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Abstract

Background The burden of interstitial lung disease (ILD)-associated heart failure (HF) poses a significant challenge
to the prognosis of ILD patients. This study aimed to characterize the disease burden and analyse future trends of ILD-
associated HF, offering valuable insights to inform targeted prevention and control strategies.

Methods Data on the prevalence and years lived with disability (YLDs) of ILD-associated HF were retrieved from the
Global Burden of Disease (GBD) database for the period 1990-2021. Trends in ILD-associated HF were evaluated using
average annual percentage change (AAPC) and percentage change analyses. Future prevalence data were projected
up to 2050 using predictive modelling.

Results Globally, the number of patients with ILD-associated HF increased from 20,229 in 1990 to 104,059 in 2021,
with the prevalence rising from 0.53 to 1.41 per 100,000 population. Prevalence rates were disproportionately

higher in older populations, with individuals over 95 years experiencing a 17.78-fold increase over the study period.
Additionally, a positive correlation was observed between higher socioeconomic development index (SDI) levels and
ILD-associated HF prevalence. Among 204 countries, 71.1% exhibited an increasing trend in prevalence. However,
Bayesian age-period-cohort (BAPC) modelling predicts a declining trend over the next 28 years.

Conclusion Over the past three decades, the global burden of ILD-associated HF has escalated, particularly among

individuals aged over 65 and in regions with high SDI levels. These findings underscore the need for region-specific,
personalized intervention strategies to mitigate disease progression and enhance the quality of life for ILD patients.
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Introduction

Interstitial lung diseases (ILD) encompass over 200 con-
firmed types, ranging from extremely rare to relatively
common conditions [1]. ILD is commonly classified
into idiopathic interstitial pneumonias (IIPs), autoim-
mune ILDs, hypersensitivity pneumonitis, sarcoidosis,
and other ILDs [2]. Among these, IIP represents the pre-
dominant category, with idiopathic pulmonary fibrosis
(IPF) being the most frequently observed subtype. These
diseases are characterized by inflammation and/or fibro-
sis within the interstitial spaces of the lung, primarily
resulting in impaired gas exchange [1]. Systemic diseases,
environmental exposures, and genetic predispositions
contribute to the aetiology of ILD, further complicating
its clinical management [3]. The heterogeneous and mul-
tifaceted nature of ILD poses significant challenges in its
treatment [4].

Pulmonary hypertension (PH) is a frequent comorbid-
ity among patients with ILD, particularly in those with
IPF, connective tissue disease (CTD)-associated ILD, and
sarcoidosis [5-8]. In a large trial involving patients with
advanced IPF, 46% exhibited PAH [5, 9]. The prevalence
of PH among IPF patients awaiting lung transplantation
has been reported to range from 39.7-84% [10], under-
scoring the high disease burden. ILD-associated PH is
linked to increased oxygen requirements, diminished
quality of life, and elevated early mortality rates [5]. A key
pathological consequence of PH is its deleterious impact
on right ventricular function [5]. Initial compensatory
right ventricular hypertrophy in response to pressure
overload progresses to right ventricular dilation and fail-
ure as the ventricle becomes unable to sustain increas-
ing afterload [9]. Additionally, studies in CTD-ILD have
highlighted a significantly elevated cardiovascular risk,
with an overall cardiovascular disease risk 1.65 times
higher than in CTD patients without ILD [11].

A more comprehensive understanding of the burden
of heart failure (HF) associated with ILD could inform
public health strategies aimed at improving early diagno-
sis and targeted prevention efforts. Globally, disparities
in healthcare resource distribution contribute to delayed
diagnosis and suboptimal management of ILD and its
associated complications, including HF.

The Global Burden of Disease (GBD) database pro-
vides impairment data derived from disease registries,
medical records, and population health surveys across
diverse countries and regions. These data are evaluated
using clinical assessment tools and advanced statistical
methods such as Bayesian meta-regression to estimate
the incidence and severity of various dysfunctions [12],
including anaemia, epilepsy, hearing loss, HF, intellectual
disability, infertility, vision loss, Guillain-Barré syndrome,
and pelvic inflammatory disease [12].
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Using updated GBD 2021 data, this study examines the
prevalence and years lived with disability (YLDs) attrib-
utable to ILD-associated HF from 1990 to 2021 at global,
regional, and national levels. It further explores the dis-
tribution and temporal trends in the burden of HF across
different age groups, offering valuable insights for future
healthcare interventions.

Methods

Data source

The GBD database serves as the core data platform for
global disease burden research, systematically quantify-
ing the health impacts of diseases, injuries, and risk fac-
tors worldwide. Maintained and led by the Institute for
Health Metrics and Evaluation (IHME) at the University
of Washington, this database integrates comprehensive
data from countries and regions globally, supporting
evidence-based public health decision-making and policy
formulation. The GBD 2021 study provides comprehen-
sive epidemiological data on 371 diseases and injuries
across 21 global regions and 204 countries from 1990 to
2021. Data for the present analysis were obtained from
the Global Health Data Exchange (GHDx) platform (http:
//ghdx.healthdata.org/gbd-2021/sources) [12].

Definition

The GBD database defines ILD as including interstitial
pulmonary disease (ICD-10 code J84.9), pulmonary sar-
coidosis (ICD-10 code D86.2), and sarcoidosis unspeci-
fied in site (ICD-10 code D86.9) [13]. The dataset al.so
integrates HF attributable to ILD as a key contributor to
disease burden.

Years lived with disability were calculated using esti-
mated prevalence data for non-fatal disease sequelae,
adjusted for age, sex, location, and year. These estimates
were combined with disability weights specific to each
sequela [12]. The resulting rates were standardized per
100,000 individuals. Prevalence and YLDs associated
with ILD-related HF were quantified using age-standard-
ized rates (ASRs), with 95% uncertainty intervals (Uls)
[12].

Socio-demographic index and decomposition
methodology

The socio-demographic index (SDI) is a composite met-
ric reflecting a country’s or region’s developmental status,
based on the total fertility rate, mean years of educa-
tion, and per capita income [12]. SDI scores range from
0 (indicative of low income, limited education, and high
fertility) to 100 (indicative of high income, extensive edu-
cation, and low fertility). The 204 included countries and
territories were stratified into five SDI categories: low,
low-middle, middle, high-middle, and high [12].
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A decomposition methodology was employed to anal-
yse the contributions of population growth, age struc-
ture, and epidemiological changes to variations in the
prevalence and YLDs of ILD-associated HF [14].

Projection analysis

The Bayesian age-period-cohort (BAPC) model was uti-
lized to project the future disease burden of ILD-associ-
ated HF from 2022 to 2050. This log-linear Poisson model
assumes that age, period, and cohort exert multiplicative
effects on the disease burden, with outcomes modelled
using a Poisson distribution and a designated link func-
tion [14, 15].

Statistical analysis

Joinpoint regression analysis was conducted to evalu-
ate prevalence trends over time. The analysis identi-
fied statistically significant shifts, termed “joinpoints,’
where changes in trend direction occurred [16, 17].
Annual percentage change (APC) values were calcu-
lated between joinpoints [18], while the average annual
percentage change (AAPC) quantified overall temporal
trends. Time-series data, including prevalence rates, were
log-transformed, with time treated as the independent
variable to derive regression coefficients ($1) [19]. The
following formula was applied to calculate AAPC [19]:

AAPC = (¢! — 1) x 100%

Additionally, the association between SDI and the burden
of ILD-associated HF was analysed across geographical
locations.

Joinpoint analyses were conducted using Joinpoint
Regression 5.1 software, while additional statistical anal-
yses were performed using R 4.3.3, incorporating the R
packages BAPC (version 0.0.36), INLA (version 23.06.29),
and ggplot2 (version 3.4.2). Statistical significance was
defined as p <0.05.

Results

Global burden of ILD-associated HF from 1990 to 2021 and
projections to 2035

Globally, the burden of ILD-associated HF has demon-
strated a marked upward trend from 1990 to 2021, as
reflected in both prevalence and YLD metrics (Figure
S1). The prevalence of ILD-associated HF increased from
20,229 cases in 1990 to 104,059 in 2021, representing a
4.14-fold rise. Concurrently, the age-standardized preva-
lence rate (ASPR) rose by 1.41 times over the same period
(Table 1). Similarly, YLD cases increased from 1,873.77 in
1990 to 9,519.61 in 2021, a 4.08-fold rise, accompanied
by a 1.38-fold increase in the YLD rate (Table S1). Annu-
ally, while the absolute number of cases and YLDs were
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consistently higher among women, the prevalence rate
and YLD rate were notably higher in men (Figure S1).

Joinpoint regression analysis revealed varying degrees
of increase in ASPR between 1990 and 2018, with the
most significant growth occurring from 1995 to 2004,
representing a 4.86-fold increase (P<0.001). However,
from 2018 to 2021, the ASPR exhibited a slight, non-sig-
nificant decline (P=0.154) (Figure S2, Table S2).

Subgroup analyses by age revealed no documented
cases of ILD-associated HF in individuals aged 0-15
years (Table S3). In populations aged 15 years and older,
the prevalence of ILD-associated HF displayed a consis-
tent upward trajectory across the 32 years from 1990 to
2021, with increasing age amplifying this trend. Notably,
individuals aged 95 years and older experienced a 17.78-
fold rise in prevalence during this period (Fig. 1A-D,
Table S3). Across HF subtypes, trends remained relatively
consistent, with severe HF representing the largest pro-
portion of cases (Fig. 1A-D, Table S3). Additionally, the
proportion of ILD-associated HF cases in individuals
aged 65 years and older increased significantly by 2021
compared with 1990 (Fig. 1E).

Globally, in the population aged 15 years and older,
the AAPC in prevalence rates and YLDs rates exhib-
ited a sustained upward trend, with the increase being
more pronounced among older populations. For indi-
viduals aged 60 years and older, the AAPC escalated with
advancing age (Fig. 2).

Future trends, modelled using a BAPC framework, sug-
gest a declining trajectory in the ASPR of ILD-associated
HF from 2021 to 2050. By 2050, the estimated prevalence
is projected to decline to 1.27 x 10~° per 100,000 men and
8.47 x 107° per 1,000,000 women (Figure S3).

Global burden of ILD-associated HF stratified by SDI and
GBD region

The global burden of ILD-associated HF varies signifi-
cantly across five SDI regions. In 2021, the High SDI
region exhibited the greatest number of prevalent cases
and YLDs, as well as the highest prevalence and YLDs
rates compared to other regions. Specifically, the High
SDI region recorded 55,838 prevalent cases, correspond-
ing to a prevalence rate of 2.54 per 100,000 individuals
(Table 1, Table S1). The High-middle SDI region dem-
onstrated the highest relative increases in prevalence
and YLDs over the study period, with prevalent cases
rising 5.43-fold and YLDs increasing 5.35-fold from
1990 to 2021 (Table 1, Table S1). Across all SDI regions,
the majority of prevalent cases were observed among
individuals aged 65-84 years. Over the 32-year period,
the proportion of cases among those aged 65 and older
increased across all regions, with the most notable rise
occurring in the High SDI region (Fig. 1). The AAPC
in prevalence and YLDs increased across all age groups
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within the five SDI regions. The High SDI region experi-
enced the most significant growth in individuals aged 65
and older, whereas the High-middle SDI region exhibited
the largest increase among individuals under 65 years
(Fig. 2). Decomposition analysis revealed that both pop-
ulation growth and epidemiological shifts substantially
contributed to the increasing burden of ILD-associated
HF across all SDI regions. In the High and High-middle
SDI regions, population ageing emerged as an additional
critical driver of this trend (Fig. 3).

Analysis of the 21 GBD regions revealed a widespread
increase in the proportion of individuals aged 65 and
older among the ILD-associated HF population. By 2021,
Australasia recorded the highest proportion of cases
within this demographic (Fig. 1). Australasia also exhib-
ited significantly higher AAPC values for prevalence
and YLDs across most age groups compared with other
regions, with the AAPC reaching 7.11 for the 80-84
age group. In contrast, Central Asia and Eastern Europe
experienced declining AAPC values for both prevalence
and YLDs across all age groups (Fig. 2). Decomposition
analysis indicated that, while population growth and epi-
demiologic changes contributed to the burden in most
regions, the declining demographic-adjusted epidemio-
logical changes in Central Asia and Eastern Europe led to
reductions in the prevalence and YLDs of ILD-associated
HF (Fig. 3).

The SDI serves as a comprehensive measure of regional
development and is closely related to population health
outcomes. A significant positive correlation was iden-
tified between ASPR and SDI (R=0.2311, P<0.001),
suggesting that higher SDI levels are associated with
increased prevalence of ILD-associated HF. This trend
was most pronounced in High SDI regions. Notable
intraregional disparities in ASPR were also observed,
particularly within Andean Latin America (Fig. 4A).

Global burden of ILD-associated HF across countries

At the national level, the ASPR of ILD-associated HF
exhibits a positive correlation with the SDI (R=0.2263,
P<0.001), with a pronounced increase observed when
the SDI surpasses 0.7. Among all countries, Peru dem-
onstrated the highest ASPR in 2021, reaching 11.97 per
100,000 population, substantially exceeding the rates
observed in other nations (Fig. 4B). Canada ranked sec-
ond, with an ASPR of 5.62 per 100,000 population, while
Moldova reported the lowest ASPR, at 0.009 per 100,000
population (Fig. 5A, Table S4). Between 1990 and 2021,
71.1% of countries exhibited an increasing trend in the
ASPR of ILD-associated HF. Italy recorded the most pro-
nounced rise, with a total percentage change of 14.89
and an AAPC of 9.33. The Kingdom of the Netherlands
followed, with a total percentage change of 8.97 and an
AAPC of 7.70. Conversely, Moldova displayed the most
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substantial decline, characterized by a total percentage
change of -0.91 and an AAPC of -7.31 (Fig. 5B, Table S4).

Discussion

Interstitial lung disease is a heterogeneous and complex
group of inflammatory and fibrotic conditions primarily
affecting the lung interstitium [1]. The co-occurrence of
HF in patients with ILD significantly worsens progno-
sis and is associated with increased mortality risk [20].
Notably, ILDs such as IPF and CTD-ILD are frequently
complicated by PH [21]. A critical cardiovascular mani-
festation in ILD is the heightened vascular resistance
within the precapillary pulmonary circulation, leading
to elevated pulmonary arterial pressure (PAP) and the
development of pulmonary hypertension [22]. The retro-
grade transmission of elevated PAP increases intralumi-
nal pressure, exerting additional stress on the walls of the
right ventricle [22]. Over time, the right ventricle, being
structurally ill-equipped to withstand sustained pressure
overload, experiences a progressive decline in myocardial
contractility and subsequent dilation. This triggers a dele-
terious cycle characterized by increased right ventricular
wall tension, heightened oxygen demand, and compro-
mised myocardial perfusion, ultimately culminating in
right ventricular failure [22, 23]. These pathophysiologi-
cal processes significantly contribute to elevated mortal-
ity rates [22, 24, 25]. In cases of pulmonary hypertension,
the incidence and severity of biventricular dysfunction
are notably exacerbated [22]. This study is the first to
evaluate the disease burden and temporal trends associ-
ated with HF in the context of ILD.

Our findings indicate that in 2021, more than 100,000
patients with ILD developed HF, representing a fivefold
increase compared with 1990, with an AAPC of 2.88.
Furthermore, a marked rise in the prevalence of ILD-
associated HF has been observed across most countries
and regions globally. This upward trend may be attribut-
able to demographic expansion and shifts in epidemio-
logic patterns. With the increasingly widespread use of
chest computed tomography (CT) since the 1990s, dif-
ferent subtypes of interstitial lung disease (ILD) have
been further refined [26]. The diagnostic paradigm for
interstitial lung disease (ILD) has progressively shifted
toward multidisciplinary evaluation over recent decades
[26]. Initial guidance from the 2002 American Thoracic
Society/European Respiratory Society (ATS/ERS) con-
sensus advocated integrated clinical, imaging, and patho-
logical case reviews for indeterminate ILD classifications
[27]. Subsequent refinements in the 2013 update formally
recommended multidisciplinary team (MDT) consensus
as the gold standard for ILD diagnosis [28]. Multidisci-
plinary team (MDT) discussions have become the ref-
erence standard for diagnosis, which has significantly
improved the diagnostic accuracy of ILD [26, 28]. In the
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Fig. 1 Time trend of the burden of ILD-associated HF by age group. (A) Prevalent cases of ILD-associated HF by age group globally from 1990 to 2021; (B)
Prevalent cases of ILD-associated mild HF by age group globally from 1990 to 2021; (C) Prevalent cases of ILD-associated moderate HF by age group glob-
ally from 1990 to 2021; (D) Prevalent cases of ILD-associated severe HF by age group globally from 1990 to 2021; (E) The distribution of prevalent cases
as percentages across different age groups globally, in five territories, and across 21 GBD regions in 1990 and 2021. Abbreviations: GBD, Global Burden of

Disease; HF, heart failure; ILD, interstitial lung disease

context of global ageing, the ageing population in most
regions adversely influences the prevalence of ILD-asso-
ciated HF, partially accounting for the projected decline
in ILD-associated HF over the next 28 years.

Our analysis also reveals that the prevalence rate and
YLD rate of ILD-associated HF are higher in men com-
pared with women. Prior studies have identified advanced
age, smoking history, male sex, gastro-oesophageal reflux
disease, and reduced baseline pulmonary function as sig-
nificant risk factors associated with increased incidence,
disease progression, and reduced survival in IPF [29, 30].
These disparities may be attributed to the higher propor-
tion of men engaged in industrial and labour-intensive
occupations, which involve greater exposure to occupa-
tional hazards such as silica, asbestos, and hard metals,
increasing their susceptibility to related ILDs [31, 32].
Additionally, research on occupational lung diseases has
predominantly focused on male populations, potentially
introducing challenges and biases in assessing the risks
encountered by women in specific occupational settings,
thereby contributing to delayed diagnoses [31, 33].

Across the five SDI regions, the highest prevalence and
prevalence rates of ILD-associated HF are observed in
the High SDI regions compared with other SDI regions.
Among the 21 global geographical regions, Australasia
demonstrates the most pronounced increase in ILD-
associated HF prevalence, with a 15.42-fold growth over
32 years and an AAPC of 6.36. Further analysis of the
correlation between SDI and prevalence highlights a pos-
itive association, suggesting that advancements in diag-
nostic technologies and increased awareness of follow-up
care among ILD patients may underlie this trend [34, 35].
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However, in low- and middle-income countries (LMICs),
the diagnosis of chronic respiratory diseases (CRDs)
remains hindered by limited access to diagnostic tools,
such as spirometry and chest imaging, at the primary
care level, as well as a shortage of trained healthcare pro-
fessionals capable of performing and interpreting these
tests [36]. Over the past 32 years, the prevalence of ILD-
associated HF in Andean Latin America has exceeded
that of other geographical regions, with Peru recording
the highest prevalence among 204 countries. According
to 2019 GBD data, Andean Latin America also exhibits
the highest mortality rate associated with ILD-associated
HF [36]. This may reflect inadequate diagnostic capabili-
ties within the region, as many patients present to ILD
referral centres at advanced disease stages [37, 38]. Pul-
monary arterial hypertension, a frequent complication
in the later stages of IPF, significantly impacts survival
outcomes [24]. In LMICs, population ageing exhibits
a negative correlation with the disease burden of ILD-
associated HEF, potentially reflecting the reduced life
expectancy of patients with ILD-associated HF in these
settings.

In terms of age-related patterns, the burden of ILD-
associated HF exhibits a marked increase with advanc-
ing age. Globally, the prevalence of ILD-associated HF
among individuals aged 95 years and older is estimated
at 36.23 per 100,000, representing the demographic with
the most rapid growth in case numbers. Over the past
32 years, the prevalence of ILD-associated HF in this
age group has increased 17.78-fold. Evidence indicates
that advancing age is strongly correlated with a height-
ened susceptibility to ILD, particularly IPF [39]. This
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relationship is attributed to age-related genomic insta-
bility, telomere attrition, impaired autophagy, and mito-
chondrial dysfunction, which collectively facilitate the
onset and progression of IPF [39-43]. The ongoing trend
of global population ageing, coupled with improvements
in the diagnosis and treatment of ILD, has substantially
contributed to the 32-year rise in the prevalence of ILD-
associated HF [44, 45].

Projections indicate that by 2050, individuals aged 65
years and older will constitute 20% of the global popu-
lation, with 80% of this demographic residing in LMICs
[44]. However, delayed diagnoses and insufficient treat-
ment of ILD in LMICs significantly compromise the
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prognosis and life expectancy of affected individuals.
Addressing this challenge requires bolstering diagnostic
capabilities in primary care facilities and fostering inter-
disciplinary collaboration among pulmonologists, radiol-
ogists, and other specialists to enhance the management
of ILD and its associated HF.

Limitation

This study has several limitations. First, ILD encompasses
more than 200 distinct conditions. The primary focus of
this analysis is on diagnoses captured by the ICD-10, spe-
cifically interstitial pulmonary disease (J84.9), pulmonary
sarcoidosis (D86.2), and sarcoidosis (D86.9), which do not
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comprehensively represent the spectrum of conditions from data obtained through disease registries, medical
[13]. Second,. the diagnoses of ILD and HF are derived records, and population health surveys across diverse
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countries and regions. The database lacks standardized
diagnostic criteria and robust differential diagnostic pro-
tocols. Global inconsistencies in healthcare infrastructure
and national policy frameworks further compromise the
uniform application of the ICD. In resource-constrained
settings, this systemic weakness may manifest as coding
errors, incomplete diagnostic or imaging documentation,
and clinical misclassification—for instance, diagnostic
confusion between ILD and chronic obstructive pulmo-
nary disease (COPD). Notably, standardized ICD imple-
mentation faces heightened challenges in regions
outside WHO member states, where coding compliance
is neither mandated nor systematically monitored. These
multilayered issues collectively amplify geographic dis-
parities in disease ascertainment and reporting accuracy.
Third, current estimates of ILD-associated HF sever-
ity rely heavily on modeling approaches that infer func-
tional impairment from clinical diagnoses and healthcare
cost data in medical records. This methodology risks
generating conclusions misaligned with actual clinical
observations, as real-world diagnostic heterogeneity and
socioeconomic confounders are insufficiently captured in
such models. Although the original epidemiological data
standards remain a limitation and source of uncertainty
in GBD analyses, and GBD data analyses cannot fully
replace high-quality primary data, they ensure that popu-
lations or causes with little or no data are not excluded
from critical benchmarking used for burden estimation
[12]. Furthermore, the GBD 2021 Diseases and Injuries
Collaborators have been continuously improving the reli-
ability of collected data by strengthening data collection
systems [12]. Finally, the retrospective nature of the GBD
database introduces a potential lag in its applicability for
guiding timely decision-making.

Conclusions

Over the past 32 years, the prevalence and YLDs associ-
ated with ILD-associated HF have exhibited a consistent
upward trajectory, with older populations experiencing
the most pronounced increases. This trend aligns with
the global ageing of the population, as the proportion
of ILD patients with HF aged over 65 years has risen in
most regions during this period. The prevalence of ILD-
associated HF demonstrates a positive correlation with
SDI. Despite global projections suggesting a decline in
the prevalence of ILD-associated HF over the next 28
years, targeted health policies tailored to regional con-
texts remain essential to further enhance the diagnosis
and treatment of patients with ILD and ILD-associated
HE.
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