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Abstract

Background: While sleep disruption is a common complaint among children with cystic fibrosis (CF), only a few
studies have investigated insomnia in adults. The aim of this study was to identify factors associated with insomnia in
clinically stable adult CF patients.

Methods: Twenty-eight CF patients (18M/10F), with a median age of 27 (22-34) (median (interquartile range) years
and a median of forced expiratory volume in one second of 72 (39-93) % predicted completed questionnaires on
insomnia (Insomnia Severity Index, ISI), sleep quality (PSQI), daytime sleepiness (Epworth), restless legs syndrome
(IRLS), pain (NRS), anxiety/depression (HAD) and quality of life (CFQ-R 144). Respiratory assessment data, including
symptoms, sputum analysis, arterial blood gases, 6-min walking test, pulmonary function tests and polysomnographic
variables, were also analyzed.

Results: Forty-three percent of patients were insomniac (ISI>7). Compared with non-insomniac patients (ISI <7),
insomniac patients had more severely impaired quality of life and a higher HAD score: median anxiety score of 9
(8-11) vs 4 (3-6) (p <0.0001), median depression score of 7 (5-10) vs 1 (1-4) (p <0.001), with a positive correlation
between IS and HAD anxiety/depression scores (r=0.702/r=0.701, respectively, p <0.0001). Insomnia was also asso-
ciated with mMRC dyspnea scale > 2, restless legs syndrome, pain and lower SpO, during sleep.

Conclusions: The strong association between insomnia, impaired quality of life and increased HAD score should
prompt physicians to be particularly attentive to the management of anxiety and depression in adult CF patients with
insomnia.

Trial registration: On clinicaltrials.gov (NCT02924818, date of registration: October 5, 2016).
Keywords: Cystic fibrosis, Insomnia, Sleep, Anxiety-depression, Quality of life

Background
Cystic fibrosis (CF) is currently the most common lethal
genetic disease. Registry-derived population estimates
suggest in excess of 72 000 people are living with CF
worldwide [1], with an expected large increase in CF
*Correspondence: claunois@chu-reims fr adults during the next decade [2]. CF is caused by muta-
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that regulates the activity of other ion transporters and
governs the hydration and viscoelastic properties of
mucus in several epithelial tissues [3]. As a consequence
of abnormal mucus secretions, dysfunction in organ sys-
tems including lungs, gastrointestinal tract, liver, male
reproductive tract and pancreas occurs. It results in
many symptoms especially cough, nasal obstruction and
abdominal pain [4]. Despite improvements in life expec-
tancy, many patients with CF experience a considerable
daily symptom.

Sleep disruption is also a common complaint in CF
children [5] that contributes to impaired daytime func-
tioning and quality of life [6]. In adults, CF-related sleep
quality has been the primary focus of a small number of
studies [7—12]. As the most common cause of both mor-
bidity and mortality in CF patients is respiratory disease
[13], most of these studies focused on the associations
between sleep quality and impaired lung function. Mil-
ross et al. demonstrated associations between poorer
sleep quality, defined as Pittsburgh Sleep Quality Index
(PSQI) score>5, and more severely impaired lung func-
tion and gas exchange in adult patients with CF [10]. The
mean arterial oxygen level during sleep was also associ-
ated with reduced sleep efficiency in adult CF patients
with severe lung disease [9].

In addition to lung function, other factors are likely to
impair sleep quality in CF adult patients such as night-
time symptoms (cough [14], pain [15]), restless legs syn-
drome (RLS) [16, 17], anxiety and depression [12, 18],
sleep-related breathing disorders [19, 20], acute pulmo-
nary exacerbation [21] or unhealthy lifestyle.

The insomnia severity index (ISI) is an effective brief
instrument to assess insomnia, which consists of seven
self-reported items [22]. It has been shown to be reliable
and has been validated against several other sleep ques-
tionnaires, including the PSQI [23].

The objective of this study was to identify factors asso-
ciated with insomnia, as assessed by ISI, in clinically
stable CF adults and to analyze relationships between
insomnia and quality of life.

Methods

Adult CF patients were recruited from the Reims Uni-
versity Hospital Department of pulmonary medicine
(France) and were included in the Research and Inno-
vation in Chronic Inflammatory Respiratory Diseases
(RINNOPARI) cohort. This study was performed in
accordance with the declaration of Helsinki and approved
by the Ethics Committee (Comité de Protection des Per-
sonnes—Dijon EST I, No. 2016-A00242-49) and was
registered on clinicaltrials.gov (NCT02924818, date of
registration: October 5, 2016). Adult CF patients referred
to our center between January 2017 and June 2019
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were considered for inclusion in this study. All patients
received detailed information about the methods used
and gave their written consent.

The RINNOPARI project is a general project designed
to study clinical, laboratory, functional, morphologi-
cal, histological and microbiological characteristics in
patients with chronic inflammatory lung diseases, includ-
ing CE.

Patient selection

Inclusion criteria were age older than 18 years, a diagno-
sis of CF confirmed by sweat tests and/or genetic analysis,
and absence of long-term oxygen, bi-level positive airway
pressure therapy or lung transplantation. The exclusion
criterion was an ongoing or recent (i.e. within the last
4 weeks prior to study recruitment) medical condition,
including pulmonary exacerbations and pregnancy.

Patient demographic and clinical characteristics

Demographic data (age, sex), body mass index (BMI),
comorbidities, smoking status, alcohol, coffee, tea, energy
drink consumption and treatments were systematically
recorded. Patients filled in self-administered question-
naires on cough (Cough And Sputum Assessment Ques-
tionnaire: CASA-Q), dyspnea (modified Medical Research
Council dyspnea scale: mMRC), pain (Numeric Rating
Scale: NRS), insomnia (Insomnia Severity Index scale),
sleep quality (Pittsburgh Sleep Quality Index), daytime
sleepiness (Epworth Sleepiness scale: ES), snoring (Berlin
Questionnaire), circadian rhythm (Morningness-Evening-
ness Questionnaire: MEQ), anxiety and depression (Hos-
pital Anxiety and Depression Scale: HAD). Patients were
asked about the presence or absence of restless legs syn-
drome according to the International Restless Legs Syn-
drome consensus criteria [24], the severity of which was
assessed by the International Restless Legs Syndrome
scale (IRLS). The patients’ quality of life was also assessed
by the Cystic Fibrosis Questionnaire-Revised (CFQ-R
14+). Information regarding pathogens detected in spu-
tum, especially the presence of Pseudomonas aeruginosa,
Burkholderia cepacia, Stenotrophomonas maltophilia
and Achromobacter xylosoxidans was collected.

Cough And Sputum Assessment Questionnaire

The CASA-Q is a self-administered questionnaire assess-
ing cough and sputum based on their frequency, sever-
ity, and impact on daily activities over the previous
7 days. It comprises four domains: cough symptoms,
cough impact, sputum symptoms, and sputum impact.
Each domain comprises three to eight items, each of
which is scored according to five categories from “never”
to “always” for frequency and from “not at all” to “a lot/
extremely” for severity. For each domain, the items are
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summed and rescaled to obtain a score ranging from 0 to
100, with higher scores associated with fewer symptoms
or less impact [25].

Modified Medical Research Council Dyspnea Scale

The mMRC scale consists of five statements that almost
entirely describe the range of dyspnea from none (grade
0) to almost complete incapacity (grade 4) [26]. Signifi-
cance thresholds of 1 and 2 has been used to categorized
patients according to their dyspnea.

Numeric Rating Scale for pain

The NRS was used to measure pain intensity, with scores
ranging between 0 and 10 (0: no pain, 10: maximum pain)
[27].

Insomnia Severity Index

The ISI is a self-reporting instrument measuring the
patient’s perception of his/her insomnia. It comprises
seven items assessing the severity of sleep-onset and
sleep maintenance difficulties (both nocturnal and early
morning awakenings), satisfaction with current sleep
pattern, interference with daily functioning, impair-
ment attributed to sleep problem, and degree of concern
caused by the sleep problem. Each item is rated on a 0—4
scale and the total score ranges from 0 to 28. A score
between 0 and 7 is considered not to be clinically signifi-
cant, a score of 8—14 indicates mild insomnia, a score of
15-21 indicates moderate insomnia and a score of 22—-28
indicates severe insomnia [22].

Pittsburgh Sleep Quality Index

The PSQI is a self-rated questionnaire, which assesses
sleep quality and disturbances over a 1-month time inter-
val. Nineteen individual items generate seven component
scores: subjective sleep quality, sleep latency, sleep dura-
tion, habitual sleep efficiency, sleep disturbances, use of
sleeping medication and daytime dysfunction. The sum
of the component scores yields a global score from 0 to
21. A global PSQI score > 5 indicates impaired sleep qual-
ity [28].

Epworth Sleepiness Scale

The ES is a self-administered questionnaire, in which
an individual rates the likelihood of falling asleep under
various circumstances in daily life. The scale ranges from
0 to 24. Excessive daytime sleepiness is defined by a
score > 11 [29].

Berlin Questionnaire

The Berlin Questionnaire includes five items on snoring
(category 1), three items on daytime somnolence (cate-
gory 2), and one item on the history of hypertension and/
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or BMI>30 kg/m? (category 3). Patients are considered
to be at risk for obstructive sleep apnea when at least two
categories are positive [30].

Morningness-Eveningness Questionnaire

The MEQ is used to determine the patient’s circadian
rhythm. It consists of 19 mixed-format questions regard-
ing the time individuals get up and go to bed, preferred
times for physical and mental activity, and subjective
alertness. The MEQ score ranges from 16 to 86, with
scores above 58 classifying individuals as morning-type
and scores below 41 as evening-type [31].

International Restless Legs syndrome scale

Restless Legs Syndrome (RLS) was diagnosed when the
patient satisfied the International RLS consensus criteria
[24]. The severity of RLS was evaluated using the IRLS,
which is composed of 10 questions. Each question can be
classified according to severity, as follows: none (0 point),
mild (1 point), moderate (2 points), severe (3 points), and
very severe (4 points). The total score ranges from 0 to
40. Participants with IRLS scores<10 were categorized
as mild, 11-20 as moderate, 21-30 as severe, and > 31 as
very severe RLS [32].

Hospital Anxiety and Depression scale

The Hospital Anxiety and Depression scale is a self-
administered rating scale specifically designed for
patients with physical illness. It consists of 14 items:
seven items relating to depression and seven items relat-
ing to anxiety with cut-off points for severity. For each
domain (A or D), scores of 0—7 indicate no disorders,
8-10 indicate suspected disorders, and 11-21 indicate
confirmed disorders [33].

Cystic Fibrosis Questionnaire-Revised

The CFQ-R 14+consists of 50 items structured in 12
domains that, in turn, are divided into 6 domains that
assess general aspects of health-related quality of life:
physical functioning, role limitations, vitality, health per-
ceptions, emotional state and social functioning and 6
domains that address specific aspects of CF: body image,
eating problems, treatment burden, weight problems,
respiratory symptoms and digestive symptoms. Scores
range from 0 to 100, and higher scores correspond to bet-
ter quality of life [34].

Pulmonary function
Pulmonary function tests (PFTs) were performed accord-
ing to the American Thoracic Society/European Tho-
racic Society guidelines [35] (BodyBox 5500 Medisoft
Sorinnes, Belgium).
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The 6-min walking test (6MWT) was performed
according to the American Thoracic Society guidelines
(ATS 2002) [36]. Patients were instructed that the objec-
tive was to walk as far as possible in 6 min.

Polysomnography

All patients were invited to undergo a full-night stand-
ard polysomnography (PSG) (Resmed Nox Al). Only
patients who accepted to undergo a PSG were consid-
ered for the analysis regarding PSG data. Transcutaneous
carbon dioxide (PtcCO,) was monitored continuously
overnight (SenTec Inc., Therwil, Switzerland) and was
synchronized to the PSG. PSG recordings were ana-
lyzed according to the 2015 update of the American
Academy of Sleep Medicine rules for scoring respiratory
events in sleep [37]. Apnea was defined as the absence
of airflow>10 s, hypopnea was defined as reduction of
airflow > 30% associated with a decrease in oxygen satu-
ration > 3% or micro-awakening. The Apnea—Hypopnea
Index (AHI) was calculated as the number of apneas
and hypopneas per hour of total sleep time (TST). The
arousal index was defined as the number of electroen-
cephalographic arousals per hour of TST. Periodic leg
movement (PLM) was defined as four or more consecu-
tive, involuntary leg movements during sleep, lasting
0.5-5 s with an interval of 5-90 s.

Statistical analyses

Data are expressed as median and range for quantitative
variables and as number and percentage for qualitative
variables.

Comparisons between insomniac and non-insomniac
patients were performed using Fisher’s exact test for cat-
egorial data. As the Kolmogorov test showed that distri-
butions are not normal, quantititative data were analyzed
using a non-parametric Wilcoxon—Mann—Whitney test
to assess significance between different conditions. A
Spearman test was used to study the correlation between
ISI and HAD scores. For all analyses, a two-sided p
value <0.05 was considered significant. XLSTAT software
(version 2019.1.3, Addinsoft company, Paris, France) was
used to analyze and reformat data.

Results

Patient demographic and clinical characteristics

Fifty-nine adult patients with CF were referred to our
medical center. Nine of these patients were not eligible
for the study (long-term oxygen therapy (n=1), bi-level
positive airway pressure therapy (n=5) or lung trans-
plantation (n=3)). Four patients refused to participate,
17 had experienced another medical condition during the
previous 4 weeks and 1 woman was pregnant. Twenty-
eight patients were included in the final analysis.
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Median age of the 28 patients was 27 (22-34) years,
including 18 men and 10 women.

Fourteen patients (50%) carried a heterozygous gene
mutation (Phe508del mutation on at least one allele in
64% of cases) and 50% carried a homozygous Phe508del
mutation. Eighteen patients (64%) had exocrine pan-
creatic insufficiency and 9 patients (32%) had diabetes.
Median forced expiratory volume in one second was 2190
(1530-3667) mL, 72 (39-93) % predicted. Median con-
sumption of alcohol, coffee and tea were 0 (0-0) g/day,
1 (0-2) cup/day and 0 (0-1) cup/day, respectively and
no patient used energy drinks. Two patients (7%) were
treated with anxiolytics and no patient was treated with
hypnotics. Median screen time was 6 (4—8) h/day. Two
patients (7%) were shift workers. Patient demographic
and clinical characteristics are presented in Table 1.
Twelve patients (43%) presented insomnia, defined as ISI
score>7.

Comparisons of patients with ISl score > 7 (insomnia)

and patients with ISl score <7 (no insomnia)

Patients with ISI score>7 (insomnia) and patients with
ISI score <7 (no insomnia) were compared in terms of
demographic characteristics, clinical characteristics and
quality of life (Table 2), respiratory assessments (Table 3)
and polysomnographic data (Table 4). Compared with
patients with no insomnia (ISI score<?7), patients with
insomnia more frequently presented evening type (33%
vs 0%, p=0.02) and RLS (42% vs 0%, p<0.01), more
frequently experienced more severe pain (3 (1-4) vs 0
(0-1), p<0.05), mMRC dyspnea>2 (42% vs 0%, p <0.05)
(Tables 2 and 3) and more frequently presented lower
mean SpO, during sleep (92 (92-94)% vs 96 (94—96)%,
p<0.05) (Table 4). Insomnia was also associated with an
impaired quality of life in different domains of CFQ-R
(physical functioning, p<0.05; vitality, p<0.001; emo-
tional functioning, p<0.001; health perception, p<0.05;
social functioning,<0.01; body image, p<0.001; role
limitation, p<0.001; respiratory symptoms, p<0.05 and
digestive symptoms, p<0.05) (Table 2). We identified a
strong association between insomnia and HAD anxiety
(r=0.702, p<0.0001) and depression score (r=0.701,
p<0.0001) (Table 2 and Fig. 1).

Polysomnography was performed in 14 patients.
Patients in whom polysomnography was performed had
similar characteristics to those in whom PSG was not
performed, except for ISI score (13 (5-17) for patients
with PSG vs 6 (2-9) for patients without PSG, p =0.022)
and HAD depression score (6 (3—9) for patients with PSG
vs 2 (1-5) for patients without PSG, p =0.029).

Two patients (14%) had sleep latency>45 min.
Only one patient (7%) had sleep efficiency<80%,
total sleep time<360 min, AHI>15/h and severe
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Table 1 Patient demographic and clinical characteristics

CF patients (n=28)

Age (years)
Sex (M/F)
Body Mass Index (kg/m?)
Smoking
Previous
Current
Never
Pack-Years (number)
mMRC score
>1
>2
CASA-Q score
Insomnia Severity Index
ISl score
ISI'score > 7 (insomnia)
8 < ISl score < 14 (mild insomnia)
15 <|ISI'score <21 (moderate insomnia)
22 <ISI < 28 (severe insomnia)
Pittsburgh Sleep Quality Index
PSQl score
PSQl score >5
Morningness-Eveningness Questionnaire
MEQ score
Morning type
Neither type
Evening type
Epworth Sleepiness scale
ES score
ES score>10
Numeric Rating Scale for pain (n=23)
Berlin scale
Berlin score
Berlin score > 1

Restless Legs Syndrome

International Restless Legs Syndrome score

0 <IRLS score <10 (mild RLS)

11 <IRLS score <20 (moderate RLS)

21 <IRLS score < 30 (severe RLS)

31 <IRLS score <40 (very severe RLS)
Hospital Anxiety Depression scale

Anxiety HAD score

Anxiety HAD score >7

Anxiety HAD score>10

Depression HAD score

Depression HAD score >7

Depression HAD score > 10

27 (22-34)
18/10
22 (20-26)

4 (14%)
0 (0%)
24 (86%)
0(0-0)

15 (54%)
5(18%)
39(31-48)

6(3-14)
12 (43%)
7 (25%)

5(18%)
0 (0%)

4(3-9)
13 (46%)

54 (47-61)
8 (29%)

16 (57%)
4 (14%)

6 (4-9)

10 (36%)
4 (14%)
1-7)
18%)

4(
5(
2 (7%)

Data are expressed as median (interquartile range) and as number (percentage)

of patients

ISI: Insomnia Severity Index, PSQI: Pittsburgh Sleep Quality Index, MEQ:
Morningness-Eveningness Questionnaire, ES: Epworth Sleepiness Scale, RLS:
Restless Legs Syndrome, IRLS: International Restless Legs Syndrome Scale, HAD:
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Table 1 (continued)

Hospital Anxiety and Depression scale. CFQ-R: Cystic Fibrosis Questionnaire-
Revised

nocturnal hypoxemia (mean SpO, during sleep: 87%,
with SpO,<90% during 77% of sleep time). Thirteen
patients (93%) had a mean SpO, during sleep >92%. No
patient had periodic limb movements.

Discussion

This study specifically assessed insomnia-related factors
in adult CF patients. It highlighted a high prevalence
of insomnia in adult CF patients with 43% of patients
exhibiting an ISI score >7 and, in particular, showed that
insomnia is strongly associated with anxiety/depression
symptoms in this population.

Several screening tools can be used to diagnose insom-
nia. A recent meta-analysis compared the three scales
most commonly used to screen for insomnia: PSQI, Ath-
ens Insomnia Scale (AIS) and ISI [23] and identified com-
parable diagnostic properties, with AIS and ISI providing
better results in terms of specificity than PSQI. Of note,
PSQI does not directly assess insomnia symptoms, but
rather evaluates a broad range of sleep domains affect-
ing sleep quality. AIS and ISI were developed according
to standard insomnia diagnostic criteria. The AIS was
designed to quantify sleep difficulties based on the Inter-
national Classification of Diseases and Related Health
Problems-10 (ICD-10). The ISI captures the diagnostic
criteria for insomnia defined in Diagnostic and Statisti-
cal Manual of Mental Disorders-IV (DSM-IV) and the
International Classification of Sleep Disorders (ICSD).
In addition, ISI is easy to use and not time-consuming in
clinical practice. As expected, the presence of insomnia
according to ISI was associated with a higher PSQI score
in our study.

Our study showed a high prevalence of insomnia in
clinically stable adult CF patients (43%), which is closely
comparable to that a previous study in CF young adults,
using AIS (41.7%) [12]. For comparison, the preva-
lence of insomnia in healthy young adults (25-34 years
old) is about 18% in France, according to a large epide-
miological study conducted in 2001 [38]. Forty-six per-
cent of patients in our study also had poor sleep quality
(i.e., PSQI score>5). These results are similar to those
of several studies conducted in CF adults that reported
impaired sleep quality according to PSQI in 37 to 66% of
patients [8, 10, 11, 15].

RLS was significantly more common in insomniac
patients in our study. A recent study has shown that
about one-third of adult CF patients experience RLS [16].
The prevalence of RLS was lower in our study popula-
tion (18%), but the presence of RLS was systematically
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Table 2 Comparison of clinical, demographic characteristics and quality of life between patients with and without insomnia

Patients with insomnia (ISI>7) Patients without insomnia (ISI < 7) p
n=12) (n=16)
Age (years) 22 (18-26) 27 (22-33) 0.62
Sex (M/F) 6 (50%)/6 (50%) 12 (75%)/4 (25%) 0.24
BMI (kg/m?) 21 (20-25) 22 (20-26) 0.98
Anxiolytic (n=27) 2 (17%) 0 (0%) 0.18
Screen time (h/day) 7(5-8) 5(4-8) 0.74
Coffee intake (cups/day) 0(0-2) 1(1-2) 0.36
Tea intake (cups/day) 0(0-1) 1(0-1) 0.41
Alcohol intake (g/day) 0(0-1) 0(0-3) 0.73
Shift work 0 (0%) 2 (13%) 049
Insomnia Severity Index
ISI'score 14 (13-18) 3(3-5) <0.0001
Pittsburgh Sleep Quality Index
PSQl score 9(7-12) 3(3-4) <0.0001
PSQI>5 11 (92%) 2 (13%) <0.0001
Morningness-Eveningness Questionnaire
MEQ score 49 (41-57) 55 (52-62) 0.03
Morning type 2 (17%) 6 (38%) 040
Neither type 6 (50%) 10 (62%) 0.70
Evening type 4 (33%) 0 (0%) 0.02
Epworth Sleepiness scale
ES score 5(5-9) 5 (4-6) 0.55
ES score>10 1(8%) 0 (0%) 043
Numeric rating scale for pain (n=22) 3(1-4) 0(0-1) <0.05
Berlin scale
Berlin score 1(0-2) 0(0-1) 0.07
Berlin>1 4 (33%) 1 (6%) 0.13
Restless Legs Syndrome 5 (42%) 0 (0%) <0.01
IRLS score 0(0-13) 0 (0-0) <0.05
0 <IRLS score <10 (mild RLS) 0 (0%) 0 (0%) 1.00
11 <IRLS score <40 (moderate to very severe RLS) 5 (42%) 0 (0%) <0.01
Hospital Anxiety Depression scale
Anxiety HAD score 9(8-11) 4 (3-6) <0.0001
Anxiety HAD score>7 9 (75%) 1 (6%) <0.001
Depression HAD score 7 (5-10) 1(1-4) <0.001
Depression HAD score >7 5(42%) 0 (0%) <0.01
CFQ-R score
Physical functioning 52 (29-79) 3(75-92) <0.05
Vitality 42 (25-42) 7 (50-83) <0.001
Emotional functioning 64 (40— 73) 93 (87-100) <0.001
Eating problems 89 (67-100) 100 (89-100) 0.20
Treatment burden 67 (44-78) 78 (56-89) 0.24
Health perception 56 (33-67) 67 (56-78) <0.05
Social functioning 61 (39-67) 83 (78-94) <0.01
Body image 56 (33-67) 78 (67-89) <0.001
Role limitations 71 (58— 75) 92 (92-100) <0.001
Weight problems 67 (33-100) 67 (33-100) 0.98
Respiratory symptoms 56 (56-78) 78 (67-94 ) <0.05
Digestive symptoms 78 (67-89) 89 (89-100) <0.05
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Table 2 (continued)
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Data are expressed as median (interquartile range) and as number (percentage) of patients

ISI: Insomnia Severity Index, PSQI: Pittsburgh Sleep Quality Index, MEQ: Morningness-Eveningness Questionnaire, ES: Epworth Sleepiness Scale, RLS: Restless Legs

Syndrome, IRLS: International Restless Legs Syndrome Scale, HAD: Hospital Anxiety and Depression scale. CFQ-R: Cystic Fibrosis Questionnaire-Revised

Table 3 Comparison of respiratory assessment parameters between patients with and without insomnia

Patients with insomnia (ISI score > 7)

Patients without insomnia (ISI

n=12) score<7)(n=16)

CASA-Q score 51(35-70) 34 (29-40) <0.05
Nocturnal cough 7 (58%) 6 (38%) 1.00
mMRC score

>1 7 (58%) 8 (50%) 0.72

>2 5 (42%) 0 (0%) <0.05
Nasal obstruction 6 (50%) 2 (13%) 0.09
Pulmonary exacerbations 1(0-2) 1(0-2) 0.64

Number per year

Number over last 3 months 1(0-1) 0(0-1) 0.78

At least 1 exacerbation in the past year 6 (50%) 10 (62%) 0.70

At least 1 exacerbation in the past 3 months 6 (50%) 7 (44%) 1.00

At least 1 antibiotic use in the past year 4 (33%) 2 (13%) 035
Bacterial colonization of the airways (n=27)

Pseudomonas aeruginosa 3 (25%) 11(69%) 024

Burkholderia cepacia 0 (0%) 0 (0%) 1.00

Stenotrophomonas maltophilia 1 (8%) 0 (0%) 044

Achromobacter xylosoxidans 0 (0%) 0 (0%) 1.00
Pulmonary function tests

FEV, (mL) 2885 (1470-3490) 2065 (1540-4030) 093

FEV, (% predicted) 74 (40-108) 66 (38-89) 042

FVC (mL) 3945 (2720-4435) 3530 (2680-5100) 1.00

FVC (% predicted) 97 (65-113) 86 (65-97) 0.22

FEV,/FVC 64 (55-82) 69 (53-74) 0.70
6 MWT (n=16)

SpO, min (%) 93 (91-96) 96 (93-97) 0.25

Distance (m) 496 (425-584) 581 (505-630) 0.21

Data are expressed as median (interquartile range) and as number (percentage) of patients

CASA-Q: Cough And Sputum Assessment, mMRC: modified Medical Research Council, FEV,: forced expiratory volume in 1 s, FVC: forced vital capacity, 6 MWT: 6-min

walking test, SpO,: pulse oxygen saturation

associated with an ISI score>7, suggesting that RLS may
have a negative impact on sleep quality. Periodic limb
movements were not observed in patients who under-
went full-night polysomnography, but they may be absent
during PSG in a considerable proportion of patients.

Pain [15], with a mean score of "mild" in these stable
patients, and dyspnea were the two symptoms more fre-
quently associated with insomnia in our study.

Apart from mean SpO, during sleep [9], we did not
find any associations between insomnia, as assessed by
ISI, and physiological variables describing the severity of
respiratory disease, probably due to the less marked res-
piratory impairment in our study compared to the study

by Milross et al. [10] (mean FEV; 72 (39-93)% vs mean
FEV, 36+12%). Decreased mean SpO, during sleep in
insomniac patients could explained the fact that dyspnea
is more severe in this group.

The main factor associated with insomnia in our study
was higher HAD anxiety and depression scores. It was
already shown that reduced sleep quality and daytime
sleepiness were associated with poorer mood in children
and young adults with CF [6, 12]. Available data suggest
that, as in other chronic diseases, symptoms of anxiety
and depression are common features in CF patients. In a
study carried out on 4,739 adult CF patients across nine
countries in Europe and the USA, symptoms of anxiety
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Table 4 Comparison of polysomnographic data between patients with and without insomnia

Patients with insomnia (ISl score > 7) Patients without insomnia (ISI score <7) P
(n=8) (n=6)

Sleep Latency (min) 26 (16-29) 19 (11-25) 0.57
Sleep latency >45 min 1(13%) 1(17%) 1.00
Total Sleep Time (min) 415 (343-500) 453 (441-526) 0.35
1 (min) 16 (8-21) 10 (8-15) 0.57
(% TST) 4 (2-5) 2(2-3) 0.32

2 (min) 242 (182-274) 195 (183-234) 0.57

N2 (% TST) 51 (44-57) 45 (40-52) 0.29
3 (min) 80 (72-118) 124 (95-145) 0.16

N3 (% TST) 21(15- 26) 26 (21-32) 042
REM (min) 87 (65— 119 (112-164) 0.13
REM (% TST) 22 (18- 23) 27 (25-30) 0.05
Sleep Efficiency (%) 88 (86-92) 94 (88-96) 0.18
Arousal index (/h) 1(6-14) 8(5-12) 035
Wake after sleep onset (min) 60 (35-109) 37 (28-81) 0.66
PLM (/h) 0(0-0) 0(0-0) 1.00
PLM>15/h 0 (0%) 0 (0%) 1.00
Apnea-Hypopnea Index (/h) 0(0-2) 1(0-4) 0.85
Mean SpO, during sleep (%) 92 (92-94) 96 (94-96) <0.05
% SpO, <90% asleep 0(0-3) 0 (0-0) 0.53
Oxygen Desaturation Index (3%) (/h) 3(2-7) 4 (3-6) 045
Mean PtcCO, during sleep (mmHg) 45 (41-46) 46 (43-47) 0.25
Max PtcCO, during sleep (mmHg) 47 (44-50) 50 (47-51) 0.59
9% PtcCO,>50 mmHg 0(0-2) 0(0-2) 1.00

Data are expressed as median (interquartile range) and as number (percentage) of patients

REM: rapid eye movement sleep, PLM: periodic leg movements, SpO,: pulse oxygen saturation, PtcCO,: transcutaneous carbon dioxide pressure

ISI score ISI score
28 28 4
21 r=0.702 21 | . r=0.701
p<0.0001 p<0.0001

14

T d 0 T T d
0 7 14 21 0 7 14 21

HAD Anxiety score HAD Depression score

Fig. 1 Associations between Insomnia Severity Index and Hospital Anxiety Depression scale scores. ISI: Insomnia Severity Index. HAD: Hospital
Anxiety Depression scale
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and depression were found in 32% and 19% of patients,
respectively (36% had an HAD anxiety score>7, 18%
had an HAD depression score>7 in our study). Overall,
anxiety and depression scores were 2- to threefold higher
than those of community samples [39]. Although anxi-
ety and depression are known to be a cause of insomnia
[40], a causal relationship cannot be established between
insomnia and anxiety/depression, but the presence of
insomnia symptoms should prompt physicians to inves-
tigate the presence of and treat anxiety/depression symp-
toms and vice versa.

Quality of life was more severely impaired in patients
with insomnia, especially for the categories concern-
ing physical functioning, vitality, emotional state, health
perception, social functioning, body image, role limita-
tions and respiratory and digestive symptoms. These
results are consistent with those of a study reported by
Bouka et al. [11], in which lower sleep quality was related
to vitality, emotional functioning, social, role, eating dis-
turbances and digestive symptoms. It is noteworthy that
these symptoms may also be an expression of anxiety
and/or depression.

Total sleep time and sleep architecture, analyzed by
PSG, were generally normal in patients with and without
insomnia. Total sleep time on PSG was slightly longer in
patients without insomnia than in patients with insomnia
and the time spent awake after sleep onset was slightly,
but not significantly shorter, probably due to the lack of
power of the study.

This study has several limitations. First, it was a sin-
gle-center study comprising a small number of patients,
which may limit the generalizability of the results. Given
the low number of patients, a comparative analysis by
gender was not possible [41]. It would also have been
interesting to assess insomnia by actimetry over several
days to obtain objectives measurements on activity and
rest periods. Despite these limitations, this pragmatic
study presents a number of important strengths, includ-
ing assessment of the relationships in CF adult patients
between insomnia, assessed by ISI, and multidimensional
parameters including demographic and clinical charac-
teristics, and a global respiratory assessment (symptoms,
airway colonization, PFTs, 6MWT, polysomnography)
with minimal exclusion criteria.

Conclusion

This study shows that insomnia is a common complaint
in CF adults and is associated with many factors: more
severe dyspnea, pain, RLS, lower SpO, during sleep and
especially anxiety/depression symptoms. The strong
association between insomnia, impaired quality of life
and higher HAD score should prompt physicians to be
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particularly attentive to the management of anxiety and
depression in adult CF patients with insomnia.

Abbreviations

CF: Cystic fibrosis; PSQI: Pittsburgh Sleep Quality Index; ISI: Insomnia Sever-

ity Index; BMI: Body Mass Index; CASA-Q: Cough And Sputum Assessment
Questionnaire; mMMRC: Modified Medical Research Council dyspnea scale; NRS:
Numeric Rating Scale for pain; ES: Epworth Sleepiness Scale; MEQ: Morning-
ness-Eveningness Questionnaire; HAD: Hospital Anxiety Depression scale;
IRLS: International Restless Legs Syndrome scale; CFQR 144 Cystic Fibrosis
Questionnaire-Revised; PFTs: Pulmonary Function Tests; 6MWT: 6-Min walking
test; AHI: Apnea Hypopnea Index; TST: Total Sleep Time; PLM: Periodic Leg
Movements; AlS: Athens Insomnia Scale.

Acknowledgements
The authors would like to thank the patients, health care providers and clinic
coordinators at the Reims CF center.

Authors’ contributions

PM, CG, GD and CL designed the study. PM, BR, CG, SD, AD, DP, JMP, TG, FL,
GD and CL were involved in the data collection, writing and reviewing of the
manuscript. PM, CG, CB, JA and CL analyzed and interpreted data. All authors
read and approved the final manuscript.

Funding

This research did not receive any specific grant from funding agencies in

the public, commercial, or not-for-profit sectors. This study was funded by

the Research and Innovation in Inflammatory Respiratory Diseases Project
(RINNOPARI). This funding body had no role in the design of the study and col-
lection, analysis, and interpretation of data or in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee (Comité de Protection des
Personnes—Dijon EST I, No. 2016-A00242-49) and was registered on clinicaltri-
als.gov (NCT02924818). All patients received detailed information about the
methods used and gave their written consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Author details

! Service Des Maladies Respiratoires, CHU Reims, 45, Rue Cognacq Jay Reims
Cedex, 51092 Reims, France. 2 Inserm UMR-S 1250 “Pathologies Pulmonaires
et Plasticité Cellulaire”, Reims, France. > Département de Méthodologie, CHU
Reims, Reims, France. 4 EA 4683 Université de Médecine et de Pharmacie,
Reims, France. ® Laboratoire de Bactériologie-Virologie-Hygiéne-Parasitolo-
gie-Mycologie, CHU Reims, Reims, France.

Received: 19 January 2021 Accepted: 22 March 2021
Published online: 01 April 2021

References

1. Jackson AD, Goss CH. Epidemiology of CF: how registries can be used to
advance our understanding of the CF population. J Cyst Fibros Off J Eur
Cyst Fibros Soc. 2018;17(3):297-305.



Mulette et al. BMC Pulm Med

20.

21

22.

(2021) 21:108

Burgel P-R, Bellis G, Olesen HV, Viviani L, Zolin A, Blasi F, et al. Future trends
in cystic fibrosis demography in 34 European countries. Eur Respir J.
2015;46(1):133-41.

Haq IJ, Gray MA, Garnett JP, Ward C, Brodlie M. Airway surface liquid
homeostasis in cystic fibrosis: pathophysiology and therapeutic targets.
Thorax. 2016;71(3):284-7.

Villanueva G, Marceniuk G, Murphy MS, Walshaw M, Cosulich R, Guideline
Committee. Diagnosis and management of cystic fibrosis: summary of
NICE guidance. BMJ. 2017,359;j4574.

Vandeleur M, Walter LM, Armstrong DS, Robinson P, Nixon GM, Horne
RSC. What keeps children with cystic fibrosis awake at night? J Cyst Fibros
Off J Eur Cyst Fibros Soc. 2017;16(6):719-26.

Vandeleur M, Walter LM, Armstrong DS, Robinson P, Nixon GM, Horne
RSC. Quality of life and mood in children with cystic fibrosis: asso-
ciations with sleep quality. J Cyst Fibros Off J Eur Cyst Fibros Soc.
2018;17(6):811-20.

[scar-Urrutia M, Madrid-Carbajal CJ, Rubinos-Cuadrado G, Fernandez-
Alvarez R, Vazquez-Lopez MJ, et al. Objective and subjective sleep
efficiency in adult patients with cystic fibrosis and impact on quality of
life. Lung. 2018;196(6):761-7.

Jankelowitz L, Reid KJ, Wolfe L, Cullina J, Zee PC, Jain M. Cystic fibrosis
patients have poor sleep quality despite normal sleep latency and effi-
ciency. Chest. 2005;127(5):1593-9.

Dancey DR, Tullis ED, Heslegrave R, Thornley K, Hanly PJ. Sleep quality and
daytime function in adults with cystic fibrosis and severe lung disease.
Eur Respir J. 2002;19(3):504-10.

Milross MA, Piper AJ, Norman M, Dobbin CJ, Grunstein RR, Sul-

livan CE, et al. Subjective sleep quality in cystic fibrosis. Sleep Med.
2002;3(3):205-12.

. Bouka A, Tiede H, Liebich L, Dumitrascu R, Hecker C, Reichenberger F,

et al. Quality of life in clinically stable adult cystic fibrosis out-patients:
associations with daytime sleepiness and sleep quality. Respir Med.
2012;106(9):1244-9.

Tomaszek L, Cepuch G, Pawlik L. Evaluation of selected insomnia predic-
tors in adolescents and young adults with cystic fibrosis. Biomed Pap
Med Fac Univ Palacky Olomouc Czechoslov. 2018;162(3):212-8.

Elborn JS. Cystic fibrosis. Lancet. 2016;388(10059):2519-31.

Kerem E, Wilschanski M, Miller NL, Pugatsch T, Cohen T, Blau H, et al.
Ambulatory quantitative waking and sleeping cough assessment

in patients with cystic fibrosis. J Cyst Fibros Off J Eur Cyst Fibros Soc.
2011;10(3):193-200.

Flume PA, Ciolino J, Gray S, Lester MK. Patient-reported pain and impaired
sleep quality in adult patients with cystic fibrosis. J Cyst Fibros Off J Eur
Cyst Fibros Soc. 2009;8(5):321-5.

Jurisch P, Gall H, Richter MJ, Seeger W, Nahrlich L, V6lkel S, et al. Increased
frequency of the restless legs syndrome in adults with cystic fibrosis.
Respir Med. 2019;151:8-10.

Hayes D. Restless leg syndrome manifested by iron deficiency from
chronic hemoptysis in cystic fibrosis. J Cyst Fibros Off J Eur Cyst Fibros
Soc. 2007;6(3):234-6.

Quittner AL, Abbott J, Georgiopoulos AM, Goldbeck L, Smith B, Hemp-
stead SE, et al. International Committee on Mental Health in Cystic
Fibrosis: Cystic Fibrosis Foundation and European Cystic Fibrosis Society
consensus statements for screening and treating depression and anxiety.
Thorax. 2016;71(1):26-34.

Veronezi J, Carvalho AP, Ricachinewsky C, Hoffmann A, Kobayashi DY,
Piltcher OB, et al. Sleep-disordered breathing in patients with cystic
fibrosis. J Bras Pneumol Publicacao Of Soc Bras Pneumol E Tisilogia.
2015;41(4):351-7.

Shakkottai A, Nasr SZ, Hassan F, Irani S, O'Brien LM, Chervin RD. Sleep-
disordered breathing in cystic fibrosis. Sleep Med. 2020;74:57-65.
Henderson D, Moore V, MacMorran K, Castellini J, Hay K, Keegan V, Reid D,
et al. A Cohort study of sleep quality in adult patients with acute pulmo-
nary exacerbations of cystic fibrosis. Intern Med J. 2020. Epub ahead of
print.

Bastien CH, Vallieres A, Morin CM. Validation of the Insomnia Sever-

ity Index as an outcome measure for insomnia research. Sleep Med.
2001;2(4):297-307.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 10 of 10

. Chiu H-Y, Chang L-Y, Hsieh Y-J, Tsai P-S. A meta-analysis of diagnostic

accuracy of three screening tools for insomnia. J Psychosom Res.
2016;87:85-92.

Zucconi M, Ferri R, Allen R, Baier PC, Bruni O, Chokroverty S, et al. The
official World Association of Sleep Medicine (WASM) standards for record-
ing and scoring periodic leg movements in sleep (PLMS) and wakeful-
ness (PLMW) developed in collaboration with a task force from the
International Restless Legs Syndrome Study Group (IRLSSG). Sleep Med.
2006;7(2):175-83.

Crawford B, Monz B, Hohlfeld J, Roche N, Rubin B, Magnussen H, et al.
Development and validation of a cough and sputum assessment ques-
tionnaire. Respir Med. 2008;102(11):1545-55.

Mahler DA, Wells CK. Evaluation of clinical methods for rating dyspnea.
Chest. 1988;93(3):580-6.

Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: Visual
Analog Scale for Pain (VAS Pain), Numeric Rating Scale for Pain (NRS Pain),
McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire
(SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain
Scale (SF-36 BPS), and Measure of Intermittent and Constant Osteoarthri-
tis Pain (ICOAP). Arthritis Care Res. 2011;63(511):5240-52.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and
research. Psychiatry Res. 1989;28(2):193-213.

Johns MW. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep. 1991;14(6):540-5.

Netzer NC, Stoohs RA, Netzer CM, Clark K, Strohl KP. Using the Berlin
Questionnaire to identify patients at risk for the sleep apnea syndrome.
Ann Intern Med. 1999;131(7):485-91.

Horne JA, Ostberg O. A self-assessment questionnaire to determine
morningness-eveningness in human circadian rhythms. Int J Chronobiol.
1976;4(2):97-110.

Walters AS, LeBrocq C, Dhar A, Hening W, Rosen R, Allen RP, et al. Valida-
tion of the International Restless Legs Syndrome Study Group rating scale
for restless legs syndrome. Sleep Med. 2003;4(2):121-32.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361-70.

Quittner AL, Buu A, Messer MA, Modi AC, Watrous M. Development

and validation of the Cystic Fibrosis Questionnaire in the United

States: a health-related quality-of-life measure for cystic fibrosis. Chest.
2005;128(4):2347-54.

Wanger J, Clausen JL, Coates A, Pedersen OF, Brusasco V, Burgos F, et al.
Standardisation of the measurement of lung volumes. Eur Respir J.
2005;26(3):511-22.

ATS Committee on Proficiency Standards for Clinical Pulmonary Function
Laboratories. ATS statement: guidelines for the six-minute walk test. Am J
Respir Crit Care Med. 2002;166(1):111-7.

The AASM Manual for the Scoring of Sleep and Associated Events [Inter-
net]. 2014. https://aasm.org/clinical-resources/scoring-manual/.

Leger D, Guilleminault C, Dreyfus JP, Delahaye C, Paillard M. Preva-

lence of insomnia in a survey of 12,778 adults in France. J Sleep Res.
2000,9(1):35-42.

Quittner AL, Goldbeck L, Abbott J, Duff A, Lambrecht P, Solé A, et al.
Prevalence of depression and anxiety in patients with cystic fibrosis and
parent caregivers: results of The International Depression Epidemiological
Study across nine countries. Thorax. 2014;69(12):1090-7.

Ford DE, Kamerow DB. Epidemiologic study of sleep disturbances

and psychiatric disorders: an opportunity for prevention? JAMA.
1989,262(11):1479-84.

Cepuch G, Gniadek A, Gustyn A, Tomaszek L. Emotional states and sleep
disorders in adolescent and young adult cystic fibrosis patients. Folia Med
Cracov. 2017;57(4):27-40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://aasm.org/clinical-resources/scoring-manual/

	Insomnia in adults with cystic fibrosis: strong association with anxietydepression and impaired quality of life
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patient selection
	Patient demographic and clinical characteristics
	Cough And Sputum Assessment Questionnaire
	Modified Medical Research Council Dyspnea Scale
	Numeric Rating Scale for pain
	Insomnia Severity Index
	Pittsburgh Sleep Quality Index
	Epworth Sleepiness Scale
	Berlin Questionnaire
	Morningness-Eveningness Questionnaire
	International Restless Legs syndrome scale
	Hospital Anxiety and Depression scale
	Cystic Fibrosis Questionnaire-Revised

	Pulmonary function
	Polysomnography
	Statistical analyses

	Results
	Patient demographic and clinical characteristics
	Comparisons of patients with ISI score > 7 (insomnia) and patients with ISI score ≤ 7 (no insomnia)

	Discussion
	Conclusion
	Acknowledgements
	References


