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ABSTRACT Median survival has increased in people with cystic fibrosis (CF) during the past six
decades, which has led to an increased number of adults with CF. The future impact of changes in CF
demographics has not been evaluated. The aim of this study was to estimate the number of children and
adults with CF in 34 European countries by 2025.

Data were obtained from the European Cystic Fibrosis Society Patient Registry. Population forecasts
were performed for countries that have extensive CF population coverage and at least 4 years of
longitudinal data by modelling future entering and exiting flows in registry cohorts. For the other
countries, population projections were performed based on assumptions from knowledge of current CF
epidemiology.

Western European countries’ forecasts indicate that an increase in the overall number of CF patients by
2025, by approximately 50%, corresponds to an increase by 20% and by 75% in children and adults,
respectively. In Eastern European countries the projections suggest a predominant increase in the CF child
population, although the CF adult population would also increase.

It was concluded that a large increase in the adult CF population is expected in the next decade. A
significant increase in adult CF services throughout Europe is urgently required.

@ERSpublications
A large increase in the number of CF adults is expected by 2025 that will require increase in
adult CF care services http://ow.ly/INkvb

Copyright ©ERS 2015

Editorial comment in Eur Respir J 2015; 46: 11–12 [DOI: 10.1183/09031936.00026615]

This article has supplementary material available from erj.ersjournals.com

Received: Oct 23 2014 | Accepted after revision: Jan 26 2015 | First published online: March 18 2015

Conflict of interest: Disclosures can be found alongside the online version of this article at erj.ersjournals.com

Eur Respir J 2015; 46: 133–141 | DOI: 10.1183/09031936.00196314 133

ORIGINAL ARTICLE
CYSTIC FIBROSIS

mailto:pierre-regis.burgel@cch.aphp.fr
http://ow.ly/INkvb
http://ow.ly/INkvb
http://dx.doi.org/10.1183/09031936.00026615
erj.ersjournals.com
erj.ersjournals.com
http://crossmark.crossref.org/dialog/?doi=10.1183/09031936.00196314&domain=pdf&date_stamp=2015-03-18


Introduction
Cystic fibrosis (CF) is a genetic multiorgan disease characterised by predominant pulmonary involvement,
leading to respiratory failure and premature death [1]. Over the past six decades, an impressive
improvement in survival has been achieved by antibiotic therapy, mucoactive drugs, optimisation of
nutrition through pancreatic enzyme replacement and the implementation of multidisciplinary care,
initially in CF centres for children and more recently in centres providing care for CF adults [2].

Recent studies explored the current epidemiology of CF in Europe. FARRELL [3] estimated the prevalence of
CF in European Union (EU) countries, while MCCORMICK et al. [4] and MEHTA et al. [5] provided
cross-sectional data on demographics of CF in EU and non-EU countries. The increased survival in CF
patients resulted in the number of adults (age ⩾18 years) with CF being larger than the number of children
in several EU countries with well-established healthcare systems [4, 6]. In many non-EU countries, where
allocation of resource to healthcare is lower, survival has also improved but the numbers of CF adults are
still lower than those of CF children [4]. Although these data shed light on changing epidemiology of CF,
the impact of prolonged survival on future numbers of CF adults has not been evaluated.

In 2012, the European Respiratory Society and the European Cystic Fibrosis Society (ECFS) formed a Task
Force on The Provision of Care for Adults with CF in Europe. One of the goals of this task force was to
estimate the numbers of CF children and adults in most European countries (irrespective of their EU
membership) by 2025. The rationale behind this goal was to inform on future CF demographic trends
across European countries and to plan an adequate development of CF care services for children and adult
CF patients in each country.

Methods
Sources of data and categorisation of countries
Demographic data were obtained from the ECFS Patient Registry [6] and from the Population Reference
Bureau [7], and gross national incomes (GNIs) per capita in current international dollars ($) were
obtained from the World Bank [8]. According to availability of longitudinal data (i.e. data linked across
the years at individual patient level) in the ECFS Patient Registry, coverage of their national CF population
and GNIs per capita, 34 European countries were grouped into four groups (A, B, C and D) (table 1).

Group A included countries contributing data to the ECFS Patient Registry, with a coverage of their
national CF population ⩾85% and with longitudinal data for at least 4 years. These countries included
Belgium, Czech Republic, Denmark, France, UK and the Netherlands.

Group B included countries contributing data to the ECFS Patient Registry, with coverage of their national
CF population ⩾85%, but without longitudinal data for at least 4 years. These countries included
Germany, Hungary, Ireland, Israel, Latvia, Moldova, Serbia, Sweden, Slovenia and Slovakia. Although
Hungary reported population coverage ⩾85% and longitudinal data for more than 4 years, it was included
in group B (rather than A) because there was intermittent reporting of the number of deaths between 2007
and 2010, precluding reliable calculation of yearly death rates. Slovenia, which had 75% coverage, was also
included in B countries because registry data appeared more reliable than calculation of patient numbers
using prevalence data.

Countries that had registry coverage of their national CF population <85% (coverage was usually in the
20–40% range) or had no data available in the ECFS Patient Registry were grouped according to their GNI
per capita: countries with GNIs per capita ⩾$23000 (Austria, Switzerland, Cyprus, Spain, Finland, Greece,
Italy, Luxemburg, Malta and Portugal) were included in group C; and countries with GNIs per capita
<$23000 (Bulgaria, Belarus, Estonia, Lithuania, Poland, Romania, Russian Federation, Ukraine) were
included in group D.

Computation of age composition at base year
For countries included in groups A and B, the number of CF patients and age distribution of the CF
population for the base year were obtained using data registered in the latest year available of the ECFS
Patient Registry.

For countries included in groups C and D, the number of CF children and adults for the base year were
estimated as follows. The number of CF patients in each country was calculated by multiplying its CF
prevalence times the general population, as estimated by the Population Reference Bureau in 2009 [7]. CF
prevalence estimates were those published by FARRELL [3] for EU countries; CF prevalence for Russian
Federation was obtained from the recently established Russian CF Patient Registry [9], and this prevalence
was also applied to Ukraine and Belarus. Because large variations in the percentage of adults in various
European countries were previously reported [5], and were ascribed to differences in resource allocation to
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the healthcare system in EU versus non-EU countries [5], we used GNI per capita based on purchasing
power parity (PPP) as an indicator for estimating the percentage of adults among CF patients.

Countries categorised in group C, which had GNIs per capita comparable to countries of group A, were
applied a percentage of CF adults that was the weighted mean calculated for countries of group A (48.8%
adults). Since data from the Russian CF Patient Registry suggested that the CF population in Russian
Federation contained 25% of adult patients [9], this percentage of adults was used for group D countries
with GNIs per capita ranging from $18000 to $20000, including Estonia, Lithuania, Poland and Russian
Federation. Finally, for countries classified in group D with GNIs per capita <$17000 (Bulgaria, Belarus,
Romania and Ukraine), a 15% adult rate was applied, based on published estimates [5].

TABLE 1 Demographic characteristics and European Cystic Fibrosis Society (ECFS) Patient Registry participation in 34
European countries

Country EU
member

Population
2009# [7]

GNI per
capita 2009

$ [8]

Reporting data
to the ECFS
registry

2007–2010

Country registry
coverage ⩾85%

Longitudinal
registry data
⩾4 years

CF prevalence
per 10000¶

Country
group for
analysis

Belgium Yes 10.8 36670 Yes Yes Yes 1.030 A
Czech Rep. Yes 10.5 24260 Yes Yes Yes 0.556 A
Denmark Yes 5.5 39240 Yes Yes Yes 0.761 A
France Yes 62.6 34610 Yes Yes Yes 0.750 A
UK Yes 61.8 35280 Yes Yes Yes 1.370 A
Netherlands Yes 16.5 40370 Yes Yes Yes 0.781 A
Germany Yes 82.0 36860 Yes Yes No 0.829 B
Hungary Yes 10.0 19530 Yes Yes Yes 0.409 B+

Ireland Yes 4.5 33560 Yes Yes No 2.980 B
Israel No 7.6 26530 Yes Yes No 0.564 B
Latvia Yes 2.3 18220 Yes Yes No 0.104 B
Moldova No 4.1 3750 Yes Yes No 0.100 B
Serbia No 7.3 11000 Yes Yes No 0.166 B
Sweden Yes 9.3 38320 Yes Yes No 0.403 B
Slovenia Yes 2.0 26420 Yes Yes§ No 0.328 B
Slovakia Yes 5.4 21640 Yes Yes No 0.627 B
Austria Yes 8.4 38890 Yes No No 0.839 C
Switzerland No 7.8 48380 Yes No No 0.737 C
Cyprus Yes 1.1 31230 No No No 0.335 C
Spain Yes 46.9 31350 Yes No No 0.546 C
Finland Yes 5.3 36450 No No No 0.123 C
Greece Yes 11.3 28760 Yes No No 0.521 C
Italy Yes 60.3 32370 Yes No No 0.872 C
Luxembourg Yes 0.5 52190 No No No 0.431 C
Malta Yes 0.4 23730 No No No 0.579 C
Portugal Yes 10.6 24250 Yes No No 0.271 C
Bulgaria Yes 7.6 13520 No No No 0.226 D
Belarus No 9.7 13790 No No No 0.191 D
Estonia Yes 1.3 19350 No No No 0.618 D
Lithuania Yes 3.3 18540 No No No 0.130 D
Poland Yes 38.1 18250 No No No 0.256 D
Romania Yes 21.5 15340 No No No 0.106 D
Russian Fed. No 141.8 18860 Yes No No 0.191 D
Ukraine No 46.0 7130 No No No 0.191 D

Country groups were defined as follows, group A: contributing data to the ECFS Patient Registry, coverage ⩾85% of the cystic fibrosis (CF)
population, longitudinal data linked at the patient level in the ECFS Patient Registry for at least 4 years. Group B: contributing data to the ECFS
Patient Registry, coverage ⩾85% of the CF population, longitudinal data for <4 years or no longitudinal data. Group C: not contributing data to
the ECFS Patient Registry or coverage <85% of the CF population and gross national income (GNI) per capita ⩾$23000. Group D: not
contributing data to the ECFS Patient Registry or coverage <85% of the CF population and GNI per capita <$23000. #: in millions. ¶: estimates
of CF prevalence in individual countries was taken from FARRELL [3], except for: Switzerland, where prevalence was based on the mean
prevalence of the 27 European Union (EU) countries [3]; Moldova, Israel and Serbia, where prevalence was calculated using the number of CF
patients reported to the ECFS registry and population of the country; Russian Federation, Belarus and Ukraine, where prevalence was reported
by the Russian CF Patient Registry [9]. +: Hungary was included in group B because the number of deaths were not systematically reported to
the ECFS Patient Registry between 2007 and 2010. §: Slovenia had coverage at 75%. The GNI per capita was based on purchasing power parity
in current international dollars ($).
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CF population forecasts for countries in groups A and B
For countries in groups A and B, population forecasts (i.e. estimates that are considered to yield a realistic
picture of the probable future development of a population [10]) were calculated by modelling evolution of
registry cohorts in each country using the flow method. This method is based on calculation of the evolution of
a known cohort (such as the CF population followed in a national registry) during a period of observation
[11, 12]. Entering, exiting and transition flows in a population of CF children and adults from year t to year t+1
are shown in figure 1. Each year, exiting cases include deaths (which can occur in both the child and adult
populations) and patients lost to follow-up, whereas entering cases include new referrals based on neonatal
screening or clinical diagnosis in children and in adults, and re-tracking of patients previously lost to follow-up.
Additionally, transition from child to adult population occurs in patients aged 18 years. Mean yearly flows were
computed in the cohort over a period of time and were applied to the cohort to estimate its evolution across
years, assuming that these flows remained unchanged during the estimation period.

Data obtained from the ECFS Patient Registry were used to calculate flows in each group A country. A
minimum of 4 years of longitudinal data was considered necessary for calculating mean yearly flows in
order to reduce year to year variations. A detailed explanation of the calculation of flow is provided in the
online supplementary material. In each country in group A the mean yearly entering, exiting and transition
flows over the observation period were computed and used to estimate the number of CF children and
adults by 2025. Further, weighted (based on relative contribution of the country CF population to total CF
population in countries of group A) mean flows obtained in these six countries were calculated and applied
to the registry data of countries in group B to estimate their numbers of CF children and adults by 2025.

CF population projections for countries in groups C and D
For countries in groups C and D, population projections (i.e. calculations that show the future
development of a population when certain assumptions are made [10]) were calculated. The strategy for
each country category is described below and summarised in table 2. For these two groups of countries,
the flow method could not be used because of the absence of nationwide registry data. Future numbers of
CF children and adults in each country were estimated under different scenarios.

For countries in group C, in which the healthcare system was considered comparable to the healthcare
system of countries in group A (on the basis of comparable GNIs per capita), it was assumed that their
population dynamics were the 2010–2025 weighted mean growth rates of child and adult CF populations
calculated in the group A countries.
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FIGURE 1 The flow method. The evolution of a known registry cohort of cystic fibrosis (CF) children and adults from
year t to year t+1 can be modelled by calculating entering, exiting and transition flows in each population. In the child
population, exiting flow are composed of children who died during the year (Oc1) and children lost to follow-up (exiting
flow, Oc2). Entering flows are composed of new cases of CF, including CF cases diagnosed by neonatal screening (Ic1)
and CF cases diagnosed later in childhood (Ic2); additionally children lost to follow-up during previous years may be
re-tracked by the registry (Ic3). Transition flows include children remaining in the child population (Mc) and children
growing into an adult (age ⩾18 years) (Tca). For the adult population, exiting flows are composed of adults who died
during the year (Oa1) and adults lost to follow-up (Oa2); entering flows are composed of new cases of CF diagnosed in
adults (Ia2), CF children growing into an adult (Tca), and previously lost to follow-up CF adults re-tracked by the
registry (Ia3). CF adults remaining in the registry (Ma) also contribute to the year t+1 adult population.
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For countries in group D, future numbers of CF children and adults were computed under two different
scenarios. In the first scenario (scenario 1) a population growth, corresponding to the weighted mean
growth rates of child and adult CF populations calculated in countries from group A, was also considered.
Since this scenario appeared unlikely to occur due to smaller numbers of adults and younger aged children
(resulting in smaller rates of transition to adulthood), the age composition by 2025 was estimated
assuming an increase by 40% in both children and adults (scenario 2). The latter scenario was based on
the assumption that predicted increase in numbers of CF patients would be higher in children and lower
in adults in group D countries compared with group A countries.

All analyses were performed using the SAS statistical software. (Statistical Analysis System, version 9.3;
SAS Institute, Inc., Cary, NC, USA).

Results
Forecasts for children and adult CF patient numbers for countries in groups A and B
Table 3 summarises the forecasts for the number of CF children and adults by 2025 for each country
within groups A and B; detailed country-specific trends between 2010 and 2025 are provided in the online
supplementary material. Using 2010 as the base year, the total number of CF patients in the countries
from group A (Belgium, Czech Republic, Denmark, France, UK and the Netherlands) would increase by
19%, 35% and 50% by the years 2015, 2020 and 2025, respectively; the number of CF children would
increase by 9%, 16% and 20% by the years 2015, 2020 and 2025, respectively; and the number of CF adults
would increase by 28%, 54%, and 78% by the years 2015, 2020 and 2025, respectively.

Forecasts for countries within group B (Germany, Hungary, Ireland, Israel, Latvia, Moldova, Serbia, Sweden,
Slovenia and Slovakia) indicated that the total numbers of CF patients in this group of countries would
increase by 47% by 2025, corresponding to an increase of 22% in children and of 72% in adults. According
to these analyses, the total number of CF patients will increase from 26995 patients in 2010 to 40194
patients (an increase of 2780 children and 10419 adults) by 2025 in these 16 countries (groups A and B),
and adult patients will represent 60% of all CF patients by 2025. Figure 2 shows predicted numbers of CF
children and adults by 2025 in countries for groups A and B separately and for groups A and B combined.

Based on an average number of 250 CF adults per CF centre, these forecasts suggest the need for a 75%
increase in the number of adult CF centres by 2025 (55 adult CF centres in 2010 versus 96 adult CF
centres in 2025) in these 16 countries.

TABLE 2 Analyses strategy, according to country groups

Group Country GNI per
capita $

CF population Age composition at
base year

Method used for estimating age
composition by year 2025

A Belgium, Czech Republic
Denmark, France, UK,

the Netherlands

24000–41000 Observed Observed Forecast, flow method in each
country

B Germany, Hungary, Ireland,
Israel, Latvia, Moldova,

Serbia, Sweden, Slovenia,
Slovakia

3000–39000 Observed Observed Forecast, flow method using the
weighted mean of flows calculated

for countries of group A

C Austria, Switzerland,
Cyprus, Spain, Finland,

Greece, Italy, Luxembourg,
Malta, Portugal

23000–53000 Calculated using
general population data

and CF prevalence

Estimated assuming
mean proportion of
adults observed in
countries of group
A: 48.8% of adults

Projection, on the assumption of the
weighted mean growth rates of

group A countries: increase by 20%
in children and by 78% in adults

D Estonia, Lithuania, Poland,
Russian Federation

Bulgaria, Belarus, Romania,
Ukraine

18000–20000

7000–16000

Calculated using
general population data

and CF prevalence

Estimated assuming
25% of adults

Estimated assuming
15% of adults

Projection, scenario 1: increase by
20% in children and by 78% in

adults; scenario 2: increase by 40%
in children and by 40% in adults

Country groups were defined as follows, group A: contributing data to the ECFS Patient Registry, coverage ⩾85% of the cystic fibrosis (CF)
population, longitudinal data linked at the patient level in the ECFS Patient Registry for at least 4 years. Group B: contributing data to the ECFS
Patient Registry, coverage ⩾85% of the CF population, longitudinal data for <4 years or no longitudinal data. Group C: not contributing data to
the ECFS Patient Registry or <85% coverage of the CF population and gross national income (GNI) per capita ⩾$23000. Group D: not
contributing data to the ECFS Patient Registry or coverage <85% of the CF population and GNI per capita <$23000. The GNI per capita was
based on purchasing power parity in current international dollars ($).
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Projections of children and adult CF patient numbers for countries in groups C and D
Individual projections for the 10 countries classified in group C (Austria, Switzerland, Cyprus, Spain,
Finland, Greece, Italy, Luxemburg, Malta and Portugal), assuming the same population dynamics
estimated for countries in group A (increase by 20% in children and by 78% in adults), are shown in
table 4. These projections suggested that CF numbers in group C countries would increase by 4890
patients (an increase of 1035 children and 3855 adults) by 2025.

The number of CF children and adults in countries group from D (Bulgaria, Belarus, Estonia, Lithuania,
Poland, Romania, Russian Federation and Ukraine) were estimated under two scenarios. Table 5 shows
projections for countries in group D, assuming the same population dynamics estimated for countries in
group A (increase by 20% in children and by 78% in adults). According to this scenario, the CF population
in countries from group D would increase by 1745 patients (an increase of 823 children and 922 adults).
Because this first scenario appeared unlikely to occur (refer to Methods section), a second scenario
assuming an increase by 40% in children and adults by 2025 was examined. According to this second
scenario (table 6), the CF population in group D countries would increase by 2120 patients (an increase of
1648 children and 472 adults) by 2025.

TABLE 3 Summary of the 2010–2025 cystic fibrosis population forecasts for countries in groups A and B

Group Country Children age ⩽17 years Adults age ⩾18 years Total

2010 2025 Growth rate % 2010 2025 Growth rate % 2010 2025 Growth rate %

A Belgium 559 661 18.3 615 1093 77.7 1174 1754 49.4
Czech Republic 293 313 6.8 230 372 61.7 523 685 31.0

Denmark 192 192 0.0 265 337 27.2 457 529 15.8
France 3040 3599 18.4 2718 4776 75.7 5758 8375 45.5
UK 4435 5539 24.9 4,950 8876 79.3 9385 14415 53.6

The Netherlands 591 659 11.5 715 1402 96.1 1306 2061 57.8
All in group 9110 10963 20.3 9493 16856 77.6 18603 27819 49.5

B Germany 2413 2976 23.3 2590 4380 69.1 5003 7356 47.0
Hungary 339 388 14.5 218 506 132.1 557 894 60.5
Ireland 527 640 21.4 554 915 65.2 1081 1555 43.9
Israel 268 327 22.0 284 476 67.6 552 803 45.5
Latvia 22 19 −13.6 8 12 50.0 30 31 3.3

Moldova 34 36 5.9 8 25 212.5 42 61 45.2
Serbia 86 109 26.7 35 94 168.6 121 203 67.8
Sweden 264 315 19.3 329 523 59.0 593 838 41.3
Slovenia 55 74 34.6 25 66 164.0 80 140 75.0
Slovakia 151 202 33.8 182 292 60.4 333 494 48.4

All in group 4159 5086 22.3 4233 7289 72.2 8392 12375 47.5
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FIGURE 2 Forecasts of numbers of cystic fibrosis children and adults between 2010 and 2025 in countries classified in group A, group B and groups A+B.
Group A: Belgium, Czech Republic, Denmark, France, UK and The Netherlands. Group B: Germany, Hungary, Ireland, Israel, Latvia, Moldova, Serbia, Sweden,
Slovenia and Slovakia.
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Discussion
Forecasts for 2025 in 16 European countries, with well-established data collections, indicated that the
number of CF patients will increase by approximately 50%. The number of CF adults will increase by
approximately 75%, a finding that mostly results from the transition of children to adults, whereas the
number of CF children will show a 20% increase. This trend also appeared realistic for 10 Western
European countries (group C) with well-established healthcare systems, but in which the absence of a
national registry did not allow to perform forecasts but only a projection. In eight Eastern European
countries (group D) with less well-established healthcare systems, population projections suggested that an
improvement in CF care would lead to a predominant increase in the number of CF children in the next
decade, although the number of CF adults would also increase. The present population forecasts and
projections should be useful for planning children and adult CF care in individual European countries.

To the best of our knowledge, this study represents the first attempt at estimating future numbers of CF
children and adults. For countries that were classified in group A, the use of registry data allowed to
forecast the number of CF patients by calculating flows entering and exiting the cohorts in each country.
We evaluated the robustness of this approach by comparing our 2-year forecast for year 2012 in France
with observed 2012 data in the French CF Registry [13]. In 2012, our data estimated a total number of
6177 CF patients (3153 children and 3024 adults) in France (online supplementary data); the 2012 French
CF Registry registered 6145 CF patients (3099 children and 3046 adults) [13]. These findings indicated
that our modelling approach was sensible for France over a short period of time, in which no major
change in CF incidence and mortality occurred.

TABLE 4 Summary of 2010–2025 cystic fibrosis population projections for countries in group C

Country Children age ⩽17 years Adults age ⩾18 years Total

2010 2015 2020 2025 2010 2015 2020 2025 2010 2015 2020 2025

Austria 361 393 419 433 344 440 530 612 705 833 949 1045
Switzerland 294 320 341 353 281 360 433 500 575 680 774 853
Cyprus 19 21 22 23 18 23 28 32 37 44 50 55
Spain 1311 1429 1521 1573 1250 1600 1925 2225 2561 3029 3446 3798
Finland 33 36 38 40 32 41 49 57 65 77 87 97
Greece 301 328 349 361 288 369 444 513 589 697 793 874
Italy 2691 2933 3122 3229 2567 3286 3953 4569 5258 6219 7075 7798
Luxembourg 11 12 13 13 11 14 17 20 22 26 30 33
Malta 12 13 14 14 11 14 17 20 23 27 31 34
Portugal 147 160 171 176 140 179 216 249 287 339 387 425
All in group 5180 5645 6010 6215 4942 6326 7612 8797 10122 11971 13622 15012

Assumptions on population dynamics based on observed dynamics of countries within group A: increase by 9% in children and by 28% in adults
between 2010 and 2015; increase by 16% in children and by 54% in adults between 2010 and 2020; increase by 20% in children and by 78% in
adults between 2010 and 2025.

TABLE 5 Summary of 2010–2025 cystic fibrosis population projections for countries in group D according to scenario 1#

Country Children age ⩽17 years Adults age ⩾18 years Total

2010 2015 2020 2025 2010 2015 2020 2025 2010 2015 2020 2025

Bulgaria 146 159 169 175 26 33 40 46 172 192 209 221
Belarus 157 171 182 188 28 36 43 50 185 207 225 238
Estonia 60 65 70 72 20 26 31 36 80 91 101 108
Lithuania 32 35 37 38 11 14 17 20 43 49 54 58
Poland 731 797 848 877 244 312 376 434 975 1109 1224 1311
Romania 194 211 225 233 34 44 52 61 228 255 277 294
Russian Federation 2056 2241 2385 2467 686 878 1056 1221 2742 3119 3441 3688
Ukraine 747 814 867 896 132 169 203 235 879 983 1070 1131
All in group 4123 4493 4783 4946 1181 1512 1818 2103 5304 6005 6601 7049

#: scenario 1 includes assumptions on population dynamics based on observed dynamics of countries of group A: increase by 9% in children
and by 28% in adults between 2010 and 2015; increase by 16% in children and by 54% in adults between 2010 and 2020; and increase by 20%
in children and by 78% in adults between 2010 and 2025.
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A limitation of the flow method is that entering and exiting flows could show yearly variations. For
example, improvement in efficiency in patient referral to national registries could result in the
identification of previously unreported CF cases, increasing the entering flow. The occurrence of a high
rate of mortality in a specific year (e.g. due to an influenza epidemic) would increase the exiting flow,
whereas underreporting of mortality could result in decreasing the exiting flow. We smoothed these
potential variations by calculating mean flows for 4–8 years (depending on data availability) in each
country. Further, the flow method is based on the assumption that future flows remain stable as compared
to mean past flows. This assumption is valid over a short period of time but may prove wrong over a
longer period of time. Current knowledge suggests that future flows could evolve differently in the adults
versus the child CF populations. Since CF patients who will become adults in the next 15 years are mostly
already captured in registry populations, and since death is now rare among CF children in Western
Europe countries [14], the most important unknown variable when estimating future numbers of adults is
the mortality rate in adults. As longevity has consistently increased over the past 10 years [15], and may
continue to increase with improvement in symptomatic care and the recent introduction of novel therapies
targeting the cystic fibrosis transmembrane conductance regulator defect [16], our estimates of a 75%
increase in the adult CF population may be considered conservative. By contrast, our estimates of a 20%
increase in the child CF population could represent an overestimation if the incidence of CF decreases in
the next decade, due to possible effects of systematic neonatal screening and/or carrier screening [17].
These considerations may even amplify the increase in the adult versus the child population described in
the present analysis. Further, it is likely that CF is underdiagnosed in some of the Eastern Europe
countries. The introduction of neonatal screening and availability of cost-effective genetic panels for the
diagnosis of CF may increase the number of patients in the child age group and subsequently the number
of adult patients.

This study also highlighted the importance of high-quality registry data to understand present and future
CF epidemiology: country-specific flows could be calculated only in six (group A) countries with extensive
registry coverage and longitudinal data. For 10 countries without longitudinal data (group B countries),
forecasts were based on mean flows estimated in group A countries. Although we speculated that
population dynamics of these two groups were comparable, this assumption could be more accurate for
group B countries with high GNIs per capita in which the healthcare systems is comparable to group A
countries, than for group B countries with lower GNIs. For countries without robust registry data, analyses
had to rely on assumptions on current numbers of CF patients and current proportion of adults in each
country. These assumptions might be associated with some degree of error. The use of GNIs per capita as
an indicator for resource allocation to the healthcare system, which was associated with proportion of CF
adults in a previous study [5], appeared as a reasonable, but questionable, approach. The $23000 GNI per
capita cut-off value was chosen because it discriminated Western European countries, in which there are
well-established healthcare systems and Eastern European Countries with less well-established healthcare
systems. Population growth dynamics for countries in groups C and D should be regarded as working
hypotheses that will not replace establishment of a nationwide CF registry in each country. Finally, it was
not possible to estimate age composition of CF cohorts for some countries (Armenia, Bosnia, Croatia,
Georgia, Iceland and Turkey) for which limited data availability in the literature precluded reliable
estimates of current CF epidemiology. Obtaining these data would be of interest, but the relatively small
numbers of CF patients in these countries [5] will unlikely change our overall conclusions.

TABLE 6 Summary of 2010–2025 cystic fibrosis population projections for countries in group D according to scenario 2#

Country Children age ⩽17 years Adults age ⩾18 years Total

2010 2025 2010 2025 2010 2025

Bulgaria 146 204 26 36 172 240
Belarus 157 220 28 39 185 259
Estonia 60 84 20 28 80 112
Lithuania 32 45 11 15 43 60
Poland 731 1023 244 342 975 1365
Romania 194 271 34 48 228 319
Russian Federation 2056 2878 686 960 2742 3838
Ukraine 747 1046 132 185 879 1231
All in group 4123 5771 1181 1653 5304 7424

#: scenario 2 includes assumptions on population dynamics: increase of 40% in children and adults between 2010 and 2025.
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The present study has modelled the impact of improved outcome on the CF population size and predicts a
large increase in CF adults during the next decade in Western European countries. In the light of these
expectations, it is important to adapt the healthcare system by providing sufficient allocation of resource
and by establishing a strategy to develop adult CF care centres in Western European countries. It is also
important to develop child and adult CF care centres in European countries with less well-established
healthcare systems.
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