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A B S T R A C T

Background: In many countries, obstructive sleep apnoea is causing an increased burden on healthcare. In Finland
(population 5,5 million), the diagnoses of the condition have raised 7-fold from 1996 to 2018. Here, we present
register-based data on sleep apnoea in the elderly Finnish people (aged ≥ 60 years) during the 23-year period.
Methods: Two cohorts were explored. The first cohort included all Finns who used public health services during
the 23-year period. The data was collected from the Register for Health Care, Statistics Finland. The second cohort
consisted of patients treated in the respiratory outpatient clinics from 2010 to 2019 in Tampere and Helsinki Uni-
versity Hospitals with a population of about 1,3 million.
Results: In people aged 60−69 years, the diagnoses of sleep apnoea per 100 000 persons have increased 9-fold,
from 0.26 % (1996) to 2.3 % (2018). In those aged ≥ 70 years, the increase has been 23-fold, from 0.06 % to
1.4 %. Obesity is a growing risk factor. During the follow up, the direct healthcare costs of sleep apnoea increased
from about €1 million (1996) to nearly €16 million (2018). The cost increase was explained by the mounting out-
patient care costs with CPAP-treatment (Continuous Positive Airway Pressure).
Conclusions: In Finland, the prevalence and costs of diagnosed sleep apnoea and CPAP treatment have been in
alarming increase in the elderly. This reflects improved awareness and diagnostics, but a risk of over diagnostics
and over treatment is obvious. CPAP-treatment must be better targeted to those in true need.
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Introduction

Obstructive sleep apnoea (OSA) is an increasing public health prob-
lem that causes repeated upper airway collapse during sleep leading to
oxygen desaturation and sleep fragmentation [1]. The risk factors of
OSA include obesity, male sex, menopause, fluid retention, small upper
airway lumen, and smoking [1].

There has been reported an almost 15-fold increase in sleep apnoea
diagnoses between 1993 and 2010 in the United States [2] and a 7-fold
increase between 1996 and 2018 in Finland [3]. In the United States,
sleep apnoea incidence was associated with obesity prevalence and
health insurance status [2]. In the elderly, sleep apnoea diagnoses have
increased 16-fold between 1993 and 2011 in the United States [4]. In
Europe, the prevalence of OSA after the age of 65 is estimated to be
90 % in men and 78 % in women [5,6].

Studies on sex differences among sleep apnoea patients are scarce. In
a Japanese study, women with sleep disordered breathing tended to be
older, less sleepy, and had milder sleep apnoea than men [7]. Fietze et
al. found a positive linear association in AHI severity and prevalence of
OSA with age until the age of 80 years for men as well as for women.
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However, women had a later onset of OSA, and AHI severity did not
increase until after the age of 50 years or older [8]

Generally, the diagnosis of OSA is based on symptoms and AHI in
polygraphy (PG) or polysomnography (PSG). Sleep apnoea is considered
mild with AHI of 5−15 / h, moderate with AHI of 16−30 / h, and severe
when AHI exceeds 30 / h. [9] However, the role of AHI in diagnosing
obstructive sleep apnoea in elderly patients has been questioned and the
appropriate AHI cut point for making the diagnosis in this group of
patients is not known [10]. It seems that AHI increases with age. It has
been estimated in a meta-analysis that in healthy people aged 65
−79 years, the average AHI is 15,5 / h. Data on more elderly people is
scarce. [11] However, there are no age-specific AHI limits and, there-
fore, we lack validated diagnostic and therapeutic tools for the elderly
[10], which makes sleep apnoea diagnostics more complicated among
them.

Treatment of sleep apnoea in the elderly follows the same principles
as in the general population: Continuous positive airway pressure
(CPAP) is the first choice of treatment and oral appliances can be used
when allowed by the dental situation. Adherence to CPAP therapy vari-
ates [6,12]. Data on the effect of CPAP treatment in the very elderly (i.e.
> 80 years) or frail older population is scarce [13].

However, it is uncertain whether CPAP treatment is necessary for
sleep apnoea in the elderly [6,14]. It is supposed that CPAP reduces
sleepiness and is more cost effective than best supportive care alone by
increasing the quality of life and cognition in elderly people [6]. How-
ever, in the elderly, the symptoms of obstructive sleep apnoea can be dif-
ficult to distinguish from symptoms of other conditions i.e., sedative
effects of medications or underlying neurologic issues [15].

The aim of this registry study is to demonstrate the increase in the
sleep apnoea burden and obesity in patients aged 60 years or over from
1996 to 2018 in Finland.
Materials and methods

The Finnish health care system has been thoroughly described in our
previous publication [3]. Shortly, the Finnish health care system is mainly
funded publicly. Wellbeing services counties provide public health care
on their areas. Primary health care is provided by approximately 250
health care centres. Secondary care is provided in 26 hospitals including
five university hospitals. The public primary care services are either free
of charge or the patient pays a small fee. In public hospitals, a small visit
fee is charged from the patients. CPAP-treatment is free of charge for the
patient after the pulmonologist at the hospital has decided to initiate the
treatment. The wellbeing services counties purchase the CPAP devices
and supply them to the patients along with the necessary consumables.

Study population

This study includes two cohorts that have been described in detail in
our previous publication [3]. Shortly, the first cohort includes all Finns
who used public health services between January 1st, 1996, to Decem-
ber 31st, 2018. Their health service use was collected from the Care Reg-
ister for Health Care [16]. The population of Finland was in 5.1 million
in 1996 and 5.5 million in 2018.

The second cohort consists of people treated in secondary care outpa-
tient clinics of respiratory diseases in the areas of Tampere University Hos-
pital (TAYS) or Helsinki University Hospital (HUH, including areas of
Helsinki and Hyvink€a€a hospital), from January 1st, 2010, to December
31st, 2019. The population around TAYS area was 409 454 inhabitants on
December 31st, 2010, and 436 392 on December 31st, 2019, and, in the
area of Helsinki and Hyvink€a€a, 774 951 and 851 364 inhabitants, respec-
tively. These 1 287 756 subjects comprised 23% of all Finns in 2019.
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Study design

We report the change in the amount on sleep apnoea patients in the
elderly in Finland in 1996−2018 and the simultaneous direct costs and
hospital days of sleep apnoea. Moreover, we report CPAP-treatment ini-
tiations in the elderly in the two largest university hospital districts in
Finland (TAYS and HUH) representing almost a quarter of the Finnish
population. Additionally, based on the results from the Finnish health
examination surveys, we report how the body mass index, prevalence of
obesity (BMI over 30 kg/m2) and waist circumference have developed
in Finland in those aged 60 years or over in 2000 - 2017 while obesity is
one of the major risk factors of sleep apnoea.

Data

The Finnish public health care and social security system have com-
prehensive obligatory registers maintained by national authorities
including a systematically collected register data from all the subjects
who have used these services. For the nationwide cohort, we used data
from the Care Register for Health Care: use of public inpatient and out-
patient services with a separate data from primary and secondary care
(inpatient services as the number of inpatient days and outpatient serv-
ices as the numbers of visits) [16]. The Care Register for Health Care
includes all episodes from secondary care but is deficient with some pri-
mary care data (episodes in private sector and occupational health
care). We included only visits with primary diagnose code of sleep
apnoea (G47.3) in this study.

For the hospital cohort, data was 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 initiated in
secondary care for almost all patients. CPAP treatment initiation criteri-
ons for diagnosed sleep apnoea remained the same during follow-up. We
included only visits with primary diagnose code of sleep apnoea
(G47.3).

HUH includes seven separate hospital areas. However, the statistics
for the initiation of new CPAP treatments were only available from the
areas of Helsinki and Hyvink€a€a. From TAYS area, data was available for
all CPAP treatment initiations.

Data on obesity and waist circumference was based on the results
from large Finnish population-based health examination studies orga-
nized by the Finnish Institute for Health and Welfare, the Health 2000
Surveys [17] and the FinHealth 2017 Study [18] and was only roughly
analyzed. The definition of obesity is defined as body mass index (BMI)
>30 kg/m2 and the healthy limit for waist circumference is 100 cm in
men and 90 cm in women [17,18].

Classification of diseases

Data was searched using the International Classification of Diseases
10 (ICD-10) code of sleep apnoea (G47.3). In Finland, it is usual clinical
practise that polygraphy is only performed for patients that have sleep
apnoea symptoms and the diagnosis of OSA is set if the AHI exceeds 5 /
h [19].

Analysis methods

The annual prevalence of sleep apnoea was estimated according to
the records in the Care Register for Health Care for secondary care since,
in Finland, most decisions to treat sleep apnoea are made in secondary
care. This prevalence data includes both those subjects that received
sleep apnoea treatment and subjects that were not initiated CPAP or
other treatment even though they were diagnosed with sleep apnoea.
The yearly inpatient service use was accessible for the whole observa-
tion period from the Care Register for Health Care for primary and sec-
ondary care. The number of outpatient visits in secondary care was
available from 1998. For the preceding years, the number of outpatient
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visits were extrapolated according to the annual prevalence each year
with missing data and the average number of visits per patient observed
in the following years. For primary care, the number of outpatient visits
was available only from 2013, and the average number of visits per
patient in 1998−2012 was estimated from the average visits per patient
in 2013−2018.

Yearly direct costs, including in- and outpatient care both in primary
and secondary care, for those having sleep apnoea as their primary diag-
nosis were calculated according to the service use and unit costs for
each service. The follow-up results for 23 years are presented in annual
time series.

All costs are converted into 2018 prices by using Statistics Finland�s
consumer price index [20].

The burden of sleep apnoea in TAYS and HUH is visualized as annual
numbers of initiated new CPAP treatments for sleep apnoea 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 [20].
Ethical aspects

Data is derived from national statistical register data or hospital dis-
charge register data without any personalizing identifiers. Because the
data includes no personal identifiers and was applied before the GDPR
regulation, licences were not generally needed. Permission was only
needed and applied for the data from HUS (number HUS/628/2024
−17).
Funding sources

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors. The study was
designed, data analysed and interpreted, and report written and submit-
ted as a function of the authors’ regular duties.
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Results

Between 1996 - 2018, the number of patients with sleep
apnoea has increased nearly 14-fold in patients aged 60−69 years
whereas in patients aged ≥ 70 years, the number has increased
over 38-fold (Fig. 1A). At the same time, the number of Finns
aged 60−69 years and ≥ 70 years has only increased 1,5-fold and
1,7-fold, respectively [20]. Thus, the proportion of sleep apnoea
patients per 100 000 persons within the same age category has
increased 9,2-fold and 23-fold in age categories of 60−69 years
and ≥ 70 years, respectively (Fig. 1B). The prevalence of sleep
apnoea has increased from 0.26 % in 1996 to 2.3 % in 2018 in
people aged 60−69 years and from 0.06 % to 1.4 % in those aged
70 years or over, respectively.

Based on the results from the Finnish population-based health exami-
nation surveys, the mean BMI seems to have increased between 2000
and 2017 especially in men and in women aged 80 years or over
(Fig. 2A). Similarly, the prevalence of those with obesity (BMI ≥ 30 kg/
m2) seems to have increased among men aged 60−69 years and in
women in the oldest age group (Fig. 2B).

Between 2000 and 2017, the proportion of people with waist circum-
ference exceeding the healthy limit has increased in all age categories in
men whereas among women, the increase has been more moderate
(Fig. 2C). However, the older female population tends to have more
abdominal obesity than similar male age groups (Fig. 2C).

During our 23-year follow up period, the direct costs of sleep apnoea
increased 12,5-fold and 30-fold in the age categories of 60−69 years
and 70 years or over, respectively (Fig. 3). At the same time, the hospital
days decreased by 78 % in 60−69-year-old people whereas in people
aged ≥ 70 years, the hospital days due to sleep apnoea increased
slightly, by 14 % (Fig. 4). Consequently, the increase in costs cannot be
explained by increased hospital days but is rather due to an increase in
outpatient care costs.

In Finland, CPAP treatment is mainly initiated in respiratory or sleep
outpatient clinics in secondary care hospitals and not much in primary
care. Between the years 2012 and 2019, there was a marked increase in
Fig. 1. A) The number of sleep apnoea patients aged 60
−69 years and ≥ 70 years in 1996 − 2018 in Finland. B)
The proportion of sleep apnoea patients per 100 000 per-
sons of same age in age categories 60−69 years and ≥
70 years between 1996 − 2018.



Fig. 2. A) The mean body mass index (BMI) in different age categories in men and women in 2000 and in 2017. B) The proportion ( %) of obese (BMI > 30) persons in
different age categories in men and women in 2000 and in 2017. C) The proportion ( %) of persons with waist circumference exceeding the healthy limit (> 100 cm in
men and > 90 cm in women) in different age categories in men and women in 2000 and in 2017.
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CPAP treatment initiations in elderly patients in TAYS ja HUH areas
(Fig. 5). In men, there was a 5,5-fold increase in new CPAP treatments
whereas in women, this increase was even higher, 6,7-fold (Fig. 5). This
contributes to the increased directs costs of sleep apnoea in age groups
of 60−69 years and ≥ 70 years (Fig. 3).

Discussion

Our study reveals that there is a significant increase in elderly
sleep apnoea patients in Finland from 1996 to 2018. The number of
patients with sleep apnoea has increased nearly 14-fold in patients
aged 60−69 years and over 38-fold in patients ≥70 years of age.
Among people aged 65 years or over in the United States, sleep
4

apnoea diagnoses have been reported to increase 16-fold between
1993 and 2011 [4], which is a quite similar increase, but our fol-
low-up was four years longer. Previously, we reported that the num-
ber of sleep apnoea patients in secondary care increased over 7-fold
between the years 1996 and 2018 in Finland [3]. In other words,
the change among the elderly has been even more drastic. Conse-
quently, the direct costs of sleep apnoea have increased 12,5-fold
and 30-fold in patients aged 60−69 years and ≥ 70 years, respec-
tively. In our previous study we reported that the total costs for
sleep apnoea tripled during the 23-year follow-up [3], so the rela-
tive increase in costs is even greater in the older population. At the
same time, the proportion of those aged 60 years or older has
increased from 19.1 % to 28.4 % in Finnish population [20].



Fig. 3. The direct costs on sleep apnoea in Finland during 1996−2018 in age
groups of 60−69 years and ≥ 70 years.

Fig. 4. The hospital days in secondary care inpatient wards with the primary
diagnosis of obstructive sleep apnea (ICD G47.3) during 1996−2018 in age
groups 60−69 years and ≥ 70 years.

H. Hasala et al. Respiratory Medicine and Research 88 (2025) 101201
We acknowledge that one of the reasons for increasing OSA diagno-
ses is the change in AASM scoring criteria during the follow-up period of
our study. Previously, it has been shown that change from AASM 2007
scoring criteria to AASM 2012 scoring criteria has increased OSA diag-
noses [21]. Implementing these new scoring criteria also in our clinics
increased the number of our OSA diagnoses. However, the treatment ini-
tiation criteria for diagnosed OSA have not changed during the study
period.

We report here the change in hospital days with the primary diagno-
sis of obstructive sleep apnoea (ICD G47.3) during 1996−2018 in age
groups 60−69 years and ≥ 70 years. Our data includes only visits with
sleep apnoea as the primary diagnosis, and therefore, the decrease in
inpatient visits describes the outpatient emphasized changes in diagnos-
ing and treating sleep apnoea. The smaller change in hospitalization
days in the older population aged ≥ 70 years is probably explained by
the unsuitability of the older population for outpatient visits.

Based on the Finnish health examination surveys [17,18], the preva-
lence of people with obesity and abdominal obesity have mainly
increased between the years 2000 and 2017 in Finland also in the
Fig. 5. New CPAP-treatments in elderly men (A) and women (B) (i.e. age groups 60−
and HUH catchment areas.

5

elderly. This may partly explain the increase in the number of sleep
apnoea patients in the elderly. However, the increase in the number of
elderly sleep apnoea patients is so rapid that other factors besides obe-
sity probably partly explain it, for example enhanced public awareness
of sleep apnoea or the easiness of diagnostics [3]. The use of the same
AHI cut points as in younger or middle-aged people may also exaggerate
sleep apnoea diagnoses in the elderly since each increasing decade in
age also increases the average AHI [11]. Thus, AHI > 30 / h in over 80-
year-old population may not demonstrate true severe sleep apnoea syn-
drome that requires treatment.

We previously reported that the number of new CPAP-treatments
increased 3,5-fold from 2010 to 2019 in TAYS and HUH areas [3]. Now
we demonstrate that in the elderly people, new CPAP-treatments have
been initiated even more eagerly from 2010 to 2019. In age category of
60−69 years, new CPAP-treatments have increased 4,5-fold in men and
6,1-fold in women. In ≥ 70-year-old patients, CPAP-initiations have
increased 8-fold and 6,6-fold in men and women, respectively. The bene-
fits of this development, i.e., the increase in sleep apnoea diagnoses and
it’s treatment by CPAP in the elderly warrants more studies to be reason-
able.

There are few studies on the symptoms and consequences of sleep
apnoea in the elderly. The symptoms are mostly similar as in the general
population [22]. In a follow-up study, a small but significant decline in
attention was observed in persons with severe sleep apnoea [23]. In a
study of approximately 82-year-old women, it was noticed that sleep-
disordered breathing (AHI > 15 / h in average) increased the risk of
developing cognitive impairment or dementia compared to women
without sleep-disordered breathing [15]. Additionally, the decrease in
cognitive function may associate with hypoxemia during the night in
the elderly [15,24]. In the elderly, the association of untreated obstruc-
tive sleep apnoea with cardiovascular events has not been documented
as well as in younger people [25,26] while the association with ischemic
stroke has been documented [27].

It is unclear if sleep apnoea in the elderly needs CPAP treatment
[6,14]. Some studies recommend it [6] and some state it uncertain [14].
There are a couple of reports addressing the benefits of CPAP treatment
on the quality of life, anxiety or depression, day-time sleepiness, or cog-
nitive functions in the elderly. McMillan et al. recommend CPAP therapy
in senior patients with obstructive sleep apnoea and they showed in a
randomized trial that CPAP reduces sleepiness and is marginally more
cost effective than best supportive care alone [6]. Notably, the median
CPAP usage was only 1 h 52 min per night at 3 months and 2 h 22 min
per night at 12 month-follow-up [6] whereas the usual target is to use
CPAP treatment for at least 4 h per night and 70 % of days [28]. CPAP
treatment was shown to increase the quality of life and cognition in
elderly people [6].

In a randomized study on over 70-year-old patients with severe sleep
apnoea (AHI > 30 / h), CPAP treatment was found to improve quality of
life, sleep-related symptoms, anxiety and depression and some
69 years, 70−79 years and 80 years or older) between 2012 and 2019 in TAYS
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neurocognitive aspects [29]. In another randomized study in patients
aged ≥ 65 years with newly diagnosed severe obstructive sleep apnoea,
CPAP treatment resulted in an improvement in memory and executive
function [30]. In a randomized trial in over 70-year-old patients with
moderate obstructive sleep apnoea (AHI 15−29.9 / h), CPAP treatment
resulted in an improvement in the ESS and quality of life scores and alle-
viated some sleep-related symptoms but not on anxiety or depression
[31]. However, in the very elderly (over 80 years), CPAP treatment did
not seem to have an effect on the ESS score, quality of life, cognitive
function, or mood in patients with moderate or severe sleep apnoea in a
post-hoc pooled analysis of two clinical trials [32]. Some think that age
should not be considered as a barrier to assess and treat sleep disordered
breathing [13]. However, the general data suggests that CPAP treatment
may not be useful in treating the symptoms of moderate-to-severe
obstructive sleep apnoea in very elderly patients (≥ 80 years) but
slightly younger elderly patients may benefit.

Cardiovascular and other comorbidities are more common also in
elderly patients with sleep apnoea and may play a role in leading to its
diagnosis [33]. A recent report from a large European OSA cohort
(ESADA cohort) has provided data on the clinical characteristics and the
role of CPAP treatment in the elderly. The elderly patients were less
obese, less sleepy, had more insomnia symptoms and less severe OSA,
but were rated to be more ill compared to the middle-aged patients.
Elderly patients adhered to CPAP therapy as well as middle-aged
patients, but low global functioning predicted poorer CPAP adherence.
[34] The authors conclude that when assessing the feasibility of CPAP
therapy for an elderly patient, the clinician’s overall assessment of func-
tional ability and general health is crucial, and elderly people with OSA
and good overall wellbeing may be considered for CPAP therapy [34].

Data is scarce on the effects of CPAP treatment on blood pressure,
cardiovascular events, or mortality in the elderly sleep apnoea patients.
Most authors agree that untreated OSA is a risk factor for stroke or worse
stroke prognosis. However, the association between OSA and coronary
heart disease is usually less pronounced than between OSA and stroke,
especially in the elderly [35]. Among over 70-year-old patients with
moderate sleep apnoea, CPAP treatment did not improve blood pressure
[31]. Moreover, blood pressure improvement by CPAP was not found
either on over 80-year-old patients with moderate to severe sleep
apnoea [32]. In a prospective cohort study of 130 elderly patients (mean
age: 77.8 ± 6.2 years) with moderate to severe obstructive sleep apnoea,
CPAP treatment was found to reduce mortality and the incidence of car-
diovascular events [36]. In addition, it has also been reported that CPAP
treatment enhances the survival of over 80-year-old sleep apnoea
patients [37]. Thus, in elderly sleep apnoea patients, there is some data
supporting the use of CPAP treatment in reducing mortality and cardio-
vascular complications.

A great concern in the future is the increasing BMI as well as the
decreasing fitness and performance in the elderly. Weight loss should be
recommended as adjunctive therapy in addition to any nocturnal ther-
apy. Weight loss interventions are associated with improvements in OSA
severity, cardiometabolic comorbidities and the quality of life [38].
Exercise reduces AHI regardless of significant reduction in BMI [39].
Treating only sleep apnoea by CPAP does not affect this greatly increas-
ing public health problem. As obesity is currently increasing especially
among middle-aged and younger people [17,18] in Finland, it is likely
that obesity will become an even bigger problem among the elderly in
the future leading to even more increased sleep apnoea burden. Thus,
the most important question is how to address obesity and lack of physi-
cal activity, reduce the use of medication that affects the central nervous
system and not to steer too easily towards sleep apnoea diagnostics and
treatment in the elderly. However, as significant weight loss especially
in the very elderly may result in a decrease of muscle mass and thus
worsen the overall functional capacity, weight loss interventions should
be directed mainly to the younger adult population.

In the future, more studies are needed to elucidate the correct diag-
nostic AHI-limits and the benefits of CPAP treatment in elderly sleep
6

apnoea patients. Some positive effects of CPAP treatment have been
reported on the symptoms and quality of life as well as on the prognosis
of elderly sleep apnoea patients. However, as the number of elderly sleep
apnoea patients and the costs of sleep apnoea are steeply increasing, it is
extremely relevant to know if we are diagnosing and treating the right
target group that will benefit from these investments. Our health care
system has only limited resources and we are obligated to target our
resources in producing maximal health benefits also in this rapidly
growing group of sleep apnoea patients.

Our cohorts were comprehensive including most Finnish subjects.
Weaknesses in our data are the same as generally associated with regis-
ter data. It is likely that treatment methods and compiling statistics in
the registers may have changed during our follow-up and may affect
results. We also acknowledge that our data may include some patients
who were counted more than once due to follow-up visits occurring in
different years. Unfortunately, we do not have access to anonymized
individual-level data, which makes it impossible to exclude the same
patients with primary OSA diagnosis during different years in these fig-
ures. This constitutes a limitation of our study. However, we believe that
the number of patients who continue follow-up visits for sleep apnea
over several years is very small and unlikely to significantly affect our
results. Finally, there may be some differences between areas in treating
sleep apnoea and in the criteria for initiating CPAP treatment. Still, most
Finnish hospitals and doctors likely followed the Finnish national guide-
line for sleep apnoea [19].
Conclusion

As a conclusion, we found that the prevalence of sleep apnoea and
CPAP treatment is increasing in the elderly. However, there is a risk for
over diagnostics and over treatment while the aim of CPAP treatment
should be in decreasing symptoms and increasing the quality of life, not
in decreasing AHI. Additionally, special attention should be given to the
prevention of obesity also among the elderly.
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