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Sleep disturbances in children with cystic fibrosis, primary ciliary
dyskinesia and typically developing children during COVID-19
pandemic
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Azime Sebnem Soysal,2 Dilek Yapar3 and Mustafa Necmi _Ilhan3

Departments of 1Pediatric Pulmonology, 2Pediatrics, and 3Public Health, Gazi University Faculty of Medicine, Ankara, Turkey

Aim: We aimed to investigate sleep disturbances in children with cystic fibrosis (CF) and primary ciliary dyskinesia (PCD) and typically develop-
ing (TD) children during the COVID-19 pandemic.
Methods: Primary care givers of children with CF and PCD aged 3–16 years were asked to enrol in the study. Primary care givers of TD children
were included as control group. The Sleep Disturbance Scale for Children (SDSC) was used, and questions related to sleep habits during the pan-
demic were asked. Results of the three groups were compared.
Results: Primary care givers of 33 children with CF, 16 children with PCD and 66 TD children were included in the study. There were no differ-
ences in terms of age and gender between the three groups. Changes in sleep patterns during the pandemic were more common among TD chil-
dren and their families, with 75% of the children and 80% of their families sleeping later than before. The sleep initiation and maintenance
disorder scores were higher in TD children (P = 0.001), whereas the sleep breathing disorder scores were higher in children with PCD
(P = 0.001), and the sleep hyperhidrosis scores were higher in children with CF and PCD (P = 0.011). No relationships were found between sleep
parameters and clinical findings of children with lung disease.
Conclusions: Children’s sleep habits have changed during the pandemic. Children with chronic lung diseases and even TD children may experi-
ence sleep disturbances during this period.
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What is already known on this topic

1 Lifestyle changes during the pandemic may change children’s
sleep habits.

2 There are no data on sleep habits and disturbances of children
with cystic fibrosis and primary ciliary dyskinesia during the
COVID-19 pandemic.

What this paper adds

1 Children with chronic lung diseases and even typically developing
children may experience sleep disturbances during the pandemic.

2 Changes in sleep patterns of children and their families and also
disorders of initiating and maintaining sleep were found more
frequently in typically developing children which could be attrib-
uted to less awareness of good sleep practices.

The coronavirus disease 2019 (COVID-19) pandemic is a public

health emergency of international concern and is psychologi-

cally affecting people all over the world. Fear of infection and

uncertainty about the disease cause anxiety and mental stress.

Moreover, measures taken to contain the disease, such as stay-

at-home orders, social distancing and restrictions on outdoor

physical activity have led to life-style changes, which can result

in sleep difficulties.1,2

Cystic fibrosis (CF) and primary ciliary dyskinesia (PCD) are

chronic lung diseases that may be accompanied by sleep disor-

ders. Recurrent sinusitis, nasal polyposis and lower respiratory

tract infections in both diseases may cause sleep-disordered

breathing.3,4 In turn, sleep-disordered breathing, as well as medi-

cations that interfere with sleep, may cause sleep disturbances.

Sleep may also be directly affected by disease-related symptoms,

such as cough and pain.5 It was shown that children with CF,

even when they are clinically stable, got less sleep than their

peers due to more frequent nightly awakenings. In addition, dis-

ease severity was related to sleep disturbance and daytime sleepi-

ness.6 Low baseline SpO2, FEV1 < 80%, CF-related diabetes,

Percutaneous endoscopic gastrostomy (PEG) feeding and comor-

bid behaviour disorder were found to be associated with lower

sleep quantity in children with CF. Moreover, family characteris-

tics such as paternal smoking and family member with a mood
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disorder and poor sleep hygiene were shown to be associated with

sleep disturbances.7 During this pandemic, as all children, children

with CF and PCD may be psychologically affected by life-style

changes, such as not going to school, home isolation and limited

peer relationships. It is also known that anxiety and depression are

common in children with CF and PCD.8–10 As lung involvement

is prominent in COVID-19, these children may experience

even higher levels of anxiety during this period. These factors

combined can lead to sleep disorders in these children.

Sleep is essential for optimal physical and mental health,

immune function and cognition. Sleep disorders may interfere

with the physical, cognitive, emotional and social development,

especially of children.11 Impaired sleep quality and excessive day-

time sleepiness were found to be related to lower mood and

health related quality of life in children and adolescents with

CF.12 As this is the most severe pandemic in generations, the

effects of this situation on children’s sleep and their consequences

are unknown. This study aimed to investigate the impact of the

COVID-19 pandemic on sleep disturbances in children with CF

and PCD and typically developing (TD) children, and compare

the three groups.

Materials and Methods

All primary care givers of children with CF and PCD aged 3–

16 years regularly followed up in the Paediatric Pulmonology

Department in a university hospital were asked to enrol in the

study. Primary care givers of TD children of the same age range

were recruited using snowball sampling and served as a control

group. Because of the risk of COVID-19, this study conducted

interviews via teleconference between 6 July 2020 and 10 July

2020. Curfew restriction for children was started in the beginning

of April 2020 and schools were closed in March 2020. Curfew

restrictions were applied to people under 20 years both in week-

days and weekend between April to mid-June. The interviews

were conducted by the doctors who were regularly following up

the children in the paediatric pulmonology department. Car-

e givers who did not wish to participate were excluded.

Data collected for all groups included the children’s age, gen-

der, weight and height. Body mass index (BMI) was calculated.

Weight and height of children were noted which were measured

by their parents at home. The Sleep Disturbance Scale for Chil-

dren (SDSC) was used to assess sleep disturbances. Questions

about sleep habits during the COVID-19 pandemic were asked.

For the CF and PCD groups, clinical data were obtained from

the children’s hospital files. The number of hospitalizations in the

past year, number of sputum cultures positive for any bacteria in

the past year, presence of chronic Pseudomonas infection and

mean follow-up duration were noted. Chronic Pseudomonas infec-

tion was defined as P. aeruginosa positivity in more than 50% of

the samples collected over a period of 12 months.13 Results

of pulmonary function tests (PFTs) were recorded for patients

who could perform spirometry in the last follow-up, and forced

vital capacity (FVC), forced expiratory volume (FEV), FEV in 1 s

(FEV1) and forced expiratory flow at 25–75% of the pulmonary

volume (FEF25–75) spirometry tests were recorded as predicted

percentages. The FEV1/FVC ratio was recorded and assessed

based on age, gender and height.

The SDSC, developed for children aged 6–16 years, evaluates

disorders of initiating and maintaining sleep (DIMS), sleep

breathing disorders, disorders of arousal (DA), sleep–wake transi-

tion disorders (SWTD), disorders of excessive somnolence

(DOES) and sleep hyperhidrosis (SHY) during the previous

6 months.14 The six subscales are scored on a 5-point Likert scale.

The sum of scores provides a total score ranging from 26 to 130.

Higher scores indicate more severe disturbances.15 This tool has

been translated into many languages with satisfactory results in

terms of validity and reliability. A Turkish version was validated

by Akcay et al., and used in the study.16 Romeo et al. applied the

SDSC to pre-school children (3–6 years).17 In this study,

the questionnaire was administered to the primary care givers.

An additional 21 questions were prepared by the authors to

investigate changes in children’s sleep habits during the COVID-

19 pandemic. The questions regarded changes in the sleep pat-

terns of the child or family members, changes in the child’s tem-

perament and commitment to mother, daily activity changes,

changes in and total duration of screen time, weight changes dur-

ing the pandemic, daytime sleep, activities with the parents at

home that were not related to education, playing with friends,

whether the child preferred playing with friends or the parents,

whether the child slept late, whether the child slept with the par-

ents, whether the child had nightmares, whether the house had

a garden and whether there were smokers at home. These ques-

tions were shown in Table 1.

Comparisons between the results of the three groups were per-

formed. For the CF and PCD groups, relationships between sleep-

related results and the patients’ clinical data were investigated.

Statistical analyses were performed using IBM SPSS Statistics

version 22.0 (IBM Corp., Armonk, NY, USA) for Windows.

Descriptive statistics were expressed as numbers and percentages

for categorical variables and means � standard deviations and

medians and interquartile ranges for continuous variables. The

normality of distribution of continuous variables was assessed with

visual (histograms and probability graphics) and analytic methods

(Kolmogorov-Smirnov and Shapiro-Wilk test). For comparisons

between two groups, the Mann-Whitney U test was used for data

that did not fit the normal distribution, and the independent sam-

ples t-test was used for data that fit the normal distribution. For

comparisons between three groups, one-way analysis of variance

(ANOVA) was performed where the parametric test conditions

were satisfied, and the Kruskal-Wallis H test was performed where

the parametric test conditions were not satisfied. For significant

ANOVA results, binary comparisons between groups were per-

formed with the Bonferroni multiple comparison test. For signifi-

cant Kruskal-Wallis H test results, binary comparisons between

groups were performed with the Dunnett’s multiple comparison

test. Comparisons of categorical variables between independent

groups were performed with the χ2 test. Relationships between

data that did not fit the normal distribution were evaluated with

Spearman’s correlation test, and relationships between data that fit

the normal distribution were evaluated with Pearson’s correlation

test. A value of P < 0.05 was considered statistically significant.

Results

A total of 33 primary care givers of children with CF, 16 primary

care givers of children with PCD and 66 primary care givers of
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TD children were included in the study. All primary care givers

were their mothers. Comparisons of age, gender and BMI z-

scores between the children in the three groups are presented in

Table 2. The mean age of the children with CF was 9.5 years (7–

12 years), the mean age of the children with PCD was 10.5 years

(8.1–12.7 years) and the mean age of the TD children was 8 years

(5.3–11.2 years). There were no statistically significant differences

in terms of age and gender between the three groups.

The clinical data of the patients with CF and PCD are presented in

Table 2. The mean follow-up duration was 96.45 � 35.6 months for

children with CF and 43.0 � 26.7 months for children with PCD

(P = 0.001). Seven (21%) children with CF and 6 (37%) children

with PCD had been hospitalised in the past year (P = 0.163). Twenty-

one (63%) children with CF and 3 (23%) children with PCD had

tested positive for bacteria (P = 0.008). Chronic infections had been

detected in 12 children with CF, five of whom were infected with

Table 1 Results of the questions regarding the children’s and their families’ sleep and daily habits during the COVID-19 pandemic†

Questions

Children with
CF (n = 33)

Children with
PCD (n = 16)

TD
children (n = 66)

P valueYes, n (%) Yes, n (%) Yes, n (%)

Have the family’s sleep patterns changed during the
pandemic?

17 (51) 5 (31) 50 (75) 0.001‡

Have the child’s sleep patterns changed during the
pandemic?

17 (51) 7 (43) 50 (75) 0.011‡

Has the family been sleeping later during the pandemic? 18 (54) 5 (31) 50 (75) 0.002‡

Has the child been sleeping later during the pandemic? 21 (63) 7 (43) 53 (80) 0.010‡

Did the child sleep with the parents before the pandemic? 7 (21) 2 (12.5) 11 (16) NA
Has the child been sleeping with the parents during the
pandemic?

5 (15) 2 (12.5) 20 (30) NA

Has the child’s commitment to mother increased during the
pandemic?

13 (39) 6 (37.5) 37 (56) 0.157‡

Does the child insist on doing everything with the parents? 6 (18) 0 (0) 15 (22) NA
Has the child’s temperament been negatively affected during
the pandemic?

8 (24) 5 (31) 29 (43) 0.142‡

Has the child been demanding and surly during the
pandemic?

10 (30) 7 (43) 25 (37) 0.618‡

Does the child prefer staying at home during the pandemic? 14 (42) 5 (31) 25 (37) 0.749‡

Does the child prefer the parents to friends during the
pandemic?

13 (39) 5 (31) 25 (37) 0.852‡

Has the child’s screen time increased during the pandemic? 26 (78) 12 (75) 59 (89) 0.212‡

What is your child’s mean daily screen time?

Before COVID-19 (h) 2 (1–2.75) 2 (0.62–2) 2 (1–3.75) 0.192§

During COVID-19 (h) 4 (3–6) 5.5 (3.25–7.75) 5 (4–6) 0.451§

Has the child’s daily sleep duration changed during the
pandemic?

2 (6) 2 (12.5) 9 (13.6) NA

Has the child been having nightmares during the pandemic? 1 (3) 0 (0) 6 (9) NA
Has the child been playing in the garden during the
pandemic?

12 (36) 8 (50) 29 (43) 0.628‡

Has the child been playing with friends during the pandemic? 4 (12) 9 (56) 21 (31) 0.005‡

Have the child’s daily activities changed during the
pandemic?

18 (54) 9 (56) 36 (54) 0.992‡

Have family activities with the child at home not related to
education increased during the pandemic?

23 (69) 12 (75) 48 (72) 0.916‡

Does anybody smoke at home? 2 (6) 6 (37.5) 11 (16) NA
Has the child’s weight changed during the pandemic? 11 (33) 12 (75) 42 (63) 0.005‡

†Each question is evaluated within itself.
‡Chi-square test.
§Kruskal-Wallis H test.

NA: not applicable (The number of data is small and statistical analysis cannot be made).

CF, cystic fibrosis; PCD, primary ciliary dyskinesia; TD, typically developing.

Bold number indicates statistically significant value.
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Pseudomonas aeruginosa, six with Staphylococcus aureus and one with

Haemophilus influenzae. Only nine patients with PCD and 27 patients

with CF could perform PFTs. The mean FEV1 was 75.8 � 25.6 in chil-

dren with CF and 93.6 � 14.6 in children with PCD (P = 0.017). The

mean FVC was 75 � 24.6 in children with CF and 96.6 � 15.5 in chil-

dren with PCD (P = 0.005). The FEF25–75 results were significantly

lower in children with CF (73.9 � 31.7) than in children with PCD

(96.2 � 22.9; P = 0.035). There was no significant difference in terms

of FEV1/FVC results between children with CF (101 [96.5–104]) and

children with PCD (99 [96.5–104]; P = 0.701).

Comparisons of the SDSC scores between the three groups are

shown in Table 3. There were no differences in terms of sleep

Table 2 Comparisons of demographic features and body mass index z-scores of the children in the three groups

Children with
CF (n = 33)

Children with
PCD (n = 16)

TD
children (n = 66) P value

Age (years), median (range) 9.5 (7–12) 10.5 (8.1–12.7) 8 (5.3–11.2) 0.112†

Gender, male/female 19/14 8/8 34/32 0.821‡

BMI z-score, mean � SD �0.81 � 1.03 0.03 � 1.22 0.48 � 1.17 0.001§,*

Mean follow-up duration, mean � SD 96.45 � 35.6 43.0 � 26.7 0.001¶

Number of hospitalised patients in the past year, n (%) 7 (21) 6 (37) 0.163‡

Number of patients with positive sputum cultures in the
past year, n (%)

21 (63) 3 (18) 0.008‡

Patients with chronic infections, n (%) 12 (36) 0 (0)
FEV1%, mean � SD 75.8 � 25.6 93.6 � 14.6 0.017¶

FVC %, mean � SD 75 � 24.6 96.6 � 15.5 0.005¶

FEF25–75%, mean � SD 73.9 � 31.7 96.2 � 22.9 0.035¶

FEV1/FVC, median (range) 101 (96.5–104) 99 (96.5–104) 0.701††

*Level of significance: Typically developing children > Children with CF.
†Kruskal-Wallis H test.
‡Chi-square test.
§One-way analysis of variance (ANOVA).
¶Independent samples t-test.
††Mann-Whitney U test.

BMI, body mass index; CF, cystic fibrosis; FEF25–75, forced expiratory flow at 25–75% of the pulmonary volume; FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity; PCD, primary ciliary dyskinesia; SD, standard deviation; TD, typically developing.

Bold number indicates statistically significant value.

Table 3 Comparisons of the Sleep Disturbance Scale for Children scores between the three groups

Children with
CF (n = 33)

Children with
PCD (n = 16)

TD
children (n = 66) P value

Disorders of initiating and maintaining sleep,
mean � SD

11.6 � 2.9 11.9 � 3.2 14.0 � 4.0 0.001§,*

Sleep breathing disorders, median (range) 4 (3–4.5) 5 (3–7) 3 (3–4) 0.001¶,†

Disorders of arousal, median (range) 3 (3–4) 3 (3–4) 3 (3–4) 0.910¶

Sleep–wake transition disorders, median (range) 9 (7–11) 8.5 (6–10) 8 (6–10) 0.219¶

Disorders of excessive somnolence, median (range) 6 (5–9) 6 (5–8.7) 5 (5–7) 0.347¶

Sleep hyperhidrosis, median (range) 3 (2–5) 3 (2–4) 2 (2–3) 0.011¶,‡

Total SDSC score, median (range) 39 (33–47) 39.5 (35.5–44) 38 (33–42) 0.649¶

T score, median (range) 53 (46–62) 53.5 (48.5–58.5) 51 (46–56) 0.754¶

*Level of significance: TD children > Children with CF.
†Level of significance: Children with PCD > TD children.
‡Level of significance: Children with PCD > TD children. Children with CF > TD children.
§One-way analysis of variance (ANOVA).
¶Kruskal-Wallis H test.

CF, cystic fibrosis; PCD, primary ciliary dyskinesia; SDSC, Sleep Disturbance Scale for Children; TD, typically developing.

Bold number indicates statistically significant value.
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duration and time to fall asleep after going to bed between the

three groups (P = 0.659 and P = 0.284, respectively). The DIMS

score was higher in TD children (P = 0.001), the SDB score was

higher in children with PCD (P = 0.001) and the SHY score was

higher in children with PCD and CF (P = 0.011). No statistically

significant differences were observed in DA, SWTD and DOES

scores between the three groups. Four children with CF, 1 child

with PCD and 21 TD children scored in the clinically significant

range for the DIMS; 3 children with CF, 6 children with PCD and

1 TD child scored in the clinically significant range for the SDB;

4 children with CF, 2 children with PCD and 11 TD children

scored in the clinically significant range for DA; 3 children with

CF and 2 TD children scored in the clinically significant range for

SWTD; 3 children with CF scored in the clinically significant

range for DOES; 4 children with CF, 3 children with PCD and

6 TD children scored in the clinically significant range for SHY.

Three children with CF, one child with PCD and five TD children

scored in the clinically significant range for overall.

The analysis of the responses to the questions regarding the

children’s and their families’ sleep and daily habits during the -

COVID-19 pandemic are shown in Table 1 and revealed that

changes in sleep patterns were more common in TD children

(P = 0.011) and their families (P = 0.001). More TD children

(P = 0.010) and their family members (P = 0.002) than children

with CF and PCD and their families were sleeping later than

before the pandemic. Children with PCD were meeting friends

more frequently than children in the other two groups

(P = 0.005). The mean daily screen time was 2 h (1–2.75 h)

before and 4 h (3–6 h) during the pandemic among children with

CF, 2 h (0.62–2 h) before and 5.5 h (3.25–7.75 h) during the pan-

demic among children with PCD and 2 h (1–3.75 h) before and 5 h

(4–6 h) during the pandemic among TD children. An increase was

observed in all three groups with no statistically significant difference

between them. Weight changes were observed in 33% of the chil-

dren with CF, 75% of the children with PCD and 63% of the TD

children (P = 0.005). Of those, all the children with CF who experi-

enced weight change, 91% of the children with PCD who experi-

enced weight change, and 95% of the TD children who experienced

weight change had gained weight.

No correlations were found between SDSC scores and BMI z-scores

and PFT results of children in both children with CF and PCD.

Discussion

COVID-19 has changed people’s habits and life-styles all over the

world. Although children and adults with chronic diseases are more

sensitive to changes and may be affected more profoundly, we found

that TD children had more DIMS. Children’s but also their parents’

sleep habits have changed and we observed that screen time has

increased during the pandemic, especially in TD children. We also

observed various sleep disorders in children; however, no associa-

tions were found between sleep parameters and clinical findings of

children with lung disease. We found higher SDB score in children

with PCD and higher SHY score in children with PCD and CF.

Insufficient sleep and sleep disorders are associated with poor

health outcomes, as they impact mood, daily functioning, cognitive

performance and cardiovascular health. Epidemiologic research has

shown that the social environment, family cohesion and safety can

shape and/or impact sleep patterns, and physical parameters such as

light and walkability can influence sleep and are associated with

sleep disorders in both children and adults.18 The COVID-19 pan-

demic has caused inactivity, social isolation, reduced direct human

contact and restricted outdoor activities. This study found changes in

the sleep patterns of children and their families, with most sleeping

later than before; however, no differences were observed in sleep

duration and time to fall asleep after going to bed. These changes

were observed more frequently in TD children and their families.

This may be because the families of children with chronic condition

are behaving more protectively during this period and children with

chronic conditions might be more aware of good sleep practises.

TD children had higher DIMS scores than children with CF and

PCD. Later bedtime, bedroom activities, lying in bed when not

sleeping, bright lights or screens at night, daytime stressors, lack of

established exercise and socialisation routines, and lack of exposure

to sunlight after waking are risk factors for delayed or irregular sleep

patterns and DIMS.19,20 In this study, mothers of TD children

reported that their children were sleeping later, preferred staying at

home, tended to sleep with parents more frequently, showed

increased devotion to their mothers and exhibited temperament

changes during this period, all of which may cause DIMS. Parents of

children with chronic conditions may be more aware of the impor-

tance of regular sleep habits for their children. Parents of TD chil-

dren, on the other hand, may be less aware and should be informed

by professionals about the importance of regular sleep habits, espe-

cially during such difficult times.

Prolonged engagement in online activities and exposure to dig-

ital technologies in general have been associated with symptoms

of sleep loss and/or depression among young students. Digital

environments exert a negative effect on children’s and adoles-

cents’ sleep, especially when used at bedtime. Several studies

have reported significant relationships between electronic device

use and sleep variables. Effects include delayed bedtime or longer

sleep onset latency, more frequent waking at night, late wake-up

time, bedtime resistance, sleep anxiety, sleep-disordered breath-

ing pathologies, SWTD and excessive daytime somnolence.21–24

In this study, increased screen time during the pandemic was

observed in more than 75% of all children. This could cause sleep

disorders, which may have a long-lasting impact.

Excessive internet use has been shown to be cross-sectionally

related to impaired cognitive functions and reduced brain volume.

It has also been found to be directly or indirectly associated with a

decrease in verbal intelligence and reduced grey matter develop-

ment in later stages in children.25 Although the related long-term

effects of the pandemic are unknown, children experienced this

pandemic should be followed with respect to these issues.

Weight changes were observed in children in all three groups

and were mostly related to weight gain. Staying at home, limiting

outdoor physical activity and interruption of the school routine

and switching to digital education may result in boredom, which

is associated with greater energy intake and may result in weight

gain.26 In addition to boredom, constant exposure to COVID-

19-related news and opinions can be stressful. Stress compels

individuals to overeat.26 Decreased sleep duration and quality are

also associated with weight gain, which is in turn associated with

SDB and obstructive sleep apnea.27 In this study, the PCD group,

which had the greatest weight gain rate, also had the highest

SDB score. Prominent upper airway manifestations of PCD may

be another reason for SDB in these children.
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Night sweats impair sleep quality and contribute to sleeplessness.

They can be observed in a wide variety of differential diagnoses,

from infectious diseases to neuroendocrine disorders.22,28 They are

also common in respiratory disorders, such as allergic rhinitis, and

tonsillitis.28 Children with CF and PCD had higher SHY scores than

TD children, which could be related to their diseases.

Although some studies have associated SDB with pulmonary

function parameters in children with CF, no such correlation has yet

been established for patients with PCD.6,29–32 Likewise, we did not

find any associations between sleep disorders and clinical parameters

of children with lung disease. This may be due to our small sample

size and the low rate of patients who were able to perform a PFT.

Certain limitations of this study should be noted. The study was

conducted entirely via teleconference to avoid the risk of COVID-19.

Therefore, objective measurements of sleep parameters using poly-

somnography were not possible due to risk of transmission of

COVID-19. Sample size was small and this was an observational

study. Longitudinal studies with larger sample sizes should be con-

ducted. Future studies should include objective measurements.

Conclusions

In conclusion, this study shows that the sleep habits of children and

their families have changed during this pandemic. Children with

chronic lung diseases may suffer from sleep disorders during this

period. Changes in sleep patterns of children and their families and

also DIMS were found more frequently in TD children which could

be attributed to less awareness of good sleep practises. All these sleep

disorders may adversely affect children’s development. As the possi-

ble long-term consequences are not known at this time, children

with lung disease and also TD children should be closely monitored.
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