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Abstract
Background: Obstructive sleep apnea (OSA) is prevalent in individuals with Osteogenesis imperfecta (OI). To date,
no study has investigated treatment of OSA in adult individuals with OI using positive airway pressure (PAP). This
observational pilot study examined the adherence of adults with OI to treatment of OSA with PAP therapy, and the
evolution of self-experienced sleepiness and depression symptoms before and after treatment.
Methods: We included 20 patients, with a mean age of 51 years, who represented varying severity of OI and
displayed an apnea and hypopnea index ≥ 5 /sleeping hour as recorded by an overnight polysomnography. PAP
therapy was proposed to all patients. Epworth Sleepiness Scale (ESS) questionnaire to evaluate daytime sleepiness,
and a validated self-rating depression questionnaire to identify possible depression, were completed prior to PAP
therapy and repeated after a minimum of one year. The datasets supporting the conclusions of this article are
included within the article.
Results: From the 20 patients, 15 initiated PAP therapy, and two patients later interrupted it. The mean PAP followup period was 1230 days. At baseline, an abnormally high ESS score was reported by 29% of the respondents, and
an abnormally high number of symptoms suggesting depression by 29%. Follow-up questionnaires were
completed by 60% of the patients, of whom 83% were adherent to PAP treatment. ESS score and depression
symptoms did not decrease significantly with PAP therapy.
Conclusions: Patients with OI accepted well PAP therapy and remained compliant. Sleepiness and depression
persisted unaltered despite good PAP adherence. These unexpectedly poor improvements in symptoms by PAP
therapy may be due to subjective depression symptoms and the complexity of factors underlying persisting
sleepiness in OI. Further research is needed to confirm this novel finding.
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Background
Osteogenesis imperfecta (OI) is a group of rare genetic
disorders, in which mutations impair normal synthesis,
assembly, folding, posttranslational modification, secretion,
or structure of type I collagen. The succedent detriment of
collagen-rich tissues leads to typical clinical manifestations,
such as bone fragility, hyperextensibility of ligaments, short
stature, hearing impairment, and a tendency to progressive
skeletal deformity of long bones, spine and cranial base [1,
2]. Phenotypic classification of OI into five types covers a
severity range from mild non-deforming (type I) to severe
(type III) and lethal (type II) [3].
In addition to a variety of somatic changes, patients
with OI experience pain, persisting daytime sleepiness,
and fatigue [3–5]. Our previous studies indicate that one
of the factors contributing to fatigue in OI might be
sleep apnea [6, 7]. Previous studies [4, 7] have reported
in adults with OI a prevalence of sleep apnea exceeding
that in normal population [8].
In general, individuals with obstructive sleep apnea
(OSA) show a high prevalence of depression [9], and depression and tiredness are highly correlated traits [10].
Treatment of OSA with positive airway pressure (PAP)
has been documented to result in subjective alleviation
of daytime sleepiness, fatigue and depression [11].
The purpose of this study was firstly, to evaluate acceptance of and adherence to positive airway pressure
(PAP) therapy among adult OI patients, and secondly, to
evaluate the effect of PAP therapy on self-experienced
daytime sleepiness and depression.
Methods
Study population

In 2015, we invited all 151 patient members, over the
age of 16 years, of the Finnish OI Society, to participate
in a study exploring the quality of sleep and its relation
to daytime well-being [6, 7]. The study protocol was approved by the Research Ethic Board of Helsinki University Hospital, Helsinki, Finland (12/18/2014). Informed
consent was obtained from all participants. The present
study was undertaken as a follow-up evaluation among
those enrolled in a sleep recording.
A total of 20 retained patients constituted the present
follow-up study group. Of them, 13 had been included
in an overnight polysomnography study previously, as
reported by our group in 2018 [7]. Additional 4 patients,
who had undergone a comprehensive overnight polysomnography in a sleep laboratory using identical
methods [7], were included in this study. The remaining
3 participants had previously undergone ambulatory
polysomnography (American Academy of Sleep Medicine Type III sleep monitor), and the data were gathered
from their medical records. Total sleep time was unknown, but at the time of the testing had been deemed
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sufficient by the treating physician. The scoring guidelines and sleep apnea definition of the American Academy of Sleep Medicine were applied [12]. All patients
had an apnea-hypopnea index (AHI) or respiratory event
index (REI) ≥ 5 events per hour of sleep.
Positive Airway Pressure therapy (PAP)

PAP therapy was proposed to all patients, as myofunctional
therapy and oral appliance therapy are contraindicated in
this patient group frequently suffering from co-morbidities
of muscle weakness, joint laxity, and craniofacial anomalies
[4, 13, 14]. PAP therapy was initiated mainly at home with
an automatic PAP device, APAP (ResMed, Sydney,
Australia) according to a protocol previously described
[15]. PAP data was obtained from ResScan program
(ResMed, Sydney, Australia). Acceptance and adherence
were evaluated using medical records, self-reports, and data
from CPAP device.
Questionnaires

Epworth Sleepiness Scale (ESS) was employed to evaluate daytime sleepiness. ESS scale ranges between 0 and
24, where a value of 11 or above signifies pathological
sleepiness [16]. A validated self-rating depression questionnaire (DEPS) was applied to identify possible depression. DEPS scale ranges between 0 and 30, where a value
of 12 or above is considered a cut-off point for clinical
depression [17].
Baseline ESS score, before treatment, was available
from 13 patients included in our previous paper [7] and
from 4 additional patients. Baseline DEPS data were
available from 11 previously reported [7] and from 3
additional patients. The self-evaluation ESS and DEPS
questionnaires were repeated in 2019 by mail after a
minimum of one year of PAP treatment.
Statistical analysis

Sample size of 20 met the recommended threshold of
12, allowing dropouts, for a sufficiently precise estimates
of mean and variance of variables with continuous outcome in pilot studies [18]. Statistical analyses were performed with SPSS version 23 software. Correlation
between the variables was examined statistically with
Spearman’s rank correlation test. Relationship between
the mean self-reported sleepiness and depression symptoms before and after sleep apnea treatment were compared with non-parametric Mann-Whitney U test.

Results
Patient characteristics

Table 1 presents the patients’ characteristics. All the 20
patients (11 females) were ethnic Finns. The age range
was 27–77 years (mean age 51 years) at baseline prior to
treatment. The participants represented OI types I (n =
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Abbreviations: OI type I: Mild, non-deforming; OI type III: Moderate to severe, progressively deforming; OI type IV: Moderate with wide variety in severity; Height Z-score: relative height as SD from gender-specific
population median; BMI body mass index, AHI apnea and hypopnea index, ESS Epworth sleepiness scale (0–24 score scale), DEPS Depression Scale (0–30 score scale), PAP positive airway pressure, NA not available
Self-evaluation of daytime sleepiness and depression was conducted at baseline and with PAP therapy. The pre-treatment data is partly overlapping with Arponen et al. [7]

27-77

77

5

Range

72

4

51

69

3

15

49

2

SD

29

1

Average

Age
(years)

Patient

Table 1 Osteogenesis imperfecta (OI) patient characteristics, polysomnography findings, and self-evaluation of daytime sleepiness and depression
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5), III (n = 6), and IV (n = 6), as classified according to
the original Sillence classification [19]. OI type was unknown in 3 patients. Information on the participants’ genotypes was not available. Average height of the patients
was 137 cm and height Z-score ranged between − 14
and 0.1 (median − 4.5). Significant correlations were
found between severity of OI (i.e. OI type) and the
height of the individual (rs=-0.744, p < 0.001), and between the severity of OI and BMI (rs= 0.725, p < 0.001);
the more severe the OI, the shorter the individual and
the greater the BMI, as expected. Medications acting on
the central nervous system and therefore potentially inducing sleepiness were used by two patients; including
opioids and anti-anxiety medication.
The average AHI/REI index had been 26 ±27 per hour
of sleep, brought about by almost entirely obstructive
apnea (obstructive AHI, known in 15 patients, averaged
23/h) (Table 1). Three patients had severe apnea and
eight had moderate apnea. The number of arousals related to the total sleep time was on average 33 with a
high deviation of ±24, implying a large variation in the
sleep fragmentation. None of the patients had severe
nocturnal hypoxemia, defined as greater than 30% cumulative time spent with SpO2 below 90% (CT90) [20].
In all but one patient, the mean transcutaneous CO2 had
remained below 6.5 kPa and therefore nocturnal
hypoventilation was excluded. The augmented study
group was tested for correlations between AHI and
other variables. Again, neither the BMI or ESS score correlated with AHI (p > 0.05), as in our earlier report [7].
Sleep apnea treatment

According to the medical records, all of the patients had
been offered PAP therapy one to three months after the
diagnosis of OSA. One patient died before therapy initiation. Three patients refused the offered therapy and
two interrupted it due to discomfort. Their treatment
interruption time point was unknown. One patient later
restarted the therapy after receiving a better suited
CPAP mask.
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their weight had remained the same as at baseline (p =
0.79). For 11 patients, data were available regarding the
adherence rates to PAP therapy after on average of
41 months course of therapy (median 30 months, range
13–153 months) (Table 1). Information regarding adherence was derived from CPAP-device downloaded data
over the whole treatment duration in half of the patients,
and from self-reports in the remaining patients whose
treatment was organized by other hospital districts. The
average usage time of PAP was 7 ±2 hours/day.
Daytime sleepiness and depression

Baseline ESS questionnaire data were available for 85%
of the patients. The total number of patients with abnormally high ESS value of 11 or above, indicative of increased daytime sleepiness at baseline, was 5, yielding a
29% prevalence (Fig. 1). The mean score was 7 ±4 in the
whole group, men having higher sleepiness scores (8 ±5)
than women (6 ±4) but the difference was statistically
insignificant (p = 0.536).
Baseline DEPS data, available for 70%, indicated in 4
patients (29%) a DEPS score ≥12, a cut-off value for clinical depression (Fig. 1). The mean DEPS score was 9 ±7
in the whole group, and 8 ±4 for men and 10 ±9 for
women. The ESS or DEPS scores did not correlate with
each other, or with any of the other measured variables
(p > 0.05).
Follow-up ESS questionnaire was completed by 13 patients (65%), 11 of whom were using PAP (Table 1). At
the follow-up, 4 of the 13 respondents reported an ESS
score of 12 or 13 indicating excessive daytime sleepiness.
Of them, 3 were using PAP as prescribed and one had
discontinued treatment. Baseline values were available
for 3 of these 4, and they were all above the cut-off
value; ranging from 11 to 14, suggesting a persisting excessive daytime sleepiness. Two PAP-users developed

Effects of PAP therapy

At the follow-up time point 13 patients, 6 females and 7
males, reported using PAP therapy, as documented in
the medical reports, self-reports, and CPAP-device
downloaded data, yielding an adherence rate of 87%.
Three of them had type I OI, 4 had type III OI, 4 had
type IV OI, and 2 patients an unknown OI type. Their
average age was 54 years, and average AHI/REI before
treatment 32.9 events/hour (range 10–111). Treatment
status of one patient was unknown. Follow-up CPAP
reading, available for 6 patients, showed an average residual AHI (PAP-AHI) of 0.7 (±0.5) events/hour. Weight
measurements of these patients showed that on average

Fig. 1 Patient flow diagram
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from sleepy (ESS > 10) to not-sleepy (ESS ≤ 10), whereas
opposite change was not observed. Six patients reported
reduced ESS values with treatment and 5 an increased
value.
Mean ESS score at follow-up was 7 ±4 (Fig. 2). Among
all those 11 patients who completed the ESS questionnaire both at baseline and at follow-up, the largest ESS
value increase was 4 and the largest reduction 8, and the
median was a reduction by -1. Two patients who had declined from PAP treatment showed minor changes of 1
and − 1 respectively. The mean self-reported sleepiness
as expressed by the ESS score remained unaltered with
treatment (Mann-Whitney U = 107.5, p = 0.902), and the
values showed a statistically significant positive correlation between the two evaluation time points on individual level (rs=0.63, p = 0.038).
Follow-up DEPS questionnaire was completed by 12
patients (60%) (Table 1). In the follow-up questionnaire,
2 patients reported abnormally high DEPS scores of 19
and 23. One of them had received a high DEPS score
already at the initial evaluation; baseline data was not
available for the other. The first one was a male with
type I OI and a mean usage of PAP for 4.3 hours per
day for 91% of nights. The other one was a female with
type IV OI and daily use of CPAP for 7.1 hours. Both of
these patients also reported persistent excessive daytime sleepiness.
Altogether 10 patients replied to both baseline and
follow-up DEPS questionnaires. On average, depression
symptoms remained unaltered from baseline to followup with a mean score of 9 (U = 86, p = 0.94) and did not
correlate on individual patient level (p = 0.395) (Fig. 2).
Depression symptom score changes ranged from an
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increase by 6 to reduction by 15 (median; increase by 1).
The two patients, who had declined from PAP treatment, reported a change of 3 and − 3.
At follow-up, ESS and DEPS values correlated positively (rs=0.829, p = 0.001) implying that the more depression symptoms the patient suffered from, the more
tired they felt.

Discussion
In the present pilot study, we evaluated acceptance of
positive airway pressure (PAP) therapy for sleep apnea
in a group of OI adult patients, and how selfexperienced daytime sleepiness and depression evolved
during 1- to 4-year treatment follow-up. To the best of
our knowledge this is the first study to evaluate the use
of PAP therapy in adult OI population.
Treatment options for sleep apnea in OI

Treatment of sleep apnea includes lifestyle changes,
weight control, a night splint that brings the mandible
forward, surgery, or PAP. PAP is the leading therapy and
recommended for all patients with moderate to severe
OSA (AHI ≥15) [21, 22]. Treatment of mild OSA with
PAP was recently reported to improve the quality of life
of the patients [23]. In OI patients, a removable appliance for bringing the mandible forward is often contradicted as the patients frequently have a relatively
prognathic mandible and may suffer from posterior open
bite [13, 24]. Thus a splint therapy would in long term
likely accentuate the malocclusion [25]. Surgical advancement of lower jaw or both jaws to increase
pharyngeal airway space would likewise be unfeasible in
OI [26]. Weight reduction in patients with low ambulatory ability may also be very difficult [27]. PAP treatment
therefore is the best and nearly exquisite therapy option
for OI patients with sleep apnea.
Acceptance of PAP treatment

Fig. 2 Boxplot of Epworth Sleepiness Scales (ESS) and self-rating
depression (DEPS) scores at baseline and after positive airway
therapy (PAP) in adult Osteogenesis imperfecta patients with
diagnosed sleep apnea

Compliance to PAP therapy is defined as a regular use
of the appliance more than 70% of nights for at least 4
hours/night [28, 29]. In our study, 15 out of 18 (83%) patients accepted to initiate PAP therapy. Of them, 13
stayed on PAP therapy over a mean follow-up period of
41 months. This is, by far, better PAP adherence than
previously reported in non-OI patients [28]. Nonadherence to PAP, defined as nightly use of less than 4 hours,
has been observed in 46 to 83% of sleep apnea patients
in the general population [29]. Discontinuation rate of
5–50% has been documented in the general population,
most frequently occurring during the first months of use
[28]. In our OI patient group, the discontinuation rate
was 13%.
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Effects of PAP treatment on day‐time sleepiness and
depression

Conclusions
Osteogenesis imperfecta patients suffering from obstructive sleep apnea accepted PAP therapy well and
showed excellent adherence to it. Nevertheless, we found
that severity of self-evaluated daytime sleepiness and depression did not reduce, in general, with treatment of
OSA. In patients with severe chronic conditions or deformity, the complexity of background factors behind
sleepiness and possibly depression may be reflected as
unexpectedly poor subjective improvement of symptoms
by PAP therapy. Further studies with larger patient cohorts are needed to further elucidate the role of PAP in
OI management.
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Past studies have demonstrated that a third of patients
in the general population are still sleepy after effective
OSA treatment, when a success has been defined as an
AHI value below 5 [30, 31]. In our study on OI, daytime
sleepiness, as expressed by ESS, remained unaffected, on
average, with treatment.
A high prevalence of depression among OSA patients
in general population has been suggested, although the
findings are inconsistent [9, 32]. Analysis of the relationship is complicated by the fact that sleep apnea and depression have overlapping symptoms as well as
predisposing factors, such as obesity [33]. Certainly, poor
quality of sleep affects mood through neurotransmitter
dysfunction and/or possibly also through the impaired
immune response caused by hypoxia in OSA. On the flip
side, conflicting results of OSA treatment on reducing
depression have been reported [9, 32, 34]. In our study
among adults with OI, frequency of self-reported depressive symptoms remained unaffected by sleep apnea treatment. Only a few papers have previously studied
depression in adults with OI. They report, in certain OI
patient groups, greater self-reported level of depression
as compared to the general population [35, 36].
A growing interest has been directed towards the concepts of listening effort and fatigue, social isolation, and
depression that are associated with hearing loss [37–39].
In individuals with OI, hearing loss is more pronounced
in mild types and becomes more severe with advancing
age [37–40]. We found more reports of severe fatigue
among those adults with mild OI type as compared to
those with severe OI type [6], a finding which might be
explained partly by fatigue caused by listening effort.
Moreover, there is some evidence that OSA further affects hearing functions negatively [37].
Limitations of the study

We recognize that our study was limited by the small
study cohort and variable follow up data. Missing data
reduces the power of the analysis. A shortcoming in
assessing the effect of the PAP treatment on the subjective sleepiness is that we did not have polysomnographic
data on the treatment results of all the patients. Selfreported usage of CPAP has been estimated to include
an overestimation of 1.2 hours/day on average [41]. This
would theoretically exclude one of our patients from the
target appliance adherence. In addition, our current
findings on a small patient group with relatively low
average level of sleepiness might not be representative of
the whole population. Further longitudinal studies, with
larger study population including patients with varying
severity of OSA and symptoms, would be useful to affirm our findings.

Abbreviations
AHI: Apnea-hypopnea index; BMI: Body mass index; CPAP: Continuous
positive airway pressure; PAP: Positive airway pressure; DEPS: Self-rating
depression questionnaire; ESS: Epworth sleepiness scale; OI: Osteogenesis
imperfecta; OSA: Obstructive sleep apnea; REI: Respiratory event index
Acknowledgements
We appreciate the dedication of the study participants and the Finnish
Osteogenesis Imperfecta Society for their co-operation.
Authors’ contributions
Study design: HA, AB, LB, HV, AM, OM, and JWS. Acquisition of data: HA, AB,
and LB. Data analysis: HA, AB, and LB. Interpretation of data: HA, AB, LB, HV,
AM, OM, and JWS. Drafting manuscript: HA. Revising manuscript content: AB,
LB, HV, AM, OM, and JWS. Approving final version of manuscript: HA, AB, LB,
HV, AM, OM, and JWS. HA takes full responsibility for the integrity of the data
analysis. The author(s) read and approved the final amnuscript.
Funding
This study was funded by grants (to HA) from Care4BrittleBones, (to OM)
from Sigrid Juselius Foundation, the Finnish Foundation for Pediatric
Research, the Academy of Finland, the Folkhälsan Research Foundation, and
the Helsinki University Hospital Research Funds. The funders had no role in
the design and conduct of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or approval of the manuscript;
and decision to submit the manuscript for publication.
Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article.
Polysomnographic records and clinical patient examination records are
available from the corresponding author on reasonable request.
I can confirm I have included a statement regarding data and material
availability in the declaration section of my manuscript.
Ethics approval and consent to participate
All procedures performed were in accordance with the ethical standards of
the institutional research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards. The Research
Ethic Board of Helsinki University Hospital, Helsinki, Finland had approved
the study (12/18/2014).
Informed consent was obtained from all individual participants included in
the study.
Consent for publication
There are no details on individuals reported within the manuscript nor
images that would require a consent for publication.
Competing interests
The authors declare that they have no competing interests.

Arponen et al. BMC Musculoskeletal Disorders

(2021) 22:61

Heidi Arponen, Adel Bachour, Leif Bäck, Helena Valta, Antti Mäkitie, Outi
Mäkitie, and Janna Waltimo-Sirén declare that they have no conflict of
interest.
Author details
1
Department of Oral and Maxillofacial Diseases, University of Helsinki, P.O.
Box 41, FI-00014 Helsinki, Finland. 2Research Program for Clinical and
Molecular Metabolism, Faculty of Medicine, University of Helsinki, Helsinki,
Finland. 3Sleep Unit, Heart and Lung Center, Helsinki University Hospital and
University of Helsinki, Helsinki, Finland. 4Department of Otorhinolaryngology
– Head and Neck Surgery, Helsinki University Hospital, University of Helsinki,
Helsinki, Finland. 5Children´s Hospital and Pediatric Research Center,
University of Helsinki and Helsinki University Hospital, Helsinki, Finland.
6
Folkhälsan Institute of Genetics and University of Helsinki, Helsinki, Finland.
7
Center for Molecular Medicine, Karolinska Institutet, and Clinical Genetics,
Karolinska University Hospital, Stockholm, Sweden. 8Department of Oral and
Maxillofacial Diseases, Helsinki University Hospital, Helsinki, Finland. 9Institute
of Dentistry, University of Turku, Turku, Finland. 10City of Turku, Division of
Welfare, Turku, Finland.
Received: 19 April 2020 Accepted: 28 December 2020

References
1. Arponen H, Mäkitie O, Haukka J, Ranta H, Ekholm M, Mäyränpää MK, et al.
Prevalence and natural course of craniocervical junction anomalies during
growth in patients with osteogenesis imperfecta. J Bone Miner Res. 2012;
27(5):1142–9.
2. Besio R, Chow C-W, Tonelli F, Marini JC, Forlino A. Bone biology: insights
from osteogenesis imperfecta and related rare fragility syndromes. FEBS J.
2019;286(15):3033–56.
3. Tosi LL, Floor MK, Dollar CM, Gillies AP, Members of the Brittle Bone Disease
Consortium, Hart TS, et al. Assessing disease experience across the life span
for individuals with osteogenesis imperfecta: challenges and opportunities
for patient-reported outcomes (PROs) measurement: a pilot study. Orphanet
J Rare Dis. 2019;29(1):23. 14(.
4. Takken T, Terlingen HC, Helders PJM, Pruijs H, Van der Ent CK, Engelbert
RHH. Cardiopulmonary fitness and muscle strength in patients with
osteogenesis imperfecta type I. J Pediatr. 2004;145(6):813–8.
5. Harsevoort AGJ, Gooijer K, van Dijk FS, van der Grijn DAFM, Franken AAM,
Dommisse AMV, et al. Fatigue in adults with Osteogenesis Imperfecta. BMC
Musculoskelet Disord. 2020;21(1):6.
6. Arponen H, Waltimo-Sirén J, Valta H, Mäkitie O. Fatigue and disturbances of
sleep in patients with osteogenesis imperfecta - a cross-sectional
questionnaire study. BMC Musculoskelet Disord. 2018;08(1):3. 19(.
7. Arponen H, Bachour A, Bäck L, Valta H, Mäkitie A, Waltimo-Sirén J, et al. Is
sleep apnea underdiagnosed in adult patients with osteogenesis
imperfecta? -a single-center cross-sectional study. Orphanet J Rare Dis. 2018;
29(1):231.
8. Punjabi NM. The epidemiology of adult obstructive sleep apnea. Proc Am
Thorac Soc. 2008;5(2):136–43.
9. BaHammam AS, Kendzerska T, Gupta R, Ramasubramanian C, Neubauer DN,
Narasimhan M, et al. Comorbid depression in obstructive sleep apnea: an
under-recognized association. Sleep Breath. 2016;20(2):447–56.
10. Corfield EC, Martin NG, Nyholt DR. Co-occurrence and symptomatology of
fatigue and depression. Compr Psychiatry. 2016;71:1–10.
11. Bhat S, Gupta D, Akel O, Polos PG, DeBari VA, Akhtar S, et al. The
relationships between improvements in daytime sleepiness, fatigue and
depression and psychomotor vigilance task testing with CPAP use in
patients with obstructive sleep apnea. Sleep Med. 2018;49:81–9.
12. Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et al.
Clinical practice guideline for diagnostic testing for adult obstructive sleep
apnea: An American academy of sleep medicine clinical practice guideline.
J Clin Sleep Med. 2017;13(3):479–504.
13. Waltimo-Sirén J, Kolkka M, Pynnönen S, Kuurila K, Kaitila I, Kovero O.
Craniofacial features in osteogenesis imperfecta: a cephalometric study. Am
J Med Genet A. 2005;1(2):142–50.
14. Arponen H, Mäkitie O, Waltimo-Sirén J. Association between joint
hypermobility, scoliosis, and cranial base anomalies in paediatric
Osteogenesis imperfecta patients: a retrospective cross-sectional study. BMC
Musculoskelet Disord. 2014;15:428.

Page 7 of 8

15. Bachour A, Virkkala JT, Maasilta PK. AutoCPAP initiation at home: optimal
trial duration and cost-effectiveness. Sleep Med. 2007;8(7–8):704–10.
16. Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep. 1991;14(6):540–5.
17. Poutanen O, Koivisto A-M, Kääriä S, Salokangas RKR. The validity of the
Depression Scale (DEPS) to assess the severity of depression in primary care
patients. Fam Pract. 2010;27(5):527–34.
18. Julious SA. Sample size of 12 per group rule of thumb for a pilot study.
Pharmaceutical Statistics. 2005;4(4):287–91.
19. Sillence DO, Senn A, Danks DM. Genetic heterogeneity in osteogenesis
imperfecta. J Med Genet. 1979;16(2):101–16.
20. Gupta P, Chhabra S. Prevalence, predictors and impact of nocturnal
hypoxemia in non-apnoeic patients with COPD. European Respir J. 2015;
46(suppl 59). Available from: https://erj.ersjournals.com/content/46/suppl_5
9/PA4591. [cited 2020 Sep 17].
21. Marin-Oto M, Vicente EE, Marin JM. Long term management of obstructive
sleep apnea and its comorbidities. Multidiscip Respir Med. 2019;14. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6609382/. [cited 2019
Nov 20].
22. Spicuzza L, Caruso D, Di Maria G. Obstructive sleep apnoea syndrome and
its management. Ther Adv Chronic Dis. 2015;6(5):273–85.
23. Wimms AJ, Kelly JL, Turnbull CD, McMillan A, Craig SE, O’Reilly JF, et al.
Continuous positive airway pressure versus standard care for the treatment
of people with mild obstructive sleep apnoea (MERGE): a multicentre,
randomised controlled trial. Lancet Respir Med. 2020;8(1):349–58.
24. O’Connell AC, Marini JC. Evaluation of oral problems in an osteogenesis
imperfecta population. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
1999;87(2):189–96.
25. Pliska BT, Nam H, Chen H, Lowe AA, Almeida FR. Obstructive sleep apnea
and mandibular advancement splints. J Clin Sleep Med. 2015;15(4):503–4.
26. Kunkel R, Kim E, Tuncer FB, Siddiqi F, Gociman B. Maxillary Distraction
Osteogenesis in a Patient With Osteogenesis Imperfecta. J Craniofac Surg.
2019;30(8):2530–2.
27. Zani A, Ford-Adams M, Ratcliff M, Bevan D, Inge TH, Desai A. Weight loss
surgery improves quality of life in pediatric patients with osteogenesis
imperfecta. Surg Obes Relat Dis. 2017;13(1):41–4.
28. Gharibeh T, Mehra R. Obstructive sleep apnea syndrome: natural history,
diagnosis, and emerging treatment options. Nat Sci Sleep. 2010;28:233–55.
29. Weaver TE, Grunstein RR. Adherence to Continuous Positive Airway Pressure
Therapy. Proc Am Thorac Soc. 2008;5(2):173–8.
30. Antic NA, Catcheside P, Buchan C, Hensley M, Naughton MT, Rowland S,
et al. The effect of CPAP in normalizing daytime sleepiness, quality of life,
and neurocognitive function in patients with moderate to severe OSA.
Sleep. 2011;34(1):111–9.
31. Verbruggen AER, Dieltjens M, Wouters K, De Volder I, Van de Heyning PH,
Braem MJ, et al. Prevalence of residual excessive sleepiness during effective
oral appliance therapy for sleep-disordered breathing. Sleep Med. 2014;
15(2):269–72.
32. LaGrotte C, Fernandez-Mendoza J, Calhoun SL, Liao D, Bixler EO, Vgontzas
AN. The relative association of obstructive sleep apnea, obesity and
excessive daytime sleepiness with incident depression: a longitudinal,
population-based study. Int J Obes (Lond). 2016;40(9):1397–404.
33. Vgontzas AN, Bixler EO, Chrousos GP. Obesity-related sleepiness and fatigue:
the role of the stress system and cytokines. Ann N Y Acad Sci. 2006;1083:
329–44.
34. Pan M-L, Tsao H-M, Hsu C-C, Wu K-M, Hsu T-S, Wu Y-T, et al. Bidirectional
association between obstructive sleep apnea and depression: A populationbased longitudinal study. Medicine. 2016;95(37):e4833.
35. Tosi LL, Oetgen ME, Floor MK, Huber MB, Kennelly AM, McCarter RJ, et al.
Initial report of the osteogenesis imperfecta adult natural history initiative.
Orphan J Rare Dis. 2015;10. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4650321/. [cited 2019 Apr 15].
36. Bendixen KH, Gjørup H, Baad-Hansen L, Dahl Hald J, Harsløf T, Schmidt MH,
et al. Temporomandibular disorders and psychosocial status in osteogenesis
imperfecta - a cross-sectional study. BMC Oral Health. 2018;07(1):35.
37. Kayabasi S, Hizli O, Yildirim G. The association between obstructive sleep
apnea and hearing loss: a cross-sectional analysis. Eur Arch
Otorhinolaryngol. 2019;276(8):2215–21.
38. Hald JD, Folkestad L, Swan CZ, Wanscher J, Schmidt M, Gjørup H, et al.
Osteogenesis imperfecta and the teeth, eyes, and ears-a study of nonskeletal phenotypes in adults. Osteoporos Int. 2018;29(12):2781–9.

Arponen et al. BMC Musculoskeletal Disorders

(2021) 22:61

39. Dawes P, Emsley R, Cruickshanks KJ, Moore DR, Fortnum H, EdmondsonJones M, et al. Hearing Loss and Cognition: The Role of Hearing Aids, Social
Isolation and Depression. PLOS One. 2015;10(3):e0119616.
40. Machol K, Hadley TD, Schmidt J, Cuthbertson D, Traboulsi H, Silva RC, et al.
Hearing loss in individuals with osteogenesis imperfecta in North America:
Results from a multicenter study. Am J Med Genet A. 2020;182(4):697–704.
41. Bachour A, Vitikainen P, Virkkula P, Maasilta P. CPAP interface: satisfaction
and side effects. Sleep Breath. 2013;17(2):667–72.

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

Page 8 of 8

