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ABSTRACT

Background: Mortality due to idiopathic pulmonary fibrosis (IPF) has been reported to be increasing in
Spain, although the temporal evolution and regional differences across autonomous communities have
not been fully characterized.
Objective: To analyze national and regional age-adjusted IPF mortality trends in Spain from 1999 to 2021
and to identify changes in temporal patterns using Joinpoint regression.
Methods: Age-adjusted mortality rates per 100,000 inhabitants were obtained from the Statistical Portal
of the Spanish Ministry of Health for men and women in Spain and its autonomous communities. Deaths
coded under ICD-10 J84.112 were included. Joinpoint regression was performed to estimate Annual Per-
cent Change (APC) and detect inflection points in mortality trends. Statistical significance was set at
p<0.05.
Results: National IPF mortality increased from 2.17/100,000 in 1999 to 2.85/100,000 in 2021. Two distinct
phases were identified: an increase from 1999-2016 (APC 2.42%; 95% CI 1.8-3.0) followed by a decline
from2016-2021 (APC —2.83%; 95% CI —9.0to 1.6). Men showed anincreasing trend until 2016 (APC 2.40%),
followed by an observed downward trend from 2016 to 2021 (APC —3.71%), although the confidence
interval was wide and did not clearly exclude no change, while women exhibited a similar pattern (APC
1.45% to —3.97%) but with a more consistent decline after 2016. Regional trends varied substantially,
with several communities displaying non-parallel trajectories compared with the national trend; only
Baleares, Murcia and La Rioja experienced overall declines during the study period.
Conclusions: IPF mortality in Spain increased over the 22-year period but showed a likely downward trend
that needs a prospective confirmation and marked regional heterogeneity. These findings underscore the
need for continued monitoring and regional evaluation of IPF-related healthcare practices.

© 2026 SEPAR. Published by Elsevier Espaiia, S.L.U. All rights are reserved, including those for text

and data mining, Al training, and similar technologies.

Introduction

from three to five years despite therapeutic advances [2]. Over the
past two decades, IPF has attracted growing epidemiological inter-

Idiopathic pulmonary fibrosis (IPF) is a chronic, relentlessly pro-
gressive interstitial lung disease characterized by aberrant wound
healing, irreversible fibrosis of the pulmonary parenchyma, and a
poor prognosis [1]. Most patients experience a steady decline in
lung function, and median survival after diagnosis typically ranges
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est, not only because of increased diagnostic awareness but also
due to evidence suggesting a rising burden of disease worldwide
[3.4].

The epidemiology of IPF varies markedly across regions,
influenced by demographics, diagnostic criteria, environmental
exposures, and health system factors. Several studies from Euro-
pean countries have demonstrated increasing mortality rates
[5,6], aligning with broader trends in aging populations and
expanded access to high-resolution computed tomography (HRCT)
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[7]. Greater availability of multidisciplinary teams has also facil-
itated earlier recognition of the disease [8]. Still, despite such
improvements, IPFremains one of the interstitial lung diseases with
the highest mortality rates globally [9].

In Spain, previous reports have suggested a possible upward
trend in IPF-related deaths [5], although precise estimates
and region-specific patterns remain insufficiently character-
ized. Spain’s decentralized healthcare system, consisting of 17
autonomous communities with varying infrastructure, resource
availability, and clinical practice patterns, presents an opportunity
to examine how mortality trends might differ geographically [10].
These regional differences may reflect disparities in disease iden-
tification, referral pathways to specialized interstitial lung disease
(ILD) units, and timely access to antifibrotic therapies such as pir-
fenidone and nintedanib [11]. These agents were incorporated into
clinical practice relatively recently (post-2012 and 2015), and their
population-level effects on mortality remain uncertain.

Joinpoint regression analysis provides an optimal approach for
studying these temporal variations, as it allows detection of inflec-
tion points where trends significantly change direction. This is
especially relevant for IPF, where epidemiological patterns may
evolve in response to therapeutic innovations, improvements in
diagnostic tools, and changes in coding practices over time.

Given these considerations, the present study aims to pro-
vide the first comprehensive, regionally disaggregated analysis
of IPF mortality in Spain over a 22-year period. By evaluating
age-adjusted mortality rates from 1999 to 2021 nationwide and
across all autonomous communities, stratified by sex, we sought to
determine whether mortality has increased uniformly or whether
distinct patterns have emerged between regions. Additionally,
we evaluated whether identifiable inflection points correspond to
meaningful shifts in the epidemiology of IPF within Spain. A deeper
understanding of these trends may help guide resource allocation,
standardize diagnostic and therapeutic pathways, and ultimately
improve the care and outcomes of patients with IPF.

Material and methods
Study design

We conducted an ecological, population-based time-trend study
assessing national and regional mortality from idiopathic pul-
monary fibrosis (IPF) in Spain. The analysis covered the period
between 1999 and 2021 and used publicly accessible mortality
datasets derived from official death certificates. Because all data
were anonymized and de-identified, ethics approval and informed
consent were not required.

Data sources

Mortality data were obtained from the Statistical Portal
of the Spanish Ministry of Health (available at https://www.
sanidad.gob.es/estadEstudios/portada/home.htm), which compiles
annual death records certified by physicians throughout Spain
according to the International Classification of Diseases, 10th Revi-
sion (ICD-10), which has been used for official mortality statistics
in Spain since 1999. The analysis included all deaths coded under
the International Classification of Diseases, 10th Revision (ICD-10),
code J84.112. This category corresponds specifically to IPF and it
is included in the broad J84.1 group that includes other idiopathic
interstitial pneumonias. More specific subcategories for intersti-
tial lung diseases, including those corresponding to idiopathic
pulmonary fibrosis (e.g., J84.112 in ICD-10-ES), were formally
implemented in the Spanish adaptation of ICD-10, which became
effective onJanuary 1st, 2016. Although this ICD-10-ES subcategory
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was formally incorporated into the Spanish clinical coding manual
on this date, the Ministry of Health’s mortality statistics database
applies the code J84.112 retrospectively across the full 1999-2021
series for data extraction purposes, based on the underlying cause-
of-death information recorded on each death certificate. Deaths
occurring before 2016 were therefore not assigned to a different,
broader category in the extracted dataset; however, the degree of
diagnostic specificity recorded on death certificates—and hence the
likelihood of a death being classified under J84.112 rather than
another ]J84.1 subcategory—may itself have evolved over time as
awareness of IPF and of the ICD-10-ES subcategories increased. Age-
adjusted mortality rates per 100,000 inhabitants were extracted
for Spain as a whole and for each of the 17 autonomous commu-
nities, stratified by sex. Age standardization was performed using
the direct method with the European standard population (2013),
ensuring comparability across regions and years.

Data collection followed a uniform structure: for each calendar
year, the database provided age-adjusted mortality rates sepa-
rately for men and women in each autonomous community. Ceuta
and Melilla were excluded because of incomplete data, preventing
reliable Joinpoint analysis. Population denominators were derived
from the National Institute of Statistics (INE) annual estimates.

Outcome measures

The primary outcome was the annual age-adjusted mortality
rate (AAMR) for IPF per 100,000 inhabitants. Secondary outcomes
included sex-specific mortality trends and regional comparisons
with national trends. Relative changes between 1999 and 2021
were calculated to describe the magnitude of change over the full
study period.

Statistical analysis

Joinpoint regression

Temporal trends were evaluated using Joinpoint regres-
sion models implemented via the Joinpoint Regression Program
(version 3.5.1; Surveillance Research Program, National Cancer
Institute). This method fits a series of connected linear segments to
identify statistically significant changes in trend slope, referred to
as “joinpoints.” The number of joinpoints allowed varied between 0
and 2 for each region and sex category, depending on data variabil-
ity and model fit. The selection of up to two joinpoints was based on
balancing model flexibility with the risk of overfitting, particularly
given the relatively limited number of time points. Model selection
was performed using permutation tests implemented in the Join-
point Regression Program, which identify the optimal number of
joinpoints by comparing models of increasing complexity.

For each segment, we computed the Annual Percent Change
(APC) with 95% confidence intervals. APC represents the yearly rate
at which mortality increased or decreased during a given interval.
A p-value <0.05 indicated a statistically significant trend.

Parallelism tests

Parallelism tests were used to assess whether regional trends
followed the same slope as the national trend. A non-parallel result
indicates statistically different temporal trajectories between
regions and the overall national pattern. These compare the slopes
of regional regression lines with the slope of the national model,
allowing identification of communities whose trajectories diverge
substantially from the overall pattern.

Model specifications
Mortality rates were modeled assuming a Poisson distribution,
appropriate for rate data. The logarithm of the mortality rate was
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Table 1
Age-adjusted mortality rates/100,000 inhabitants among males and females in Spain from 1999 to 2021 and different regions.
Males Females Total

Region 1999 2021 Trend Region/Spain Ratio 1999 2021 Trends Region/Spain Ratio 1999 2021 Trend

Spain 2.83 4.27 50.77% 1.79 1.95 8.85% 217 2.85 31.68%
Andalucia 2.49 4.65 86.75% 1.71 1.75 1.72 -1.38% —-0.16 2.02 2.85 41.02%
Aragén 2.08 3.76 81.09% 1.60 2.09 1.82 —13.06% -1.47 2.17 2.73 25.67%
Asturias 1.87 3.80 103.54% 2.04 1.45 2.05 41.97% 4.74 1.68 2.81 67.95%
Baleares 2.57 2.95 14.79% 0.29 3.17 1.06 —66.57% —7.52 2.58 1.77 —31.48%
Canarias 2.32 3.45 48.76% 0.96 1.85 2.32 25.41% 2.87 2.09 3.05 45.66%
Cantabria 3.80 4.79 26.11% 0.51 2.08 1.61 —22.56% —2.55 2.51 291 15.96%
Castillay Le6n 2.80 3.64 30.03% 0.59 1.38 1.66 20.02% 2.26 2.00 2.63 31.52%
Castilla-Mancha 2.45 4.63 89.31% 1.76 1.80 2.07 14.92% 1.69 1.94 334 72.24%
Catalufia 2.94 4.21 43.26% 0.85 1.94 2.23 15.03% 1.70 2.34 2.96 26.70%
C. Valenciana 2.70 3.27 21.11% 0.42 1.55 1.83 18.52% 2.09 2.07 229 10.24%
Extremadura 3.70 522 41.36% 0.81 1.50 2.58 71.35% 8.06 2.46 3.63 47.47%
Galicia 2.73 4.08 49.28% 0.97 1.14 1.79 56.67% 6.40 1.86 2.74 47.03%
Madrid 3.21 3.76 17.11% 0.34 1.76 1.97 11.42% 1.29 245 2.59 5.57%
Murcia 3.27 3.15 —3.70% —-0.07 2.01 1.65 -17.91% -2.02 227 2.18 —4.05%
Navarra 2.51 4.09 62.82% 1.24 1.69 1.48 -12.23% -1.38 1.98 2.81 42.01%
Pais Vasco 2.57 4.58 78.20% 1.54 1.52 1.81 18.58% 2.10 1.86 3.03 62.83%
Rioja (La) 5.21 4.30 —-17.47% -0.34 2.71 234 —13.33% -1.51 3.51 322 —8.09%

used as the dependent variable, with calendar year as the indepen-
dent variable. Model selection was based on permutation tests that
balance goodness of fit and model parsimony.

Map imaging

We generated the geographical distribution maps using QGIS
software (QGIS Geographic Information System, version 3.x). A
polygon shapefile containing the 17 Spanish autonomous com-
munities was imported as the base layer, and regional mortality
trend data for idiopathic pulmonary fibrosis were incorporated
from a structured spreadsheet table. The epidemiological dataset
was linked to the spatial layer through an attribute join using the
official name of each autonomous community as the matching field.
Choropleth maps were then produced using graduated symbology
based on the temporal trend variable, with regions classified into
five categories according to the Jenks natural breaks optimization
method, which enhances the visualization of regional heterogene-
ity. Adiverging color scale was applied to facilitate interpretation of
areas with mortality reduction versus those with stable or increas-
ing trends.

Sensitivity and limitations in data interpretation

Although ICD-10 code ]J84.1 is used globally in mortality studies
of IPF, in this study we used the specific code for IPF (J84.112). Some
deaths coded under this category may represent other interstitial
lung diseases. Conversely, true cases of IPF may be undercounted if
coded inaccurately. Misclassification may differ between regions,
particularly where access to HRCT imaging or interstitial lung dis-
ease specialists varies.

Results
National mortality trends

From 1999 to 2021, age-adjusted IPF mortality in Spain rose
from 2.17 to 2.85 deaths per 100,000 inhabitants, representing
an overall increase of 31.7% (Table 1). Joinpoint regression identi-
fied two distinct trend periods. Between 1999 and 2016, mortality
increased, with an estimated APC of 2.42% (95% CI 1.8 to 3.0). After
2016, the trend reversed, with an estimated decline of —2.83% per
year (95% CI —9.0 to 1.6). The downward inflection point around
2016 coincided with the widespread introduction of antifibrotic
therapies, although causality cannot be established from these data.

Sex-specific trends

Men consistently exhibited higher mortality rates than women
throughout the study period. Mortality increased steadily between
1999 and 2016 (APC 2.40%, p <0.001) (Table 2). From 2016 to 2021,
mortality showed a downward trend (APC —3.71%, 95% CI —9.0 to
1.6), although the uncertainty around this estimate was substan-
tial and compatible with no change. The inflection point (2016)
occurred at the same time point as in women (Fig. 1a).

Among women, mortality rose from 1999 to 2016 (APC 1.45%,
95% CI 1.1-2.2), followed by a decline from 2016 to 2021 (APC
—3.97%, 95% Cl —7.5 to —1.3), a more consistent downward trend
than that observed in men. Although women had lower absolute
mortality rates, their relative decrease in recent years was more
pronounced than in men (Table 2 and Fig. 1b).

2021 age-adjusted mortality rates regional patterns

In men, the 2021 age-adjusted mortality rate (AAMR) for idio-
pathic pulmonary fibrosis showed clear regional variability across
Spain, ranging from 2.95 to 5.22 deaths per 100,000 inhabitants.
The highest rates were observed in Extremadura and some north-
ern regions, whereas eastern and central communities generally
showed lower values (Fig. 3a).

In women, the 2021 age-adjusted mortality rate (AAMR) for
idiopathic pulmonary fibrosis also showed marked regional vari-
ability across Spain, ranging from 1.06 to 2.58 deaths per 100,000
inhabitants (Fig. 3b). The highest rates were observed in Catalonia,
Extremadura, and the Canary Islands, while several central regions
showed lower values. This distribution suggests substantial geo-
graphic heterogeneity in female IPF mortality, with a somewhat
different spatial pattern compared with men.

Regional mortality patterns

IPF mortality showed heterogeneous behavior across Spain’s
autonomous communities during 1999-2021. In men, the great-
est increases in mortality relative to the national trend were
observed in Asturias, Castilla-La Mancha, Andalucia and Aragon,
while other regions showed increases followed by declines in the
most recent years (Fig. 2a, Fig. S2a and Table 1). In women, the
largest increases compared with the national trajectory occurred
in Extremadura, Galicia, Asturias, and Canarias (Figs. S1a, S1b and
Table 1). Only three communities demonstrated a net decrease in
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Average annual percentage change (APC) and number of joinpoint periods for age-adjusted mortality rates in each region of Spain during the study period (1999-2021) for

both men and women.

Males Females
Region Period APC 95% ClI p-Value Period APC 95% CI p-Value
Spain 1999-2016 2.42-2.83 1.8t03.0 0.001 1999-2016 1.45-3.97 1.1t02.2 0.0010.009
2016-2021 -9.0to 1.6 0.154 2016-2021 -7.5t0-1.3
Andalucia 1999-2014 3.2-1.0 2.5t04.0 0.001 1999-2014 1.91-4.30 13t02.6 0.664
2014-2021 -3.2t01.2 2014-2021 ~-71to-14
Aragén 1999-2005 5.8 1.9t09.9 0.001 1999-2014 2.22-3.66 1.2t03.3 0.561
2005-2021 0.7 -03to 1.5 2014-2021 —6.7to -0.3
Asturias 1999-2005 8.0 23to14 0.010 1999-2021 3.12 1.6-4.5 0.001
2005-2021 0.3 -1.1to 1.6
Baleares 1999-2011 3.7-14 1.6t05.9 0.105 1999-2019 0.68 -1.1to 2.5 0.342
2011-2021 —-41t01.3 2019-2021 -31.29 —64.3t032.4
Canarias 1999-2014 3.2-05 22to4.2 0.001 1999-2016 1.54-4.80 09t02.2 0.914
2014-2021 -34t02.5 2016-2021 —8.8to -0.7
Cantabria 1999-2021 23 0.5-1.4 0.015 1999-2021 0.25 -14to1.9 0.754
Castillay Le6n 1999-2021 2.04 1.1-3.0 0.001 1999-2016 2.11-5.82 1.5t02.7 0.623
2016-2021 -9.5t0 -2.0
Castilla-Mancha 1999-2016 2.9-3.1 1.9to 4.1 0.075 1999-2021 1.52 0.5-2.5 0.006
2016-2021 -9.6t03.8
Catalufa 1999-2017 2.34-3.72 1.8t02.9 0.018 1999-2016 1.1-4.07 0.5to0 1.7 0.831
2017-2021 -8.6to1.4 2016-2021 —7.4to 0.6
C. Valenciana 1999-2017 2.18-6.42 15t02.8 0.406 1999-2002 10.01-0.86 0.0to21.3 0.436
2017-2021 -12.3to 2002-2021 -1.5t0 -0.4
-04
Extremadura 1999-2021 1.66 0.5-2.9 0.007 1999-2021 1.68 0.3-3.2 0.018
Galicia 1999-2012 4.55-1.20 3.2t05.9 0.001 1999-2016 2.68-5.85 1.9t03.5 0.303
2012-2021 -34t01.0 2016-2021 -10.6 to —0.9
Madrid 1999-2021 0.86 0.3-1.3 0.002 1999-2021 0.61 -0.2to 1.3 0.157
Murcia 1999-2017 1.99-5.24 1.0t0 3.0 0.506 1999-2021 0.32 ~1.4t02.1 0.708
2017-2021 -139to
4.3
Navarra 1999-2021 2.59 1.1-4.1 0.001 1999-2021 1.97 —-04to4.4 0.100
Pais Vasco 1999-2017 2.82-4.06 22t035 0.015 1999-2021 1.38 0.2-2.5 0.019
2017-2021 —-10.0 to
2.2
Rioja (La) 1999-2021 1.38 -1.3t04.2 0.285 1999-2021 1.31 —-1.5t04.4 0.331

mortality over the full study period: Baleares, with a reduction of
—31.48% and a marked drop after 2019; La Rioja, with —8.09%; and
Murcia, with —4.05% (Table 2). These data indicate that regional
mortality patterns did not follow a uniform distribution across
Spain.

Comparisons with national trends

Parallelism tests showed that several autonomous communi-
ties had mortality trajectories that were not parallel to the national
trend. In men, non-parallel trends were observed in Cantabria,
Castilla y Leén, Extremadura, Madrid, Navarra and La Rioja, as
shown in the regional APC comparisons, where their annual per-
cent changes differed from those of Spain as a whole (Fig. S2). In
women, non-parallel trends were identified in Asturias, Castilla-
La Mancha, Extremadura, Madrid, Murcia, Navarra, Pais Vasco and
La Rioja, with APC values that deviated from the corresponding
national segments (Fig. S3). These results indicate that the evolu-
tion of IPF mortality in these regions did not follow the same trend
segments detected at the national level, according to the Joinpoint
parallelism test outputs.

Discussion

This nationwide analysis of IPF mortality in Spain over a 22-
year period highlights several important epidemiological patterns.
First, mortality increased between 1999 and 2016, followed by a
downward trend in subsequent years. Second, men consistently
demonstrated higher mortality rates than women, although both
sexes exhibited similar two-phase patterns with comparable inflec-

tion points (in men the second phase showed a downward trend
whose magnitude remains uncertain given the width of the con-
fidence interval). Third, and perhaps most notably, substantial
heterogeneity emerged across the autonomous communities, with
some regions showing steep and sustained increases while others
experienced declines. These findings provide crucial insights into
the evolving burden of IPF within Spain and align with broader
European trends of increasing mortality over time.

Comparisons with international literature reveal both similar-
ities and differences [4]. While previous studies have described
national trends in IPF mortality, few have provided long-term anal-
yses incorporating both sex-specific and regionally disaggregated
data using joinpoint methodology. This study extends prior evi-
dence by offering acomprehensive assessment of temporal changes
and geographic heterogeneity in IPF mortality across Spain over
more than two decades. Studies from several European countries
have reported increasing IPF mortality between 2001 and 2018,
echoing the upward trend observed in Spain during the early study
period [5]. In contrast, analyses from the United States demonstrate
a gradual decline in IPF mortality between 2000 and 2017 across
most demographic groups [12,13]. These discrepancies underscore
the influence of regional healthcare structures, diagnostic crite-
ria, environmental exposures, and population demographics on
disease trends. Differences in coding practices, access to HRCT
imaging, and multidisciplinary diagnostic teams may also affect the
recorded mortality burden.

Spain’s health system, while generally strong and universal,
exhibits structural and resource differences across autonomous
communities. These may partly explain the divergent regional
trends observed. For instance, regions with fewer ILD-specialized
centers or delays in referral pathways may diagnose IPF later,
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Fig. 1. Age-adjusted mortality rates/100,000 inhabitants from IPF in (a) males and (b) females across study period in Spain.

leading to higher mortality. Similarly, areas with limited radio- Extremadura, Castilla-La Mancha, and

logical capacity or inconsistent use of guideline-based diagnostic
algorithms may misclassify cases, affecting mortality statistics.

The substantial increases documented in regions such as Asturias, of these factors.

Galicia may reflect one or

more of these factors. These interpretations should be considered
speculative, as our study design does not allow direct assessment
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Fig. 2. Relative changes compared to the national average in age-adjusted mortal-
ity (AAMR) for IPF in Spain and different regions for (a) males (b) females in the
period 1999-2021. Red regions are those where AAMR increased more than the
mean national AAMR, blue ones are those where AAMR increased less than the
national AAMR.

The introduction of antifibrotic therapies (pirfenidone and
nintedanib) in clinical practice represents a potential inflection
point in the epidemiology of IPF. Although these agents slow dis-
ease progression [14-17], their effect on mortality at a population
level is not fully established [11,18-23]. Although this temporal
change coincides with the introduction of antifibrotic therapies,
this observation should be interpreted as hypothesis-generating,
as the ecological design precludes causal inference. Nevertheless,
the magnitude of the decline varies across regions, suggesting
differences in access, prescription practices, or patient selection.
Non-parallel trends indicate that the temporal evolution of IPF
mortality differed between some regions and the national pattern.
These differences may reflect variation in coding practices, diagnos-
tic intensity, population structure, environmental or occupational
exposures, or healthcare access, but these explanations remain
speculative because such factors were not directly measured in this
study. Real-world data from Spain indicate variability in treatment
initiation and adherence, which may contribute further to regional
disparities [11,24].

Several methodological considerations are important for inter-
preting these findings. One key limitation arises from the use
of ICD-10 code ]J84.112 to identify IPF-related deaths. This code,
while specific to IPF, may include other idiopathic interstitial
pneumonias. Importantly, although ICD-10 coding has been con-
sistently applied since 1999, the formal implementation of the
Spanish ICD-10-ES classification in 2016 introduced greater speci-
ficity in the coding of interstitial lung diseases. This improvement
in diagnostic classification may have contributed to the appar-
ent increase in mortality observed during the earlier years of the
study period. Furthermore, the extent to which the adoption of
these more specific codes was homogeneous across autonomous
communities is unknown, which may have contributed to part of
the observed regional variability. Therefore, temporal trends prior
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to 2016 should be interpreted with caution, as they may partly
reflect progressive improvements in coding accuracy rather than
a true epidemiological increase. Additionally, IPF may be under-
reported on death certificates, especially when the diagnosis is not
definitively established during life. Such misclassification may vary
across regions, contributing to observed heterogeneity. Neverthe-
less, despite these limitations, studies employing similar coding
strategies have successfully illustrated meaningful population-
level trends [3-5].

Environmental and occupational exposures may also influ-
ence regional differences observed in Spain. Certain communities
have higher proportions of workers in agriculture, mining, and
industry—sectors associated with increased risk of interstitial lung
disease. Additionally, demographic differences such as older popu-
lation structures may increase susceptibility to IPF and contribute
to higher mortality.

The COVID-19 pandemic may have influenced IPF mortality
trends through multiple mechanisms, including changes in cause-
of-death attribution, competing mortality risks, and disruptions
in healthcare delivery. In particular, deaths in patients with pre-
existing IPF may have been preferentially attributed to COVID-19,
potentially leading to an underestimation of IPF-related mortal-
ity during 2020-2021. Furthermore, diagnostic challenges and the
emergence of post-COVID fibrotic lung disease may have con-
tributed to misclassification. Therefore, mortality trends during
the pandemic period should be interpreted with caution. Although
our dataset extends through 2021, disentangling COVID-19-related
effects from underlying IPF mortality patterns is challenging. Future
studies with more detailed clinical data will be needed to clarify this
issue [25].

Strengths of this study include the use of standardized, nation-
wide mortality data spanning more than two decades, allowing
robust temporal comparisons. The application of Joinpoint regres-
sion provides a sophisticated tool for detecting inflection points and
quantifying changes in mortality slopes. Furthermore, the inclusion
of regional analyses enhances the clinical and policy relevance of
the findings, revealing areas where targeted interventions may be
particularly beneficial.

However, limitations must be acknowledged. The ecological
design precludes causal inference, and individual-level risk factors
such as smoking, comorbidities, socioeconomic status, and envi-
ronmental exposures were not available. Although the Joinpoint
Regression Program accounts for variance estimation within its
modeling framework, potential autocorrelation in time-series data
cannot be completely excluded and represents an inherent limi-
tation of ecological time-trend analyses. Additionally, variability
in certification and coding practices may introduce measurement
error, while the exclusion of Ceuta and Melilla reflects incomplete
data rather than absence of disease burden. Regarding the use of
Poisson distribution, because the present analysis was conducted
using aggregated age-adjusted mortality rates obtained from pub-
licly available data rather than individual death counts with full
population denominators, formal assessment of overdispersion
using residual deviance or dispersion parameters was not feasi-
ble within the current analytical framework. Therefore, potential
overdispersion cannot be fully excluded and should be considered
when interpreting the precision of the APC estimates. Future anal-
yses using raw death counts and population denominators could
examine the robustness of these findings using quasi-Poisson or
negative binomial models. Lastly, some deaths coded under this
category (J84.112) may represent other interstitial lung diseases.
Conversely, true cases of IPF may be undercounted if coded inac-
curately. Misclassification may differ between regions, particularly
where access to HRCT imaging or interstitial lung disease special-
ists varies. Nevertheless, this coding approach remains standard
and specific in population-level epidemiological research. Finally,
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Fig. 3. Age-adjusted mortality rate (AAMR) per 100,000 inhabitants for idiopathic pulmonary fibrosis across Spanish autonomous communities, 2021 for (a) men and (b)

women.

we did not adjust for potential confounders such as smoking preva-
lence, environmental exposures, or comorbidity burden, as these
were not available in the public dataset.

Despite these limitations, our findings carry important impli-
cations for public health planning and clinical practice. The
heterogeneity observed across autonomous communities suggests
that national efforts to standardize IPF diagnosis, referral, and
treatment may help reduce regional disparities. Strengthening
specialized ILD units, improving professional training, and ensur-
ing equitable access to antifibrotic therapy may all contribute to
improving outcomes. The recent downward trends in most regions
are encouraging and merit continued monitoring to determine
whether they represent sustained improvements.

Conclusions

In this nationwide analysis, age-adjusted mortality from idio-
pathic pulmonary fibrosis in Spain showed a significant overall
increase overall between 1999 and 2021, followed by a downward
trend after 2016 (although this recent change should be interpreted
cautiously), with men consistently presenting higher mortality
rates than women. Joinpoint regression demonstrated that mor-
tality trends did not follow a uniform pattern across autonomous
communities, with several regions exhibiting trajectories that dif-

fered from the national trend and only Baleares, Murcia and La Rioja
showing net decreases over the study period. These findings con-
firm substantial regional variability in the temporal evolution of
IPF mortality in Spain and highlight the importance of continued
surveillance to better understand and contextualize these differ-
ences.
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