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Abstract
Background Comorbidities can affect drug tolerability and health outcomes in patients with fibrotic
interstitial lung disease. This systematic review and meta-analysis evaluated the types and prevalence of
comorbidities amongst participants in pharmaceutical randomised controlled trials (RCTs) of idiopathic
pulmonary fibrosis (IPF) and progressive pulmonary fibrosis (PPF).
Methods Ovid Medline, Embase and CENTRAL databases were searched to identify phase II and III
pharmaceutical RCTs of IPF or PPF. Reporting of comorbidities was evaluated, with meta-analyses being
performed for the prevalence of different conditions.
Results 34 articles were included, with 23 unique trials for IPF and one for PPF. A mean of 14 (range 1–44)
comorbidities per study was reported in the IPF RCTs, with 11 being reported in the PPF RCT. Common
comorbidities in the IPF RCT cohorts were systemic hypertension (pooled prevalence 45%, 95% CI
39–50%), hyperlipidaemia (38%, 95% CI 27–49%), gastro-oesophageal reflux disease (45%, 95%
CI 36–54%), ischaemic heart disease (18%, 95% CI 13–42%) and diabetes mellitus (16%, 95% CI
13–20%). The PPF trial cohort had similar types and prevalence of comorbidities to those reported in the
IPF trial cohorts.
Conclusions Reporting of comorbidities varied across previous IPF RCTs, with limited data available for
PPF. Prevalence of comorbidities reported in the IPF and PPF trial cohorts appear to be lower than those
reported in prospective patient registries. There is a need for careful consideration of trial eligibility criteria
with detailed reporting of comorbidities in future pharmaceutical RCTs to better understand the
applicability of trial findings to real-world patients.

Introduction
Interstitial lung disease (ILD) is a large heterogeneous group of inflammatory and fibrosing conditions
affecting the lungs. Idiopathic pulmonary fibrosis (IPF), one of the most common subtypes, is the prototypical
chronic progressive ILD with a mean survival of 4 years if untreated [1, 2]. Progressive pulmonary fibrosis
(PPF) describes a subgroup of non-IPF ILDs that exhibit a similar disease course and prognosis to IPF [3, 4].
Both IPF and PPF are chronic debilitating conditions with high morbidity and substantial healthcare costs,
leading to premature mortality [4–7]. While antifibrotic medications, such as nintedanib and pirfenidone, slow
disease progression in patients with IPF and PPF, they are not curative [8–12].
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Multimorbidity affects approximately 37% of the global population and over 50% of those above 60 years
old [13]. This poses significant impact on individual and healthcare burden, with worsened functional
status, increased mortality and high healthcare cost [14–16]. IPF has a predilection for older individuals
[17], while patients with PPF from real-world studies had a mean or median age ranging from the late 50s
to early 60s [18–20]. Comorbidities can affect different aspects of IPF and PPF, including symptom
burden, disease progression, treatment and prognosis [21, 22]. These comorbidities increase the complexity
of disease management; however, the extent to which comorbidities are present in the clinical trial
populations of IPF or PPF is unclear. This knowledge is crucial to better inform the relevance of
randomised controlled trial (RCT) findings for clinical decision-making and patient discussion, as well as
to guide future research and clinical trial design. This systematic review and meta-analysis aimed to
evaluate the types and prevalence of comorbidities amongst participants in pharmaceutical RCTs of IPF
and PPF.

Methods
This systematic review was performed according to Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines [23]. The protocol was prospectively registered on the PROSPERO register of
systematic reviews (CRD42023471100).

Inclusion/exclusion criteria
Eligible studies included phase II or III pharmaceutical RCTs of IPF and PPF in adults aged ⩾18 years.
The diagnosis of IPF or PPF was based on the specified eligibility criteria defined for each clinical trial.
Non-English publications were excluded.

Search strategy
Relevant studies were searched using three databases from inception until October 2023, including Ovid
Medline, Embase and Cochrane Central Register of Controlled Trials (CENTRAL). Full search terms are
available in table S1.

Study selection, data extraction and risk of bias assessment
Study selection was performed independently by two authors (T.W. and M.L.). Sequential review of titles
and abstracts followed by full-text articles was undertaken to identify eligible studies for inclusion.
Disagreement regarding study inclusion was resolved by consensus or by a third author (Y.H.K.) if
required. Data were extracted by two authors (T.W. and M.L.) using a standardised data extraction form
with data verification performed independently by a second author (T.W. or M.L.). Risk of bias assessment
was performed independently by two authors (T.W. and M.L.) using the Risk of Bias Tool 2, which
includes five domains, namely the randomisation process, deviation from intended intervention, missing
outcome data, measurement of the outcome and selection of the reported result [24].

Statistical analysis
Data for IPF and PPF were analysed separately. Reporting of comorbidities was summarised by organ
systems or disease types using descriptive statistics, including mean±SD for continuous data and count and
percentages for categorical data. For prevalence of comorbidities that were reported in more than five
RCTs, meta-analyses of a random-effects model were performed using Stata (v18 StataCorp, College
Station, Texas, USA). Heterogeneity of data was assessed using I2 statistics and rated as low (0–40%),
moderate (30–50%) and high (>50–90%) [25]. The prevalences of the remaining reported comorbidities
were synthesised narratively. Subgroup analyses by the phases of clinical trials (phase II versus phase III)
and sponsor type (investigator-led trials with or without support from a pharmaceutical company versus
industry-driven trials that were initiated by a pharmaceutical company) were performed for RCTs of IPF.
Pre-specified subgroup analyses by ILD subtypes for RCTs of PPF could not be performed, as there was
only one included trial.

Results
Characteristics of included studies
Of the 9620 unique articles identified from the search, 417 underwent full-text assessment (figure 1). 34
articles met eligibility for inclusion with 23 unique RCTs for IPF and one for PPF, with 10 being
secondary articles for post hoc analyses. Key characteristics of the included studies are summarised in
table 1, with details presented in tables S2 and S3. All included RCTs began after 2000, with the latest one
being completed in 2020 [29]. Among the IPF RCTs, most were phase III (n=17, 74%) and conducted as
multicentre international studies (n=15, 65%), with the contemporary IPF guidelines being used for
diagnosis (n=21, 91%). Most included RCTs were industry-driven (n=15, 65%). The only included PPF
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RCT was an international multicentre industry-driven phase III trial of nintedanib [28], with data on
comorbidities reported in the rheumatoid arthritis associated-ILD (RA-ILD) cohort [30].

Participants of IPF RCTs were of male predominance and had mean age ranging from 63 to 72 years, with
mild-to-moderate forced vital capacity (FVC) impairment and moderate-to-severe reduction in diffusing
capacity for carbon monoxide (DLCO) (table S4). The RA-ILD cohort of the included PPF RCT had 54%
of males, with mean age of 67 years, FVC of 71% pred and DLCO of 48% pred.

Risk of bias assessment
The majority of included RCTs in IPF had low risk of bias (n=17, 72%) (figures S1 and S2). There were
some concerns in one or more domains in six RCTs [29, 31–35]. The blinding of participants domain was
the most commonly judged as high risk (n=6), followed by the randomisation process domain (n=2
[29, 34]) and the blinding of outcome assessors domain (n=1 [35]). The only included RCT for PPF had
some concerns about participant blinding (figures S1 and S2).

Comorbidity reporting
A mean±SD of 14±12 comorbidities per study was reported, ranging from 1 to 44 comorbidities in the IPF
trials (figure 2a) and with 11 comorbidities reported in the RA-ILD cohort of the included PPF trial
(table S5).
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FIGURE 1 Study flow diagram. #: Primary articles refer to original publications of the randomised controlled
trials. ¶: Secondary articles refer to additional publications of post hoc analyses of previously published
randomised controlled trials. CENTRAL: Cochrane Central Register of Controlled Trials; IPF: idiopathic
pulmonary fibrosis; PPF: progressive pulmonary fibrosis; RCT: randomised controlled trial.
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For IPF, a range of comorbidities for different organ systems were reported at varying frequencies among
the included RCTs. Non-ILD respiratory disorders and cardiac disorders were most frequently reported,
with commonly reported conditions including COPD and pulmonary hypertension for the former and
ischaemic heart disease for the latter (figure 2b and table 2). Cardiovascular risk factors, including
systemic hypertension and hyperlipidaemia, and gastrointestinal disorders were also frequently reported.
A similar range of comorbidities was reported in the RA-ILD cohort of the included PPF RCT (table S5).

Comorbidity prevalence
IPF
Gastrointestinal disorders had the highest pooled prevalence of 53% (95% CI 43–63%), with
gastro-oesophageal reflux disease (GORD) being the most prevalent disease at 45% (95% CI 36–54%)
(table 2). There were high prevalences for cardiovascular risk factors, with pooled estimates of 45% (95%
CI 39–50%) for systemic hypertension and 38% (95% CI 27–49%) for hyperlipidaemia. Non-ILD
respiratory disorders were also prevalent with pooled estimates of 25% (95% CI 11–42%), with COPD
(9%, 95% CI 3–16%) being the most common condition, followed by pulmonary hypertension (4%, 95%
CI 2–6%). Endocrine disorders had a pooled prevalence of 27% (95% CI 17–38%), with diabetes mellitus
having a pooled prevalence of 16% (95% CI 13–20%). The pooled prevalence for cardiac disorders was
23% (95% CI 15–33%), with ischaemic heart disease having pooled prevalence of 18% (95% CI 13–
42%). Other common comorbidities included musculoskeletal disorders (pooled prevalence 28%, 95% CI
15–44%), vascular disorders (pooled prevalence 23%, 95% CI 3–54%) and psychiatric disorders inclusive
of depression (pooled prevalence 22%, 95% CI 13–33%). The I2 statistic for all pooled estimates of
prevalence ranged between 75% and 99%, indicating high heterogeneity.

Subgroup analyses comparing phase II and phase III RCTs of IPF demonstrated similar prevalence for
most comorbidities (table S6). Immunological disorders and neurological disorders were more prevalent in
phase II trials, while higher prevalence of diabetes mellitus was seen in phase III trials. Subgroup analyses

TABLE 1 Included study characteristics for idiopathic pulmonary fibrosis (IPF) and progressive pulmonary fibrosis (PPF)

Characteristic IPF PPF

Number of studies Total number of participants Number of studies Total number of participants

RCT phase
Phase II 6 1289 0 0
Phase III 17 6459 1 89§

Year commenced
2000–2009 10 3881 0 0
2010–2020 13 3867 1 89

Study location by continent
North America 19 7139 1 89
Europe 16 6360 1 89
Asia 9 3553 1 89
UK 9 5801 1 89
Oceania/Australia 8 4056 0 0
Other# 6 2326 0 0

Study design
Single centre 1 45 0 0
Multicentre (national) 7 1856 0 0
Multicentre (international) 15 5847 1 89

Diagnostic criteria for IPF
ATS/ERS IPF guidelines 2000 [26] 6 2646 0 0
ATS/ERS/JRS/ALAT IPF guidelines 2011 [27] 15 4466 0 0
Other¶ 2 636 1 89

Sponsor type+

Industry-driven 15 5847 1 89
Investigator-led 8 1901 0 0

#: Other continents: Africa n=3, South America n=3. ¶: Other: IPF diagnostic criteria not described n=2, PPF criteria defined by investigators no
guideline referenced. +: Industry-driven trials refer to randomised controlled trials (RCTs) that were initiated by a pharmaceutical company;
investigator-led trials refer to RCTs that were initiated by healthcare professionals with or without support from a pharmaceutical company.
§: Comorbidity data only available for the rheumatoid arthritis associated interstitial lung disease cohort of the INBUILD trial (n=89 out of 663) [28].
ATS: American Thoracic Society; ALAT: Latin American Thoracic Society; ERS: European Respiratory Society; JRS: Japanese Respiratory Society.
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by sponsor type showed that pulmonary hypertension, sleep disorders and hyperlipidaemia were more
prevalent in investigator-led trials, while industry-driven trials had higher prevalence of endocrine,
musculoskeletal, renal, psychiatric, hepatobiliary, neurological, haematological and vascular disorders
(table S6). High heterogeneity remained for both subgroup analyses.

PPF
In the RA-ILD cohort of the included PPF RCT, the most prevalent comorbidity was systemic
hypertension (54%), followed by GORD (25%) (table S5). Other common comorbidities affecting the
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FIGURE 2 Reporting of comorbidities in randomised controlled trials of idiopathic pulmonary fibrosis (IPF).
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comorbidity classified by organ system. ILD: interstitial lung disease.
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participant cohort were dyslipidaemia (12%), hyperlipidaemia (18%), sleep disorders (13.5%), diabetes
mellitus (13.5%) and asthma (10%). The prevalence of COPD was not reported.

Discussion
This systematic review and meta-analysis is the first to comprehensively evaluate the reported
comorbidities present in participants of RCTs for IPF and PPF. While comorbidities were reported in the
recent IPF trials, there was substantial inter-study variability in the numbers and types of conditions
evaluated. Common comorbidities in participants of IPF RCTs were non-ILD respiratory disorders,
gastrointestinal disorders, endocrine disorders, cardiac disorders and cardiovascular risk factors. Subgroup
analyses by trial phase and sponsor type of IPF RCTs demonstrated largely similar comorbidity
prevalence. For PPF, comorbidities were only reported in the RA-ILD cohort of the INBUILD trial.
Further data on comorbidity from the PPF cohort is needed, given this condition affects patients of
different demographics with and without an associated systemic disease depending on the ILD subtypes.

Comorbidities were common in both IPF and PPF trial cohorts. However, the prevalence of different
comorbidities in the trial cohorts are often at the lower end of the reported prevalence in registry cohorts
[50–55]. These differences can be attributed to the trial eligibility criteria, which often exclude individuals
with organ dysfunction or significant comorbidities [56]. While comorbidities are associated with reduced
survival and worse health-related quality of life in patients with fibrotic ILD [5, 57], uncertainties remain
regarding the effects and significance of individual diseases. Not all comorbidities individually or in
combination will have similar clinical relevance to influence health outcomes or interact with the therapy
under investigation in patients with IPF and PPF. Thus, it is essential to consider potential risks and
benefits in deciding the inclusion of different comorbidities as eligibility criteria for each RCT rather than
using criteria from previous protocols.

Among the different comorbidities, the pooled estimate and 95% CI for the prevalence of COPD and
pulmonary hypertension in the IPF trial cohort is substantially lower than the reported prevalence in most
observational studies of clinical registries and healthcare claim databases [58, 59]. This discrepancy is
likely due to the common exclusion of patients with significant obstructive lung disease or low DLCO in
IPF RCTs [56]. Combined pulmonary fibrosis and emphysema affects between 8% and 67% of patients
with IPF [58]. Post hoc analyses of the INPULSIS trial showed no differences in the effect of nintedanib

TABLE 2 Prevalence of comorbidities by organ systems for randomised controlled trials of idiopathic pulmonary fibrosis

Modalities Total number of studies Total number of participants Prevalence, % (95% CI) I2 heterogeneity (%)

Respiratory disorders (non-ILD) 19 5826 25 (11–42) 99
COPD 16 5228 9 (3–16) 98
Pulmonary hypertension 7 2295 4 (2–6) 77

Cardiac disorders 19 5461 23 (15–33) 99
IHD 16 5461 18 (13–24) 96
Arrhythmia 7 2529 4 (2–7) 89

Gastrointestinal disorders 18 5910 53 (43–63) 98
GORD 16 5467 45 (36–54) 98
Hiatus hernia 6 2897 10 (6–14) 91

Endocrine disorders 18 5820 27 (17–38) 99
Diabetes mellitus 15 5346 16 (13–20) 90

Systemic hypertension 12 3997 45 (39–50) 89
Musculoskeletal disorders 14 4251 28 (15–44) 99
Renal/genitourinary disorders 12 3676 15 (8–23) 97
Sleep disorders 11 3754 17 (14–20) 75
OSA 11 3754 16 (11–21) 93
Psychiatric disorders 11 3325 22 (13–33) 98
Hyperlipidaemia 9 3678 38 (27–49) 97
Immunological disorders 9 2860 16 (7–27) 98
Neoplastic disorders 8 2765 10 (4–20) 98
Hepatobiliary disorders 8 1779 4 (2–6) 85
Neurological disorders 7 1828 20 (9–35) 98
Haematological disorders 6 1315 6 (3–10) 84
Vascular disorders 6 1488 23 (3–54) 99

GORD: gastro-oesophageal reflux disease; IHD: ischaemic heart disease; ILD: interstitial lung disease; OSA: obstructive sleep apnoea.
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on reducing FVC decline when stratified by the presence of emphysema on imaging or forced expiratory
volume in 1 s (FEV1)/FVC ratio, although patients with FEV1/FVC ratio <0.7 were excluded from this trial
[60]. Different criteria have been used to define the presence of significant obstructive lung disease for trial
exclusion in IPF, with FEV1/FVC ratio <0.7 being commonly used [56]. However, given that FEV1/FVC
ratio decreases with age, the use of fixed FEV1/FVC ratio <0.7 cut-off to define airway obstruction can
lead to overdiagnosis in adults aged over 40 years [61], which portends an issue in patients with IPF given
its predilection for individuals aged over 60 years.

Many common comorbidities identified in the IPF trial cohort are similar to those affecting the general
population, including GORD, ischaemic heart disease, systemic hypertension, hyperlipidaemia, diabetes
mellitus and obstructive sleep apnoea [62]. Use of medications that slow disease progression, such as
nintedanib and pirfenidone, will result in an increasing number of patients living with IPF for longer
periods of time, with these patients then having potential to develop other comorbidities that may impact
health outcomes and management. Thus, management of comorbidities form an important pillar in clinical
care of IPF and will likely become even more important over time [63]. The presence of comorbidities as
well as medication burden inform prognosis in patients with IPF [21, 64]. Increased concomitant
medication burden, a surrogate for multimorbidity, is found to be associated with intolerance of antifibrotic
medications and worse transplant-free survival [64]. With increasing prevalence of multimorbidity in the
general population, RCT eligibility criteria that exclude patients with multiple comorbidities will impact
trial accrual and generalisability of drug efficacy and safety post-approval.

The importance of comorbidities on health outcomes in patients with fibrotic ILD is increasingly
recognised. The TORVAN index, which incorporates the addition of selected comorbidities to the Gender–
Age–Physiology (GAP) index, has superior performance in predicting survival in patients with IPF [21].
Several comorbidities included in the TORVAN index were prevalent in the IPF trial cohort, including
diabetes mellitus, systemic hypertension, GORD and depression (based on the reporting of psychiatric
disorders). It is noteworthy that the IPF trial cohort had low prevalence of pulmonary hypertension, which
is likely related to the predilection of recruiting patients with early disease stages in clinical trials [56]. The
prevalence of lung cancer was not reported in IPF trials, which is expected to be low given these patients
are often excluded from clinical trial participation [56]. While cardiac disease was common in the IPF trial
cohort, the prevalence of arrhythmia was low with a lack of data for valvular heart disease. Further
evaluation is needed to understand how comorbidities may influence survival and other clinical trial
outcomes in patients with IPF.

This systematic review is limited by the substantial number of RCTs, 76 for IPF and nine for PPF, that did
not report comorbidity data. Of note, most recent IPF RCTs were included in our analyses. Given that PPF
is an emerging entity since 2019, there were a limited number of completed RCTs for PPFs, with
comorbidity data only available for the RA-ILD cohort of the INBUILD trial. High heterogeneity was
observed in the meta-analyses of IPF RCTs, which persisted with subgroup analyses by trial phase and
sponsor type. There may be other factors that influenced the observed inter-study heterogeneity, such as
trial eligibility criteria and study location with geographical and racial variation in comorbidities.

Conclusion
This systematic review and meta-analysis provides important insights into comorbidities affecting patients
who have participated in IPF and PPF RCTs. Reporting of comorbidities varies substantially across
different RCTs of IPF, with limited data available for PPF RCTs. Prevalence of reported comorbidities in
the trial cohorts are generally lower, compared to those reported in clinical cohorts. Given that phase II and
III RCTs are critical to establish treatment efficacy and safety, comorbidities collected at baseline trial
eligibility assessment should be reported in the publications of future RCTs to better understand the
representativeness of clinical trial cohorts. Furthermore, there is a need for careful consideration of
comorbidities as trial eligibility criteria in future RCTs of IPF and PPF to support the application and
translation of trial results to real-world patients with increasing multimorbidity.

Points for clinical practice and future research

• Non-ILD respiratory disorders, cardiovascular comorbidities and gastro-oesophageal reflux disease are
common in both IPF and PPF RCT cohorts.

• Comorbidities in RCT populations for IPF and PPF appear lower than those reported in clinical registries.

• Reporting of comorbidities should be undertaken in future RCTs to better understand applicability of trial
findings.
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