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Objective/Background: Bardet-Biedl syndrome (BBS) is a rare but well-recognized
ciliopathy with high genetic and phenotypic heterogeneity. Cardinal features include obesity,
diabetes and high blood pressure (HBP), which are often associated with sleep-disordered
breathing. Also, the high prevalence of blindness due to retinal dystrophy could affect
circadian sleep—wake rhythms. We characterized in this cohort of adult BBS patients sleep-
disordered breathing, sleep quality, daytime sleepiness and chronotype.

Patients and Methods: Thirty-two patients with genetically confirmed BBS were included
in this observational single center study. Overnight respiratory polygraphy was performed for
sleep apnea syndrome (SAS) in 30 patients. Quality of sleep, daytime sleepiness, fatigue and
chronotype were assessed in 25 patients using Pittsburgh sleep quality index (PSQI), 14-day
sleep diary (SD), Epworth sleepiness scale (ESS), Pichot fatigue scale (PFS) and Horne and
Ostberg morningness-eveningness questionnaire (MEQ).

Results: Patients’ mean age was 32+11 years and mean BMI 32.6+7.7 kg/m?. Eleven (35%)
patients had HBP and 7 (22%) diabetes. Moderate to severe sleep apnea syndrome (SAS)
was present in 5 (17%) and was not associated with altered sleep, daytime sleepiness or
fatigue. Most of the patients (63%) evaluated their sleep as of good quality (PSQI < 5).
Median scores of sleep quality, daytime sleepiness and fatigue were normal (PSQI of 3.0
[2.0-6.0], ESS of 9.0 [6.0-13.0] and PFS of 8.0 [3.0-13.0], respectively). Predominant
chronotypes according to MEQ were either “intermediate” (57%) or “moderate morning”
(29%). None had a free running sleep—wake cycle. 14-day SD revealed overall few awaken-
ings at night and low daytime napping.

Conclusions: Given the cardiovascular risk factors, systematic screening for SAS should be
considered in BBS patients, regardless of sleep and daytime vigilance complaints. None of these
highly visually impaired patients had a circadian sleep—wake rhythm disorder. Further objective
assessments are needed to better characterize sleep and circadian rthythms in BBS patients.
Keywords: Bardet-Biedl syndrome, ciliopathy, sleep disordered breathing, sleep apnea

syndrome, chronotype, circadian rhythm sleep wake disorder

Plain Language Summary

Blindness, obesity, diabetes, high blood pressure and hypotonia are features of Bardet-Biedl
syndrome (BBS) which might impede sleep quality. However, quality of sleep in BBS is
poorly characterized. Blindness could lead to impaired circadian rhythms (ie, daily 24-hour
rhythms driven by the internal circadian clock and mainly synchronized in the sighted by
light dark cycles). Obesity, hypotonia, diabetes and high blood pressure might lead to sleep
disordered breathing.
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We characterized nighttime respiration, quality of sleep, day-
time sleepiness and chronotype using overnight respiratory poly-
graphy and validated assessment scales in 32 adult BBS patients.

Prevalence of moderate and severe sleep apnea syndrome
(SAS) was high (17%) given the age of our population (mean
age 32+11 years). SAS was not associated with altered sleep,
daytime sleepiness or fatigue. Sleep quality and daytime vigi-
lance were overall preserved. Intermediate and moderate morn-
ing chronotypes were predominant. No circadian rhythm sleep—
wake disorder or free-run (ie, circadian profile different than the
24-h day entrainment) were present according to sleep diaries.

Despite features predisposing to altered quality of sleep,
daytime wakening and circadian rhythms, BBS patients declared
overall satisfying sleep quality and normal daytime sleepiness.

Systematic screening for SAS should be considered in BBS
patients, regardless of sleep and daytime vigilance complaints.

None of these highly visually impaired patients had
a circadian sleep—wake rhythm disorder. Further objective assess-
ments are needed to better characterize sleep and circadian
rhythms in BBS patients.

Introduction
Bardet—Biedl syndrome (BBS) is a rare ciliopathy whose
prevalence falls below 1/100,000 in Europeans.'

Mutations in over twenty different genes involved in the
development or function of primary cilia are related to
BBS and even more remain to be described.” Main clinical
features reported are retinal dystrophy, postaxial limb
defects,
abnormalities, hypogonadism and high blood pressure.

overweight, learning difficulties, renal tract
Hypotonia, glucose intolerance, nephrogenic insipid dia-
betes and liver fibrosis are some of the minor features.
Poor specificity along with slow development of those
clinical features lead to delayed diagnosis at the average
age of nine years.” Blindness, chronic renal failure and
diabetes are most invalidating conditions in adults.*”’
Most deleterious body damages caused by BBS are the
cardiovascular complications related to diabetes, HBP,
chronic renal failure and obesity and their incidence is
growing with the patient’s ageing.

Quality of sleep in BBS is poorly characterized. Only
one very recent study reports sleep efficiency calculated
from the ratio of total sleep duration to time in bed using
12-day wrist-worn accelerometer records in a large BBS
population. Median ratio (25th, 75th centiles) reaches
89.89 (87.73, 92.74) in adults, with a slightly higher ratio
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in children.”® Retinal dysfunction leading to complete

blindness in BBS patients could impair light entrainment
of the circadian clock.”'”

Moreover, obesity and

hypotonia could promote sleep disordered breathing
(SDB) and impair quality of sleep and daytime vigilance
in BBS patients.'" This study aimed to characterize quality
of sleep and vigilance, chronotype and breathing during
the night in a cohort of adult BBS patients.

Patients and Methods
This single center observational study with nationwide
recruitment included solely patients with a genetically
confirmed diagnosis of BBS. Ethical approval had been
received from CPP “EST IV” (Strasbourg, France)
10 June 2008 for the study PHRC National Bardet Biedl
2007 IDRCB 2007-A00868-45. Procedures used in this
study adhered to the tenets of the Declaration of
Helsinki. Written informed consent was obtained from all
the patients or their legal representatives when necessary.
Thirty-two BBS patients were referred to our Sleep
Center between August 2009 and January 2013. All under-
went an overnight respiratory polygraphy (EMBLETTA©
Gold portable sleep apnea monitoring device; ResMed,
Paris, France) with multiple sensors including heart rate,
oxygen saturation (SaO,) and thoracic and abdominal
belts. One record was excluded because of insufficient
quality, and one other due to intolerance to the device.
All records were scored manually (B.K.) and the apnea-
hypopnea index (AHI) calculated as the number of apnea
and hypopnea episodes per hour of scoring time.'”
Absence of sleep apnea syndrome (SAS) was defined by
AHI <5, mild SAS by 5 < AHI <15, moderate SAS by 15
< AHI <30 and severe SAS by AHI >30. The percentage
of scoring time with (SaO,) below 90% was reported.
Starting from January 2010, twenty-five patients (78%)
were further characterized for quality of sleep, daytime
sleepiness, fatigue and chronotype using the Pittsburgh
Sleep Quality Index (PSQI), a 14-day sleep diary (SD)
including a daily numerical evaluation of sleep satisfaction
(from 0 being worse to 10 being best), the Epworth
Sleepiness Scale (ESS), the Pichot Fatigue Scale (PFS)
and the Horne and Ostberg Morningness-Eveningness
Questionnaire (MEQ)."*'® Due to participants’ low visual
acuity, an examiner read aloud questionnaires’ items and
reported the answers. Sleep efficacy (SE) was calculated
from the ratio of total sleep duration to time in bed using
data from both PSQI (SE-PSQI) and 14-day SD (SE-SD).
For this parameter, score went from 0 (worst sleep effi-
cacy) to 1 (best sleep efficacy). Nineteen patients out of
the twenty-five had completed the entire 14-day SD. No
systematical screening had been done for other sleep
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disorders. Consequent to the study, a complaint about
sleep onset and maintenance insomnia was reported by
two patients associated to restless legs syndrome that
was severe in one and moderate in the other. One patient
complained of a more complex hypersomnolence in
a context of a long sleeper with insufficient sleep syn-
drome due to early wake-up times and a late chronotype.

Patients were examined for body mass index (BMI),
diabetes and high blood pressure (HBP). All underwent
spirometry with diluted helium method and ophthalmolo-
gical examination including fundus examination and elec-
troretinography. Best corrected visual acuity (BCVA) was
assessed with logMAR scale. Central macular thickness
(CMT) was measured on optical coherence tomogra-
phy (OCT).

Patients presenting with a good quality of sleep (ie,
PSQI < 5) were compared to patients with a poor quality
of sleep (ie, PSQI > 5) for AHI, percentage of scoring time
with Sa0, below 90%, BCVA, CMT, and MEQ using
Student’s t-test.

Results

General Characteristics of the Population
Thirty-two patients were included, 13 (41%) males and 19
(59%) females. Mean age was 32+11 [19-63] years. Eight
different BBS genotypes were reported (BBS1, BBS4,
BBS5, BBS7, BBS9, BBS10, BBS12 and BBS17). All
patients had severe pigmentary retinopathy confirmed on
fundus examination, visual field and electroretinography.
Mean visual acuity was 1.86+0.91 logMAR on the right
eye and 1.86+0.94 logMAR on the left eye. One patient
had no light perception in both eyes and one had light
perception only in one eye. Mean CMT on OCT was 160.7
+43.4 um on the right eye and 148.1+41.1 pm on the left eye.

Mean BMI was 32.6+7.7 kg/m* with 12 patients (37%)
being obese and 7 (22%) having morbid obesity. High
blood pressure was present in eleven (35%) patients and
type 2 diabetes in seven (22%). Spirometry exam showed
moderate restrictive ventilatory defect in 5/22 (22.7%)
patients and severe restrictive ventilatory defect in one.
General characteristics of the patients are listed in Table 1.

Sleep Disordered Breathing

Thirty ventilatory polygraphy records were analyzed.
While 20 patients presented with no SDB (mean age 30
+10 years), 5 had mild SAS (mean age 33+12 years).
Moderate to severe SAS was diagnosed in 5 patients

(17%) (mean age 45+10 years). Four out of these latter
five had obstructive SAS, comorbid high blood pressure
(HBP) and either obesity (BMI >30kg/m?) (n = 2) or
morbid obesity (BMI>40kg/m?) (n = 2). Two had type 2
diabetes (Table 1). Central apneas (index of 19/h) were
present in a 44-year-old patient presenting with total AHI
of 33/h. The latter patient had normal BMI and no under-
lying etiology was identified for these apneas.

Sleep Quality and Daytime Fatigue
According to PSQI, 6 patients (25%) reported a sleep
latency of more than 30 minutes and 8 (33%) reported at
least 2 awakenings during the night. Median PSQI score
was 3.0 [2.0-6.0], with most of the patients (63%) evalu-
ating their sleep as of good quality (as defined by PSQI
< 5) (Table 1). Numerical evaluation of sleep quality was
consistent with this first result (median score was 8.6/10
[7.4-9.9]). Median SE-PSQI was 1.0 [0.9—1.0] and 79% of
the patients had good SE-PSQI as defined by a ratio >0.85.
Median SE-SD was 0.98 [0.88-1.0] and 82.3% had
a result >0.85.

Daytime sleepiness evaluated by ESS was normal
(£10/24) in 14 patients (56%), moderate (ESS >11 and
<18/24) in 9 patients (36%) and severe (ESS>18/24) in 2
(8%). Medians for ESS are exposed in Table 1. Fatigue as
evaluated by PFS was normal (<10/24) in 16 patients
(64%), moderate (PFS >11 and <20) in 8 patients (32%)
and severe (PFS >21) in 1 patient (4%). On their 14-day
SD, 9 (26%) patients reported to take a nap at least once
a week and, from these 9, 5 reported this at least 3 times
a week. Median daytime napping in these 9 patients was
60 [30-60] minutes.

Chronotype Assessment

According to MEQ, more than half of the patients (57%),
aged of 2847 years in mean, had an intermediate chron-
otype and one-third (29%), aged of 48+11 years in mean,
had a moderate morning chronotype. Solely one patient
aged 28 had a moderate evening chronotype, another
patient also aged 28 had a definite evening chronotype
and a definite morning chronotype was present in
a patient aged 29 years old. According to their 14-day
SD, no patient presented with a circadian rhythm sleep—
wake disorder (CRSWD), especially none was free-
running. The patient without any light perception had
a moderate morning chronotype and regular sleep wake
cycles. She had severe obstructive SAS and no major
complaint about sleep or daytime vigilance.
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Effect of Sleep Apnea Syndrome,
Circadian Chronotype and Vision

Impairment on Quality of Sleep

In the five patients (17%) presenting with moderate to
severe SAS quality of sleep and sleep efficacy were good
(median PSQI of 2.5 [1.8-3.2] and SE-PSQI of 1.0 [1.0-
1.0]). Also, in these patients, no significant daytime slee-
piness (median ESS of 10.0 [8.8—12.0]) or fatigue (median
PFS of 4.0 [2.8-7.0]) were found. In the same way, the 15
patients presenting with ESS and/or PFS superior to 10
had a median AHI <5 (ie, 2.8 [0.6-5.6] events/h), while
the six patients with ESS and/or PFS superior to 15 had
a median AHI of 1.5 [0-2.1] events/h. Median AHI among
the 4 patients with a low SE-PSQI (<0.85) was normal (1.5
[0.8—1.8] events/h).

Regarding the eight patients reporting a poor quality of
sleep (PSQI >5/21), median AHI reflected absence of SAS
(1.9 [1.1-3.9] events/h) and percentage of nighttime with
Sa0, <90% was of 0.0 [0.0-0.1] %. These results were not
different as compared to patients with good quality of sleep
(PSQI <5/21) (ie, 4.3 [2.5-14.8] events/h and 0.1 [0.0-0.3]
%, respectively). MEQ, BCVA and CMT measurements
were not significantly different between both groups.

Discussion

Moderate and severe SAS were diagnosed in 5/30 (17%)
adult BBS patients using respiratory polygraphy. One
patient had predominantly central SAS without identified
underlying etiology. To our knowledge, this is the first
description of a central SAS in a BBS patient. Given the
young age of our study population, prevalence of SAS
seems relatively high. According to the data from the
literature, prevalence of obstructive SAS with AHI >15
in the general population for a comparable age group
ranges from 6% to 17%.'” Obstructive SAS was comorbid
with obesity, HBP and type 2 diabetes. The prevalence of
obesity was of 60% in our population (19/32). This factor
is reported to have complex interactions with obstructive
SAS,'® and to be one of its major risk factors.'” Obesity is
of major concern in BBS ciliopathy and remains difficult
to treat. A hypothalamic dysfunction has been described
due to impaired leptin receptor trafficking associated with
leptin resistance and leading to impaired body weight
hyperphagia 2021
Additional underlying risk factors specific to BBS such

regulation, and insatiable hunger.

as hypotonia or orofacial dysmorphias should also be
considered.>*> In a retrospective chart review, sleep

disordered breathing has been clinically diagnosed in 18/
20 BBS children.” In this review, children’s median age
was of 69 months and polysomnography was performed in
10 children confirming obstructive SAS in 5 (25%).% In
the present adult cohort, SAS was not associated with poor
quality of sleep, fatigue or daytime sleepiness. We
hypothesize that in some of our patients the burden due
to BBS, its major visual handicap and its impact on social
life, might have masked impaired sleep and daytime symp-
toms or participated to an altered perception. Clinical
presentations of patients with obstructive SAS are hetero-
genous and missing complaints of insomnia and excessive
daytime sleepiness have been described in different clus-
ters of patients.'’

Despite their major visual impairment due to severe
pigmentary retinopathy, none of the studied patients pre-
sented with CRSWD on sleep diary. A late chronotype
according to MEQ was present in only two patients. Free-
running rhythms and late chronotypes have been largely
reported in totally blind people.'” Non 24-h sleep-wake
cycles were mainly assessed in these studies through mel-
atonin and cortisol secretion profiles, which we did not
perform in our study.>**> Possibly, sleep diary and MEQ
alone might not be accurate enough to detect modifications
of circadian rhythms in BBS patients. Usually, blinds who
complain of poor sleep quality are those who completely
lost the perception of light.?®*” In our study, all patients
but one could either see light, hand movements or even big
optotypes on at least one eye. Some persistence of light
perception and the absence of CRSWD in our BBS
patients suggest underlying intact photic pathways to the
hypothalamus sufficient to entrain the central clock. This
could also contribute to the overall rather satisfying sub-
jective assessments on quality of sleep, sleepiness and
fatigue in our patients. Moreover, BBS retinopathy is
characterized by dystrophy of rods and cones. No impair-
ment of the intrinsically photosensitive retinal ganglion
cells (ipRGCs) containing the photopigment melanopsin
have been reported.> IpRGCs play a major role not only
for conveying light information to the circadian clock but
in the

wakefulness.”® However, further explorations on the integ-

also direct effects of light on sleep and
rity of ipRGCs in BBS patients are needed.

BBS patients were not all satisfied with their sleep as
poor sleep quality was reported by 37% of them (PSQI >5/
21). This finding could not be related to any specific
comorbidity that we studied. Although mood disorders
were not studied and might be affected, further in-depths
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investigations are required to explain this finding. Apart
from circadian rhythm abnormalities, other conditions
including worry, depression and painful physical disorders
are also responsible of sleep disorders in blind people.’
Concerning BBS patients, particular psychological, neuro-
developmental aspects and systemic comorbidities could
interfere with their perception of sleep quality, daytime
vigilance and fatigue. The influence of these parameters
might be difficult to discriminate.

Finally, in our study, one might question the reliability
of the subjective ratings as questionnaires had to be read
aloud to the patients and answers written down (N.G.).
Still, assessments seemed satisfying as final scores from
different evaluations were concordant in each patient.

Conclusion

Sleep apnea syndrome (SAS) was highly prevalent in this
cohort of patients with Bardet-Biedl syndrome (BBS),
a rare ciliopathy. Despite this finding, limited impairment
of sleep quality and daytime vigilance was reported.
Considering the high prevalence of cardiovascular comor-
bidities in BBS patients, systematic screening for sleep
disordered breathing should be performed regardless of
sleep and daytime vigilance complaints. Also, no impair-
ment of circadian sleep—wake rhythms was found in these
highly visually impaired patients, suggesting preserved
synchronization to entrain the central clock. Further objec-
tive assessments using actigraphy and biomarkers are
needed to better characterize sleep and circadian rhythms
in BBS patients.
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