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Study Objectives: Patients with sarcoidosis experience fatigue and excessive daytime sleepiness (EDS). However, the underlying pathomechanism is unclear.
Studies suggested undiagnosed obstructive sleep apnea (OSA) to be an important contributor, but reliable data on prevalence and impact of OSA in sarcoidosis
are scarce.
Methods: 71 adult patients with sarcoidosis, 1-to-1 matched to 71 adult controls according to sex, age, and body mass index were included. Participants
underwent structured interviews (including Epworth Sleepiness Scale [ESS], Fatigue Assessment Scale [FAS], and Functional Outcome of Sleep Questionnaire
[FOSQ-30]) and level-3 respiratory polygraphy. OSA was defined as apnea-hypopnea index ≥ 5 events/h. Prevalence of OSA was assessed and possible risk
factors for OSA in sarcoidosis were investigated.
Results: Mild OSA (AHI ≥ 5 events/h) was prevalent in 32 (45%) sarcoidosis patients vs 22 (31%) controls (P = .040). Sarcoidosis patients presented higher
ESS compared with matched controls (P = .037). FAS scores (median [quartile] of 21.5 [16, 27.5]) indicated fatigue in sarcoidosis patients. Patients with EDS
(ESS ≥ 11) presented reduced FOSQ-30 results (median [quartile] of 16.7 [15.2, 17.8]). ESS, FAS, and FOSQ were not associated with AHI in sarcoidosis
patients. Body mass index, sex, neck circumference, and NoSAS score were predictors for OSA in sarcoidosis.
Conclusions: The risk for mild OSA is 2.5-fold higher in sarcoidosis patients compared with matched controls. OSA seems not to be the reason for increased
sleepiness or fatigue in sarcoidosis. Risk factors such as body mass index, sex, neck circumference, and NoSAS score can be used to screen for OSA in
sarcoidosis patients.
Clinical Trial Registration: Registry: ClinicalTrials.gov; Name: Obstructive Sleep Apnoea in Sarcoidosis (OSASA); URL: https://clinicaltrials.gov/ct2/history/
NCT04156789?V_2=View; Identifier: NCT04156789.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: This is the first study investigating the prevalence of obstructive sleep apnea (OSA) in sarcoidosis patients compared
with age-, sex-, and body mass index–matched controls, as a possible pathomechanism for the enhanced sleepiness and fatigue in these patients.
Study Impact: A 2.5-fold higher risk for OSA was shown in sarcoidosis. However, it seems not to be the reason for the increased sleepiness or fatigue in
these patients.

INTRODUCTION

Sarcoidosis is a systemic granulomatous disease of unknown ori-
gin, affecting all racial and ethnic groups and occurring at all
ages.1 Fatigue and excessive daytime sleepiness (EDS) are com-
mon symptoms in patients with sarcoidosis. In a large study pop-
ulation of over 1100 patients with sarcoidosis, 27% of patients
presented severe fatigue or severe EDS using standardized exam-
ination tools such as the Epworth Sleepiness Scale (ESS) or the
Fatigue Assessment Scale (FAS).2 Fatigue and sleepiness are
strongly associated with decreased quality of life and work
capacity.3 While the term “fatigue” is sometimes misused to

describe also increased daytime sleepiness, these are 2 distinct
clinical conditions. Distinguishing both is clinically relevant
because etiology and treatment of these conditions may differ
significantly.4,5 The underlying pathomechanisms of fatigue in
patients with sarcoidosis are not well understood and are likely to
be multifactorial, encompassing active inflammation, metabolic
disorders such as diabetes mellitus, anemia, thyroid dysfunction,
small fiber neuropathy, or psychosocial conditions, such as
depression, anxiety, sleep disturbance, and stress.6 In addition,
systemic treatment regimens used to treat sarcoidosis such as cor-
ticosteroids can be associated with increased fatigue.7 In contrast,
EDS might be caused by circadian rhythm disturbances,
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psychiatric disorders, or sleep-disordered breathing (SDB).2 The
most prevalent form of SDB in the general population is obstruc-
tive sleep apnea (OSA), affecting up to 9% of women and 24%
of men in the general population aged 30–60 years.8 There is evi-
dence that OSA might be an important trigger of EDS in patients
with sarcoidosis.9 Granulomatous inflammation in the upper air-
ways, steroid-associated weight gain, and hypotonicity of the
upper airway due to sarcoidosis-associated myopathy or neurop-
athy have been discussed as potential pathogenic mecha-
nisms.10,11 The prevalence of OSA in sarcoidosis is still unclear,
ranging widely from 17% to 67% in previous studies.9,12,13 The
obvious differences between these reported prevalence rates are
possibly due to small numbers of study participants, differences
between the study cohorts in terms of age, sex, and body mass
index (BMI), as well as missing or poorly matched control
groups. However, since specific treatment strategies (eg, continu-
ous positive airway pressure [CPAP] therapy) are available, the
early diagnosis of OSA in sarcoidosis could play an important
role in improving sleepiness and consecutively quality of life for
those patients.14 As a result, stronger evidence regarding the
prevalence of OSA in patients with sarcoidosis may be of clinical
importance. The primary objective of this study was to assess the
prevalence of OSA in patients with sarcoidosis compared with a
matched control group in Switzerland. The secondary objective
was the investigation of possible clinical predictors for OSA in
patients with sarcoidosis.

METHODS

Participants
Patients with sarcoidosis were recruited from 2 different sour-
ces: (1) via visits at the University Hospital Zurich and (2) via
the sarcoidosis database of the University Hospital Zurich.
Hence, patients with sarcoidosis were contacted directly by
their treating physician, through a letter, or a personal phone
call. Only patients with sarcoidosis diagnosed according to
international American Thoracic Society/European Respiratory
Society/World Association of Sarcoidosis and Other Granuloma-
tous Disorders (ATS/ERS/WASOG) guidelines were included.15

Patients with sarcoidosis and controls were 1-to-1 matched in
terms of sex, age (±5 years), and BMI (±5 kg/m2). The formation
of the control group was performed in 2 steps. In a first step, we
used data of matched controls obtained from previous studies of
our research group.16 In a second step, control patients were
recruited through word-of mouth recommendations and posters
that were displayed only in the University Hospital Zurich. The
control patients were partially included from former prevalence
studies from our group (DOI: 10.1159/000502892 and 10.1136/
thoraxjnl-2016-209560). The recruitment of the control group
was continued until all patients with sarcoidosis were matched 1-
to-1. Participants were not offered any material compensation for
their voluntary agreement to take part in this study. All inclusion
and exclusion criteria can be seen in the Inclusion andExclusion
Criteria in supplemental material.

The study was conducted in accordance with the Declaration
of Helsinki and all participants gave written informed consent
to participate. The Ethics Committee of the Canton of Zurich

approved the study (BASEC-Nr 2019-01604) and the study is
registered at www.ClinicalTrials.gov (NCT04156789).

Measurements

Sleep-related questionnaires

Epworth Sleepiness Scale. The ESS is a very short question-
naire intended to measure daytime sleepiness. The score com-
prises 8 questions on which the participant is asked to rate his or
her probability of falling asleep in different situations. EDS was
considered with scores ≥ 11 points.17

Fatigue Assessment Scale. The FAS is a self-reported ques-
tionnaire containing 10 specific fatigue questions that have
been validated in patients with sarcoidosis.6 Each item of the
FAS is answered using a 5-point, Likert-type scale ranging
from 1 (“never”) to 5 (“always”). The FAS score ranges from
10 to 50. FAS scores between 10 and 21 indicate no fatigue and
FAS scores from 22 to 50 indicate substantial fatigue. The mini-
mal important difference (MID) is at least 4 points.6

Functional Outcomes of Sleep Questionnaire. The FOSQ-30
provides a specific status measure designed to evaluate the
impact of disorders of excessive sleepiness on activities of daily
living. It is frequently used as a measure of sleep-specific health-
related quality of life. The participants are asked to rate the diffi-
culty of performing a given activity on a 4-point scale (no
difficulty to extreme difficulty). In 30 items, the FOSQ-30
assesses difficulty due to sleepiness in performing activities of
daily living and recreational activities, which are categorized into
the following 5 subscales: (1) activity level (9 items), (2) vigi-
lance (7 items), (3) intimacy and sexual relationships (4 items),
(4) general productivity (8 items), and (5) social outcomes
(2 items). Subscale scores are summed up to produce a global
score. The score ranges from 5 to 20 points. Higher scores indicate
better functional status. A total score of < 17.9 points has been sug-
gested as a cutoff for impaired sleep-specific quality of life.14

NoSAS score. The NoSAS score is a simple score enabling the
identification of patients at risk of SDB. The score also helps
physicians to decide which patients need further investigations.
To do so, neck circumference, BMI, sex, age, and snoring have
been evaluated as the scoring criteria. The score ranges from
0 to 17 points, allocates 3 points for a BMI between 25 and
29.9 kg/m2 or 5 points for a BMI > 30 kg/m2, 4 points for neck
circumference > 40 cm, 4 points for being over 55 years old,
2 points for snoring, and 2 points for being male.18 The patient has
a high probability of SDB if their NoSAS score is 8 or higher.

Laboratory values

In the sarcoidosis group, the serum inflammation markers
C-reactive protein (CRP), soluble interleukin-2 receptor
(sIL-2R), and neopterin in addition to the serum disease activity
marker angiotensin-converting enzyme (ACE) were measured
at study visit or within 4 weeks prior to the study visit.

Spirometry and carbon monoxide diffusion capacity

Forced expiratory volume at 1 second (FEV1) and forced vital
capacity (FVC) in liters and percentage predicted were evaluated.
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The measurement of carbo monoxide uptake was performed by a
single-breath technique. Patients underwent pulmonary function
testing and transfer factor of the lung for carbon monoxide
(TLCO)measurement according to ATS/ERS guidelines.19,20

Home-based sleep study

A home-based sleep study was performed using the ApneaLink
Plus device (ResMed Corporation, Poway, CA). This overnight
respiratory polygraphy is a noninvasive medical examination
technique, routinely applied to detect sleep-related breathing
disorders. The participants were instructed in the usage of the
device, so that they could install it on their own for the study
night. The device records the patient’s nasal respiratory pres-
sure signal as a surrogate of nasal flow, respiratory movements
by a thoracic impedance belt, and finger pulse oximetry. A
blinded person not involved in the study scored the results of
the sleep studies according to the current American Academy
of Sleep Medicine (AASM) guidelines.21 Apneas are defined as
a cessation of airflow lasting > 10 seconds and hypopneas as a
reduction in airflow of at least 30% lasting > 10 seconds, associ-
ated with a drop in oxygen saturation of ≥ 3%. OSA severity
was quantified as the number of apneas/hypopneas per hour
(apnea-hypopnea index [AHI]) and oxygen desaturations ≥ 3%
per hour of sleep study (oxygen desaturation index [ODI]). AHI
thresholds according to the AASM Task Force of AHI ≥ 5,
≥ 15, and ≥ 30 events/h will be used to define mild, moderate,
and severe OSA, respectively.22

Data analysis and statistics
All results are shown as median (25%–75% quartiles) unless
otherwise stated. Variables were tested for normal distribution
using Shapiro-Wilk test. To detect an absolute difference in
prevalence of approximately 15% with a power of 80%, assum-
ing the prevalence in the control arm of 3%, 71 patients with
sarcoidosis and 71 controls had to be measured. Differences in
the sleep characteristics of patients with sarcoidosis and con-
trols were analyzed by independent t tests, Wilcoxon rank-sum
test and chi-square tests, as deemed appropriate. Conditional
logistic regression analysis was used to compare the prevalence
of OSA and EDS by matched pairs of sarcoidosis and control
patients. Logistic regression analysis was used to assess possi-
ble risk factors for OSA in sarcoidosis.

Statistical analysis was performed with STATA 16.1 (Stata-
Corp, College Station, TX). A 2-sided P value of < .05 was con-
sidered statistically significant.

RESULTS

Study participants
The study flow is presented in Figure 1. In total, 71 patients
with histologically proven sarcoidosis and 71 controls, matched
for age, sex, and BMI, were included in the final analysis.
Patient characteristics are shown in Table 1. Table 2 presents
the specific characteristics of patients with sarcoidosis. Pulmo-
nary involvement was present in 97% of the patients, while
69% showed extrapulmonary sarcoidosis. According to

Scadding,23 the majority of patients with sarcoidosis were diag-
nosed with stage II sarcoidosis, while only 3% showed pulmo-
nary fibrosis (stage IV). Neither the serum inflammation markers
(sIL-2R or neopterin) nor ACE were elevated. While FVC,
FEV1, and FEV1:FVC were in normal limits (median [quartile]
94% predicted [pred.] [87–108], 91% pred. [82–106], 79%
[72–82]), TLCOwas slightly reduced (78% pred. [66.5–86.5]).

Prevalence of OSA, EDS, and fatigue
The prevalence of mild OSA (defined as AHI ≥ 5 events/h) was
45% (32 patients) in patients with sarcoidosis and 31% (22
patients) in matched controls (odds ratio [OR] 2.67; 95% confi-
dence interval [CI] 1.04–6.81; P = .040). Moderate OSA (AHI
≥ 15 events/h) and severe OSA (AHI ≥ 30 events/h) were found
in 9 (13%) patients with sarcoidosis vs 6 (8%) controls (OR
2.00; 95% CI 0.50–8.00; P = .327) and in 2 (3%) patients with
sarcoidosis vs 1 (1%) control (OR 2.00; 95% CI 0.18–22.06;
P = .571), respectively. ESS was higher in the sarcoidosis group
as compared with the control group (median [quartile] ESS of
9 [6–11] vs 7 [4–9]; P = .037). Twenty-six (36%) patients with
sarcoidosis and 16 (23%) controls showed ESS scores higher
than 10 (OR 2.43; 95% CI 1.01–5.86; P = .048). The FAS
in patients with sarcoidosis was a median (quartile) of 21.5
(16–27.5) points, indicating increased fatigue on a group level.
Thirty-nine patients with sarcoidosis (55%) reported FAS
scores≥ 21 points. Sixteen (22%) of the patients with sarcoidosis
reported concomitant sleepiness and fatigue. The sleep-specific
quality of life measured by the total FOSQ-30 score was a
median (quartile) of 18.1 (16.9–19.7) in all patients with sarcoid-
osis, while those with EDS (ESS≥ 11) presented a median (quar-
tile) FOSQ-30 score of 16.7 (15.2–17.8) (Table 3). In patients
with sarcoidosis, there was a moderate, negative correlation
between ESS and FOSQ-30 (r = –.57). ESS, FAS, and FOSQ-30
were not associated with AHI in patients with sarcoidosis (coeffi-
cient [Coef.] –0.22; 95% CI –0.70 to 0.27; P = .378; Coef. –0.10;
95% CI –0.42 to 0.22; P = .539; Coef. 1.00; 95% CI –0.31 to
2.32; P = .134). Scadding stadium, extrapulmonary sarcoidosis,
CRP, and the biomarker ACE, neopterin and sIL2-R showed
no association with FAS or ESS in patients with sarcoidosis
(Table S1 in the supplemental material).

Sleep study parameters
Patients with sarcoidosis showed significantly higher respira-
tory event rates at night compared with matched controls with
an AHI of 4.0 (1.3–9.3) compared with 2.5 (0.9–5.6) events/h
(P = .047) and an ODI of 6.3 (2.3–13.8) compared with 2.2
(0.9–5.1) events/h (P < .001) (Figure 2). Table 4 shows the
remaining sleep study parameters.

Risk factors for OSA in sarcoidosis
The univariate logistic regression analysis of predefined possi-
ble risk factors showed that sex, BMI, neck circumference, and
NoSAS score were positively associated with OSA in patients
with sarcoidosis (OR 3.16; 95% CI 1.18–8.45; P = .022; OR
1.17; 95% CI 1.02–1.33; P = .022; OR 1.20; 95% CI 1.06–1.37;
P = .005; OR 1.41; 95% CI 1.18–1.68; P < .001, respectively).
Neither age, steroid use, Scadding stages, or inflammatory
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markers, nor pulmonary function values including TLCO
(% pred.) and FEV1 (% pred.) were associated with OSA.

DISCUSSION

Fatigue and EDS are common clinical conditions in patients
with sarcoidosis, leading to decreased quality of life and
impaired work capacity.2,3 Previous studies suggested that an
increased prevalence of OSA might play an important role in
the pathomechanism of these clinical conditions.9 However, the
number of studies addressing the prevalence of OSA in sarcoid-
osis is limited. Mavroudi et al24 conducted a parallel cohort
study including 21 patients with sarcoidosis with Scadding

stage II/III. Mild OSA could be diagnosed in 52.4% of patients.
Bingol and colleagues25 analyzed 29 patients with sarcoidosis
and diagnosed OSA in 51% of cases. Verbraecken et al12 diag-
nosed OSA in 44% of 46 patients with chronic sarcoidosis.
Mari et al11 diagnosed OSA in 88% in a cohort of 68 patients
with sarcoidosis using a level III home sleep apnea testing
device. Eventually, the generalizability of these 4 studies is lim-
ited due to the small sample sizes or a missing control group.
To date, the largest prospective study was conducted by Turner
et al,9 revealing an OSA prevalence of 17% in 83 patients with
sarcoidosis compared with 3% in 91 controls.9 Of note, the con-
trols in the previous studies were not matched by age, sex, or
BMI. Our study revealed a remarkably higher prevalence of
mild OSA in patients with sarcoidosis and matched controls of

Figure 1—Study flow.

EDS = Ehlers-Danlos Syndromes, OSA = obstructive sleep apnea, TAA = Thoracic aortic aneurysm.
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45% and 31%, respectively, indicating a 2.5-fold higher risk for
OSA in patients with sarcoidosis. The reason for the different
prevalence rates might be that Turner et al performed polysom-
nography only in patients with an ESS of > 10. In fact, this
approach mirrors the prevalence of OSA syndrome rather than
the prevalence of patients with OSA (AHI > 5 events/h).22

While some studies found also increased prevalence of moder-
ate to severe OSA in patients with sarcoidosis, with rates up to
55%,11 our findings suggest that the prevalence of moderate
and severe OSA is not increased in patients with sarcoidosis.
Reasons for this might be younger age, lower BMI, a lower
number of patients treated with corticosteroids, and possibly
patients with less severe sarcoidosis given the relatively low
serum inflammation markers in our study.

The prevalence rate of mild OSA in our control group was
high compared with rates deriving from other epidemiological
studies in the general population, presenting rates of 9% in
women and 24% in men.8 Most of our control group were
patients recruited in the cardiology and pulmonology depart-
ments of the University Hospital Zurich. Looking at the patients�
characteristics, we ought to assume that our control group is not
as healthy as the general population. Some of the comorbidities
of the control group—eg, heart failure, cardiovascular disease,
or obstructive ventilations disorders—are also associated with
increased OSA prevalence.26 This might have led to a selection
bias, possibly responsible for the high OSA prevalence in our
control group. Therefore, the true difference in prevalence and
the risk for OSA might be even higher in the sarcoidosis group
compared with the matched controls.

Fatigue is a common problem in patients with autoimmune
diseases and affects 50%727 to 80%28 of patients with sarcoido-
sis. Similarly, we found that 55% of the patients in our sarcoid-
osis group experienced fatigue, with FAS scores higher than 21
points. Although a patient may equate fatigue with sleepiness,
these are 2 distinct clinical conditions. EDS should be consid-
ered as propensity to fall asleep during usual wakefulness

hours, whereas fatigue may be expressed by feelings of apathy
or weariness.2 The pathomechanisms explaining fatigue in
patients with sarcoidosis are not well understood and are likely
to be multifactorial, including active inflammation, sleep distur-
bance, depression, and small fiber neuropathy.6 In addition,
systemic treatment regimens used to treat sarcoidosis such as
corticosteroids can be associated with increased fatigue.7 While
epidemiological studies in the general population revealed a
high prevalence of EDS (ESS ≥ 11) of up to 23%,29 the preva-
lence seems to be even higher in patients with sarcoidosis.5

However, data of prospective case-control studies are missing.
In our study, the prevalence of EDS in patients with sarcoidosis

Table 1—Participant characteristics.

Controls
(n = 71)

Sarcoidosis
(n = 71)

Age, y 51 (45–59) 50 (41–59)

Female/male, n (%) 33/38 (46/54) 33/38 (46/54)

Height, cm 174 (167–180) 172 (164–179)

Weight, kg 77 (67.0–88.5) 77 (65.0–88.0)

BMI, kg/m2 25.4 (23.2–27.1) 25.7 (23.0–28.6)

Neck circumference, cm 38 (34–41) 38 (34–41)

Arterial hypertension, n (%) 17 (24) 10 (14)

Metabolic syndrome, n (%) 1 (1) 0 (0)

Diabetes, n (%) 3 (4) 0 (0)

Coronary artery disease, n (%) 10 (14) 3 (4)

Otolaryngological disease, n (%) 0 (0) 14 (20)

Values are median (25%–75% quartile) unless otherwise stated. BMI =
body mass index.

Table 2—Characteristics of patients with sarcoidosis (n = 71).

Values

Time since diagnosis, mo 33 (16–66)

Scadding stage, n (%)

1 16 (23)

2 50 (72)

3 3 (4)

4 2 (3)

Pulmonary sarcoidosis, n (%) 69 (97)

Extrapulmonary sarcoidosis, n (%) 49 (69)

Cardiac sarcoidosis, n (%) 21 (30)

Neurosarcoidosis, n (%) 2 (3)

Ocular sarcoidosis, n (%) 8 (11)

Cutaneous sarcoidosis, n (%) 14 (20)

Lupus pernio, n (%) 3 (4)

SURT, n (%) 4 (6)

Renal sarcoidosis, n (%) 3 (4)

Spleen sarcoidosis, n (%) 5 (7)

Other manifestations, n (%) 30 (42)

Prednisone treatment, n (%) 24 (34)

Prednisone dosage (range), mg 1.25–40

Immunosuppressive treatment other than
corticosteroids, n (%)

25 (35)

TSH, mU/L [0.30–3.18] 1.24 (0.92–1.94)

CRP, mg/L [ < 5.0] 1.2 (0.6–2.5)

ACE, U/L [19.8–70.2] 43.1 (27.7–60.3)

Neopterin, ng/mL [< 2.5] 2.24 (1.79–3.04)

sIL-2R, pg/mL [ < 477.0] 290.7 (224.4–396.5)

FVC, % pred. 94 (87–108)

FEV1, % pred. 91 (82–106)

FEV1:FVC, % 79 (72–82)

TLCO, % pred. 78 (66.5–86.5)

Values are median (25%–75% quartile) unless otherwise stated. Values
in brackets are normal values. ACE = angiotensin converting enzyme,
CRP = C-reactive protein, FEV1 = forced expiratory volume during the first
second, FVC = forced vital capacity, pred. = predicted, sIL-2R = soluble
interleukin-2 receptor, SURT = sarcoidosis of the upper respiratory tract,
TLCO = transfer factor of the lung for carbon monoxide, TSH = thyroid
stimulating hormone.
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was 36% compared with 23% in the control group, supporting
the findings of the study by Patterson et al.5 The fact that 55%
(n = 16) of the patients with sarcoidosis with EDS also reported
increased fatigue could be proof of concomitant prevalence, sim-
ilar etiology, or simply the challenge of distinguishing these con-
ditions even in a study setting. While sleepiness is the cardinal
symptom of OSA in the general population, AHI was not associ-
ated with increased sleepiness or fatigue in patients with sarcoid-
osis, supporting the idea that OSA might not play a major role in
the pathophysiological mechanism of these symptoms in patients
with sarcoidosis. In any case, patients with sarcoidosis with EDS
presented a notable impairment of sleep-related quality of life
measured by the FOSQ-30, underlining the importance of diag-
nosing underlying, aggravating conditions that might increase

sleepiness and fatigue in those patients. While our results suggest
no association of OSA with sleepiness and fatigue, Mari et al
showed improved sleepiness (ESS change from baseline by 2.8;
95% CI 2.3–4.5 points) and fatigue (6.3; 95% CI 4.7–8.9) after
CPAP treatment in 20 patients with sarcoidosis who have mild to
severe OSA.11 While over 50% of patients with sarcoidosis in
this study had moderate to severe OSA, only 13% of the patients
with sarcoidosis in our study had moderate to severe OSA. It is
possible that more severe forms of OSA contribute more to
increased FAS and ESS scores. Consecutively, a decent therapy
in the form of CPAP therapy might be able to improve sleepiness
and fatigue in those patients.

The underlying pathomechanism for the increased rates of noc-
turnal respiratory event rates is not clear. However, several
hypotheses are discussed. Turner et al9 found that patients with
neurosarcoidosis and lupus pernio are at increased risk for con-
comitant OSA syndrome. Another hypothesis suggests that
inflammatory involvement of the upper airways may lead to
impairment of the upper airway patency.30 Sarcoidosis of the
upper airways occurs in 2–3% of patients with sarcoidosis.31 It
seems to be noteworthy that this hypothesis is based only on small
sample sizes; hence, statistical power and clinical evidence are
low. Since our sarcoidosis group only comprises a small number
of patients with neurosarcoidosis, sarcoidosis of the upper airways,
and lupus pernio, these findings cannot be assessed. Another the-
ory suggests that the use of corticosteroids with the risk of weight
gain might be responsible for higher OSA prevalence in patients
with sarcoidosis.10 Nevertheless, 1 study investigating the OSA
prevalence in patients with sarcoidosis treated with systemic corti-
costeroids compared with controls treated also with corticosteroids
for reasons other than sarcoidosis showed no statistical differ-
ence.9 Accordingly, our study results did not show any association
of steroid use and OSA prevalence. Observations in patients
with interstitial lung diseases describe reduced caudal traction on
the upper airway, enhancing collapsibility of the upper airways

Table 3—Parameter of sleepiness, fatigue, and quality of life
in patients with sarcoidosis (n = 71).

Values

ESS, points 9 (6–11)

FAS, points 21.5 (16–27.5)

ESS > 10 points, n (%) 26 (36)

FAS > 21 points, n (%) 39 (55)

FOSQ-30

FOSQ-30 total score of all patients, points 18.1 (16.9–19.7)

FOSQ-30 total score of patients with EDS,
points

16.7 (15.2–17.8)

FOSQ-30 total score of patients without
EDS, points

19.0 (17.6–19.8)

Values are median (25%–75% quartiles) unless otherwise stated. EDS =
excessive daytime sleepiness, ESS = Epworth Sleepiness Scale, FAS =
Fatigue Assessment Scale, FOSQ-30 = Functional Outcome of Sleep
Questionnaire.

Figure 2—Boxplots of AHI (A) and ODI (B) by patients with sarcoidosis and matched controls.

The threshold for obstructive sleep apnea is marked by the pointed line. Median (quartile) ODI was higher in the sarcoidosis group compared with the matched
controls with 6.3 (2.3–13.8) vs 2.2 (0.9–5.1) events/h, P = .003. Median (quartile) AHI was comparable between the 2 groups with 4.0 (1.3/9.3) vs 2.5 (0.9/5.6)
events/h, P = .110. AHI = apnea-hypopnea index, ODI = oxygen desaturation index.
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or ventilatory control system instability that could lead to exten-
sive ventilation due to heightened chemo-responsiveness and
subsequent increased respiratory events during sleep.32 This
hypothesis is supported by Bingol et al25 who found significantly
higher AHI and ODI in patients with sarcoidosis with parenchy-
mal involvement. Our patients with sarcoidosis showed
decreased TLCO on a group level, which could be due to paren-
chymal lung involvement. Nevertheless, neither TLCO nor the
Scadding stage were associated with OSA prevalence. There are
established risk factors for increased prevalence of OSA in the
general population—for example, male sex, increased BMI,
older age, higher neck circumference or waist-to-hip ratio, as
well as craniofacial and upper airway abnormalities.33 In concor-
dance, we found that BMI, male sex, and higher neck circumfer-
ence were also positively associated with an increased risk for
OSA in patients with sarcoidosis. Hence, it does not come as a
surprise that the NoSAS score was also positively associated
with OSA prevalence in patients with sarcoidosis. The NoSAS
score is a well-established screening tool for SDB in the general
population, encompassing height, weight, age, sex, snoring sta-
tus, and neck circumference as screening variables.18 Our data
suggest that the NoSAS score might also work as a screening tool
for OSA in patients with sarcoidosis, but validation studies are
necessary to confirm this hypothesis. Serum inflammation
marker and serum ACE measured were not associated with OSA
prevalence, leading to the conclusion that the systemic inflamma-
tion may not be responsible for the increased OSA prevalence.
These biomarkers were also not associated with EDS and fatigue.

There are some limitations to this study. The study was per-
formed as a single-center study and therefore could harbor the
potential of selection bias. Moreover, the recruitment of the con-
trol group took place at the university hospital, leading to the
inclusion of more comorbid patients and possibly therefore a
higher prevalence of OSA in the matched control group than
described in the literature. This might underestimate the true dif-
ference in the prevalence and the risk for OSA. The sleep studies

were performed using a home sleep apnea testing (HSAT) device
without detecting electroencephalographic changes during sleep.
Consequently, arousals that might increase the AHI were not
detected, leading to a potential underestimation of nocturnal
respiratory event rates in this study. Third, the sarcoidosis group
consisted of treated and untreated patients. Thus, a possible miti-
gation of any effect due to treatment of sarcoidosis cannot be
excluded. This is supported by the fact that the serum inflamma-
tion markers and ACE were not significantly increased in the
sarcoidosis group, suggesting that mainly adequately treated
patients were included in this study.

CONCLUSIONS

The prevalence of mild OSA is considerably higher in patients
with sarcoidosis compared with matched controls, although
moderate and severe OSA was similar in both groups. In
patients with sarcoidosis, AHI was neither associated with
increased sleepiness nor with fatigue, suggesting that OSA
might not contribute meaningfully to these symptoms. Larger
multicenter studies are necessary to confirm these findings.

ABBREVIATIONS

ACE, angiotensin converting enzyme
AHI, apnea-hypopnea index
BMI, body mass index
CI, confidence interval
EDS, excessive daytime sleepiness
ESS, Epworth Sleepiness Scale
FAS, Fatigue Assessment Scale
FEV1, forced expiratory volume during the first second
FOSQ-30, Functional Outcome of Sleep Questionnaire
FVC, forced vital capacity

Table 4—Comparison of sleep variables in both groups.

Controls (n = 71) Sarcoidosis (n = 71) P

Duration of sleep recording, h 6:08 (5:01–7:07) 6:47 (5:10–7:51) .035

AHI, events/h 2.5 (0.9–5.6) 4.0 (1.3–9.3) .045

ODI, events/h 2.2 (0.9–5.1) 6.3 (2.3–13.8) <.001

Number of apneas per night 4 (1–14) 3 (1–10) .841

Number of hypopneas per night 10 (3–18) 18.5 (7–45) .002

Obstructive apneas, % 52 (0–86) 50 (0–77) .449

Central apneas, % 11 (0–47) 10 (0–50) .483

ESS, points 7 (4–9) 9 (6–11) .037

Time SpO2 < 90%, min 5 (0–23) 5 (0–29) .660

Time SpO2 < 85%, min 0 (0–0) 0 (0–0) .850

Time SpO2 < 80%, min 0 (0–0) 0 (0–0) .992

SpO2 mean, % 93 (92–94) 93 (91–94) .220

Values are median (25%–75% quartile) unless otherwise stated. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale, ODI = oxygen desaturation
index, SpO2 = peripheral oxygen saturation.
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ODI, oxygen desaturation index
OR, odds ratio
OSA, obstructive sleep apnea
pred., predicted
SDB, sleep-disordered breathing
SpO2, peripheral oxygen saturation
TLCO, transfer factor of the lung for carbon monoxide

REFERENCES

1. Iannuzzi MC, Rybicki BA, Teirstein AS. Sarcoidosis. N Engl J Med. 2007;357(21):
2153–2165.

2. Bosse-Henck A, Koch R, Wirtz H, Hinz A. Fatigue and excessive daytime
sleepiness in sarcoidosis: prevalence, predictors, and relationships between the
two symptoms. Respiration. 2017;94(2):186–197.

3. Hendriks CMR, Saketkoo LA, Elfferich MDP, De Vries J, Wijnen PAHM, Drent M.
Sarcoidosis and work participation: the need to develop a disease-specific core
set for assessment of work ability. Lung. 2019;197(4):407–413.

4. Pigeon WR, Sateia MJ, Ferguson RJ. Distinguishing between excessive daytime
sleepiness and fatigue: toward improved detection and treatment. J Psychosom
Res. 2003;54(1):61–69.

5. Patterson KC, Huang F, Oldham JM, Bhardwaj N, Hogarth DK, Mokhlesi B.
Excessive daytime sleepiness and obstructive sleep apnea in patients with
sarcoidosis. Chest. 2013;143(6):1562–1568.

6. Drent M, Lower EE, De Vries J. Sarcoidosis-associated fatigue. Eur Respir J.
2012;40(1):255–263.

7. Lal C, Medarov BI, Judson MA. Interrelationship between sleep-disordered
breathing and sarcoidosis. Chest. 2015;148(4):1105–1114.

8. Young T, 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(17):1230–1235.

9. Turner GA, Lower EE, Corser BC, Gunther KL, Baughman RP. Sleep apnea in
sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis. 1997;14(1):61–64.

10. Holmes A. Sarcoidosis and obstructive sleep apnea: yet another overlap
syndrome? J Pulmonar Respirat Med. 2012;2(2):e113.

11. Mari P-V, Pasciuto G, Siciliano M, et al. Obstructive sleep apnea in sarcoidosis and
impact of cpap treatment on fatigue. Sarcoidosis Vasc Diffuse Lung Dis. 2020;37(2):
169–178.

12. Verbraecken J, Hoitsma E, van der Grinten CP, Cobben NA, Wouters EF, Drent M.
Sleep disturbances associated with periodic leg movements in chronic
sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis. 2004;21(2):137–146.

13. Pihtili A, Bingol Z, Kiyan E, Cuhadaroglu C, Issever H, Gulbaran Z. Obstructive
sleep apnea is common in patients with interstitial lung disease. Sleep Breath.
2013;17(4):1281–1288.

14. Weaver TE, Maislin G, Dinges DF, et al. Relationship between hours of CPAP use
and achieving normal levels of sleepiness and daily functioning. Sleep. 2007;
30(6):711–719.

15. Hunninghake GW, Costabel U, Ando M, et al. ATS/ERS/WASOG statement on
sarcoidosis. American Thoracic Society/European Respiratory Society/World
Association of Sarcoidosis and other Granulomatous Disorders. Sarcoidosis Vasc
Diffuse Lung Dis. 1999;16(2):149–173.

16. Gaisl T, Giunta C, Bratton DJ, et al. Obstructive sleep apnoea and quality of life in
Ehlers-Danlos syndrome: a parallel cohort study. Thorax. 2017;72(8):729–735.

17. Johns MW. A new method for measuring daytime sleepiness: the Epworth
Sleepiness Scale. Sleep. 1991;14(6):540–545.

18. Marti-Soler H, Hirotsu C, Marques-Vidal P, et al. The NoSAS score for screening
of sleep-disordered breathing: a derivation and validation study. Lancet Respir
Med. 2016;4(9):742–748.

19. Miller MR, Hankinson J, Brusasco V, et al; ATS/ERS Task Force. Standardisation
of spirometry. Eur Respir J. 2005;26(2):319–338.

20. MacIntyre N, Crapo RO, Viegi G, et al. Standardisation of the single-breath
determination of carbon monoxide uptake in the lung. Eur Respir J. 2005;26(4):
720–735.

21. Berry RB, Budhiraja R, Gottlieb DJ, et al; Deliberations of the Sleep Apnea
Definitions Task Force of the American Academy of Sleep Medicine. Rules
for scoring respiratory events in sleep: update of the 2007 AASM Manual for
the Scoring of Sleep and Associated Events. J Clin Sleep Med. 2012;8(5):
597–619.

22. Kapur VK, Auckley DH, Chowdhuri S, 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.

23. Scadding JG. Prognosis of intrathoracic sarcoidosis in England. A review of
136 cases after five years’ observation. Br Med J (Clin Res Ed). 1961;2(5261):
1165–1172.

24. Mavroudi M, Papakosta D, Kontakiotis T, et al. Sleep disorders and health-related
quality of life in patients with interstitial lung disease. Sleep Breath. 2018;22(2):
393–400.

25. Bingol Z, Pihtili A, Gulbaran Z, Kiyan E. Relationship between parenchymal
involvement and obstructive sleep apnea in subjects with sarcoidosis. Clin Respir
J. 2015;9(1):14–21.

26. Bradley TD, Floras JS. Sleep apnea and heart failure: Part I: obstructive sleep
apnea. Circulation. 2003;107(12):1671–1678.

27. Michielsen HJ, Drent M, Peros-Golubicic T, De Vries J. Fatigue is associated with
quality of life in sarcoidosis patients. Chest. 2006;130(4):989–994.

28. de Kleijn WP, Elfferich MD, De Vries J, et al. Fatigue in sarcoidosis: American vs
Dutch patients. Sarcoidosis Vasc Diffuse Lung Dis. 2009;26(2):92–97.

29. Sander C, Hegerl U, Wirkner K, et al. Normative values of the Epworth Sleepiness
Scale (ESS), derived from a large German sample. Sleep Breath. 2016;20(4):
1337–1345.

30. Shah RN, Mills PR, George PJ, Wedzicha JA. Upper airways sarcoidosis
presenting as obstructive sleep apnoea. Thorax. 1998;53(3):232–233.

31. Baughman RP, Lower EE, Tami T. Upper airway. 4: sarcoidosis of the upper
respiratory tract (SURT). Thorax. 2010;65(2):181–186.

32. Troy LK, Corte TJ. Sleep disordered breathing in interstitial lung disease: a review.
World J Clin Cases. 2014;2(12):828–834.

33. Young T, Skatrud J, Peppard PE. Risk factors for obstructive sleep apnea in
adults. JAMA. 2004;291(16):2013–2016.

ACKNOWLEDGMENTS

Author contributions: M.R., N.A.S., M.K., and D.F. designed the study. M.R., N.A.S.,
A.S., M.O., S.M., A.K., and J.N. collected study data. M.R. and N.A.S. analyzed the
data and wrote the first draft of the manuscript. All authors contributed to data
interpretation and revised the manuscript critically. M.K. was the primary
investigator.

SUBMISSION & CORRESPONDENCE INFORMATION

Submitted for publication March 16, 2022
Submitted in final revised form May 30, 2022
Accepted for publication June 2, 2022
Address correspondence to: Maurice Roeder, MD, Department of Pulmonology,
University Hospital Zurich, Raemistrasse 100, 8091 Zurich, Switzerland;
Email: maurice.roeder@usz.ch

DISCLOSURE STATEMENT

All authors have seen and approved the manuscript. Malcolm Kohler declares
advisory fees from Bayer, Novartis, GSK, Boehringer Ingelheim, Mundipharma, and
Astra Zeneca. He is also founder and board member of Deep Breath Intelligence,
Inc, a company that provides services in the field of breath analysis. The other
authors report no conflicts of interest.

M Roeder, NA Sievi, A Schneider, et al. The prevalence of OSA in sarcoidosis

Journal of Clinical Sleep Medicine, Vol. 18, No. 10 2422 October 1, 2022

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
K

ir
st

en
 T

ay
lo

r 
on

 O
ct

ob
er

 5
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

mailto:maurice.roeder@usz.ch

	TF1
	TF2
	TF3
	TF4

