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It is important to note that acute pulmonary exacerbations are a common cause of morbidity 

and mortality in CF, but no study thus far has addressed the effect of acute pulmonary 

exacerbations on sleep quality in children with CF. In adults, it has been shown that acute 

exacerbations impair sleep and neurobehavioral performance, irrespective of the severity of 

underlying lung disease.66

Sleep Architecture in CF

Only a handful of studies have looked at sleep architecture, defined as the cyclical 

distribution of the different sleep stages along the sleep time. This includes N1, N2, N3 

(slow-wave sleep) and REM stages and the timing of sleep relative to time in bed. Whereas 

sleep quality is often disturbed, sleep architecture seems to be relatively preserved in 

children with CF when compared with healthy controls. Some studies have reported a lower 

percentage of REM sleep out of total sleep time in children with CF, while others have not 

(Table 1). In addition, though sleep is disturbed in children with CF, the arousal index as 

measured by PSG is often within normal limits.

Sleep-disordered Breathing in CF

Children with CF and their parents often report sleep-disordered breathing (SDB) associated 

complaints. 26,32,43 The most common complaint is snoring, followed by difficulty 

breathing during the night, mouth breathing, and pauses in breathing during sleep. Table 

1 summarizes pediatric PSG studies, five of which have compared children with CF to 

healthy controls.25,26,28,29,31 Outcome variables included measures of sleep architecture, 

gas exchange, apnea-hypopnea (AHI) and/or respiratory-disturbance indices (RDI). Overall, 

children with CF have lower nighttime SpO2 means and nadirs relative to healthy controls.

The degree to which the prevalence of SDB differs in children with CF from the general 

population remains unclear. Reports suffer from significant heterogeneity, partly as a result 

of different respiratory event indices used (AHI versus RDI), and partly due to changes to 

the scoring criteria guided by the American Academy of Sleep Medicine (AASM) during 

the years in which the studies were published. Even the cut-offs for the definition of 

OSA differ between some reports. Uncontrolled studies report a prevalence of OSA in 

up to 50% of their cohort, though these reports often suffer from referral bias due to 

selection of symptomatic children who are preferentially referred for PSG. Only one study, 

which compared 40 children with CF ages 6 months – 11 years to 18 healthy controls, 

reported a higher AHI in children with CF [7.13 (SD=1.3) vs. 0.5 (0.4), p<0.001].29 In this 

study, SDB was most severe in children under six years old.29 The other four controlled 

studies (n=78, control=69) did not identify a significant difference in respiratory event 

indices.25,26,28,31 Thus, this question remains unresolved and probably requires a more 

personalized diagnostic approach to understand which clinical characteristics in children 

with CF predispose them to SDB.

Sleep-Disordered breathing correlation to lung disease severity

Whereas the prevalence of SDB is not clearly increased in children with CF, there seems 

to be a clear correlation between the severity of CF lung disease, as assessed by FEV1, 
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and the nocturnal oxygen saturation. A direct correlation has been reported between FEV1 

and the mean SpO2 ,32,34,37 between FEV1 and the SpO2 nadir,32,33 and between FVC and 

the mean SpO2.34 In two studies, nocturnal hypoxemia burden (SpO2<90% more than 5% 

of TST) was associated with lower FEV1.30,34 Finally, Silva et al. identified an association 

between higher AHI on PSG and lower wake saturations.32 Only two studies have found 

no association between lung disease severity and nocturnal oxygenation indices: Uyan et al. 

did not find an association between FEV1 and nocturnal hypoxemia36, although association 

was observed between nocturnal hypoxemia and a more advanced lung disease on chest CF. 

Spicuzza et al. reported an association between mean nocturnal SpO2 with wake SpO2, but 

not with the FEV1.29 In summary, of the studies assessing the relationship between CF lung 

disease severity in children and nocturnal oxygenation, six reported a significant correlation 

(n=234) 30,32-35,37 while two found no significant association (n=64).29,36

SDB has a significant impact on the wellbeing and quality of life in children.13 Children 

with SDB may exhibit aggressiveness, lower social competency, and poorer communication 

or adaptive skills,12 as well as symptoms of ADHD that improve after adenotonsillectomy10 

or after PAP therapy, as is exemplified by the illustrative case presented above. They also 

tend to have higher resting blood pressure,18 increased systemic inflammation67,68 and 

impaired glucose metabolism.69 We could find no studies on the specific effects of SDB, 

in children with CF, on these end-organ or neurobehavioral manifestations. Furthermore, 

we could find no studies on the effect of treatment of SDB in this population. One 

notable exception is a study that examined the association between glucose tolerance and 

nocturnal oxygen saturations. Glucose metabolism is a significant factor in CF disease 

progression – children with CF and glucose intolerance have worse pulmonary outcomes, 

and improving glucose status improves lung disease.70 Mirroring the findings from healthy 

children with SDB, this study described an association between nocturnal hypoxemia and 

glucose intolerance in children with CF.28 More studies are needed to determine the causal 

factors for impaired glucose metabolism in CF – nocturnal hypoxemia or early airway 

obstruction and whether treatment of SDB would improve glucose and pulmonary status.

Noninvasive ventilation

In CF, work of breathing is increased as a result of airway obstruction, mucous plugging, 

bronchial inflammation and parenchymal destruction. In advanced disease, alveolar 

hypoventilation becomes increasingly common.71 With the introduction of novel treatments 

such as CFTR modulators, lung disease progression becomes more gradual for many 

patients, possibly making the need for non-invasive support less relevant to the pediatric 

population. Most of the studies on noninvasive ventilation in patients with CF are case 

series of adults with advanced lung disease. There are several small series in children 

with the following findings: Caronia et al.39 described a series of nine CF patients with 

end-stage lung disease, three aged 19-20 years old, awaiting lung transplantation. They 

started noninvasive bi-level positive airway pressure (BiPAP) treatment after being admitted 

for respiratory decompensation. All showed improved respiratory status parameters and the 

authors concluded that this therapy was well tolerated for long-term home use and can 

provide an extended period of respiratory comfort and stability. Efrati et al.72 also reported 

a series of 9 patients, two of whom were children age 6 and 17 years old. BiPAP treatment 
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leads to improvement in gas exchange parameters, resolution of morning headaches and 

improved sleep quality, whereas pulmonary function was not affected. These beneficial 

effects were reported in the whole cohort but were not observed in the two children sub-

group.

Conclusions

The illustrative case described above gives an example of the benefit of addressing sleep 

disorders in a child with CF. Having reviewed both subjective and objective evidence 

of frequent sleep disturbances in children with CF, we hope we have emphasized the 

importance of addressing this domain on routine patient encounters. Children with CF have 

poor sleep quality with increased cough during sleep, reduced sleep efficiency, increased 

symptoms of sleep-disordered breathing and objectively lower baseline oxygen saturations. 

Due to the small samples of the studies to date, it remains unclear whether children with 

CF have a higher prevalence of OSA when compared to healthy age-matched controls. It 

seems that there is a clear association between the degree of nocturnal hypoxemia and the 

severity of CF lung disease. Non-invasive ventilation may be a valuable tool in patients with 

end-stage lung disease, although the data for children are lacking.

Future directions

Studies looking into screening for and treating sleep disorders in CF are required. Additional 

research is needed, with larger sample sizes and standardized outcomes, to better define 

these sleep abnormalities and their relationship with disease severity. It remains to be 

shown whether novel CFTR modulators have a beneficial effect on sleep quality and SDB 

prevalence in children with CF, in which case sleep disturbances may serve as a much 

needed outcome measure in this age group.

Finally, treatment of sleep disturbances needs to be addressed as a potential tool in the 

arsenal of CF therapy geared towards improving lung function and quality of life in children 

with CF.
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Illustrative case

A.T. is a 9-year old girl with cystic fibrosis (CF), homozygous for the delF508 

mutation. She presented to the sleep unit due to complaints of snoring, observed apneas, 

CO2 retention and diurnal hypoxemia. At the time she already had advanced lung 

disease, with a FEV1 41 percent-predicted, and recurrent admissions for pulmonary 

exacerbations. Medications included antibiotics, insulin, monteleukast, vitamins and 

pancreatic enzymes, in addition to daily airway clearance with hypertonic saline and 

chest physiotherapy. Her family complained of behavioral problems affecting adherence 

with treatments as well as poor performance at school. She was referred for an overnight 

polysomnography (PSG) that revealed moderate obstructive sleep apnea (OSA) with an 

apnea-hypopnea index (AHI) of 6.7, oxygen saturation (SpO2) nadir of 82%, and 30 

minutes pulse oximetry saturations below 90%. On otolaryngology evaluation and drug-

induced sleep endoscopy (DISE) adenoid and tonsillar tissue obstruction of the airway 

were ruled out with pharyngomalacia noted as the cause of upper airway obstruction. 

Subsequently, she was fitted with a continuous positive airway pressure (CPAP) device, 

with a nasal mask at a pressure of 7 cm H2O after in-lab titration (Figure 1). Repeat PSG 

showed a significant improvement in OSA and nocturnal hypoxemia with CPAP therapy 

(Figure 2). Shortly thereafter her family and school reported significant improvements in 

behavior and academic performance, presumably leading to improved compliance with 

care. She gained ~2.5kg in weight the following year and required fewer admissions.
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Figure 1: 
9 year old girl with CF with her CPAP device (with permission from the family)
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Figure 2: 
Comparison of hypnogram before (a) and after (b) initiation of CPAP, demonstrating optimal 

control of sleep-disordered breathing with a pressure of 7cmH2O.
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