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Abstract

Introduction: Chronic Obstructive Pulmonary Disease (COPD) is associated with significant mortality and well-
defined aetiological factors. Previous reports indicate that mortality from COPD is falling worldwide. This study aims
to assess the burden of COPD using prevalence, mortality, and disability-adjusted life years (DALYs) between 2001 and
2019 in 28 European countries (the European Union and the United Kingdom).

Methods: We extracted COPD data from the Global Burden of Disease database based on the International Classifi-
cation of Diseases versions 10 (J41, 42, 43, 44 and 47). Age-standardised prevalence rates (ASPRs), age-standardised
mortality rates (ASMRs), and DALYs were analysed for European countries by sex for each year (2001-2019) and
reported per 100,000 population. We used Joinpoint regression analysis to quantify changing trends in the burden of
COPD.

Results: In 2019, the median ASPR across Europe was 3230/100,000 for males and 2202/100,000 for females. Between
2001 and 2019, the median percentage change in ASPR was — 9.7% for males and 4.3% for females. 23/28 countries
demonstrated a decrease in ASPRs in males, and 11/28 demonstrated a decrease in females. The median percentage
change in ASMR between 2001 and 2019 was — 27.5% for males and — 10.4% for females. 25/28 and 19/28 countries
demonstrated a decrease in ASMR in males and females, respectively.

Conclusion: In the EU between 2001 and 2019 COPD prevalence has overall increased in females but continues to
decrease in males and in some countries, female prevalence now exceeds that of males. COPD mortality in the EU has
decreased overall between 2001 and 2019; however, this decrease is not universal, particularly in females, and there-
fore remains a substantial source of amenable mortality.
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Introduction

In 2015, Chronic Obstructive Pulmonary Disease
*Correspondence: dominic.marshall12@imperial.ac.uk (COPD) had an estimated prevalence of 174.5 million
! National Heart and Lung Institute, Imperial College London, London, UK people with approximately 3.2 million deaths glObaHy
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©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-022-02074-z&domain=pdf

Marshall et al. BMC Pulmonary Medicine (2022) 22:289

remains a significant burden and financial cost to health-
care systems [2]. Effective public health interventions
targeting aetiological factors, such as smoking and air
pollution, are important for reducing the ongoing burden
of disease.

While analyses of the Global Burden of Disease (GBD)
and the Eurostat databases indicate that overall mortal-
ity from COPD is falling (particularly in males), this
decrease is not uniform across Europe [2—4]. Although
public health initiatives and social change have resulted
in decreased smoking rates, there is still an unacceptably
high uptake of smoking in younger generations where
there should be room for public health interventions [5].
Furthermore, high levels of air pollution, particularly in
cities and an ageing population, may contribute to a flat-
tening of the previously observed falling mortality.

A recent update has reported on the burden of res-
piratory disease across the globe, but there have been
no recent reports focusing on changing trends within
Europe [4]. Therefore, our primary objectives were to
compare the trends in the prevalence and mortality
from COPD across Europe (the European Union and the
United Kingdom); to evaluate the differential burden of
disease using disability-adjusted life-years (DALYs) and
to provide an indicator of population-based case-fatality
using mortality-incidence ratios. To achieve this, we used
the GBD database for the European Union (EU) member
states (including the United Kingdom) over the period
2001-2019 to determine the prevalence, mortality, mor-
tality-incidence ratios and DALYs. We also describe the
changing trends in the burden of COPD using Joinpoint
regression analysis.

Methods

Data source

Data for COPD incidence, mortality and DALYs were
extracted from the GBD database from 2001 to 2019 for
European Union (EU) member states and the United
Kingdom (UK). Briefly, this is an extensive, publicly avail-
able database compiled from data sets from 127 countries
that report mortality and disability data (deaths, death
rates, years of life lost due to premature mortality, prev-
alence, and incidence) as commissioned by the World
Health Organisation (WHO). The precise GBD method-
ology is described elsewhere [6-8], and we have previ-
ously used similar methodology in observational analyses
of trends in the disease burden of type two diabetes mel-
litus [9], peripheral arterial disease [10], abdominal aortic
aneurysm [11], and lower extremity amputation [12]. The
GBD uses systematic reviews, survey data, disease regis-
tries, hospital administrative data, claims, inpatient and
outpatient data, and case notifications as data sources
to estimate disease incidence. Classification of disease
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is based on the International Classification of Disease
(ICD) coding system 10th revisions using J41, J42, J43,
J44 and J47 for COPD.

COPD incidence was computed along with prevalence
using detailed methods reported elsewhere [13]. Briefly,
cases were defined as per the Global Initiative for COPD
(GOLD) definition of COPD as a ratio of<0.7 of the
FEV1/FVC measured by spirometry after bronchodila-
tion. Data were obtained from a recent meta-analysis
[14] in addition to survey data with spirometry measure-
ments. Data using alternative case-definitions with age-
specific ratios were cross-walked from studies reporting
prevalence with alternative case definitions. A three-step
modelling strategy was used: first, the incidence was esti-
mated using the DisMod-MR 2.1 model, followed by sep-
arate estimation of the proportions by GOLD severity of
disease in DisMod-MR 2.1, and then finally, a combina-
tion of these processes to derive prevalence by severity.
Population estimates and confidence intervals are then
produced using Bayesian statistical methods [13].

For COPD mortality, estimates were computed using
the GBD Cause of Death Ensemble model (CODEm).
Data for the model were obtained from vital registration
and surveillance data from the cause of death database.
Outlier criteria were used to exclude data points that
were implausibly high/low, substantially conflicted with
established age or temporal patterns, or substantially
conflicted with other data sources from the same or simi-
lar locations [8].

DALYs were calculated by the GBD group as the sum
of years of life lost (YLL) and years lived with disability
(YLD). GBD methodology computes YLL by multiply-
ing the standard life expectancy at the age of death by the
estimated number of deaths (per cause) [13]. YLD were
calculated by multiplying the prevalence of COPD (esti-
mated using the DisMod MR 2.1 tool as described ear-
lier) by the disability-weighting for COPD (gathered from
the GBD 2013 European disability weights measurement
study [7]. YLDs were then corrected for co-morbidities
via a microsimulation process before combining with
YLLs to give estimated DALYs and their uncertainties.

Handling of the GBD data

Country-specific age-standardised prevalence rates
(ASPRs), age-standardised death rates (ASMRs) and
DALYs per 100,000 population by sex and year for
COPD were extracted from the GBD Results Tool for
each year between 2001 and 2019, inclusive, for each
EU member state. Data in the GBD database are age-
standardised through computing a standard population
using a non-weighted average across a percentage of the
population of all countries in each five-year age bracket
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(years 2010-2035) from the United Nations Population
Division’s World Population Prospects (2012 revision).

Absolute and relative changes in ASPRs and ASMRs
over the observation period (i.e., differences between
the rates in 2001 and 2019) were calculated by each
sex for each country. ASMRs were quantified as a pro-
portion of age-standardised incidence rates (ASIR) by
dividing ASMR by the ASIR to calculate a mortality-
to-incidence index (MII) for each year (2001-2019,
inclusive) for each sex in each country. MII provides
an estimate as to case fatality for COPD but is not cor-
rected for the lag in the natural history of the disease.

The GBD quantifies the availability and complete-
ness of the mortality data by each location-year to
indicate the reliability of cause of death data. Each
country is graded on a 5-star scale [8]. For the coun-
tries analysed in the present analysis, except for Cyprus
and Slovakia (2-stars and 3-stars, respectively), 15 EU
countries scored 4-stars (Belgium, Bulgaria, Croatia,
Czech Republic, Denmark, France, Germany, Greece,
Luxembourg, Netherlands, Poland, Portugal, Romania,
Slovenia, and Spain), representing greater than 65%
completeness of mortality data. The 11 remaining EU
countries have 5-star data, demonstrating greater than
85% completeness of the data (Austria, Estonia, Fin-
land, Hungary, Ireland, Italy, Latvia, Lithuania, Malta,
Sweden, and the UK).

Statistical analysis

Joinpoint regression analysis was used to assess trends
in the disease burden of COPD. The Joinpoint soft-
ware (Joinpoint Command Line Version 4.5.0.1) was
developed and provided by the United States National
Cancer Institute Surveillance Research Program [15].
This software models trends in data over time then fits
the simplest model possible to the data by connecting
several different line segments on a logarithmic scale.
These segments are known as ‘Joinpoints, with the sim-
plest model (i.e., O Joinpoints) being an uninterrupted
line. Sequentially Joinpoints are added and each new
model is tested for significance using a Monte Carlo
permutation method. The software also gives estimated
annual percentage changes (EAPC) for each line seg-
ment. Each EAPC is tested to establish if a difference
exists from the null hypothesis of no change. Conse-
quently, the final model consists of zero or multiple
Joinpoints, where Joinpoints are added each represents
a statistically significant (p-value <0.05) change in trend
(increase or decrease), with each trend described by
the EAPC and the associated confidence intervals. The
EAPC allows the assessment of trend changes at a con-
stant percentage per year.
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Results

We included 28 countries in the final analysis with
19 years of data, with no missing data or need for impu-
tation. Over the 19-years period, changes were observed
in COPD mortality, prevalence and DALYs across the
28 European countries. Countries with the three high-
est and three lowest rates for each metric are reported in
descending and ascending order respectively.

Prevalence

Table 1 demonstrates ASPR per 100,000 per coun-
try in 2001 and 2019. In 2019, the median ASPR across
Europe was 3230/100,000 and 2202/100,000 for males
and females, respectively. For males, the highest ASPRs
in 2019 were observed in Belgium, Denmark, and Hun-
gary (4345/100,000, 4214/100,000 and 4123/100,000,
respectively). For females, the highest ASPRs in 2019
were observed in Denmark, the Netherlands, and the
UK (4378/100,000, 3990/100,000, and 3900/100,000,
respectively). The lowest ASPRs in 2019 in males were
observed in Latvia, Estonia, and France (1844/100,000,
1936/100,000, and 2351/100,000). For females, the lowest
ASPRs were observed in Latvia, Lithuania, and Estonia
(970/100,000, 1061/100,000, and 1082/100,000, respec-
tively). Between 2001 and 2019, the median change in
ASPR for males was—372.9/100,000, with a median
percentage change of —9.7%. For females, the median
change in ASPR was 97/100,000, with a median per-
centage change of 4.3%. The greatest reduction in ASPR
between 2001 and 2019 was seen in Lithuania for both
males (—32.1%) and females (—29.9%). 23 of the 28
countries demonstrated decreased ASPRs in males, while
only 11 countries demonstrated decreases in females.

Mortality

Table 1 demonstrates ASMRs per 100,000 per country
in both 2001 and 2019 for males and females, respec-
tively. In 2019, the median ASMR across Europe was
24/100,000 and 12/100,000 for males and females,
respectively. For males, the highest ASMRs in 2019 were
observed in Spain, Hungary, and Denmark (42/100,000,
41/100,000 and 39/100,000, respectively). For females,
the highest ASMRs in 2019 were observed in Den-
mark, the UK, and Ireland (30/100,000, 26/100,000 and
23/100,000, respectively). The lowest ASMRs in 2019
in males were observed in France, Latvia, and Estonia
(15/100,000, 15/100,000, and 16/100,000, respectively).
For females, the lowest ASMRs in 2019 were observed
in Malta, Estonia, and Latvia (5/100,000, 5/100,000 and
5/100,000, respectively). Between 2001 and 2019, the
median change in ASMR for males was —9/100,000, with
a median percentage change of — 27.5%. For females, the
median change in ASMR was — 1/100,000, with a median
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Table 1 2007and 2019 values for age-standardised prevalence rate (ASPR) per 100,000, age-standardised death rate (ASMR) per
100,000, mortality-to-incidence ratio (MIl) and disability adjusted life year (DALYs) per 100,000 for COPD

Prevalence (ASPR per 100,000) Mortality (ASDR per

Mortality Incidence Indices DALYs per 100,000

100,000)
Country 2001 2019 Change (%) 2001 2019 Change (%) 2001 2019 Change(%) 2001 2019 Change (%)
Female
Austria 2679 2816 13716 (5.1) 10.78 10.89 1(1.0) 0.06 0.06 0(=20) 286 303 17.09 (6.0)
Belgium 3208 3588 380.58 (11.9) 1819 16.81 38(=76) 008 007 —001(—154) 472 487 14.97 (3.2)
Bulgaria 1961 2318 357.2(18.2) 1722 1228 7494( 287) 015 009 —006(—399) 399 346 —53.68 (—134)
Croatia 1858 2132 274.08 (14.8) 1002 11.28 6(12 6) 008 007 —001(=11.00 272 290 17.72 (6.5)
Cyprus 2322 2266 —5591(—24) 245 2006 —444( 8.1) 014 011 —0.02(—163) 442 357 —8554(—193)
Czech Republic 1730 2141 410.63 (23.7) 815 1056 241 (29. ) 008 008 0(—=25) 248 307 5944 (24.0)
Denmark 4235 4378 143.11 (34) 36.12 3007 —605(—168) 013 010 —003(—=225) 910 742  —16849(—18.5)
Estonia 995 1082 9(87) 54 485 —055(—=10.1) 011 008 —002(—=237) 154 147 —743(—4.8)
Finland 1590 1697 107.78 (6.8) 641 645 0.04 (0.6) 007 006 —001(=102) 206 210 345(1.7)
France 1734 1650 —83.79(—4.8) 831 648 —183(—221) 006 005 —001(=129) 170 162 —822(—438)
Germany 2754 3213 459.04 (16.7) 11.01 1337 2.36(21.4) 0.06  0.06 0(5.5) 367 433 65.12(17.7)
Greece 2288 2547 258.89 (11.3) 13.98 15.00 1.02(7.3) 008 008 0(—1.1) 348 384 3567 (10.3)
Hungary 2727 3097 369.22 (13.5) 1533 19.86 4.53(29.6) 0.1 0.11 0.01(123) 447 569 12149 (27.2)
Ireland 4103 3687 —41652(—102) 3093 2303 —79(=255 011 009 —002(—187) 698 541 —156.6 (—22.4)
[taly 1936 1878 —57.93(-=39) 1002 946 —0.56(—5.6) 0.07 0.06 0(—36) 248 233 —1551(-6.2)
Latvia 1011 970 —4094 (—4.1) 546 506 —04(=73) 010 009 —001(=11.1) 154 140 —14.02 (=9.1)
Lithuania 1513 1061 —45256(—299) 892 567 —325(=364) 011 009 —001(=112) 249 159 —89.55 (—36.0)
Luxembourg 3083 3290 207.04 (6.7) 1467 1310 —157(=107) 007 005 —001(—=176) 409 390 —19.34(—4.7)
Malta 1781 1731 —50.02 (—2.8) 6.17 450 —167(=27.1) 005 004 —001(—238) 199 169 —30.13(=15.1)
Netherlands 3545 3990 44485 (12.6) 2143 2091 —052(—24) 009 008 —001(—148) 575 584 9.33(1.6)
Poland 1789 1794 461(0.3) 897 795 —102(—=114) 009 007 —001(=155) 277 264 —13.07 (—4.7)
Portugal 2456 2119  —33755(—13.7) 1898 1392 —506(—267) 010 008 —002(—20.1) 417 304 —112.87 (—27.1)
Romania 1850 1575 —27431(—148) 1831 1028 —803(—439) 014 010 —004(—270 384 262 —122(=318)
Slovakia 1286 1485 199.62 (15. 5) 7.1 632 —078(=11.0) 010 007 —003(—256) 200 200 —0.14(-0.1)
Slovenia 1647 1510 —137.15(—=83) 1118 629 —489(—437) 010 006 —004(—406) 264 182 —81.72(—31.0)
Spain 2433 2263 —170.08(—7.0) 1668 1342 —326(—195) 009 008 —001(=13.1) 321 277 —4321(=135)
Sweden 3160 3371 21095 (6.7) 11.97 1410 2.13(17.8) 006 0.06 0(2.6) 447 451 3.95(0.9)
United Kingdom 3817 3900 83.54(2.2) 2571 2627 0.56 (2.2) 0.0 0.10 0(=11) 623 622 —09(=01)
Country Prevalence (ASPR per 100,000) Mortality (ASDR per Mortality incidence indices DALYs per 100,000

100,000)

Start End Change (%) Start End Change (%) Start End Change (%) Start End Change (%)

Male
Austria 3937 3485  —45199(—11.5) 2693 2170 —523(—194) 0.1 009 —001(—89) 610 520 —89.78(—147)
Belgium 4401 4345 —5538(—1 3) 5717 3651 —2066(—36.1) 018 012 —006(—34.1) 1111 798 —312.88(—282)
Bulgaria 3146 3089 —5761(—18) 397 2974 —996(—251) 019 014 —005(—=263) 901 711 —18949(—21.0)
Croatia 3361 3413 52.06(1.6) 3332 3050 —282(—=85) 013 012 —=002(=127) 726 646 —80.26(—11.1)
Cyprus 3375 3395 19.87 (0.6) 4864 34.61 14.03(—288) 019 013 —005(—286) 799 620 —179.71(—225)
Czech Republic 3177 3160 —1793(=06) 2129 2476 347(163) 011 011 0.01(8.7) 578 618 39.77 (6.9)
Denmark 4323 4214 —109.1(=25) 516 3880 —128(—248) 017 013 —004(—231) 1065 818 —247.71(—233)
Estonia 2091 1936 — 15454 (—74) 2085 1579 —506(—243) 016 0.11 —004(=276) 460 344 —116.72(—254)
Finland 3471 2838 —6329(—182) 2709 1865 —844(—312) 011 009 —002(—175 621 443 —177.85(—286)
France 2940 2351 —58943(—20.1) 2289 1500 —7.89(—345) 011 009 —002(—166) 425 315 —10993(—259)
Germany 3965 3684  —281.29(—7.1) 27.88 2501 —287( 03) 010 0.10 0(—18) 689 626 —63.02(—9.2)
Greece 2858 3137 278.82(9.8) 21.85 23.56 1(7. ) 0.10 0.10 0(=02) 511 565 53.71(10.5)
Hungary 4029 4123 94.11 (2.3) 37.88 4085 297 (7.8) 013 014 0.01 (5.6) 947 1009 61.56 (6.5)
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Country Prevalence (ASPR per 100,000) Mortality (ASDR per Mortality incidence indices DALYs per 100,000
100,000)
Start End Change (%) Start End Change (%) Start End Change(%) Start End Change (%)

Ireland 4248 3624 —62398 (—14.7) 583 3440 —239(—410) 019 013 —006(—329) 1047 655 —392.79(—375)
Italy 3422 279 —6282(—184) 31.78 2348 —83(—=26.1) 013 011 —=002(—139) 618 453 165.66 (—26.8)
Latvia 2233 1844 —389 ( 174) 1901 1508 —393(—207) 014 012 —002(—117) 439 343 —953(—21.7)
Lithuania 3495 2373 9(—321) 4168 2175 —1993(—478) 018 013 —005(—274) 890 476 —414.82(—46.6)
Luxembourg 4286 3438  —847.99 ( 19.8) 39.24 2402 1522(—388) 0.13 0.1 —003(—265) 843 543 —299.94(—356)
Malta 3691 3067 —624.17 (—16.9) 3546 22.75 12.71(—358) 0.13 0.1 —0.03(—249) 734 498 —23649(—322)
Netherlands 4178 3743 —43471(—104) 5589 3542 —2047(—3606) 018 013 —006(—308) 1107 740 —367.71(=332)
Poland 3390 2873 —51638(—152) 3537 2366 —11.71(—33.1) 015 0.11 —0.04(—265) 806 565 —241.14(—299)
Portugal 4101 3396 —705.02(—172) 4469 3057 —1412(-316) 015 012 —003(—208) 902 596 —305. 96( 33.9)
Romania 3625 3299  —32578(—9.0) 4931 3043 —1888(—383) 020 014 —006(—284) 1095 761 —334.15(—30.5)
Slovakia 2368 2465 96.18 (4.1) 2292 19.00 —392(—17.1) 015 0.11 —0.04(—253) 547 463 —83.8(—15.3)
Slovenia 3591 2472 —1119(=31.2) 4398 2001 —2397(—545) 0.16 0.1 —006(—389) 872 420 —451.14(—518)
Spain 4408 4051 —356.7(—8.1) 6001 4161 —184(—307) 019 014 —005(—262) 1046 755 —29155(—279)
Sweden 3447 3055 —3916(—114) 1969 1631 —338(— 172) 008 007 —001(— 104) 465 387 —78.04 (—16.8)
United Kingdom 4018 3903 —114.08 (—2.8) 4494 3691 —803(—179) 016 013 —002(—151) 947 788 — 1587 (—16.8)

Change as absolute values and percentages in parentheses reported between 2001 and 2019

percentage change of — 10.4%. The greatest reduction in
COPD ASMR between 2001 and 2019 was observed in
Slovenia for males (—54.5%) and Romania for females
(—43.9%). Over the observation period, 25 of 28 coun-
tries demonstrated a decrease in ASMR in males and 19
of 28 countries in females.

Mortality-to-incidence index

Table 1 shows sex-specific MIIs by country. In 2019,
median MIIs across Europe were 0.12 for males and 0.08
for females. For males, Spain, Romania, Hungary, and
Bulgaria had the highest MII in 2019 (0.14 for all four
countries). For females, the highest MIIs in 2019 were
observed in Hungary and Cyprus (0.11 in both coun-
tries). The lowest MIIs in 2019 in males were observed
in Sweden, Austria, Finland, and France (0.07, 0.09, 0.09,
and 0.09, respectively). For females, the lowest MlIs in
2019 were observed in Malta, France, and Luxembourg
(0.04, 0.05, and 0.05, respectively). Between 2001 and
2019, the median percentage change in MIIs was — 24.0%
and — 14.0% for males and females, respectively. 26 of 28
countries demonstrated a decrease in MII in males and
25 of 28 countries in females.

DALYs

Table 1 shows DALYs per 100,000 per country. In
2019, median DALYs per 100,000 across Europe were
581/100,000 and 304/100,000 for males and females,
respectively. For males, the highest DALYs in 2019 were
observed in Hungary, Denmark, and Belgium for males

(1009/100,000 and 818/100,000 and 798/100,000, respec-
tively). For females, the highest DALYs in 2019 were
observed in Denmark, the UK, and the Netherlands
(742/100,000, 622/100,000 and 584/100,000, respec-
tively). The lowest DALYs in 2019 in males were observed
in France, Latvia, and Estonia (315/100,000, 343/100,000
and 344/100,000). For females, the lowest DALYs were
observed in Latvia, Estonia, and Lithuania (140/100,000,
147/100,000 and 159/100,000, respectively). Between
2001 and 2019, the median change in DALYs for males
was — 179/100,000, with a median percentage change
of —25.7%. For females, the median change in DALYs
was —11/100,000 with a median percentage change of
—4.8%. Over the observation period, 25 of 28 countries
demonstrated a decrease in DALYs in males and 18 of 28
countries demonstrated a decrease in females.

Joinpoint analysis for COPD prevalence

Sex-specific Joinpoint regression analyses for COPD
ASPR between 2001 and 2019 are displayed in Fig. 1
and Additional filel: Table S1. Significant ASPR EAPCs
for each trend are presented (p-value<0.05). For most
countries, trends in COPD ASPR were relatively flat.
For males, 14 countries had at least one positive trend,
seven countries had two positive trends, and only Greece
demonstrated increases in all trends in ASPR. At the end
of the observation period, COPD prevalence showed an
increasing trend in 10 countries (Bulgaria, Cyprus, Czech
Republic, Denmark, Germany, Greece, Hungary, Lithua-
nia, Romania, and Slovakia). For females, 25 out of the 28
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countries had at least one positive trend, 18 had at least
two positive trends, 14 had at least three positive trends,
and eight countries demonstrated increasing in all trends
in ASPR (Bulgaria, Croatia, Czech Republic, Estonia,
Germany, Greece, Hungary, and Slovakia). Ireland, Slo-
venia, and Spain demonstrated decreases in all trends. In
addition to the eight countries with persistently increas-
ing trends, four other countries showed increasing trends
at the end of the observational period (Latvia, Lithuania,
Poland, and the UK).

Joinpoint analysis for COPD mortality
Sex-specific Joinpoint regression analyses for COPD
ASMR between 2001 and 2019 are displayed in Fig. 2 and
Additional filel: Table S1. Significant ASMR EAPCs for
each trend are presented (p-value<0.05). Most trends
observed for both males and females show favourable
decreases in COPD mortality rates across Europe, with
a higher rate in males than females. Twelve countries for
males and 8 for females showed negative trends through-
out the period of observation. Other countries had
variable positive and negative trends throughout. Four
countries had a final positive trend for males (Belgium,
Bulgaria, Greece, and Slovenia) and three for females
(Bulgaria, Estonia, and Greece), representing increases in
COPD mortality over the most recent periods assessed.
Joinpoint analyses of COPD DALYs and MIIs were also
performed and can be found in the Additional file2: Figs.
S1 and S2.

Discussion

In this observational study of chronic obstructive pul-
monary disease across the 28 European Union member
states between 2001 and 2019, we have shown an overall
decreasing prevalence of COPD for males. However, this
decrease was not seen in some countries for males (5/28,
18% of countries), nor was it seen in most countries for
females (17/28, 61% of countries). Further, some coun-
tries saw a higher prevalence in females than males by
the end of the observation period. Although males have
greater mortality than females, this gender-mortality gap
decreased during the observation period, keeping with
the changing burden of COPD prevalence. There has
been a consistent decrease in mortality from COPD in
both males (25/28, 89% of countries) and females (19/28,
68% of countries), as well as for disability-adjusted life-
years in both males (25/28, 89% of countries) and females
(18/28, 64% of countries). The ratio of COPD mortality-
to-incidence demonstrated more favourable changes,
with only two countries for males and three countries
for females reporting an increase in the mortality-to-
incidence index. Together, these findings are in contrast
to previous reports, which had indicated that the burden
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of disease from COPD was reducing [1, 2]. Here we find
these reductions may be plateauing and, in some cases,
reversing.

COPD is of particular importance for policymak-
ers, public health officials, and system-level healthcare
as it represents the most prevalent chronic lung disease
globally, and it is particularly amenable to interventions
for prevention [4]. The principal objective of our inves-
tigation was to obtain current estimates of the burden of
COPD across the EU. Furthermore, we sought to exam-
ine whether previously observed improvements in the
burden of COPD have continued. Although a previous
global analysis has assessed GBD data for COPD over a
similar period, this is the first study to focus on Europe
[1]. The 2015 Global Burden of Disease study reported
an overall increase in global COPD mortality between
1990 and 2015 of 11.6%, however, when these data were
controlled for an ageing population, the reported ASMR
was significantly reduced by —41.9% [1]. The great-
est reductions in ASMR were seen in countries of high
socioeconomic development, such as those in Europe.
A previous report analysing COPD mortality in Europe
between 1994 and 2010 demonstrated a linear decrease
in mortality for males with minimal changes for females
[2]; we observed similar mortality trends initially during
the observation period. We also observed a higher rela-
tive reduction in ASMR in countries with higher ASMRs
at the start of the observation period (2001). In more
recent years, however, countries such as Austria, Bel-
gium, Bulgaria, Denmark, Finland, France, Greece, Ire-
land, Italy, Luxembourg, Netherlands, Poland, Portugal,
Romania, Slovenia, Spain, Sweden, and the UK—which
had seen steep improvements in COPD mortality for
males—have seen reductions in year-on-year mortality
improvements and, in some cases, increases in mortality.
Further, although prevalence has been decreasing in most
countries for males, the prevalence of COPD in females is
increasing in most countries.

This is not the first study to report an increasing preva-
lence in females in high-income countries. A previous
report using the GBD identified an increase in COPD
prevalence in females in several countries up to the year
2017 [4]. There is also a narrowing of the mortality gap
between females and males. Potential explanations for
this include increased longevity due to reduced mortality
from illnesses such as cardiovascular disease and chang-
ing patterns in smoking behaviours amongst females [16].
The sex differences in COPD and the underlying factors
contributing to this have been recently [16]. Hopefully,
future population initiatives could also attempt to high-
light these changing demographic trends.

Changes in COPD burden are unlikely to be the
result of any one particular entity. They are more likely
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to result from a combination of factors that and due to
the observational nature of this study, we are unable to
infer causality. The observation period is of interest
because, whilst globally tobacco use remains high, the
majority of European countries have seen a fall in smok-
ing rates, with data indicating that high levels of tobacco
control correlate with higher quittance rates [17]. The
relationship between air pollution and COPD is well doc-
umented but quantifying the precise attributable respira-
tory mortality from air pollution remains complex [18].
However, Europe is likely to have lower attributable mor-
tality to air pollution than other parts of the world [19,
20]. Still, within Europe itself, the impact of pollution is
variable and may contribute to the differences in disease
burden observed between member states [21]. Observed
trends may also be attributable, in part, to other fac-
tors such as improved knowledge and information with
regard to exacerbating factors, treatment of respiratory
and non-respiratory co-morbid conditions, and improve-
ments in the diagnosis of chronic respiratory diseases.
Indeed, during the early years of our observation period,
a number of significant randomised controlled trials were
published, generating and optimising the evidence base
for pharmacotherapy in COPD; however, the latter years
have seen few or no novel therapies [22]. COPD manage-
ment has been advanced more recently through obser-
vational research to permit more accurate phenotyping
of the population. Bundles of care have been developed
using a combination of community interventions, includ-
ing pulmonary rehabilitation and holistic assessment at
hospital admission, with greater emphasis on smoking
cessation [23, 24].

Compared with cardiovascular disease [25], the gains
made in COPD mortality in Europe are relatively mod-
est, and the failure to universally decrease COPD preva-
lence provide support for European initiatives such as the
Chronic Airways Disease Early Stratification (CADSET)
collaboration [26]. Such initiatives would help provide a
framework for quality improvement in clinical care and
outcomes, improve public engagement through knowl-
edge sharing and public awareness, and enhance research
and training and development in the field of chronic lung
diseases. Future work may focus on inter-European pub-
lic health policy on smoking cessation and air quality in
addition to variation in COPD management.

The major strengths of this report are the total num-
ber of countries observed and the total duration of the
observation period for analysis. We used standardised
estimates of prevalence and mortality, which allows us to
make comparisons between countries by removing the
influence of country-specific demographics on these var-
iables. To our knowledge, this is the first paper to provide
a detailed European analysis of prevalence and mortality
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from COPD for the last 20 years. Despite this study’s
strengths, our study carries a number of limitations—
as with all studies using the GBD database—including
specific limitations with case definitions of COPD [1].
The data that we report are observational with probable
variations in diagnostic practices and medical provision
between European countries. The prevalence estimates
are particularly limited as countries are not required to
maintain registries of disease incidence as is required
for the cause of death. Therefore, any causal inferences
about the impact of healthcare policies across Europe
on COPD prevalence and mortality cannot be made.
Additionally, the case definition of COPD is challenging,
and there have been many iterations of the widely used
Global Initiative for Chronic Lung Disease (GOLD) defi-
nitions of COPD. Notably, during the observation period
for this study, there were revisions to the GOLD guide-
lines, including in 2012 and 2017, and it is possible, albeit
unlikely, that these changing case definitions impacted
upon recorded disease prevalence.

Conclusion

While the burden of COPD remains high across Euro-
pean Union member states between 2001 and 2019,
there have been overall reductions in mortality attrib-
utable to COPD. In contrast, while the prevalence of
COPD continues to decrease in males across the major-
ity of European nations, there are increasing trends in
the prevalence of COPD in females. These data highlight
the importance of continued efforts across the European
Union to monitor and support initiatives to reduce the
burden of respiratory diseases such as COPD.
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