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KEY POINTS

� The ongoing COVID-19 pandemic has led to a substantial reduction of sleep medicine services, and
the long-term consequences may be considerable.

� Recent data from the National Swedish Sleep Apnea Registry suggested important overall reduc-
tion of sleep diagnostic procedures and obstructive sleep apnea (OSA) treatment starts.

� The patients with OSA receiving positive airway pressure therapy may have an advantage relative to
those untreated when confronted with a COVID-19 infection.

� New strategies for the management of sleep disorders are needed to overcome the current under-
diagnosis and delay of treatment, including patients with OSA who potentially may be on high risk
for severe COVID-19.

� Novel clinical routines such as the use of telemedicine may facilitate the recovery of sleep medicine
services.
INTRODUCTION pandemic by the World Health Organization in
The COVID-19 pandemic has affected the opera-
tion of health care systems. Resources have been
shifted from elective care to acute management
of severely ill patients affected by life-threatening
infections with SARS-COV2. Experiences from vi-
rus outbreaks in China, Europe, and America as
well as the announcement of a COVID-19
a Center for Sleep and Vigilance Disorders, Sahlgrenska A
8B, Box 421, 40530 Gothenburg, Sweden; b Respiratory D
versity Hospital, 41345 Gothenburg, Sweden; c Departme
Research, Uppsala University, Akademiska sjukhuset ing
ment, The Sleep Apnea Center, Uppsala University Hospit
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March 2020 have sparked extensive and wide-
ranging organizational changes in the health care
system.

According to current recommendations from
several expert organizations, sleep medicine cen-
ters are advised to reduce in-laboratory (in-lab) ac-
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medical care by distance contact over phone or
video calls, and to use telemedicine solutions for
the diagnosis and treatment of sleep-disordered
breathing.1–6

Treatment of sleep-disordered breathing with
PAP or noninvasive ventilation during a COVID-
19 infection has sparked a lively discussion on
the pros and cons of the therapy.7,8 Noninvasive
ventilation has been suggested to cause increased
risk for infection particularly among surrounding
family members, care givers, or other patients
due to aerosol dispersion via the vented mask.9

An individual decision may therefore be needed
not only in terms of continuation of treatment but
also with respect to implementation of various
countermeasures (nonvented masks with filters,
self-isolation, opening of windows, protection of
care givers and other patients).2–4

In this review the authors highlight important as-
pects for a possible association between sleep-
disordered breathing, in particular OSA, and
COVID-19 and the influence of the COVID-19
pandemic on sleep medicine services. They pre-
sent the first quantitative analysis on the change
of OSA management during 2020 based on data
from a Swedish national registry.
SLEEP-DISORDERED BREATHING AS A RISK
FACTOR FOR COVID-19 INFECTIONS AND
WORSE OUTCOME

OSA is a prevalent and chronic disease,10 and
many patients with OSA suffer from cardiometa-
bolic comorbidities.11 Interestingly, risk factors for
sleep apnea (male gender, higher age, obesity, hy-
pertension, ischemic heart disease, arrhythmia,
and diabetes mellitus) correspond to the identified
risk factors for worse outcome following severe
COVID-19 infections.12 The direct impact of sleep
apnea on COVID-19 infection outcome remains to
be elucidated, but the coincidence of those risk fac-
tors suggests that patients with OSA may face an
overall increased risk for severe COVID-19 infec-
tions and that they may benefit from ongoing ther-
apy if confronted with a COVID-19 infection.13

Indeed, several retrospective studies support this
hypothesis. A register-based study from Korea
including 36,350 patients with chronic respiratory
disease and 85,675 controls identified OSA as a
risk factor for COVID-19 infection but not for mortal-
ity.14 In addition, a Finish study performed in 445 in-
dividuals diagnosed with COVID-19 identified an
increased risk for hospitalization in those with previ-
ously diagnosedOSA (n5 38).13 Fifty percent of the
individuals were hospitalized due to severe COVID-
19, which corresponded to an almost 3-fold risk in-
crease (adjusted odds ratio [OR] 2.98,P5 .0048). In
the same paper, the investigators performed a
meta-analysis of all studies published so far and
identified OSA as a risk factor in the models
adjusted for age and sex (OR 2.36, 95% confidence
interval [CI] 1.14–4.95), but the increased risk was
no longer significant after control for body mass in-
dex (OR 1.55, 95% CI 0.88–2.72). Further, a local
US-based registry study identified 6.3% patients
with OSA among 9405 patients with COVID-19
compared with a 0.3%OSA prevalence in the refer-
ence material.15 For patients with OSA, the
adjusted OR was 1.65 (95% CI 1.36–2.02) for
COVID-19–related hospitalization and 1.98 (95%
CI 1.63–2.37) for COVID-19–related respiratory fail-
ure when compared with non-OSA controls.15 In
contrast, another study from a large hospital-
based registry identified no association between
an OSA diagnosis and COVID-19–related
outcome.16

Further evidence comes from a recent prospec-
tive, questionnaire-based study investigating 320
subjects referred to hospital with a COVID-19
infection.17 An increased risk for worse clinical
outcome in terms of need for intensive care unit
treatment, oxygen supply, or delayed recovery
over time was observed in subjects with a history
of loud snoring and an elevated risk of OSA ac-
cording to the Berlin questionnaire score. Although
OSA was not assessed by means of an objective
sleep test and only a subgroup (61%) had poly-
merase chain reaction (PCR)-verified COVID-19,
these data suggest that OSA-related factors may
play a role in the development of a complicated
COVID-19 infection.17

In summary, several studies have identified OSA
as a potential independent risk factor for severe
COVID-19 infections. The exact effect size is difficult
to determine due to the high prevalence of comor-
bidities, in particular obesity, metabolic, and cardio-
vascular disease. Further prospective studies may
benefit from objective assessment of OSA intensity
and nocturnal hypoxia aswell as a rigorousmapping
of comorbidities in both cases and controls.
INFLUENCE OF THE COVID-19 PANDEMIC ON
SLEEP MEDICINE SERVICES
Existing Evidence

Several studies have explored the changes of
sleepmedicine services worldwide. One of the first
studies, performed in Europe, explored the
change in clinical practice observed in the Euro-
pean Sleep Apnea Database network.18 The
impact of the COVID-19 pandemic on the man-
agement of patients with OSA was assessed by
a questionnaire answered by 40 sleep centers in
15 European countries at the time of the first
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lockdown (March/April 2020). Sleep medicine ser-
vices were dramatically reduced, and staffing
levels were decreased to 25%/19% for physi-
cians/nurses and technicians, respectively, when
compared with prepandemic baseline. However,
a substantial difference in staffing levels between
European regions was identified (Fig. 1). Sleep-
disordered breathing diagnosis by in-lab polysom-
nography/home sleep testing was reduced from
93%/88% before COVID-19 to 20%/33%, respec-
tively (Fig. 2). In-lab PAP titration was stopped at
72% of sleep centers, whereas it was still ongoing
in 18% (Fig. 3). Follow-up by phone or video calls
were performed by 75% of the centers but only
25% allowed for a physical meeting with the pa-
tient. At that time of the pandemic, telemedicine-
based service had been initiated at some clinics
and was performed in only one-third of centers.
The data suggest a substantial close-down of
sleep medicine services around Europe following
the first wave of the COVID-19 pandemic. New
strategies such as telemedicine-based practice
seemed to be insufficiently exploited.

These results are further supported by several
studies investigating the change of sleep medicine
practice during the pandemic by means of ques-
tionnaires (Table 1). The most comprehensive
study so far included 297 American Academy of
Sleep Medicine–associated sleep centers located
predominantly in the United States and in Can-
ada.19 The lockdown of activities was even more
pronounced with greater than 90% reduction of
in-lab diagnostic and therapeutic procedures.
Mitigation strategies were applied with less
Fig. 1. Staffing in sleep medicine services (in %) dur-
ing the COVID-19 pandemic in comparison to regular
service (corresponding to 100%) in various European
regions. (Data reported in Grote L, McNicholas WT,
Hedner J; ESADA collaborators. Sleep apnoea man-
agement in Europe during the COVID-19 pandemic:
data from the European Sleep Apnoea Database
(ESADA). Eur Respir J. 2020 Jun 18;55(6):2001323.)
extensive mask fitting procedures, PCR testing
before visits, or a change to home sleep testing.1,3

The picture of a worldwide reduction of activities is
further completed by a study from China.20 In 56
centers spread out over the country, sleep medi-
cine services were reduced with almost 90% dur-
ing the first wave of the pandemic. Subsequently,
the activities recovered during summer 2020 to
an approximately 50% level when compared with
prepandemic baseline. Further local, regional,
and national surveys may have been performed
without publication in international journals, but
such estimates are usually based on qualitative
point assessments. There is an obvious lack of
longitudinal and quantitative patient data following
the dynamics of the pandemic, which prompted a
specific analysis of data from the national Swedish
Sleep Apnea Registry (SESAR).

Novel Quantitative Data from the Swedish
Sleep Apnea Registry

SESAR is one out of the 100 national quality regis-
tries in Sweden and was started in 2010. SESAR
collects patient data from sleep centers involved
in the different aspects of sleep apnea manage-
ment: diagnosis, treatment, and follow-up. In
2019, data from 23,636 unselected patient visits
have been manually entered by 35 sleep centers
across Sweden.22 The data were obtained at the
end of the diagnostic procedure and at the start
of the 2 main treatment modalities—PAP and
mandibular advancement devices (MAD). A total
of 7623 follow-up visits were reported mainly
related to PAP therapy (n 5 6625). The overall
Fig. 2. Changes in the routine of diagnostic proced-
ures during the COVID-19 pandemic demonstrating
the marked reduction in both in-laboratory polysom-
nography (PSG) and ambulatory cardiorespiratory pol-
ygraphy (PG). Data are presented as percentage of
centers reporting PSG or home-PG use. (Data reported
in Grote L, McNicholas WT, Hedner J; ESADA collabo-
rators. Sleep apnoea management in Europe during
the COVID-19 pandemic: data from the European
Sleep Apnoea Database (ESADA). Eur Respir J. 2020
Jun 18;55(6):2001323.)



Fig. 3. Changes in the routine of PAP treatment initi-
ation for patients with sleep apnea during the COVID-
19 pandemic demonstrating the marked reduction in
both in-laboratory and ambulatory initiation. Data
are presented as percentage of centers reporting in
laboratory or ambulatory PAP titration. (Data re-
ported in Grote L, McNicholas WT, Hedner J; ESADA
collaborators. Sleep apnoea management in Europe
during the COVID-19 pandemic: data from the Euro-
pean Sleep Apnoea Database (ESADA). Eur Respir J.
2020 Jun 18;55(6):2001323.)
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national coverage of sleep apnea services has
been calculated to exceed 60% for diagnostic pro-
cedures and PAP starts and approximately 20%
for MAD. Clinically relevant results of the registry
are publicly available on the registry webpage
(www.sesar.se/statistik), which illustrates
between-centre comparisons of patient character-
istics, waiting times, and treatment outcomes (eg,
adherence to PAP, mandibular advancement for
MAD, proportion of initiated weight reduction ther-
apy in obese patients with OSA).
For the purpose of the current analysis the au-

thors compiled data on patient recruitment during
the period March to December 2020 and
compared with results from an identical time win-
dow of the 2 preceding years (March–December
2018/2019). The mean number of patients regis-
tered each month during 2018/19 was calculated
and used as a baseline to calculate and plot the
change from baseline during year 2020.
Although there were fewer restrictions related to

COVID-19 in the Swedish society, the access to
routine health service was significantly reduced
mainly in hospitals. As most of the sleep medicine
services are centralized at the regional hospitals,
access to sleep tests or PAP treatment starts was
substantially reduced in those units. In addition,
many patients did not show up for scheduled visits
due to a perceived increased risk for virus infection.
Also, people with common cold symptoms, which
are prevalent in Sweden during autumn and winter,
were instructed to self-quarantine.
Data from the SESAR registry show a sharp

decline in sleep apnea services throughout the
entire time window during 2020 (Fig. 4). Compared
with baseline from 2018/2019, sleep diagnostic
procedures and PAP titrations declined by 50%
before the summer period 2020. After summer,
when the virus spreading in the Swedish society
was relatively low, some activities recovered very
slowly. Subsequently, it was mainly home titration
of PAP treatment that fully recovered despite a
second wave of the pandemic. Even higher infec-
tion rates during November and December 2020
did not change the recovery of PAP titrations. On
the contrary, the treatment start of oral devices
(MAD) declined even during the second half of
the year without any signs of recovery. Further
detailed analysis of patient characteristics may
be warranted to fully understand the potential se-
lection and prioritization process at the different
sleep centers reporting to the SESAR registry.

Reopening of Sleep Medicine Services During
the Pandemic

The data listed earlier clearly demonstrate a large
impact of the COVID-19 pandemic on sleep medi-
cine services in many areas of the world. Several
important findings need to be pointed out. First,
sleep medicine service has been substantially
reduced by 50% to 90% during the first 10 to
12 months of the global COVID-19 pandemic. Sec-
ond, in-house procedures, including supervised
polysomnography or in-lab PAP titrations, are per-
formed in small scale or not at all or only in a very
limited fashion in highly selected patient groups.
This change in practice may not fully apply to those
countries where home sleep testing and automated
PAP titration have been performed even before the
pandemic. Third, initiation of PAP treatment of
sleep-disordered breathing is significantly reduced
and may have recovered at least in some countries.
This may in part be the results of a medical prioriti-
zation in sleepmedicine centers. Fourth, the full po-
tential of mitigation strategies, including
telemedicine approaches for diagnosis, treatment
initiation, or follow-up of patients with sleep-
disordered breathing, has not been studied in
more detail. It is anticipated that the use of these
new technologies may be introduced much faster
during the long-term phases of the pandemic.3 It
needs to be acknowledged that many questions
regarding the advantages and potential disadvan-
tages of a wide telemedicine practice in sleep med-
icine remain to be fully understood.

CLINICAL APPLICATIONS AND FUTURE
RESEARCH

Our data point toward several clinical implications.
First, sleep medicine organizations are

http://www.sesar.se/statistik


Table 1
Studies analyzing the effects of COVID-19 pandemic on sleep medicine services

Type of Study Country

Change in
Diagnostic
Procedures
(% Change to
Prepandemic
Status)

Change in PAP
Treatment of
OSA (% Change
to Prepandemic
Status) Comments

Questionnaire
during early
phase of
pandemic18

19 European
countries,
40 centers

�70% �60% Staffing levels
reduced to 25%
(physicians) and
19% (nurses).
Insufficient use of
telemedicine
technologies

Questionnaire,
posted 29th of
April 2020 to
AASM
members19

297 sleep
centers, 90%
from the US

>90% reduction
in activity:
for PSG by
90.4% of
centers, for
HSAT by
60.3% of
centers

>90% reduction in
PSG-based PAP
titration by
90.4% of centers

Reduced mask
fitting procedures.
Mitigation
strategies:
temperature
testing, symptom
evaluation, PCR
testing; >70%
virtual patient
visits

Questionnaire
during first 6
mo of 202020

China, 56
sleep centers

Initially �90%,
gradual
improvement
to �40%

Initially �95%,
gradual
improvement
to �50%

Description
of sleep
medicine service
in New York
during the
COVID-19
outbreak
spring 202021

New York,
descriptive data

PSG almost
completely
stopped,
HSAT in
selected
cases

In-lab titration
stopped, APAP
used in selected
patients

Use of HEPA
filters and
ventilated rooms
in case of PAP
titration
procedures

Abbreviations: AASM, American Academy of Sleep Medicine; APAP, autotitrating positive airway pressure; HSAT, home
sleep apnea testing; PSG, polysomnography, US, United States.
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encouraged to monitor the status of sleep medi-
cine services in their country as we were able to
identify substantial regional differences. Second,
strategies to maintain “practice as usual” need to
be discussed on a regional and national level. Miti-
gation strategies to provide services should be
considered not only in follow-up but also to undi-
agnosed or not-yet treated patients. Third, there
is no current consensus on how to prioritize pa-
tients for sleep medicine services. Epidemiologic
studies before the pandemic suggest that patients
aged 65 years and younger may benefit from OSA
treatment in terms of cardiovascular protection.
On the other hand, mortality from COVID-19 is
elevated in the elderly. Some experts recommend
stopping PAP treatment due to aerosol contami-
nation5 and others propose high usage of all PAP
and bilevel PAP treatment of sleep-disordered
breathing and the use of vented masks in case of
infection.3 Recommendations for both patients
and caregivers based on strong scientific evidence
should be available at all clinical sites. Indeed,
there are now several guidance papers available
on both national and international level published
by the AASM,1 the BTS,2 the ERS,3 the ITS,23 the
GAVO2,4 or on national level.5,6

As fewer sleep studies are performed, fewer
OSA cases are discovered, but the number of
missed cases and the impact of the diagnostic
delay cannot be assessed until after the pandemic.
Another unresolved issue is how various health
care systems will handle the increased inflow of
new patients where treatment initialization is war-
ranted once the pandemic is over. The ability of



Fig. 4. Change in activities related to sleep apnea diagnosis and treatment during the first 10 months of the
COVID-19 pandemic (March–December 2020). Numbers are based on the reported patient visits for each month
(calculated as the change from the mean of 2018/2019). The blue area illustrates the reduction of activities during
2020. Only caregivers reporting during all 3 years are included in the analysis. The total number of patients for
the different procedures is stated for 2018 and 2019. Data are presented as percentage change from baseline.

� Safety measures to avoid spread of the SARS-
COV2 virus needs to be implemented when
performing sleep diagnostic and therapeutic
procedures in sleep centers to protect both
personnel and patients. National and interna-
tional guidance papers have been published.

� There is no firm evidence that untreated sleep
apnea may increase the risk for severe COVID-
19 with adverse outcome. However, success-
ful treatment of severe sleep apnea is likely
to be beneficial for patients with OSA when
facing an acute SARS-COV2 infection.

� Patients with ongoing PAP therapy at home
needs to be informed about the potential
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sleep centers to follow-up patients who are
already receiving treatment may also be compro-
mised in the long run. Despite several reports on
increased PAP use during the pandemic,24,25 low
adherence is a known issue in PAP therapy, and
a shift toward tele-medicine and a reduced access
to physical visits treatment may systematically
affect adherence. Although there are earlier inter-
vention studies aiming at developing or testing
the effects of telemedicine on PAP-adherence,
they are typically performed in patients consenting
to study participation. Findings from these studies
cannot necessarily be generalized to a situation
where a shift toward new routines is caused by a
global pandemic. Some access to telemedicine in-
terventions, such as video calls with a PAP therapy
provider, also require fast Internet access, which
may be less available to patients with lower socio-
economical background. It is therefore important
to study whether socioeconomic factors may
affect access to OSA diagnostics and treatment
during and after the pandemic. Finally, the suc-
cess of vaccination schemes in the general popu-
lation may rapidly change the situation, and
vaccination may be mandatory for at least some
of the procedures performed in sleep centers.
Many of those questions listed earlier cannot be
fully examined until after the pandemic.
increased risk of virus spread for household
members by PAP treatment in case of an
acute infection. Use of humidifiers during
PAP treatment need to be restricted to pe-
riods without symptoms of an SARS-COV2
infection.

� The use of telemedicine-based routines for
diagnosis, treatment initiation, and follow
up of patients with OSA has been imple-
mented in many countries to overcome the
partial lockdown of sleep medicine
SUMMARY

The authors’ findings suggest that the sleep med-
icine community needs to work together to
develop strategies for care of patients with both
suspected and established sleep-disordered
breathing during major events such as the
COVID-19 pandemic. Although personnel may
be temporarily recruited to other areas of care,
remaining activities need to focus on the recogni-
tion of severe cases of SDB and initiate treatment
in already identified severe cases. The potential
of new technologies allowing for distant moni-
toring and optimization of treatment may be
further used and developed during periods of
limited health care resources outside the activ-
ities to manage severely affected patients with
COVID-19.
CLINICS CARE POINTS



procedures. A large proportion of patients
may have received equal or even improved
sleep medicine services by telemedicine
when compared with standard care before
the pandemic. However, a subgroup of indi-
viduals needs more intensified personal con-
tact with health care professionals.
Personalized models of care need to be devel-
oped for sleep apnea management in the
postpandemic period.
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