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ABSTRACT Idiopathic pulmonary fibrosis (IPF) is the most common of the idiopathic interstitial
pneumonias and is characterised by progressive accumulation of scar tissue in the lungs. The objective of
this study was to describe the current mortality rates due to IPF in Europe, based on the World Health
Organization (WHO) mortality database.

We used country-level data for IPF mortality, identified in the WHO mortality database using
International Classification of Diseases 10th Edition (ICD-10) codes, for the period 2001–2013. Joinpoint
analysis was performed to describe trends throughout the observation period.

The median mortality was 3.75 per 100000 (interquartile range (IQR) 1.37–5.30) and 1.50 per 100000
(IQR 0.65–2.02) for males and females, respectively. IPF mortality increased in the majority of the
European Union (EU) countries with the exceptions of Denmark, Croatia, Austria and Romania. There
was a significant disparity in rates across Europe, in the range 0.41–12.1 per 100000 for men and 0.24–
5.63 per 100000 for women. The most notable increases were observed in the United Kingdom and
Finland. Rates were also substantially higher in males, with sex disparity increasing across the period.

The reported IPF mortality appears to be increasing across the EU; however, there is substantial
variation in mortality trends and overall reported mortality rates between countries.
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic degenerative lung disease and the most common of the
idiopathic interstitial pneumonias [1, 2]. It is diagnosed and distinguished from other interstitial lung
diseases (ILDs) by a combination of clinical, radiological and histological findings. While smoking
increases the risk of IPF [3], a clear aetiological origin is not known. Careful exclusion of environmental
exposures (e.g. asbestos) or systemic diseases (e.g. rheumatoid arthritis) known to cause pulmonary fibrosis
is an essential part of diagnosis. Though the novel antifibrotic agents pirfenidone [4] and nintedanib [5]
have been recently developed to slow the progression of IPF, they do not cure the disease and outcomes
remain poor.

The epidemiology of IPF shows the condition to be more common in males and with advancing age [6].
Previous studies have indicated that incidence and mortality rates from IPF in Europe and across the globe
are increasing [7, 8]. A systematic review assessing IPF epidemiology identified an annual incidence of 3–9
per 100000 for Europe [9]. Previous reports have demonstrated substantial geographical variation in IPF
incidence, ranging from 1.3 per 100000 in Denmark [10] to 4.6 per 100000 in the United Kingdom [11].
Globally, there is thought to be significant variation in rates of diagnosis and reporting, potentially in part
because of the availability of expertise and diagnostic equipment [12]. The diagnostic criteria for IPF have
changed over time and were most recently updated in the 2011 consensus statement from the American
Thoracic Society (ATS), European Respiratory Society (ERS), Japanese Respiratory Society ( JRS) and Latin
American Thoracic Association (ALAT) [13].

To the best of our knowledge, no up-to-date analysis has been published on IPF mortality across European
Union (EU) member states. We have previously utilised the World health Organization (WHO) mortality
database to analyse trends in mortality from ischaemic heart disease and cerebrovascular disease in Europe
[14], and have applied similar methods to cancer mortality trends in the United Kingdom [15]. The
objective of this study was to describe current mortality rates due to IPF in Europe, based on the WHO
mortality database. Furthermore, we aimed to analyse trends in IPF mortality between 2001 and 2013
using Joinpoint regression analysis.

Methods
Data source
Mortality data from EU countries is extracted from the WHO mortality database for the years 2001–2013.
Data quality is evaluated by the WHO which ensures reliability and provides details of reporting and
comparability. For inclusion in the WHO mortality database, birth and population recording must exceed
90%. The estimated level of coverage for death with a registered cause of death exceeds 97% in all EU
countries included in the final analysis [16]. The estimated level of coverage is calculated by dividing the
actual reporting rate by the estimated mortality rate. The estimated level of completeness for death with a
registered cause of death was 100% in the majority of EU countries, with the exception of Croatia (98%),
the Czech Republic (99%), Hungary (99%), Romania (99%) and Slovenia (99%) [17, 18]. The estimated
level of completeness is calculated by the WHO using demographic techniques such as the Brass Growth
Balance Method [18].

Status as a European member state reporting mortality statistics using the International Classification of
Diseases (ICD) 10th Edition (ICD-10) was the only inclusion criterion. Exclusion criteria were fewer than
1 million citizens and >30% missing data for the observation period. We defined IPF using the ICD-10
code J84.1 as has previously been used in analysis of large mortality databases [9].

Data handling
Crude mortality rates per 100000 population were age standardised using the European Standard
Population 2013. Sex-specific averages for the start and end of the observation period were calculated as
the 3-year average age-standardised death rate (ASDR) for 2001–2003 and 2011–2013. Where there were
missing data, 2-year averages were calculated. The percentage change over the observation period was
calculated as the difference between the start and end averages.

Statistical analysis
Statistical trends were assessed using Joinpoint Version 4.1.1.1 (United States National Cancer Institute
Surveillance Research Program). For the purpose of Joinpoint analysis, imputed data was used in a last
observation carried forward manner. Joinpoint regression analysis assesses changes in linear slope for
mortality trends over time, as described previously [14, 19]. Briefly, it assesses the overall trends in
mortality, initially with no Joinpoints, and tests for significant changes in the model with sequential
addition of points where there is significant change in the slope of the line. The model also computes an
estimated annual percentage change (EAPC) for each trend by fitting a regression line to the natural
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logarithm of the rates. The log-linear transformation allows us to approximate normal distributions and,
by estimating the annual percentage change, we are able to assess change in mortality trend at a constant
percentage per year.

Sensitivity analysis
The diagnostic criteria for IPF have undergone recent revision and the potential overlapping nature of
various interstitial pneumonias and other inflammatory fibrotic lung diseases have led previous reports to
attempt the use of “narrow” and “broad” criteria in epidemiological studies of IPF [20]. For this reason, we
chose to perform a single post hoc exploratory analysis to assess the influence of ICD coding for fibrosis
from causes other than IPF. For this, we assessed mortality from the entire ICD-10 code J84 (other
interstitial pneumonias) and each of its subcategories. We constructed figures from Joinpoint analysis to
compare the contribution of IPF with the overall J84 classification.

Results
17 EU countries had sufficient data for analysis. Nine were excluded because of missing data and two had
populations of less than one million citizens. Data are reported as mortality rate per 100000 standardised
to the 2013 European standard population. Austria and Portugal adopted ICD-10 in 2002. We analysed
the data by sex given the observed differences in overall and country-level mortality rates between females
and males. The majority of individual EU countries demonstrated an increase in IPF mortality, with the
exception of Denmark and Romania for females, and Denmark, Croatia and Austria for males (figure 1).
The 3-year average mortality at the start and end of the observation period in each country, together with
the percentage change over this period, is illustrated in table 1.

Median mortality for the last recorded observation was 3.80 per 100000 (interquartile range (IQR) 1.37–
5.30) and 1.50 per 100000 (IQR 0.64–2.02) for males and females, respectively. For comparison, start and
end 3-year averages and the percentage change across the period were computed. There was substantial
variation across EU countries, with the highest rates at the end of the observation period in the UK (12.01
per 100000), Finland (7.36 per 100000) and Sweden (6.46 per 100000) for males. For females, the highest
rates were in the UK (5.63 per 100000), Finland (3.62 per 100000) and Spain (3.35 per 100000). The
lowest rates of IPF mortality for males were in Croatia (0.39 per 100000), Romania (0.64 per 100000) and
Lithuania (0.85 per 100000). For females, the lowest rates were in Lithuania (0.24 per 100000), Romania
(0.25 per 100000) and Croatia (0.49 per 100000). Rates for males were predominantly higher than for
females, with the exception of Croatia. The greatest difference between the male and the female mortality
rate was found in Lithuania, with a 3.5-fold higher end 3-year average rate in men.

The largest percentage increase was in Lithuania for males (+251.8%) and Croatia for females (+270.1%).
The absolute value increase was relatively small: 0.61 per 100000 for males in Lithuania and 0.26 per 100
000 for females in Croatia. A larger absolute increase occurred in the UK: 3.85 per 100000 and 2.02 per
100000 for males and females respectively. The greatest percentage decrease in mortality over our
observation period was seen in Denmark for both males (−47.2%) and females (−54.9%). Changes in
ASDR per 100000 are represented visually in figure 2.

Most countries demonstrated one continuous trend across the observation period. EAPC is calculated for
each of the trends. Countries with a single increasing trend for both sexes include the Czech Republic
(EAPC +10.7% and +10.5% for males and females, respectively), Finland (EAPC +4.8% and +2.99% for
males and females, respectively), Germany (EAPC +4.7 and +3.9% for males and females, respectively),
Hungary (EAPC +4.1% and +1.9% for males and females, respectively), Lithuania (EAPC +13.5% and
+9.5% for males and females, respectively), The Netherlands (EAPC +3.3% and +1.3% for males and
females, respectively), Poland (EAPC +6.1% and +4.2% for males and females, respectively), Spain (EAPC
+2.3% and +0.9% for males and females, respectively), Sweden (EAPC +2.6% for both sexes) and the UK
(EAPC +3.8% and 4.0% for males and females, respectively).

The post hoc analysis to assess the contributions of IPF ( J84.1, narrow) to the overall ICD classification for
total ILD-coded mortality ( J84, broad) across observed countries indicated trends for the broader category
which largely reflected those of the narrower (figure 1).

Discussion
In this observational study of the WHO mortality database we report age-standardised death rates (ASDR)
from IPF of 3.8 per 100000 for males and 1.5 per 100000 for females across the EU. There are substantial
differences in IPF mortality rates between member states although there is an overall increase in mortality
from IPF in most EU countries. Four countries (Denmark, Austria (males only), Croatia (males only) and
Romania (females only)) demonstrated a decrease in mortality from IPF during the observation period.
The greatest increases in IPF mortality were observed in the UK, Finland and Portugal. The greatest
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FIGURE 1 Mortality trends for males and females in 17 European countries. Lines represent the results of Joinpoint analyses while symbols
represent raw data. Dashed and continuous lines represent males and females, respectively, while squares represent males and circles females.
Black lines are for idiopathic pulmonary fibrosis (IPF; J84.1, narrow) and red lines for other interstitial pneumonias ( J84, broad). Where a symbol
is absent data have been imputed for the respective year.
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TABLE 1 The first and last 3-year averages and percentage change in age standardised death rate (ASDR) for idiopathic pulmonary fibrosis (IPF) in 17 European
countries during 2001–2013

Country Male Female

2001–2003 2011–2013 Change ASDR % Change 2001–2003 2011–2013 Change ASDR % Change

Austria# 2.56(8) 2.34(7) −0.22(2) −8.5(3) 0.9(6) 1.29(7) 0.39(8) +43.3(9)
Belgium 2.63(9) 4.15(10) 1.52(12) +57.6(11) 1.43(12) 1.88(11) 0.45(11) +31.4(7)
Croatia 0.51(2) 0.39(1) −0.13(3) −24.5(2) 0.13(2) 0.49(3) 0.36(7) +270.1(17)
Czech Republic 0.77(5) 2.13(6) 1.36(11) +177.1(16) 0.46(5) 1.16(6) 0.7(14) +150.4(16)
Denmark 3.28(12) 1.73(5) −1.55(1) −47.2(1) 1.39(10) 0.63(4) −0.77(1) −54.8(1)
Finland 4.43(14) 7.36(16) 2.93(16) +66.3(13) 2.92(15) 3.62(16) 0.70(15) +24.0(6)
France 2.63(10) 3.97(9) 1.34(10) +50.9(9) 1.27(8) 1.68(9) 0.41(9) +32.1(8)
Germany 2.8(11) 4.46(11) 1.66(13) +59.4(12) 1.43(11) 2.08(12) 0.66(13) +46.0(11)
Hungary 1.72(6) 2.66(8) 0.95(7) +55.1(10) 0.97(7) 1.39(8) 0.42(10) +43.8(10)
Lithuania 0.24(1) 0.85(3) 0.61(6) +251.8(17) 0.1(1) 0.24(1) 0.14(3) +148.1(15)
The Netherlands 3.56(13) 4.81(13) 1.24(8) +34.9(6) 1.61(13) 1.82(10) 0.21(4) +12.8(4)
Poland 0.75(4) 1.28(4) 0.53(5) +71.5(14) 0.44(4) 0.68(5) 0.24(5) +53.2(12)
Portugal# 2.11(7) 4.77(12) 2.67(15) +126.5(15) 1.35(9) 2.25(13) 0.9(16) +66.6(14)
Romania 0.60(3) 0.64(2) 0.03(4) +5.5(4) 0.34(3) 0.25(2) −0.08(2) −25.2(2)
Spain 4.81(16) 6.06(14) 1.25(9) +26.0(5) 3.02(16) 3.35(15) 0.32(6) +10.7(3)
Sweden 4.61(15) 6.46(15) 1.85(14) +40.1(7) 2.11(14) 2.59(14) 0.48(12) +22.6(5)
UK 8.16(17) 12.01(17) 3.85(17) +47.2(8) 3.61(17) 5.63(17) 2.02(17) +55.9(13)

Ranks for 2001–2003, 2011–2013, absolute change and percentage change are reported in parenthesis. #: For Austria and Portugal data were missing for 2001, start of period was
calculated as the average of 2002–2003 with percentage change being determined for 2002–2003 versus 2011–2013.
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percentage increases occurred in countries that had comparatively low rates of IPF mortality, notably
Lithuania, the Czech Republic and Croatia (females only). There is a persistent sex–mortality gap in most
countries, a difference which appears to be increasing over time.

Our finding of increasing overall mortality attributed to IPF is consistent with previous reports [8, 21] and
is likely to reflect an increase in the incidence of the disease across the EU. An increase in IPF incidence
may be a true biological phenomenon, given the well-described ageing of the world population. Recent
investigations have suggested that IPF is a disease of accelerated lung ageing [22] and cellular senescence, a
hallmark of ageing, is increased in IPF lungs and appears to play an important role in disease pathogenesis
[23]. Furthermore, aged mice are more susceptible to experimental lung fibrosis [24] and epidemiological
data also indicate that the incidence of IPF rises with advancing age [6, 20, 25].

Alternatively, the increasing mortality from IPF may be in keeping with increased recognition and
diagnosis of the disease, as previously described [7, 26]. NAVARATNAM et al. [21] modelled IPF incidence
using a UK General Practitioner database and identified an increase in the incidence of IPF. They also
assessed death registry data and found consistent findings between the independent databases [21]. Levels
of specialist knowledge and equipment for the diagnosis of IPF have increased with time and this may
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FIGURE 2 Ranked percentage change data comparing the average of European age-standardised death rate
(ASDR) from idiopathic pulmonary fibrosis (IPF) for 2001–2003 versus 2011–2013 (unless otherwise specified).
Data were missing for 2001 for Austria and Portugal and start of period was calculated as the average of
2002–2003, with percentage change being determined for 2002–2003 versus 2011–2013.
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account for some of the observed increase in rates of diagnosis and reporting of mortality from this
condition. Another potential contributing factor may be the spread of high-resolution scanners in the last
two decades, which is reported to have contributed to increasing diagnosis rates [12]. Furthermore,
Organisation for Economic Co-operation and Development (OECD) statistics indicate that the availability
of computed tomography (CT) scanners has increased in Europe [27]. There have also been changes in
diagnostic criteria for IPF over time, with the first guidelines published in 2000 and then modified in 2011
[13], which may further impact case identification.

An increase in mortality among the IPF population could also contribute to the increasing mortality rates
observed; however, in the absence of a European-wide database, it is difficult to scientifically address this
possibility. Although efforts have been made to generate a Europe-wide registry [28], the results are not
yet comprehensive. While the WHO mortality database used in this study is unique in that it captures
population-level mortality statistics, future investigations in mortality from IPF would be enhanced with a
resource that provides similar population-level statistics on incidence and prevalence. Such a resource
would allow investigators to assess whether changes in mortality statistics from IPF are driven primarily by
increasing incidence of IPF or whether changes in mortality are limited to the IPF population alone. While
the dataset used in the current study does not directly address IPF incidence, it may be a useful proxy for
examining population-level diagnostic trends.

Previous studies have highlighted geographical variations in IPF mortality [8]. Potential explanations for
the geographical variation may include environmental and genetic factors. Smoking is one of the most
important risk factors for IPF; however, countries with higher IPF mortality rates have similar or lower
rates of smoking to those with lower IPF mortality rates [29]. Despite the genetic similarity across EU
member states, it is possible that genetic differences may contribute to the geographical variation in IPF
incidence, as has been suggested elsewhere [30]. In addition, a study in the United States has
demonstrated lower mortality from IPF in the black population [31]. KAUNISTO et al. have argued that
regional differences are likely to be due to heterogeneity of data collection [32]; however, this heterogeneity
is reported to be between studies rather than between countries using a unified database. Other approaches
have involved using clinical registries and survey data, approaches which are likely to involve significant
selection bias. These studies are, however, likely to have higher levels of case validation than is present in
national death registries based on death certificate data.

In population studies IPF is frequently found to be more prevalent in males than in females [11, 20]. A
previous report found similar mortality rates to our findings for the period 2005–2008 and supported a
male-to-female mortality ratio of ∼2:1 in the UK [21]. In the current study, we observe a sex–mortality
gap that is present in most EU countries and this sex–mortality difference appears to be increasing over
time. Our finding of an increasing difference between men and women is in contrast to other health
conditions, where we have observed a narrowing of sex-related mortality differences, for example in
cardiovascular disease [14] and some cancers [15, 33]. However, whereas in most other health conditions a
sex–mortality difference may be attributed to different patterns in smoking and hazardous drinking [34],
previous studies have suggested that these behaviours do not contribute to IPF mortality [35].

There are several limitations that should be considered when interpreting the results of this study. As with
any registry data, the accuracy of the mortality rates is dependent upon the quality of death certification
and there is always potential for the true cause of death to be different from that recorded. Although we
have chosen to use data from the WHO mortality database, which ensures data quality through careful
evaluation prior to inclusion, coding practices may vary between countries and over time, potentially
limiting the utility of geographic and temporal comparisons. Despite these potential limitations, the WHO
database is a valuable resource for exploring diagnostic trends. While we acknowledge that there may be
variation between countries in adopting new iterations of consensus diagnostic criteria, we have chosen to
focus on changes over time in IPF mortality rates rather than differences between countries with respect to
crude mortality rate. Furthermore, we restricted our analysis to ICD-10 codes and defined IPF as J84.1,
which has been used previously for epidemiological studies of IPF [9]. Since these data reflect the study
period 2001–2013, and given that the idiopathic interstitial pneumonias were reclassified in 2013 [36] and
the diagnostic criteria were refined in 2011 [13], our report may reflect a heterogeneous group of ILDs
rather than relating exclusively to IPF. An additional limitation of this study is that it is not likely to
account for changes in IPF mortality due to the introduction of the novel antifibrotic agents pirfenidone
and nintedanib. Pirfenidone was first approved for use in the EU in 2011 but was not available in most
member states until 2012. Therefore, its effect on IPF mortality in the last observation period (2011–2013)
is likely to be minimal. Furthermore, nintedanib was not approved in the EU until 2015 while, at the end
of our observation period, the combination of prednisolone/azathioprine/N-acetylcysteine was
demonstrated to increase mortality [37] and is no longer recommended. Any resulting decrease in
mortality is thus unlikely to have been observed in these data.

https://doi.org/10.1183/13993003.01603-2017 7

ORPHAN LUNG DISEASE | D.C. MARSHALL ET AL.



In summary, IPF mortality rates appear to be increasing across the EU and this increase may reflect a
greater prevalence of the disease, driven in part by case identification. In the absence of a Europe-wide
registry it is not possible to assess the survival of patients with IPF, thus highlighting the need to develop
such a resource. IPF mortality rates are higher in males than in females and this disparity appears to be
increasing in size. While this may reflect local coding practices, there is substantial variation between
countries in the number of deaths recorded with IPF as the primary cause.
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