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Summary
Background In the current century, sleep apnoea has become a significant public health problem due to the obesity
epidemic. To increase awareness, improve diagnostics, and improve treatment, Finland implemented a national
sleep apnoea programme from 2002 to 2010. Here, we present changes in the societal burden caused by sleep
apnoea from 1996 to 2018.

Methods National register data were collected from the Care Register for Health Care, Statistics Finland, the Social
Insurance Institution of Finland, and the Finnish Centre for Pensions. Disease prevalence, use of healthcare and
social services, and societal costs were estimated.

Findings The number of sleep apnoea patients increased in secondary care from 8 600 in 1996 to 61 000 in 2018.
There was a continuous increase in outpatient visits in secondary care from 9 700 in 1996 to 122 000 in 2018 (1
160%) and in primary care from 10 000 in 2015 to 29 000 in 2018 (190%). Accordingly, the cumulative annual
number of days off work for sleep apnoea increased from 1 100 to 46 000. However, disability pensions for sleep
apnoea decreased from 820 to 550 (33%) during the observation period. Societal costs per patient decreased over
50% during the observation period (€2 800 to €1 200).

Interpretation The number of sleep apnoea patients in Finland increased remarkably during the observation period. To
control this burden, diagnostic methods and treatment were revised and follow up was reorganised. Consequently, there
was a significant decrease in societal costs per patient. The decrease in disability pensions suggests earlier diagnosis and
improved treatment. The national sleep apnoea programme was one of the initiators for these improved outcomes.
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Research in Context

Evidence before this study

We searched PubMed for studies about optimising diag-
nostics, treatment methods, and follow up of sleep
apnoea until May 2021. Additionally, we searched data
on health economics associated with sleep apnoea
diagnostics and initiation and follow up of treatment to
compare our results and the Finnish treatment model
with other countries. We found data on increased cost
effectiveness with no negative effects on treatment
results about diagnosing sleep apnoea and starting
auto-CPAP treatment at home.

Added value of this study

We present comprehensive register data on the burden
caused by sleep apnoea in Finland during last 22 years.
We show that the increased prevalence of sleep apnoea
can be controlled by increasing the efficiency of diag-
nostic and treatment pathways, which subsequently
results in control of costs.

Implications of all the available evidence

Limited data were available on the effects of using tele-
medicine or other reduced outpatient treatment. Data
about follow-up models in sleep apnoea on individual
treatment results and population-level cost effective-
ness were scarce. Comparing data between hospitals in
a Nordic country was somewhat difficult, as treatment
pathways may vary by hospital and year. Comparing
data between countries is not possible as registers and
insurance systems vary. The high prevalence of obesity
remains a public health problem.
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Introduction
The prevalence rate of symptomatic sleep apnoea in
adults in high income countries is estimated to be as
high as 17%. Risk factors include male sex, overweight,
and age >50 years. Multiple comorbidities (such as car-
diovascular diseases and diseases associated with obe-
sity), impaired quality of life, and early death are
associated especially with severe untreated sleep
apnoea.1−4

At least 70% of sleep apnoea patients are obese.2−4

Significant global lifestyle and environmental changes
during the last 100 years have increased risk factors for
weight gain5. In Finland, 11.7% of men and 18.2% of
women were obese in 1980; the corresponding values
were 26.1% and 27.5% in 2017.6,7

General awareness of sleep apnoea is low.4,8 Various
global campaigns have increased awareness about sleep
apnoea among the general public and professionals.9,10

The Finnish national sleep apnoea programme (2002-
2010) is an example of these campaigns. The goals for
the Finnish programme included reducing the percent-
age of patients with severe sleep apnoea, maintaining
work capacity and functional capacity of sleep apnoea
patients, and improving cost effectiveness of prevention
and treatment of sleep apnoea.9

To standardise the diagnostics and treatment of
sleep apnoea, various national and international guide-
lines have been published over recent decades,2−4 with
no remarkable changes during the last 20 years. Contin-
uous positive airway pressure (CPAP) therapy has been
considered the gold standard treatment for decades.2,4,11
−14 Other current alternative treatment methods include
other PAP therapies (past 20-30 years) and oral applian-
ces for mild-to-moderate sleep apnoea (past 15 years) in
addition to lifestyle changes.2−4,12−14 In the 1990s,
operative treatment of the pharynx, including methods
such as uvulo-pharyngo-plasty (UPP) and uvulo-palato-
pharyngo-plasty (UPPP), was used for treating sleep
apnoea. However, subsequent studies have shown that
these operations treated snoring rather than apnoeas.12

The pathway for diagnosing and treating sleep
apnoea has become more efficient in Finland in the
past 20 years; inpatient diagnostics and treatment in
secondary care has become increasingly outpatient
based.9,14 In this descriptive article, we first describe the
burden of sleep apnoea from 1996 to 2018 in Finland
from the societal perspective, followed by the change in
the burden of sleep apnoea from the perspective of out-
patient clinics of respiratory diseases in the two largest
university hospitals in Finland. In addition, we describe
the responses of health care to control the increasing
prevalence of sleep apnoea.
Materials and methods
The Finnish health care system is described in supple-
mentary material 1.
Study population
This study includes two separate cohorts. One cohort
consists of all Finns who used public health services
between January 1, 1996 to December 31, 2018. Data
from their health service use and social benefits were
collected from the registers of the Finnish Centre for
Pensions, Social Insurance Institution of Finland (SII),
and Care Register for Health Care.15−17 The population
of Finland was in 5.1 million in 1996 and 5.5 million in
2018.

The other cohort includes subjects who were treated
in secondary care outpatient clinics of respiratory dis-
eases in the areas of the Tampere University Hospital
(TAYS) or Helsinki University Hospital (HUH) from
January 1, 2010 to December 31, 2019. The population
of the TAYS catchment area was 409 454 inhabitants
on December 31, 2010 and 436 392 inhabitants on
December 31, 2019; the corresponding values for HUH
www.thelancet.com Vol 16 Month May, 2022
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were 1 528 279 and 1 685 983, respectively (Picture 1).
This total population of 2 122 375 subjects was 38.4% of
the Finnish population in 2019.18
Study design
We report the annual change in the burden of sleep
apnoea according to national register data from January
1, 1996 to December 31, 2018. We also report the annual
change in the burden caused by sleep apnoea in second-
ary-care outpatient clinics of respiratory diseases in
TAYS and HUH from January 1, 2010 or 2012 to
December 31, 2019 per population of 100 000 inhabi-
tants for each year.
Data
Finnish public health care and social security system
have comprehensive and obligatory registers
Picture 1. A map of Finland and the districts of Tampere Unive

www.thelancet.com Vol 16 Month May, 2022
maintained by national authorities, including systemati-
cally collected register data from all persons who have
used these services. The following data were used for
the nationwide cohort: Finnish Centre for Pensions,
new disability pensions due to sleep apnoea15; SII, sick-
leave days directly due to sleep apnoea16; and Care Reg-
ister for Health Care, use of public inpatient and outpa-
tient services with separate data from primary and
secondary care (inpatient services as number of inpa-
tient days and outpatient services as numbers of vis-
its).17 Only events with sleep apnoea as the primary
diagnosis were included.

For the hospital cohort, data were applied separately
from the hospital discharge registers in the areas of
TAYS and HUH. In both areas, the need for sleep
apnoea treatment is assessed and treatment is initiated
in secondary care. The criteria to initiate CPAP treat-
ment for diagnosed sleep apnoea remained the same
during the follow-up period.
rsity Hospital (TAYS) and Helsinki University Hospital (HUH).
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HUH includes seven separate hospital areas. For
outpatient visits, data were included for each year from
the hospitals where statistics were available and where
CPAP was initiated for sleep apnoea during a doctor’s
appointment (i.e. not by phone or in groups) (2010-2011
Helsinki, Lohja; 2012 Helsinki, Jorvi, Lohja; 2013-2016
Helsinki, Jorvi, Peijas; 2017 Helsinki, Hyvink€a€a, Jorvi,
Peijas; 2018 Helsinki, Hyvink€a€a, Jorvi, Peijas, Raase-
pori; 2019 Helsinki, Jorvi). Statistics for the initiation of
a new CPAP treatment were available from the areas of
Helsinki and Hyvink€a€a.
Classification of diseases
Data were searched using the International Classifica-
tion of Diseases 10 (ICD-10) code of sleep apnoea
(G47.3).
Analysis methods
As most of the decisions for treating sleep apnoea are
made in secondary care in Finland, the annual preva-
lence of sleep apnoea was estimated according to the
records in the Care Register for Health Care for second-
ary care.

Yearly inpatient service use was accessible for the
entire observation period from the Care Register for
Health Care for primary and secondary care.

Data were available from 1998 for outpatient visits in
secondary care. For the preceding 2 years, the number
of outpatient visits were extrapolated according to the
annual prevalence for each year with missing data and
the average number of visits per patient observed in the
following years. For primary care, the number of outpa-
tient visits was available only from 2015. Due to the
short time series of primary care visits, we did not
attempt to extrapolate the missing years.

Indirect costs were estimated from disability pen-
sions and sick leaves in which sleep apnoea was indi-
cated as the reason for pension or sick leave. Indirect
costs were reported as lost productivity by using the
human capital method. The number of disability pen-
sions and sick-leave days were converted to lost years of
productivity. The cost of 1 year of lost productivity was
assessed according to Kapiainen et al19 and adjusted for
each year according to the index of wage and salary
earnings from Statistics Finland.18

Direct (out- and inpatient care in primary and sec-
ondary care) and indirect costs (lost productivity from
sick leaves and disability pensions) were calculated
according to the service use and unit costs for each ser-
vice for estimating the yearly burden. The follow-up
results for the 22-year observation period are presented
in an annual time series.

All costs are converted into 2018 prices by using Sta-
tistics Finland’s consumer price index.18 See
supplementary material 2 for a more detailed descrip-
tion of the cost estimation.

The burden of sleep apnoea in TAYS and HUH is
visualised in the annual number of initiated new CPAP
treatments and first visits for sleep apnoea, for non-
sleep apnoea, and for any respiratory disease in outpa-
tient clinics of respiratory diseases. All numbers are
expressed per 100 000 inhabitants. Population was
counted separately for each year according to each year’s
catchment area (described above).18
Ethical aspects
The data were based on national statistical register data
or hospital discharge register data without any personal
identifiers. Therefore, this study does not fall under the
purview of laws regarding medical research.
Role of the funding source
The Finnish Institute for Health and Welfare funded
the data collection. Financial support for manuscript
writing was provided by the Hospital District of Hel-
sinki and Uusimaa (corresponding author TM). Other-
wise, study design and execution and manuscript
writing were part of the authors’ regular duties.
Results
The annual number of patients treated for sleep apnoea
as their first diagnosis in secondary care increased from
8 600 in 1996 to 61 000 in 2018 (610% increase) in
Finland. There was a constant increase in outpatient vis-
its in secondary care from 9 700 to 122 000 (1 160%);
outpatient visits in primary care increased from 10 000
in 2015 to 29 000 in 2018 (190%). The number of inpa-
tient days decreased from 15 000 in 1996 to 3 500 in
2018 (77%). The share of primary care inpatient days
out of total inpatient days was approximately 5% during
the observation period. During the 23-year follow-up
period, the number of sick-leave days increased from 1
100 to 46 000 (4 100%) while disability pensions
decreased slightly from 820 to 550 (33%) (Figure 1a-1f).
See supplementary material 2 for full data.

During the 10-year period from 2010 to 2019, outpa-
tient visits for all respiratory conditions in the outpatient
units of TAYS and HUH respiratory clinics increased
from 285 to 645 per 100 000 inhabitants (227%). At
the same time, the number of new patients with sleep
apnoea increased from 89 to 388 per 100 000 inhabi-
tants (439%). The share of sleep apnoea visits of all
respiratory visits increased from 31% to 60%, explain-
ing 83% of the increase in new patients.

The number of new CPAP treatments increased in
the Tampere, Helsinki, and Hyvink€a€a Hospital areas
from 156 to 551 per 100 000 inhabitants (353%) from
2010 to 2019 (Figure 2).
www.thelancet.com Vol 16 Month May, 2022



Figure 1. The total number of sleep apnoea patients, outpatient visits in primary and secondary care, hospital (inpatient) days in
secondary and primary care, sick-leave days, and disability pensions during the observation period (1996 to 2018).
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The total costs for sleep apnoea increased from
€24 million in 1996 to €72 million (200%) (€68 mil-
lion [180%] without primary care outpatient visits) in
2018 (Figure 3a). The cost per patient decreased from
€2 800 to €1 200 (57%) (€1 100 [61%] without primary
care outpatient visits) (Figure 3b). See supplementary
material 2 for full cost data.
Figure 2. Change in the burden of sleep apnoea from 2010 to 2019
and number of initiated new CPAP treatments in TAYS, Helsinki, and

www.thelancet.com Vol 16 Month May, 2022
Discussion
The sleep apnoea programme (2002-2010)9 and gen-
eral changes in the Finnish society increased the aware-
ness of sleep apnoea in the present century. Currently,
the prevalence of sleep apnoea is increasing in Finland.
However, we showed in this descriptive article that
changes in diagnostic methods, treatment initiation,
and follow up from inpatient-based to outpatient-based
in the outpatient clinics of respiratory diseases in TAYS and HUH
Hyvink€a€a. All numbers are per 100 000 inhabitants.
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Figure 3. a-b. a) Total direct healthcare and indirect disability/lost productivity costs for sleep apnoea during the 23-year period
from 1996 to 2018. b) Per patient costs.
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treatment have helped control the total burden in Fin-
land. In addition, the cost per treated patient has
decreased over 50% in Finland.

Sleep apnoea is a significant public health
problem.1,3 Although the Finnish prevalence of obstruc-
tive sleep apnoea is not known, it has been estimated
that up to 1.5 million people aged 30-69 years would
have an apnoea hypopnea index (AHI) ≥5/h (mild
increase) and 854 000 people have AHI ≥15 (mid
increase) (50.4% and 29.5% of the Finnish population
aged 30-69 years, respectively).20 However, in addition
to AHI ≥5/h, the diagnosis of obstructive sleep apnoea
syndrome requires symptoms of sleep apnoea. There-
fore, AHI values are not considered as clinically rele-
vant. During the follow-up period, there was a large
increase in the proportion of patients with new sleep
apnoea (increases of 610% at the national level and
439% in the two observed hospital district areas).

During our follow-up period, general awareness of
sleep apnoea has increased with the support of various
educational efforts, such as the Finnish sleep apnoea
programme in 2002-2012.9 The national programme
sought to promote prevention, treatment, and rehabili-
tation of sleep apnoea. The goals included decreasing
incidence, maintaining work and functional capacity,
ensuring recovery of most sleep apnoea patients, reduc-
ing severe sleep apnoea, decreasing hospitalisations for
sleep apnoea, and improving the cost effectiveness of
prevention and treatment. The means for achieving
these goals included obesity prevention, early diagnosis
and active treatment, enhancing knowledge about risk
factors and treatment, encouraging scientific research,
and recommending a greater role for primary health
care in prevention and treatment.9 Most of these goals
have been realised, except for decreasing sleep apnoea
incidence and obesity prevention.

The increase in the prevalence of sleep apnoea is
exceptional when compared with other respiratory
public health problems. The prevalence of asthma in
adults (10% in 2006 and 10.9% in 2016)21 and the prev-
alence of COPD is stable in Finland.22 National popula-
tion surveys show similar results for asthma and
COPD.7 In addition, sleep apnoea has currently been
widely addressed in Finnish media after the death of a
famous Finnish singer in February 2019 who was
known to have sleep apnoea.23 and since, a sudden
increase in the amount of referrals from primary care to
secondary health care sleep policlinics was observed in
2019.

CPAP is the gold standard treatment for sleep
apnoea.2−4,13 In our data, there was a continuous
increase in the number of initiated new CPAP treat-
ments. Auto-titrating CPAP (auto-CPAP) provides an
alternative to traditional fixed-pressure CPAP with no
significant differences in efficacy.3,13,24 In Finland, auto-
CPAP devices currently are typically chosen as the first
line of treatment. Instructions are provided by health
care professionals and treatment is then started at
home. This reduces costs and has no difference in effi-
cacy compared to classical CPAP initiated in the ward.24

Selected patients may need other PAP treatments,
which are mainly initiated in the ward.2−4,13

During the last 15 years, oral appliances have been
shown to be a useful alternative to CPAP for mildly or
moderately overweight patients with mild-to-moderate
obstructive sleep apnoea and for those with severe dis-
ease refractory to CPAP.4,25 We did not have data on
oral appliances. In addition, lifestyle modifications,
including weight loss and increased physical activity,
are an important part of treatment for every sleep
apnoea patient.2−4,13 In addition, surgical treatments
for sleep apnoea have changed from larynx surgery to
bariatric surgery that treats obesity.2−4,12,25−27

During last decades Finland has used practical meth-
ods in the diagnostics of sleep apnoea. Over the last
15 years, manually scored portable devices (overnight
www.thelancet.com Vol 16 Month May, 2022
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polygraphies or polysomnographies) that capture (at
minimum) nasal airflow, respiratory movements, and
pulse oximetry during one night of sleep have been
used as a primary tool in diagnosing sleep apnoea, in
addition to clinical history and clinical examination.4,14

Examinations are currently performed predominantly
ambulatory at home, which is reliable and save costs
compared to polysomnography performed at the ward.3

To control the current increasing prevalence of sleep
apnoea with increased number of patients, the Finnish
health care system has also adopted other more efficient
services and treatment pathways for both the patient
and the health care system. According to our data, the
total costs have been controlled and disability pensions
for sleep apnoea have decreased, indicating improved
treatment and earlier diagnosis.

During the last 10 years, diagnosing sleep apnoea at
home by primary care and starting CPAP treatment at
home by secondary care have saved resources in second-
ary care.3,4,9,14 Lifestyle modifications and treatment of
comorbidities occur mostly in primary care; only the
most difficult diseases are treated in secondary care,
such as bariatric surgery in obesity.26 The prices of
CPAP devices have decreased because of the mandatory
bidding process in the public health care system. Treat-
ment of sleep apnoea is almost free of charge for all resi-
dents in Finland and the health care system provides all
consumables and new CPAP devices as required. As
there are more patients living a long time with CPAP
treatment, the decrease in device prices does not lead to
a decrease in the total cost of sleep apnoea treatment.

The role of a traditional doctor’s appointment is cur-
rently minimal. Remote video appointments or phone
calls before starting CPAP treatment are used in many
hospitals. Information on sleep apnoea is provided and
CPAP treatment is started in groups in some hospitals
(oral statement, Dr Hanna Tapanainen Hyvink€a€a Hos-
pital, Adel Bachour HUH, Hannele Hasala TAYS). In
some parts of Finland, the private sector participates in
the CPAP initiation process under select conditions
(service vouchers for patients from the public sector;
oral statement, Adel Bachour HUH). Additionally, digi-
talisation has played an important role in the change of
treatment pathways in recent years. Telehealth options
can replace or supplement some or all steps in the eval-
uation, testing, treatment, management, and follow up
of sleep apnoea, potentially saving time and reducing
costs.28 Additionally, digital services, such as weight
control groups on the internet and digital coaching for
weight management are beneficial for sleep apnoea
patients.

During follow up, we observed an increase in sick-
leave days from around 1 000 to 46 000 (3 980%). We
assume this is associated with the changes in European
and national guidelines in driving permissions. Accord-
ing to current tightened instructions (the latest update
was in 2018) professional drivers (such as bus or truck
www.thelancet.com Vol 16 Month May, 2022
drivers) are not allowed to drive with untreated sleep
apnoea and are on sick leave until sleep apnoea is
shown to be treated.29 At the same time, the amount of
decreased disability pensions can be explained by the
fact that sleep apnoea is a treatable disease and when
treated it does not lead to disability pensions.3,4

One part of the treatment and costs is adherence and
follow up. During the past 20 years, various initiatives,
such as behavioural interventions, patient coaching,
and device development have advanced. However, long-
term CPAP adherence has not improved over the last
20 years and remains a problem.11 CPAP adherence in
Finland is approximately 57% to 67%.30,31 Traditionally,
CPAP treatment was followed regularly according to
local practices by nurses or doctors in secondary or pri-
mary care in Finland. In recent years, routine follow up
is performed increasingly via remote access by nurses
according to local practice. There is no international
consensus on how to organize CPAP follow up. Initial
compliance at day 12 and at 6 months predicts future
adherence and possible treatment abandonment as well
as 5-year follow up.32 On the other hand, a third of
patients with routine appointments contact health care
professionals between the routine appointments.33 It is
generally assumed in Finland that CPAP follow up
should be intensified during the first year of CPAP ther-
apy. However, when CPAP treatment is successful after
1 year,32 it remains unclear if routine follow up is neces-
sary or if on-demand follow-up visits are a suitable alter-
native for those who need it. Both in Finland and
abroad there are examples of how the follow up of
CPAP treatment is organised successfully in primary
care.34,35 For problematic cases, such as occupational
drivers and other special groups, the follow up of CPAP
treatment is organised in secondary care.4

Our cohorts were comprehensive and included
mostly or exclusively Finnish subjects. However, weak-
nesses that are generally associated with register data
were also weaknesses in our data. As there was no con-
trol population, it was not possible to demonstrate cau-
sality. The outcomes observed over the follow-up period
may have occurred without any programme. However,
a corresponding national approach has been shown to
be effective in addressing other public health problems,
such as the national asthma programme (1994-2004;
resulting in a reduction in severe asthma and overall
costs) and the diabetes prevention programme (2000-
2010) in type 2 diabetes (resulting in increased aware-
ness of diabetes).36,37 It is likely that changes in compil-
ing statistics in registers and treatment methods
affected the results. Some indicators for evaluating the
health care system, such as waiting time from diagnosis
to treatment, were not possible to define.

Using the human capital method to estimate indirect
costs overestimates the true cost to society, since absent
employees can be replaced when there is unemploy-
ment in the economy. However, the friction-cost
7
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method, which would take this into consideration, is
also problematic as it is difficult to estimate the time it
takes to replace the absent employee. The friction-cost
method also does not consider the costs to society from
sick-leave reimbursements and disability pensions,
which last the whole duration of the absence from
work.

Finally, there are probably some differences between
hospitals in treating sleep apnoea and in the criteria for
initiating CPAP treatment. However, as the last Finnish
national guideline for sleep apnoea was published in
2017, most Finnish hospitals and doctors likely followed
this guideline.4
Conclusion
In this descriptive article, we described the Finnish
experience in diagnosing and treating sleep apnoea. In
spite of the six-fold increase in the number of sleep
apnoea patients, Finland has managed the increasing
costs mainly by using practical diagnostic methods,
reducing inpatient visits, shifting possible work from
doctors to nurses and technicians, buying sleep apnoea
materials according to local regulations (yielding cost
savings but insuring quality), and by abolishing routine
follow-up visits (in non-professional driving group)
when CPAP therapy is successful after 1 year of follow
up. These measures allowed our sleep apnoea patients
to continue to benefit from public health insurance
without restricting access criteria.
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