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To the Editor,

New insights into immune regulation in modern, urban societies have challenged conventional
thinking and motivated implementation of the nationwide, proactive Allergy Programme
2008-2018 in Finland (population ca. 5.5 million) 1. The main aim was to reduce the long-term

burden, including costs, of allergic diseases and asthma by improving prevention and care.

Traditional strategy of avoidance was changed to emphasize immunological, psychological and
societal resilience. Children and young people were prioritized as were severe clinical
manifestations. Implementation was organized and monitored to adapt healthcare for new ideas
and improve provision of care 2. During the 10 years, some 24 000 health-care professionals took
part in 376 educational sessions. An information campaign targeted laypublic and 2.3 million

Finns were reached.

Majority of the direct costs could be estimated using national registers. Direct healthcare costs
included outpatient visits, hospital days, drugs, rehabilitation, and travel expenses. Drug costs
were explored from the sales database. From indirect costs disability pensions were recorded by
pension institutions and loss of productivity, absenteeism and presenteeism were based on

guestionnaire surveys (Supplementary Material).

In 2018, at the end of the Programme, the total costs of allergic diseases and asthma were
estimated €1.5-1.8 billion (Table S1). The annual direct costs were €331 million: for asthma €203,
allergic rhinitis €48 and atopic eczema €35 million (Figure 1). Drugs constituted 57% of the direct
costs, €190 million (Figure S1). Indirect costs were estimated €1.2—1.5 billion. Reduced working

capacity accounted 65%, sickness absences 25% and disability pensions 10% of these costs.

During the Programme, hospital days in secondary care decreased both in allergic diseases (-

41%) and asthma (-54%), but the number of outpatient visits slightly increased (Figure S2). Thus,

the direct healthcare costs did not decrease more than by 5%.
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Since 2007, the number of subjects on disability pension decreased more in asthma (-62%)
compared to allergic diseases (-30%) (FigureS3). Cost of lost working days due to permanent
disability halved from €330 to 150 million (-55%). Criteria for disability pensions or sickness
allowances have not changed during the Programme. The reimbursement statistics also indicated

a marked decrease in sick leave absences.

From 2007 to 2018, the total (direct+indirect) comparable annual costs decreased by €201
million (-31%) from €649 to €450 million. If the total costs have remained at 2007 level, the
deferred cumulated savings during the Programme would have been about €1.2 billion (Figure

2).

One detail about changing the strategy from avoidance to tolerance is the costs of cow’s milk
allergy in infants. From 2007, the number of children entitled to reimbursement for
hypoallergenic products decreased by 3,000 (-71%) and the compensations from €6.2 to €1.7
million (-72%). Allergy diets at schools also decreased when the need of diets was critically

evaluated, and doubtful diets discontinued 3.

In 2018, the average cost per one patient with asthma was €1,440 and €650 per one patient with
some allergic condition. Per one patient with asthma, the healthcare (direct) and disability

(indirect) costs decreased by 38% from 2007 to 2018.

During the Finnish Allergy Programme 2008-2018, the burden of allergic diseases declined 2. The
cost increase in healthcare levelled off and the patients are less disabled, which has resulted in
marked cost savings both at the societal and patient level. The Programme was based on real-
world data. All citizens were included without exclusion criteria or comparison populations.
Therefore, it is not possible to state which of the changes were programme-specific. For
example, hospital days in Finland have been decreasing in general, but more in asthma ja allergic

diseases (Supplementary Material).
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In Finland, the positive development is unusual compared to other chronic non-communicable
diseases such as diabetes* and inflammatory bowel disease. Decreasing burden of allergic
diseases is also globally exceptional, as the number of people with allergic conditions and asthma

have been increasing in both developed and developing countries along with rising costs >°.
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Legends

Figure 1. Direct healthcare costs of allergic diseases and asthma in Finland in 2018.

Figure 2. All comparable annual costs of allergic diseases and asthma, and the deferred cost

savings in 2008-2018, if the costs would have stayed at the 2007 level.
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Figure S1. Costs and consumption of drugs for allergic diseases and asthma in 2000-2018.

Drug costs decreased by 3% (€6.7M) although the consumption of asthma drugs (+38%) and
antihistamines (+76%) has increased continuously. Consumption increased especially in over-the-
counter drugs for allergic conditions (+153%). Drug costs have even decreased during the last 10
years due to price regulation . Lowering the prices and expanding the over-the-counter drug
supply have markedly increased antihistamine use.
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Figure S2. Outpatient visits, hospital days and costs of allergic diseases and asthma in secondary
care in 2000-2018. Hospital days in secondary care decreased both in allergic diseases (-41%) and
asthma (-54%) from 2007 to 2018. In the Finnish secondary care, hospital days in general are in
decline (-12% in 2009-2018), but they have fallen more than average for allergic diseases and
asthma (-45% in 2009—-2018). At the same time, outpatient visits have increased less (7%) than the
average (37%)*. Emphasizing asthma control and proactive management of exacerbations have
resulted in substantial cost savings in health care and improved working ability >°. In Finland,
asthma related hospitalizations, disability pensions and mortality began to decrease already
during Finnish Asthma Programme (1994-2004), despite the increase in total number of patients
*®_ This trend has continued during the Allergy Programme (2008-2018). Since 2001, self-reported
severe asthma symptoms decreased from 10% to 3.8% in 2010 and to 2.5% in 2016 with steady
decline in need for emergency visits and hospitalizations "2,
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Figure S3. Figure S3. Annual number of patients with allergic diseases or asthma receiving
premature disability pension (pension databases), and those with sickness allowances lasting more
than 9 days in 2007—2018 (National Health Insurance database). Since 2007, cost of lost working
days due to permanent disability halved from €330 to 150 million (-55%). The number of
reimbursed days decreased from 108,500 to 69,600 days (-36%) and paid allowances from €6.3 to

€3.8 million (-40%).



Table S1. Direct healthcare and indirect costs of allergic diseases and asthma in 2007 and 2018. All
comparable direct and indirect costs are summed in the last line. The sums exclude visits in
primary healthcare (not available in 2007). Sick leaves and reduced working capacity are estimates
from gquestionnaire surveys. In the survey studies, allergy symptoms were estimated to reduce
working capacity by 15% (1.3 h/day) and asthma symptoms by 24% (1.9 h/day). Respondents
reported an average of 23 days with severe and 76 days with mild allergy symptoms per year. For
asthma, the respective figures were 21 and 80 days. Only, 4% of the allergic participants and 5% of
asthmatics did not report any symptoms during the last year. Although allergy symptoms
disturbed work less than asthma, the large number of allergic people increased the cost of
presenteeism to €580-750 million, which was markedly higher than the €180-220 million for
asthmatics. The cost of absenteeism was almost equal for those with allergic diseases (€130-160
M) and with asthma (€150-180 M). Asthma caused absences for an average of 3.1 days a year,
allergic diseases for 0.8 days, and a child’s allergy or asthma symptoms for 0.2 days. Allergic
diseases caused absences for one in ten individuals and asthma one in four.

Costs 2007 2018 Change
€ million € million %
Direct costs
Secondary healtcare

Inpatient hospital days 134 6.6 -46
Outpatient visits 43.5 53.2 20
Primary healtcare
Inpatient hospital days 5.3 2.2 -55
Outpatient visits ' - 34.9
Occupational healthcare 9.5 12.8 35
Private healthcare 5.8 5.4 -7
Travel expences 12.9 14.0 9
Drugs 196.3 189.6 -3
Rehabilitation 3.8 2.0 -47
Allergy diets at schools and
preschools 14.0 8.3 -41
Cow’s milk allergy in infants 6.2 1.7 -73
Direct costs in total - 331
Indirect Costs
Disability retirement 332 150 -55
Sick leave cost * - 280-340
Sickeness allowances ° 6.3 3.8 -40
Reduced working capacity * - 760-970
Indirect costs in total - 1,200-1,500
All direct and indirect costs - 1,500-1,800
All comparable direct and indirect cost 649 450 -31

" Outpatient statistics in 2007 are lacking. Compilation of data began in 2012.

¥ Estimate is based on a population survey. Range is derived from the prevalence of allergic diseases allergy
(25%—33%) and asthma prevalence (8%—10%).

§ Allowances are paid, if the sickness absence lasts for over 9 days (sickness absences according to Finnish
health insurance statistics).



Material and methods

Costs of allergic diseases and asthma were analyzed from national data sources in collaboration
with government officials. Direct cost analyses included outpatient visits in public, occupational,
and private healthcare, hospital days, travel expenses, rehabilitation, and drugs. Costs of food
allergy were estimated by calculating costs of cow’s milk allergy in infants and allergy diets in
school and preschool.

Indirect costs comprised of premature working disability (disability pensions), sickness absences
and reduced working capacity due to allergic conditions and asthma. Main data sources were Care
Register for Healthcare (Finnish Institute for Health and Welfare, THL), Consumption and Sales
Register for Medicinal Products (Finnish Medicines Agency, FIMEA), statistics of Rehabilitation and
National Health Insurance (Social Insurance Institution of Finland, Sll), and pension databases (SlI,
Finnish Centre for Pensions, Finnish Workers' Compensation Centre, the Farmers' Social Insurance
Institution). Demographic statistics, employees, salaries and labor costs, and price indices were
searched in the databases of Statistics Finland.

Analyses of outpatient visits in healthcare and hospital days included primary diagnosis of asthma
(ICD-10 codes J45, J46), allergic rhinitis (J30), atopic and allergic contact dermatitis (L20, L23),
urticaria (L50) and drug allergy (T80.5, T88.6-7). Also, unspecific allergic (L27, T78) and asthmatic
reactions (R0O5, R06.1-2) were included. Visits in private physicians and occupational health care
were estimated using statistics of reimbursements by the National Health Insurance ?, and also
analyzing the data of one of the largest private healthcare provider in Finland (Terveystalo). The
number of outpatient visits and hospital periods were used to estimate travel expenses. Unit costs
were calculated from national reports of health and social care 2. Cost of rehabilitation was based
on database search using disease codes.

Drug costs were explored from the database of medicines sold by drug wholesalers to pharmacies
and hospitals. Drugs included were non-steroid topical calcineurin inhibitors (ATC codes D11AHO01-
02), nasal sprays (RO1AC, RO1AD), systemic antihistamines (R06), eye drops for allergic symptoms
(S01GX), and allergen extracts (VO1). Eighty percent of drugs for obstructive airway diseases (R03),
50% of systemic corticosteroids (H02A), and 80% of corticosteroids ointments (DO7AA-AB) were
estimated to be used for treatment of allergic diseases and asthma 3. Costs were calculated in
retail prices. Over-the-counter drugs were included in the data.

For food allergy costs, reimbursements for cow’s milk allergy and hypersensitivity to conventional
feeding formulas in infants were included. All Finnish children are served a free lunch in schoal,
preschool and kindergarten. Allergy diets increase the cost of a meal by €1.30. Allergy diets were
analyzed from the data of major food service providers in 17 cities covering a third of the Finnish
population. The data was scaled up for the whole country.

Indirect costs were based on disability pensions, absenteeism and presenteeism. Disability to work
was based on annual statistics of four major Finnish pension institutions. The cost of lost labor
input due to early retirement was calculated using a mean salary (x 1.5 due to payments for social
security by the employer).

Cost of temporary sickness absences and reduced working capacity were based on population
surveys *. The first was carried out in 2013 and included 1179 participants (56% females, 52%
younger than 50 yrs). The second one in 2019 included 718 participants (68% females, 45%
younger than 50 yrs). Participants with allergic diseases and asthma were asked: (1) how many



days they have been on sick leave due to allergy or asthma during the last 12 months, (2) how
many days they had mild or severe symptoms, and (3) how they evaluate their working capacity,
when they had symptoms (100% productivity without symptoms)? The participants were also
inquired how many days they have been at home due to children’s allergy or asthma. The two
surveys were analyzed together to improve the reliability of the results. Thus, there were 1002
employees with an allergic disease (678+324) and 268 (130+138) with asthma.

Cost of sickness absences and reduced working capacity was calculated using prevalence of
allergic diseases and asthma, and the total number of employees in Finland (Statistics Finland).
Prevalence was studied by a telephone interview in 2013 (n=1001) *. Thirty-three percent of
respondents had a physician diagnosed (24.4%) or a self-diagnosed (8.4%) allergic condition.
Physician diagnosed asthma was reported by 7.3% of subjects. By adding 2.1% of respondents
having asthma symptoms without a diagnosis, the sum corresponds to other Finnish estimates *°.
The total number of employees with some allergic condition was estimated at 640,000-835,000
(25—-33% of all employees), and with asthma 205,000-250,000 (8—10%).

Reduction of working capacity caused by active symptoms was converted to time lost during a
working day. Severe allergic symptoms reduced the working capacity for eight hours, and mild
symptoms for one third of the working time. Actual sick leave absences were deducted from the
sum of lost time. Lost work was converted into average salary of employees in the same way as for
disability pensions. Trends of absenteeism were followed by using Finnish health insurance
statistics.

Asthma and anaphylaxis mortality were excluded in the analysis because of its rarity in Finland. In
the population under the age of 65 years, on average 7 asthma deaths per year were recorded in
2016-2018 compared with 21 deaths per year in 2000—2003 (Finnish mortality statistics).

Costs per person were calculated using the total costs and prevalence of diseases. Changes in
allergy and asthma costs were compared between 2007 and 2018. All costs are reported at the
2018 price level.
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Supplemental discussion: costs compared to other countries

In 2018, the total average cost per person was €1,440 for asthma (including direct costs €410) and
€650 for allergic diseases (including direct costs €85). The numbers were low reflecting the large
number of mild cases in the Finnish population. In this study, five per cent of the survey
participants, with an allergic condition or asthma, had no symptoms during the last year, 87% had
no sickness absences, and 10% estimated that their mild symptoms do not affect their working
capacity. In the Finnish pharmacy study, self-reported costs of medication and healthcare were
much higher *. Allergic customers purchasing drugs with a prescription estimated their annual
directs costs at €468 and asthmatic customers at €1,161. The highest personal, annual costs were
over €10,000.

Studies of health economics are difficult to compare between countries due to heterogeneity in
study design, methods, measures, and outcomes, in addition to national differences in healthcare
systems >>. Direct annual costs of allergic rhinitis per patient were estimated at €159 in France °,
€210 in Sweden ’ and €554 in Spanish patients receiving specialist care 2. Indirect costs were
usually two or threefold compared to medical costs. Nunes et al.? estimate of the annual asthma
cost per patient in most of European countries ranged from €500 to €1,500, the highest costs
being in Germany and UK (€ >2,000).

Globally the number of people with allergic conditions, asthma and other noncommunicable

diseases have been increasing in both developed and developing countries along with rising costs
9
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