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Abstract

Whether the association of work disability with obstructive sleep apnea (OSA) is mainly due
to the disease, i.e. the number and frequency of apneas-hypoapneas, or to coexisting fac-
tors independent from the disease, is not well-established. In this study, we aim to evaluate
work ability in a group of subjects undergoing OSA workup and to identify the major contribu-
tors of impaired work ability. In a cross-sectional study, we enrolled 146 consecutive sub-
jects who have been working for the last five years and referred to the sleep disorders
outpatients’ clinic of the University-Hospital of Ferrara, Italy, with suspected OSA. After
completing an interview in which the Work Ability Index (WAI) and the Epworth Sleepiness
Scale (ESS) questionnaires were administered to assess work ability and excessive day-
time sleepiness, respectively, subjects underwent overnight polysomnography for OSA
diagnosing and spirometry. Of the 146 subjects, 140 (96%) completed the tests and ques-
tionnaires and, of these, 66 exhibited work disability (WAI < 37). OSA was diagnosed
(apnea-hypopnea index > 5) in 45 (68%) of the 66 subjects. After controlling for confound-
ers, a lower level of forced expiratory volume at 1 second (FEV,), [odds ratio 0.97 (95% CI
0.95-1.00)], older age [1.09 (95% CI 1.03-1.15)], excessive daytime sleepiness [3.16 (95%
Cl 1.20-8.34)] and a worse quality of life [0.96 (95% CI 0.94—1.00)], but not OSA [1.04 (95%
Cl10.41-2.62)], were associated with work disability. Patients with a higher number of dis-
eases, in which OSA was not included, and a lower quality of life had an increased probabil-
ity of absenteeism in the previous 12 months. In subjects with suspected OSA, FEV, can be
an important predictor of work disability.

Introduction

Obstructive sleep apnea (OSA), a respiratory disorder characterized by recurrent upper airway
obstruction during sleep, is common among middle-aged employees [1], and its impact on
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public health has long been reported [2, 3]. Not only do patients with OSA deplete more
health-care funds, but they also have high non-health-care-related costs principally due to
work disability [4]. As previously reported by Allen AJMH et al. [5], “work disability is com-
monly defined by two components: work impairment, i.e. decreased performance while at
work, and absenteeism which usually refers to the number of missed days or hours of work for
employed people”.

Although an association between OSA and both work impairment and absenteeism have
often been described [5], there is emerging evidence that factors other than the disease, and
not the disease itself defined as a number of apnea-hypoapnea episodes > 5 in an overnight
polysomnography [6], are implicated in work disability.

Excessive daytime sleepiness (EDS), albeit considered a consequence of OSA, is present in a
maximum of 50% of patients with OSA and is a strong risk factor of work-impairment, regard-
less of OSA [7].

OSA is usually accompanied by other diseases of which the most frequent are obesity, car-
diovascular illnesses, particularly systemic arterial hypertension, and depression [5]. Obesity
and OSA are exceptionally common health problems that frequently coexist, and obesity is per
se a risk factor for exit from paid employment through disability pension [8], and strongly
associated with absenteeism and overall work impairment [9]. Likewise, hypertension, that co-
occurs often with OSA, is strictly related to work absences [10]. Depression is a major cause of
work disability [11, 12], and it had been observed as so closely associated with OSA [13] that
depressive symptoms have been considered OSA clinical features [14]. However, recently, the
causal relationship between the two entities has been challenged as OSA is not a risk factor for
incident hospitalized depression [15]. Although this finding has been shown to be proved for
severe depression requiring hospitalization and cannot be extended to more common milder
forms relating to non-restorative sleep or residual sleepiness, work disability attributed to OSA
may be due to depression, at least when the latter is connected to hospital admissions. Having
said that, illnesses and co-morbidities, such as obesity, hypertension and psychiatric disorders,
associated frequently with OSA may be responsible, at least in part, of work impairment and
absenteeism ascribed to OSA. Adequate controls of these confounders are warrant in studies
aimed to evaluate the OSA contribution to work disability.

Lung function assessment should be recommended in subjects with suspected OSA to high-
light obstructive lung diseases [16], overlooked respiratory conditions associated with obesity
[17], and to better characterize OSA when established [18]. Furthermore, forced expiratory
volume in one second (FEV1), an index utilized for assessing both obstructive and restrictive
lung disorders, has recently been revealed a promising tool in general health assessment [19]
and helpful in occupational settings [20]. However, spirometry has not been performed in the
majority of studies on OSA conducted so far.

We, therefore, investigated the possible association between OSA and work disability in
subjects in employment by using a work ability questionnaire which encompasses the registra-
tion of the impact of illnesses other than OSA on work outcomes, and by including lung func-
tion measurements.

Methods
Study subjects

In this cross-sectional study we enrolled patients with respiratory sleep complaints referred to
the Center for Sleep Disorders and ENT (ear, nose and throat), otolaryngology and audiology
services, University-Hospital of Cona (FE), Italy, for clinical suspicion of OSA by a general

practitioner or a medicine specialist [21]. Patients with non-respiratory sleep complaints (e.g.
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Patients with respiratory sleep complaints and suspicion of OSA
according to international guideline

n=856"
Excluded n=686
~| Did not meet the inclusion criteria
A 4
Eligible
n=170
Excluded n=24
Refused to participate
v
Total recruited
n=146
Excluded n=6
5| Missing data
A 4
Patients included in the analysis
n=140"

Fig 1. Flow chart of participants included for analysis. * Patients sent to our Sleep Disorders Clinics by general
practitioner and medicine specialists for suspected OSA according to international guideline (J Clin Sleep Med 2009;
15: 263-76). ° All the 140 patients complained symptoms: excessive daytime sleepiness (n = 45, 32%) and/or usual
snoring (n = 112, 80%) and/or witnessed or perceived apnea (n = 76, 54%).

https://doi.org/10.1371/journal.pone.0201045.g001

narcolepsy, periodic limb movement disorder) were evaluated by another department and,
therefore, not represented in our patient population.

Amongst the new patients referred to our Centers from February 2015 to December 2016
(n = 856), consecutive patients between 18 and 65 years old in employment for the previous 5
years were invited to participate in the study (n = 170). Of the initial 170 eligible patients, 24
refused and 146 were recruited, but 6 were excluded from the analysis because of lack of data
(Fig 1).

The study conformed to the Declaration of Helsinki and was approved by the institutional
ethics committee of University-Hospital of Ferrara. All participants provided signed informed
consent before recruitment (ClinicalTrials.gov number, N. 150498).

Study design

All participants underwent clinical evaluation with data collection on demographic/clinical
parameters [age, body mass index (BMI; Kg/m2), heart rate, blood pressure], work history
(job type, sickness absence days, occupational injuries), smoking status (current smoker,
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ex-smoker, never smoker, pack-years) and presence of symptoms (common snoring,
daytime sleepiness, nighttime shortness of breath perceived). Daytime sleepiness was evalu-
ated by the Epworth Sleepiness Scale and an overnight polysomnography was performed
[22].

Standardized surveys were used to measure work capacity [Work Ability Index (WAI)],
quality of life [visual analogic well-being scale (VAWS)], and comorbidities [Charlson-comor-
bidity Index (CI)]. Finally, subjects underwent spirometry for lung function assessment.

Epworth Sleepiness Scale

For each item in a simple self-administered eight-item questionnaire, subjects expressed a
range of numeric values, from 0 to 3, thus obtaining a total score ranging from 0 (no daytime
sleepiness) to 24 (the highest level of daytime sleepiness). Epworth Sleepiness Scale (ESS)
scores of over 10 were considered to indicate excessive daytime sleepiness [22].

Work Ability Index

Work ability was measured using the WAI, which has been shown to be a valid, reliable, and
cross-national instrument for use in occupational health [23]. The WAI consists of 7 dimen-
sions. Dimension 1 asks to indicate on a scale from 0 (not able to work) to 10 (lifetime best) to
estimate the current work ability compared with the lifetime best. Dimension 2 contains two
questions and assesses on a 5-point scale ranging from 1 (very poor) to 5 (very good) the sub-
jective current work ability in relation to the physical and mental demands of work (sum score
of dimension 2 ranges from 2-10). Dimension 3 registers the number of diseases diagnosed by
a physician. Dimension 4 assesses on a six point scale ranging from 1 (fully impaired) to 6 (no
impairments) the subjective estimation of work impairments due to disease by asking whether
the illness is a hindrance in their job. Dimension 5 concerns the number of days off work due
to sick leave in the previous 12 months, with answering categories ranging from 0 days (5
points) to 100 days or more (1 point). We categorized the total number of sick days during the
preceding year into 3 classes: 0 days, 0<days<9 and > 9 days. Dimension 6 asks ‘Do you
believe, according to your present state of health, that you will be able to do your current job
two years from now?”: a score of 1 (hardly able to work), 4 (not sure), or 7 (fairly sure) could be
obtained. Dimension 7 assesses the mental resources in the past few months using three ques-
tions concerning enjoying regular daily activities, being active and alert, and feeling to be full
of hope about the future, with answering categories ranging from ‘never’ (0 points) to ‘always’
(4 points). For dimension 7 a sum score was calculated, leading to a score of 1 (if the sum score
ranged between 0-3 points) to 4 (if the sum score ranged between 10-12 points). The total
WALI score was calculated as the sum score of the 7 dimensions and ranges from 7-49. The
WALI was categorized into “poor” (score 7-27), “moderate” (score 28-36), “good” (score 37-
43), and “excellent” (score 44-49) work ability. For our analysis, we aggregated poor and mod-
erate work ability into one category (WAI < 37) and good and excellent work ability

(WAI > 37) into another [24].

Visual analogic well-being scale

The visual analogic well-being scale is a simple and rapid test to evaluate the health-related
quality-of-life (HRQL). It consists of a 120-mm straight line on which the patient indicates his
or her health status with respect to the symptoms which were the motive for the consultation.
The extremes of the line indicate the least and the most favorable well-being status. The dis-
tance (in mm) between the point marked by the patient and the least favorable position is mea-
sured and transformed into a percentage [25].
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Charlson index

The Charlson is probably the most widely used comorbidity index to date. CI is a valid test for
predicting the outcome and risk of death from many comorbid diseases. It is calculated
according to the scoring system established by Charlson et al. and is considered the gold stan-
dard for the assessment of comorbidity risk in clinical research [26].

Polysomnography

The diagnosis of OSA was established by overnight polysomnography. Measured variables
included oronasal flow by nasal cannula, thoracoabdominal movements and pulse oximetry.
Apnea was defined by the absence of airflow for at least 10s. Hypopnoeas were characterized as
any airflow reduction of >30% that lasted for >10s and resulted in either arousal or oxyhemo-
globin desaturation. An oxyhemoglobin desaturation event was a decrease in arterial oxygen
saturation of >4%. The apnea-hypopnea index (AHI) was obtained by the sum of the numbers
of apneas and hypopneas per hour of sleep.

According to established guidelines, patients were classified as having OSA if the AHI
was > 5 [6]. We analyzed the association of OSA with work disability by dichotomized subjects
as either meeting or failing to meet criteria for OSA (AHI > 5 or AHI < 5).

Spirometry

Forced expiratory volume (FEV}), forced vital capacity (FVC) and the FEV;/FVC ratio were
measured using a spirometer (Biomedin, Padova, Italy), and the best of three values was
expressed as a percentage of the predicted normal value. All measurements were obtained and

interpreted in accordance with the recommendations of the American Thoracic Society/Euro-
pean Respiratory Society (ATS/ERS, 2005) [27].

Statistical analysis

Continuous data were summarized using mean and standard deviation or with median and
inter-quartile range as appropriate; comparisons between groups were done using t-test on
means or with the non parametric Wilcoxon Mann Whitney test, according to variables distri-
bution. Categorical variables where instead presented as frequencies and percentages and com-
parisons were performed using the Pearson’s chi squared test or Fisher’s exact test.

Simple and multiple logistic regression models were then estimate in order to detect the
independent significant risk factors for the outcome poor-moderate working ability and work
absences > 9 days. Odds Ratios (OR) and their 95%CI were reported. Candidate variables to
be included in the logistic model were selected on the basis of previous comparison analysis
and of clinical plausibility as risk factors, excluding redundant variables.

All analyses were done using STATA 13.0 for Windows (Stata Corporation, College Station,
TX) and a p-value lower than 0.05 was considered statistically significant.

Results
Baseline characteristics

The baseline characteristics of the 140 study participants are shown in Table 1. Of these, 104/
140 (75%) were male and the mean age (+ SD) was 51 years old (+9). With regards to the
symptom distribution (common snoring, daytime sleepiness, nighttime shortness of breath
perceived), 80% of patients had regular snoring (> 2 times a week), and more than 50% had at
least one episode of regular nighttime shortness of breath perceived. 32% of subjects suffered
from daytime sleepiness (ESS>10), the symptom occurring in about 1 patient out of 3.
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Table 1. Baseline characteristics of subjects with suspected obstructive sleep apnea (OSA).

Complete sample

(n = 140)

Age (years) 51+9
Males (n (%)) 104 (74)
Smoking history (n (%))

« Never 57 (41)

« Ex/Current 83 (59)
Pack years (median (IQ range)) 5(0-16)
BMI (Kg/m?) 30.6 £ 7.4
Symptom (n (%))

« Usual snoring (>2/week) 112 (80)

« Nighttime shortness of breath perceived 76 (54)

« Excessive Daytime Sleepiness (ESS>10) 45 (32)
OSA (n (%)) 83 (59)
AHI 20+ 25
Hypertension (n (%)) 60 (43)
Depression (n (%)) 3(2)
Charlson index (median (IQ range)) 1(0-2)
Spirometry

« FEV,% Predicted 100 + 18

« FEV,/FVC 79.2+8.5
VAWS 58 £ 23
Work related injuries (n (%)) 36 (26)
Manual work (n (%)) 87 (62)
WAI 35+7
Work absences (>9 days) (n (%)) 40 (29)

Data are expressed as number of subjects (%) or mean + SD or median (IQ range).
Abbreviations: BMI, body mass index; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; FEV, forced
expiratory volume in 1 second; FVC, forced vital capacity; VAWS, visual analogic well-being scale; WAI, work ability

index.

https://doi.org/10.1371/journal.pone.0201045.t001

More than half of the patients examined (59%) had OSA, 16 (11%) suffered from chronic
obstructive pulmonary disease (COPD), defined according to GOLD guidelines, and 8 (11%)
had both diseases [28].

The mean WAI score was 35 and 66 subjects exhibited work disability (WAI <37). Of
these, 46 (33%) were in the moderate and 20 (14%) in the poor category. The other 74 subjects
with WAI>37 were: 14 (10%) in the excellent and 60 (43%) in the good class.

Forty of the total subjects (29%) had been absent more than 9 days in the last year, 48 (34%)
subjects did not have any days off and 52 (37%) had up to 9 days of absences.

In a separate analysis we evaluated the characteristics of the OSA population: mean AHI
was 20 events-h—1 with 17% of patients suffering from a mild (AHI 5-15 events per hour),
18% a moderate (15-30 events per hour) and 24% a severe (more than 30 events per hour) dis-
ease. Subjects with OSA were significantly older, mostly males and had a higher BMI than
those without OSA. Between the OSA and no OSA the pack years and the smoking history dis-
tribution were similar as well as the spirometry data. The OSA had a higher Charlson index
(which did not include OSA) and a higher percentage of subjects suffering of hypertension.
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Table 2. Baseline characteristics of subjects with and without obstructive sleep apnea (OSA).

Age (years)
Males (n (%))
Smoking history (n (%))
Never
Ex/Current
Pack years (median (IQ range))
BMI (Kg/m?)
Symptom (n (%))
o Usual snoring (>2/week)
« Nighttime shortness of breath perceived
« Excessive Daytime Sleepiness (ESS>10)
Hypertension (n (%))
Depression (n (%))
Charlson index (median (IQ range))
Spirometry
o FEV,% Predicted
« FEV,/FVC
VAWS
Manual work (n (%))
Work related injuries (n (%))
WAI
Work absences (>9 days) (n (%))

OSA NO OSA P-value
(n=283) (n=57)

538 48+ 9 0.001
67 (81) 37 (65) 0.035
31 (37) 26 (46) 0.568
52 (63) 31 (54)

6 (0-20) 3 (0-10) 0.145
32.7+7.9 27.6+5.3 <0.001
71 (85) 41 (72) 0.048
51 (61) 25 (44) 0.040
27 (32) 18 (32) 0.906
44 (53) 16 (28) 0.003

2(3) 1(2) 0.632
1(0-2) 0 (0-1) <0.001
100 + 20 101 + 16 0.784
79.9+8.6 78.2+84 0.253
54 25 64+ 19 0.008
57 (69) 30 (53) 0.055
25 (30) 11 (19) 0.150
341175 37.6+6.2 0.004
24 (28.9) 16 (28.1) 0.913

Data are expressed as number of subjects (%) or mean + SD or median (IQ range).

Abbreviations: OSA, obstructive sleep apnea; BMI, body mass index; FEV, forced expiratory volume in 1 second; FVC, forced vital capacity; VAWS, visual analogic

well-being scale; WAI, work ability index.

https://doi.org/10.1371/journal.pone.0201045.t002

The median value of WAI was significantly lower in OSA, whilst no differences were found in
day work absences (Table 2).

Work disability and day work absences >9 days

Table 3 shows the baseline characteristics of the population according to the presence or
absence of work disability: subjects with WAI<37 and WAI>37. The former were older and
had a greater BMI while the smoking history, pack-years and the percentage of males and
females were similar in the two groups.

Patients with work disability suffered hypertension (55%), excessive daytime sleepiness
(45%) and OSA (68%) and had a higher CI score. VAWS questionnaire score and FEV;% pre-
dicted values were both lower in subjects with WAI<37.

Table 4 shows the baseline characteristics of the population based on subjects with day
work absences of < 9 or >9 days. The group with fewer days of absence had better FEV; and
CI, a better VAWS score, a lower percentage of manual workers and of work related injuries.

Univariate and multivariate analysis of factors associated with outcomes

Table 5 shows the association between work disability (WAI<37) and clinical and occupa-
tional features in the study population. All the diseases diagnosed by a physician, with the
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Table 3. Baseline characteristics according to subjects with poor-moderate (WAI<37) and good-excellent (WAI>37) work ability.

Age (years)
Males (n (%))
Smoking history (n (%))
« Never
« Ex/Current
Pack years (median (IQ range))
BMI (Kg/m?)
Symptom (n (%))
« Usual snoring (>2/week)
« Nighttime shortness of breath perceived
« Excessive Daytime Sleepiness (ESS>10)
OSA (n (%))
Hypertension (n (%))
Depression (n (%))
Charlson index (median (IQ range))
Spirometry
« FEV,% Predicted
« FEV,/FVC
VAWS
Manual work (n (%))
Work related injuries (n (%))

WAI<37 WAI > 37 P-value
(n = 66) (n=74)

53.6 + 8.3 48.7+8.9 0.001
47 (71) 57 (77) 0.432
23 (35) 34 (46) 0.182
43 (65) 40 (54)

7.5 (0-20) 1.4 (0-13) 0.057
332485 283+54 <0.001
52 (79) 60 (81) 0.735
43 (65) 33 (45) 0.015
30 (45) 15 (20) 0.001
45 (68) 38 (51) 0.043
36 (55) 24 (32) 0.008
3(4) 0 (0) 0.056
1(1-2) 0(0-1) <0.001
95 +21 105 + 14 0.001

78.4+9.8 79.9+7.2 0.314
47 £22 68 + 20 <0.001
49 (74) 38 (51) 0.005
22 (33) 14 (19) 0.051

Data are expressed as number of subjects (%) or mean + SD or median (IQ range).

Abbreviations: WAI, work ability index; BMI, body mass index; OSA, obstructive sleep apnea; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity;

VAWS, visual analogic well-being scale.

https://doi.org/10.1371/journal.pone.0201045.t003

exception of OSA, were excluded from this analysis as they were an integral part of the WAI
questionnaire (Dimension 3). In the simple linear regression model, WAI<37 was associated
with age, OSA, symptoms (nighttime shortness of breath perceived and excessive daytime
sleepiness), manual work, work related injuries, FEV; and VAWS. The multivariate model,
adjusting for the same potential confounders, confirmed the associations of age, excessive day-
time sleepiness, FEV, and VAWS.

FEV, was shown to be a predictive factor of work disability both in the group of OSA
[OR =0.98 (95% CI: 0.95-1.00, p = 0.05)] and in that without OSA [OR = 0.95 (95% CI: 0.91-
0.99, p = 0.02)].

In the univariate analysis for day work absences >9 days, an association with manual work,
CI score, FEV| and VAWS score was noted. The multivariate model confirmed only the asso-
ciations with the Charlson index and the visual analogic well-being scale score.

Discussion

In this study, it was found that excessive daytime sleepiness, age and FEV are factors affecting
work disability, regardless of OSA diagnosis. Patients with a higher number of diseases

(OSA not included) show an increased risk of absenteeism in the previous 12 months. Further-
more, a lower quality of life impacts on both work disability and the number of days of
absence.
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Table 4. Baseline characteristics according to subjects with work absences < 9 days and > 9 days.

Work absences < 9 days Work absences > 9 days P-value
(n=100) (n = 40)

Age (years) 50.8 +9.1 51.6 +8.7 0.628
Males (n (%)) 75 (75) 29 (73) 0.760
Smoking history (n (%))

« Never 43 (43) 14 (35) 0.384

« Ex/Current 57 (57) 26 (65)
Pack years (median (IQ range)) 4 (0-15) 8 (0-20) 0.293
BMI (Kg/mz) 30.3+7.3 31477 0.414
Symptom (n (%))

« Usual snoring (>2/week) 82 (82) 30 (75) 0.350

« Nighttime shortness of breath perceived 52 (52) 24 (60) 0.391

« Excessive Daytime Sleepiness (ESS>10) 28 (28) 17 (43) 0.097
OSA (n (%)) 59 (59) 24 (60) 0.913
Hypertension (n (%)) 38 (38) 22 (55) 0.066
Depression (n (%)) 3(3) 0(0) 0.259
Charlson index (median (IQ range)) 0(0-1) 1(1-2) <0.001
Spirometry

« FEV,% Predicted 103 + 18 94 £ 18 0.018

« FEV,/FVC 79.4+ 89 78.7+£7.6 0.687
VAWS 63 £21 46 £23 <0.001
Manual Work (n (%)) 57 (57) 30 (75) 0.047
Work related injuries (n (%)) 20 (20) 16 (40) 0.014

Data are expressed as number of subjects (%) or mean + SD or median (IQ range).
Abbreviations: BMI, body mass index; OSA, obstructive sleep apnea; FEV, forced expiratory volume in 1 second; FVC, forced vital capacity; VAWS, visual analogic

well-being scale.

https://doi.org/10.1371/journal.pone.0201045.t1004

Our finding of a relationship between EDS and work disability, irrespective of OSA diagno-
sis, is in agreement with the results of previous studies. Mulgrew et al. found a strong associa-
tion between subjective sleepiness (as assessed by ESS) and work limitation in patients
undergoing full-night polysomnography for the investigation of sleep-disordered breathing

Table 5. Logistic regression analyses of the association between poor-moderate work ability (WAI<37) and the clinical and occupational features of the study popu-
lation (n = 140).

WAI<37 Univariate p-value Multivariate p-value
OR (95%CI) OR (95%CI)
OSA 2.03 (1.02-4.05) 0.044 1.04 (0.41-2.62) 0.931
Age 1.07 (1.03-1.11) 0.002 1.09 (1.03-1.15) 0.006
Male 0.74 (0.35-1.58) 0.433 0.49 (0.17-1.42) 0.190
Excessive Daytime Sleepiness 3.28 (1.56-6.91) 0.002 3.16 (1.20-8.34) 0.022
Nighttime shortness of breath perceived 2.32 (1.17-4.60) 0.016 1.95 (0.83-4.61) 0.128
FEV,% Predicted 0.97 (0.95-0.99) 0.002 0.97 (0.95-1.00) 0.040
Manual work 2.73 (1.33-5.59) 0.006 1.77 (0.70-4.48) 0.231
Work related injuries 2.14 (0.99-4.65) 0.054 2.59 (0.92-7.32) 0.073
VAWS 0.95 (0.94-0.97) <0.001 0.96 (0.94-1.00) 0.001

Data are expressed as odds ratio (OR) and confidence intervals (CI).
Abbreviations: WAL Work Ability Index; OSA, obstructive sleep apnea; FEV, forced expiratory volume in 1 second; VAWS, visual analogic well-being scale.

https://doi.org/10.1371/journal.pone.0201045.t005
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[29]. Furthermore, in their whole population, they found no significant relationship between
OSA severity and decreased work productivity. In a study on the burden of illness of EDS in a
heterogeneous American population, the presence of excessive sleepiness as a symptom of
OSA, depression, narcolepsy, multiple sclerosis, or shift work was found to have a negative
incremental impact on work productivity greater than the impairment associated with these
conditions [30].

In the present workers, age is associated with an increased risk of work disability. The rela-
tionship between older age and poor work ability, as defined by WAI, has already been exten-
sively reported in a systematic review including studies on work ability published from 1985 to
2006 identified through a structured search in Pub Med and Web of Science [24]. More
recently age, together with diagnosed diseases, were proved to be the most effective factors of
WALI in a population of hospital nurses [31]. Our results confirm and extend these findings to
subjects referred to clinics for sleeping problems.

While the observations that excessive sleepiness and older age influence work disability
were not surprising, the importance of FEV; was not equally expected. Our results suggest that
loss in FEV is an important factor affecting work ability, regardless of the presence of OSA
disease and other risk factors, such as tobacco smoke and body mass index. FEV is the most
frequently utilized index for assessing airway obstruction but, recently, has been revealed as a
promising tool in general health assessment [19]. Moreover, in the last few years, the spirome-
try data has proved to be useful in occupational settings, given that FEV has been identified as
a predictor of overall work disability in a population with different disorders [32]. To our
knowledge, our study is the first that considers the effects of FEV, on the work ability index in
a population of subjects referred for sleeping problems.

The majority of our patients with poor or moderate work ability suffer from OSA. Never-
theless, the disease per se is not an independent risk factor for work disability after major con-
founders control. These findings support the results of other studies that have shown a weak
effect of OSA on work disability when OSA was examined without respect to excessive daytime
sleepiness [28,7]. By contrast, our results may appear to conflict with those of Accattoli et al.
[33], who found a lesser work productivity in workers with OSA as compared to non-apneic
controls. However, they did not consider the effect of sleepiness, a cardinal symptom of OSA
recognized as an important risk factor for the reduction of work ability [34]. In the population
of subjects who referred to our Sleep Disorder Centers, sleepiness was quite common in the
no-OSA group (32%) too, but its etiology remains unclear. One possible explanation could be
that it is due to disorders, other than OSA, associated with EDS such as obesity, overweight
and depression. Other sleep diseases, related to excessive daytime sleepiness, such as insomnia,
narcolepsy, periodic limb movement disorders and restless legs syndrome, are less probable in
our sample as patients suspected of these disorders are evaluated by other departments in our
University-Hospital. In any case, our results further highlight the important impact of the
symptom “daytime sleepiness” on the work performance, regardless of the underlying condi-
tions [34].

We are not aware of any previous studies evaluating work disability through the WAI ques-
tionnaire among subjects with symptoms and/or diagnosis of OSA. Measuring work ability is
a complex task. WAI is a simple, validated instrument used in occupational health care and
research [35]. A strength of this questionnaire is given by the fact that its index encompasses
the impact of the diseases the worker is affected by, other than OSA, and so guarantees the
control of these important confounders. This is extremely useful as the link between work dis-
ability and diseases like obesity, cardiovascular illnesses, particularly systemic arterial hyper-
tension, and depression, which are frequently associated with OSA, has been previously
documented [9,10,11].
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We also evaluated potential risk factors for work absences > 9 days. Our results show that
patients with a higher number of diseases, OSA not included, had an increased risk of absen-
teeism in the previous 12 months. The data obtained support prior findings showing an associ-
ation between sickness absence days and the presence of >2 chronic diseases in 514 Italian
employees [36]. Likewise, Ubalde-Lopez found that the greater the number of health condi-
tions, the higher the risk of sickness absence in a cross sectional study of 72.370 Spanish work-
ers [37]. Sundstrup E et al elaborate on preceding data by showing that the number of chronic
diseases is progressively associated with the risk of sickness absence days. They conclude
highlighting the need for initiatives targeting rehabilitation and prevention of multimorbidity
among the general working population [38].

Finally, what impacts both on work disability and days of absence is the quality of life,
assessed by VAWS. In particular, we found that subjects with a WAI<37 had a lower score in
the VAWS questionnaire and this score is associated with an increased risk of absenteeism.
The correlations of the VAWS test with work disability have, to our knowledge, not yet been
studied in literature. Therefore, because VAWS is a rapid test, less than a minute, our future
proposal is to evaluate if it can be adopted in clinical practice to obtain more information on
active work-related subjects with suspected OSA and, eventually, to evaluate post-treatment
work improvements [25].

We must acknowledge certain limitations of our study. Firstly, our sample is based on refer-
ral to tertiary care centers and as such is not population based. Moreover, it included only
patients of working age in employment for the previous 5 years who are, presumably, very sensi-
tive to symptoms, like daytime sleepiness, which interfere with their activity. These recruitment
setting and inclusion criteria may limit the external validity of our findings. Indeed, they might
have contributed to a “selection” of a population where symptoms, particularly EDS, are very
common, also in the no OSA group, possibly influencing the missing relevance of OSA in the
multivariate analysis. Second, the etiology of EDS remains unclear in the no-OSA group. The
sleepiness assessment used in this study was the subjective ESS questionnaire and no objective
tests, as multiple sleep latency tests (MSLT), have been performed. The degree to which the ESS
scores are correlated with the objective measurements of MSLT has generated much debate and
conflicting results in the published literature, describing both no, weak, or positive associations
[39,40]. Indeed, evidence of a clear relationship between ESS values and MSLT data has been
reported in a cross-sectional study aimed to correlate subjective and objective sleepiness taking
into account different confounding factors previously neglected, such as a limited sample size
and the use of unsuitable tests for statistical analyses [40]. Although we acknowledge that MSLT
could have characterized better daytime sleepiness in our study population, we are quite confi-
dent that ESS represents a reliable, easily administered, relatively simple and cost-effective
method for evaluating this symptom. Finally the gender distribution of the present cohort was
not balanced, women being under-represented. As different patterns of distribution of OSA
symptoms have been reported in males and females, we cannot exclude that the under-repre-
sentation of women might have influenced our results on work disability [41,42].

In conclusion, our results indicate that an older age, a decreased FEV, an excessive daytime
sleepiness and an impaired quality of life are independent risk factors of work disability in
actively working subjects with suspected OSA. In the same subjects, a higher Charlson index
and a lower quality of life increase the risk of sickness absences > 9 days.

Work disability and sickness absenteeism have implicit costs for workplaces related to
reduced productivity and costs associated with compensating for an absent worker. Thus, to
point out factors contributing to work disability and sickness absences in subjects with sus-
pected OSA is warranted to adequately inform behavioral strategies in the individual and
occupational levels.

PLOS ONE | https://doi.org/10.1371/journal.pone.0201045  July 19, 2018 11/14


https://doi.org/10.1371/journal.pone.0201045

@° PLOS | ONE

Forced expiratory volume in one second as a predictor of work disability in obstructive sleep apnea

Supporting information

S1 File. Study database used for statistical analysis.
(XLS)

Acknowledgments

The authors would like to thank all staff in the Center for Sleep Disorders and ENT (ear, nose
and throat), otolaryngology and audiology services, University-Hospital of Cona (FE), for
their technical support. We thank Lesley Forsythe for assistance in editing the manuscript.

Author Contributions

Conceptualization: Piera Boschetto.

Data curation: Mariarita Stendardo, Valeria Casillo, Piera Boschetto.
Formal analysis: Elisa Maietti.

Investigation: Valeria Casillo, Michela Schito, Emanuela Vitali.
Methodology: Mariarita Stendardo, Marco Nardini.

Supervision: Licia Ballerin, Francesco Stomeo, Piera Boschetto.

Writing - original draft: Mariarita Stendardo, Valeria Casillo, Piera Boschetto.

References

1. YoungT, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The Occurrence of Sleep-Disordered
Breathing among Middle-Aged Adults. N Engl J Med. 1993; 328: 1230-1235. https://doi.org/10.1056/
NEJM199304293281704 PMID: 8464434

2. YoungT, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep apnea: A population health per-
spective. Am J Respir Crit Care Med. 2002; 65: 1217-1239. https://doi.org/10.1164/rccm.2109080

3. TengAY, Won C. Implications of OSA on Work and Work Disability Including Drivers. Clin Chest Med.
2012; 33: 731-744. https://doi.org/10.1016/j.ccm.2012.09.003 PMID: 23153612

4. Alghanim N, Comondore VR, Fleetham J, Marra CA, Ayas NT. The economic impact of obstructive
sleep apnea. Lung. 2008; 186: 7—12. https://doi.org/10.1007/s00408-007-9055-5 PMID: 18066623

5. Allen AUMH, Bansback N, Ayas NT. The effect of OSA on work disability and work-related injuries.
Chest. 2015; 147: 1422—-1428. https://doi.org/10.1378/chest.14-1949 PMID: 25940253

6. The AASM Manual for the Scoring of Sleep and Associated Events [cited September 23rd, 2013].
https://aasm.org/aasm-clarifies-hypopnea-scoring-criteria/

7. Omachi TA, Claman DM, Blanc PD, Eisner MD. Obstructive sleep apnea: a risk factor for work disability.
Sleep. 2009; 32: 791-8. https://doi.org/10.1093/sleep/32.6.791 PMID: 19544756

8. Robroek SJW, Reeuwijk KG, Hillier FC, Bambra CL, van Rijn RM, Burdorf A. The contribution of over-
weight, obesity, and lack of physical activity to exit from paid employment: A meta-analysis. Scand J
Work Environ Health. 2013; 39: 233-240. https://doi.org/10.5271/sjweh.3354 PMID: 23460255

9. Shrestha N, Pedisic Z, Neil-Sztramko S, Kukkonen-Harjula KT, Hermans V. The Impact of Obesity in
the Workplace: a Review of Contributing Factors, Consequences and Potential Solutions. Curr Obes
Rep. 2016; 5: 344—-360. https://doi.org/10.1007/s13679-016-0227-6 PMID: 27447869

10. Jetha A, Besen E, Smith PM. Comparing the relationship between age and length of disability across
common chronic conditions. J Occup Environ Med. 2016; 58: 485-491. https://doi.org/10.1097/JOM.
0000000000000702 PMID: 27164446

11. Hendriks SM, Spijker J, Licht CMM, Hardeveld F, De Graaf R, Batelaan NM, et al. Long-term work dis-
ability and absenteeism in anxiety and depressive disorders. J Affect Disord. 2015; 178: 121-130.
https://doi.org/10.1016/j.jad.2015.03.004 PMID: 25805404

12. ErvastiJ, Vahtera J, Pentti J, Oksanen T, Ahola K, Kivimaki M, et al. Depression-related work disability:
Socioeconomic inequalities in onset, duration and recurrence. PLoS One. 2013; 8. https://doi.org/10.
1371/journal.pone.0079855 PMID: 24278194

PLOS ONE | https://doi.org/10.1371/journal.pone.0201045  July 19, 2018 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201045.s001
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1056/NEJM199304293281704
http://www.ncbi.nlm.nih.gov/pubmed/8464434
https://doi.org/10.1164/rccm.2109080
https://doi.org/10.1016/j.ccm.2012.09.003
http://www.ncbi.nlm.nih.gov/pubmed/23153612
https://doi.org/10.1007/s00408-007-9055-5
http://www.ncbi.nlm.nih.gov/pubmed/18066623
https://doi.org/10.1378/chest.14-1949
http://www.ncbi.nlm.nih.gov/pubmed/25940253
https://aasm.org/aasm-clarifies-hypopnea-scoring-criteria/
https://doi.org/10.1093/sleep/32.6.791
http://www.ncbi.nlm.nih.gov/pubmed/19544756
https://doi.org/10.5271/sjweh.3354
http://www.ncbi.nlm.nih.gov/pubmed/23460255
https://doi.org/10.1007/s13679-016-0227-6
http://www.ncbi.nlm.nih.gov/pubmed/27447869
https://doi.org/10.1097/JOM.0000000000000702
https://doi.org/10.1097/JOM.0000000000000702
http://www.ncbi.nlm.nih.gov/pubmed/27164446
https://doi.org/10.1016/j.jad.2015.03.004
http://www.ncbi.nlm.nih.gov/pubmed/25805404
https://doi.org/10.1371/journal.pone.0079855
https://doi.org/10.1371/journal.pone.0079855
http://www.ncbi.nlm.nih.gov/pubmed/24278194
https://doi.org/10.1371/journal.pone.0201045

@° PLOS | ONE

Forced expiratory volume in one second as a predictor of work disability in obstructive sleep apnea

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

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; 20:447-56. https://doi.org/10.1007/s11325-015-1223-x PMID: 26156890

Gupta MA, Simpson FC, Lyons DCA. The effect of treating obstructive sleep apnea with positive airway
pressure on depression and other subjective symptoms: A systematic review and meta-analysis. Sleep
Med Rev. 2016; 28: 51—64. https://doi.org/10.1016/j.smrv.2015.07.002 PMID: 26454823

Kendzerska T, Gershon AS, Hawker GA, Tomlinson GA, Leung RS. Obstructive sleep apnoea is not a
risk factor for incident hospitalised depression: A historical cohort study. Eur Respir J. 2017; 49. https://
doi.org/10.1183/13993003.01361-2016

Jonassen TM, Eagan TM, Bjorvatn B, Lehmann S. Associations between obstructive lung disease and
symptoms of obstructive sleep apnoea in a general population. Clin Respir J. 2016; 12: 31-39. hitps://
doi.org/10.1111/crj.12472 PMID: 26948980

Basoglu OK, Tasbakan MS. Comparison of clinical characteristics in patients with obesity hypoventila-
tion syndrome and obese obstructive sleep apnea syndrome: a case-control study. Clin Respir J. 2014;
8: 167—74. https://doi.org/10.1111/crj.12054 PMID: 24028180

Kunos L, Lazar Z, Martinovszky F, Tarnoki AD, Tarnoki DL, Kovacs D, et al. Overnight Changes in Lung
Function of Obese Patients with Obstructive Sleep Apnoea. Lung. 2017; 195: 127—-133. https://doi.org/
10.1007/s00408-016-9957-1 PMID: 27770204

Iversen KK, Kjaergaard J, Akkan D, Kober L, Torp-Pedersen C, Hassager C, et al. The prognostic
importance of lung function in patients admitted with heart failure. Eur J Heart Fail. 2010; 12: 685-691.
https://doi.org/10.1093/eurjhf/hfq050 PMID: 20395261

Boschetto P, Vaccari A, Groccia R, Casimirri E, Stendardo M, Maietti E, et al. Forced expiratory volume
in one second: Predicting return to work within 3 months after chronic heart failure diagnosis. Int J Car-
diol. 2016; 203: 798—799. https://doi.org/10.1016/j.ijcard.2015.11.079 PMID: 26595787

Epstein LJ, Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil SP, et al. Adult Obstructive Sleep
Apnea Task Force of the American Academy of Sleep Medicine. Clinical guideline for the evaluation,
management and long-term care of obstructive sleep apnea in adults. J Clin Sleep Med. 2009; 5:263—
76. PMID: 19960649

Kendzerska TB, Smith PM, Brignardello-Petersen R, Leung RS, Tomlinson GA. Evaluation of the mea-
surement properties of the Epworth sleepiness scale: A systematic review. Sleep Med Rev. 2014; 18:
321-331. https://doi.org/10.1016/j.smrv.2013.08.002 PMID: 24135493

Alavinia SM, de Boer AGEM, van Duivenbooden JC, Frings-Dresen MHW, Burdorf A. Determinants of
work ability and its predictive value for disability. Occup Med. 2009; 59: 32—37. https://doi.org/10.1093/
occmed/kqn148 PMID: 19073989

Van Den Berg TIJ, Elders LAM, De Zwart BCH, Burdorf A. The effects of work-related and individual
factors the work ability index: A systematic review. Occup Environ Med. 2009; 66: 211-220. https://doi.
org/10.1136/0em.2008.039883 PMID: 19017690

Masa JF, Jiménez A, Duran J, Carmona C, Monasterio C, Mayos M, et al. Visual analogical well-being
scale for sleep apnea patients: Validity and responsiveness. Sleep Breath. 2011; 15: 549-559. https://
doi.org/10.1007/s11325-010-0399-3 PMID: 20686860

Charlson ME, Sax FL. The therapeutic efficacy of critical care units from two perspectives: A traditional
cohort approach vs a new case-control methodology. J Chronic Dis. 1987; 40: 31-39. https://doi.org/10.
1016/0021-9681(87)90094-4 PMID: 3805232

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al. Standardisation of
spirometry. Eur Respir J. 2005; 26: 319-38. https://doi.org/10.1183/09031936.05.00034805 PMID:
16055882

Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, et al. Global Strategy for
the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease 2017 Report. GOLD
Executive Summary. Am J Respir Crit Care Med. 2017; 195: 557-582. https://doi.org/10.1164/rccm.
201701-0218PP PMID: 28128970

Mulgrew AT, Fox N, Ayas NT, Ryan CF. Diagnosis and initial management of obstructive sleep apnea
without polysomnography: A randomized validation study. Ann Intern Med. 2007; 146: 157—166. https://
doi.org/10.1001/ARCHINTE.166.9.977 PMID: 17283346

Dean B, Aguilar D, Shapiro C, Orr WC, Isserman JA, Calimlim B, et al. Impaired health status, daily
functioning, and work productivity in adults with excessive sleepiness. J Occup Environ Med. 2010;
52:144-9. https://doi.org/10.1097/JOM.0b013e3181¢c99505 PMID: 20134351

Habibi E, Dehghan H, Zeinodini M, Yousefi H, Hasanzadeh A. A study on work ability index and physical
work capacity on the base of fax equation VO2 max in male nursing hospital staff in Isfahan, Iran. Int J
Prev Med. 2012; 3: 776-782. PMID: 23189229

PLOS ONE | https://doi.org/10.1371/journal.pone.0201045  July 19, 2018 13/14


https://doi.org/10.1007/s11325-015-1223-x
http://www.ncbi.nlm.nih.gov/pubmed/26156890
https://doi.org/10.1016/j.smrv.2015.07.002
http://www.ncbi.nlm.nih.gov/pubmed/26454823
https://doi.org/10.1183/13993003.013612016
https://doi.org/10.1183/13993003.013612016
https://doi.org/10.1111/crj.12472
https://doi.org/10.1111/crj.12472
http://www.ncbi.nlm.nih.gov/pubmed/26948980
https://doi.org/10.1111/crj.12054
http://www.ncbi.nlm.nih.gov/pubmed/24028180
https://doi.org/10.1007/s00408-016-9957-1
https://doi.org/10.1007/s00408-016-9957-1
http://www.ncbi.nlm.nih.gov/pubmed/27770204
https://doi.org/10.1093/eurjhf/hfq050
http://www.ncbi.nlm.nih.gov/pubmed/20395261
https://doi.org/10.1016/j.ijcard.2015.11.079
http://www.ncbi.nlm.nih.gov/pubmed/26595787
http://www.ncbi.nlm.nih.gov/pubmed/19960649
https://doi.org/10.1016/j.smrv.2013.08.002
http://www.ncbi.nlm.nih.gov/pubmed/24135493
https://doi.org/10.1093/occmed/kqn148
https://doi.org/10.1093/occmed/kqn148
http://www.ncbi.nlm.nih.gov/pubmed/19073989
https://doi.org/10.1136/oem.2008.039883
https://doi.org/10.1136/oem.2008.039883
http://www.ncbi.nlm.nih.gov/pubmed/19017690
https://doi.org/10.1007/s11325-010-0399-3
https://doi.org/10.1007/s11325-010-0399-3
http://www.ncbi.nlm.nih.gov/pubmed/20686860
https://doi.org/10.1016/0021-9681(87)90094-4
https://doi.org/10.1016/0021-9681(87)90094-4
http://www.ncbi.nlm.nih.gov/pubmed/3805232
https://doi.org/10.1183/09031936.05.00034805
http://www.ncbi.nlm.nih.gov/pubmed/16055882
https://doi.org/10.1164/rccm.201701-0218PP
https://doi.org/10.1164/rccm.201701-0218PP
http://www.ncbi.nlm.nih.gov/pubmed/28128970
https://doi.org/10.1001/ARCHINTE.166.9.977
https://doi.org/10.1001/ARCHINTE.166.9.977
http://www.ncbi.nlm.nih.gov/pubmed/17283346
https://doi.org/10.1097/JOM.0b013e3181c99505
http://www.ncbi.nlm.nih.gov/pubmed/20134351
http://www.ncbi.nlm.nih.gov/pubmed/23189229
https://doi.org/10.1371/journal.pone.0201045

@° PLOS | ONE

Forced expiratory volume in one second as a predictor of work disability in obstructive sleep apnea

32.

33.

34.

35.

36.

37.

38.

39.

40.

4,

42,

Frangolias DD, Holloway CL, Vedal S, Wilcox PG. Role of exercise and lung function in predicting work
status in cystic fibrosis. Am J Respir Crit Care Med. 2003; 167: 150-157. https://doi.org/10.1164/rccm.
2202053 PMID: 12524253

Accattoli MP, Muzi G, del’lOmo M, Mazzoli M, Genovese V, Palumbo G, et al. G Ital Med Lav Ergon.
2008; 30:297-303. PMID: 19069234

Reynolds AC, Appleton SL, Gill TK, Taylor AW, McEvoy RD, Ferguson SA, et al. Sickness absenteeism
is associated with sleep problems independent of sleep disorders: results of the 2016 Sleep Health
Foundation national survey. Sleep Heal. 2017; 3: 357-361. https://doi.org/10.1016/j.sleh.2017.06.003
PMID: 28923192

El Fassi M, Bocquet V, Majery N, Lair ML, Couffignal S, Mairiaux P. Work ability assessment in a worker
population: Comparison and determinants of Work Ability Index and Work Ability score. BMC Public
Health. 2013; 13. https://doi.org/10.1186/1471-2458-13-305 PMID: 23565883

Casimirri E, Vaccari A, Schito M, Bonci M, Stendardo M, Stefanati A, et al. Chronic diseases are
strongly associated with sickness absences in a sample of Italian public employees. Int J Occup Med
Environ Health. 2014; 27: 343-54. https://doi.org/10.2478/s13382-014-0256-x PMID: 24830334

Ubalde-Lopez M, Delclos GL, Benavides FG, Calvo-Bonacho E, Gimeno D. Measuring multimorbidity
in a working population: the effect on incident sickness absence. Int Arch Occup Environ Health. 2016;
89: 667—678. https://doi.org/10.1007/s00420-015-1104-4 PMID: 26615549

Sundstrup E, Due Jakobsen M, Mortensen OS, Andersen LL. Joint association of multimorbidity and
work ability with risk of long-term sickness absence: a prospective cohort study with register follow-up.
Scand J Work Environ Heal. 2017; 43: 146—154. https://doi.org/10.5271/sjweh.3620 PMID: 28060994

Chervin RD. The multiple sleep latency test and Epworth sleepiness scale in the assessment of daytime
sleepiness. J Sleep Res. 2000; 9:399-401. PMID: 11123526

Aurora RN, Caffo B, Crainiceanu C, Punjabi NM. Correlating subjective and objective sleepiness: revis-
iting the association using survival analysis. Sleep. 2011; 34:1707—14. https://doi.org/10.5665/sleep.
1442 PMID: 22131609

Sforza E, Chouchou F, Collet P, Pichot V, Barthélémy JC, Roche F. Sex differences in obstructive sleep
apnoea in an elderly French population. Eur Respir J. 2011; 37:1137-43. https://doi.org/10.1183/
09031936.00043210 PMID: 20817711

Huang T, Lin BM, Markt SC, Stampfer MJ, Laden F, Hu FB, et al. Sex differences in the associations of
obstructive sleep apnoea with epidemiological factors. Eur Respir J. 2018; 51. https://doi.org/10.1183/
13993003.02421-2017

PLOS ONE | https://doi.org/10.1371/journal.pone.0201045  July 19, 2018 14/14


https://doi.org/10.1164/rccm.2202053
https://doi.org/10.1164/rccm.2202053
http://www.ncbi.nlm.nih.gov/pubmed/12524253
http://www.ncbi.nlm.nih.gov/pubmed/19069234
https://doi.org/10.1016/j.sleh.2017.06.003
http://www.ncbi.nlm.nih.gov/pubmed/28923192
https://doi.org/10.1186/1471-2458-13-305
http://www.ncbi.nlm.nih.gov/pubmed/23565883
https://doi.org/10.2478/s13382-014-0256-x
http://www.ncbi.nlm.nih.gov/pubmed/24830334
https://doi.org/10.1007/s00420-015-1104-4
http://www.ncbi.nlm.nih.gov/pubmed/26615549
https://doi.org/10.5271/sjweh.3620
http://www.ncbi.nlm.nih.gov/pubmed/28060994
http://www.ncbi.nlm.nih.gov/pubmed/11123526
https://doi.org/10.5665/sleep.1442
https://doi.org/10.5665/sleep.1442
http://www.ncbi.nlm.nih.gov/pubmed/22131609
https://doi.org/10.1183/09031936.00043210
https://doi.org/10.1183/09031936.00043210
http://www.ncbi.nlm.nih.gov/pubmed/20817711
https://doi.org/10.1183/13993003.024212017
https://doi.org/10.1183/13993003.024212017
https://doi.org/10.1371/journal.pone.0201045

