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Background: Cardiovascular (CV) comorbidities can affect drug tolerability 

and health outcomes in patients with idiopathic pulmonary fibrosis (IPF). This 

systematic review and meta-analysis aimed to quantify the magnitudes of 

association between IPF and both overall and specific categories of CV disease. 

Methods: The PRISMA guidelines and PICO model were followed. We searched 

PubMed, Embase, Web of Science, Cochrane Library, and Chinese Biomedical 

Literature Service System (Sinomed) from inception to April 2025 for studies 

investigating CV disease in IPF patients. Study quality was assessed using the 

Newcastle-Ottawa Scale (NOS). Pooled odds ratio (OR) for case-control/cross-

sectional datasets and relative risk (RR) for cohort datasets were calculated using 

Review Manager 5.4. The I2 test was used to evaluate the heterogeneity and 

the sources of heterogeneity were explored through sensitivity analyses, meta-

regression, and subgroup analyses. The funnel plot and Egger’s test were used 

to evaluate publication bias. 

Results: A total of 28 studies comprising 29 case-control/cross-sectional 

datasets and four cohort datasets were included, which indicated a positive 

association between IPF and CV disease (OR 2.44, 95% CI 1.84–3.24, P < 0.001; 

RR 1.44, 95% CI 1.07–1.92, P = 0.02). Meta-regression and maximized subgroup 

analyses confirmed the influence of control characteristics (P < 0.001), 

data source (P = 0.027), Newcastle-Ottawa Scale (NOS) score (P = 0.022), 

certainty of CV disease diagnosis (P = 0.027), body mass index (BMI), smoking 

status, and diabetes prevalence on both heterogeneity and risk estimates 

in the case-control/cross-sectional datasets. The OR varied across the CV 

disease category, with 1.14- to 2.51-fold increased risks for ischemic heart 

disease, thromboembolic disease, pulmonary hypertension, and other forms 

of heart disease. 

Conclusion: Idiopathic pulmonary fibrosis is significantly associated with CV 

disease, emphasizing the urgent need for systematic screening and risk 

reduction strategies in IPF patients. 
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1 Introduction 

Idiopathic pulmonary fibrosis (IPF) is a progressive and fatal 
pulmonary disease, with average survival being similar to or even 
worse than in many cancers (1). Pirfenidone and nintedanib have 
been approved for treating IPF; however, this only represents the 
first step in its treatment (2). IPF has a predilection for older 
individuals (3). In this clinical context, the disease is often further 
complicated by the presence of comorbidities. Torrisi et al. (4) 
demonstrated that incorporating comorbidities into the clinical 
prediction model enhances the possibility of predicting survival 
potential in IPF. Therefore, the IPF clinical management pathway 
emphasizes the evaluation and treatment of existing comorbidities, 
representing an additional domain for clinical intervention (5) to 
improve survival outcomes. 

Both cardiovascular (CV) disease and IPF share a number 
of risk factors and most commonly aect a similar patient 
demographic: men over the age of 60 years with a history of 
smoking (6). Consequently, IPF patients exhibit a high burden of 
CV disease. Co-management by pulmonologists and cardiologists 
can benefit more IPF patients, resulting in growing research interest 
in the correlation between these two diseases. Evidence indicates 
that the presence of CV disease in IPF patients is associated with 
a number of negative outcomes. For example, in a retrospective 
cohort study of IPF patients listed for lung transplantation (7), 
pulmonary hypertension (PH) was significantly associated with 
increased mortality, regardless of severity. Although respiratory 
failure is the most frequent cause of death in IPF patients, CV 
disease is still responsible for up to 10% of deaths (8). Given the 
impact of CV disease on IPF, CV therapies such as statins may 
have dual benefits, as evidenced by observational and retrospective 
studies (9–11). 

It is critical for clinicians to understand the extent of CV 
comorbidities in IPF patients. However, the magnitude of the 
increased CV risk in IPF has not been formally quantified in 
existing studies. We thus conducted a comprehensive systematic 
review and meta-analysis of existing observational studies to assess 
the association between IPF and CV risk. 

2 Materials and methods 

2.1 Study registration 

This systematic review and meta-analysis have been conducted 
following the PRISMA 2020 guidelines (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) (12) (Supplementary 

Material 1). The protocol was prospectively registered with 
PROSPERO (International Prospective Register of Systematic 
Reviews) under registration number CRD420251013917. 

2.2 Search strategy 

Two investigators (WT and YZ) independently and 
systematically searched five databases [PubMed, Embase, 
Web of Science, Cochrane Library, and Chinese Biomedical 
Literature Service System (Sinomed)] from inception to April 
2025 for eligible studies. The key questions were formulated 
using the PICO method as follows: (1) P (population): IPF 
patients; (2) I (intervention): None; (3) C (comparison): Non-
IPF controls; (4) O (outcome): CV disease. The following 
medical subject headings (MeSH) and free text terms were 
used in combination: (“idiopathic pulmonary fibrosis” OR 
“pulmonary fibrosis”) AND (“cardiovascular diseases” OR 
“myocardial ischemia” OR “ischemic heart disease” OR 
“pulmonary hypertension” OR “thromboembolic disease” OR 
“heart valve diseases” OR “heart failure” OR “arrhythmia”). 
Supplementary Material 2 provides the complete search strategy. 
The search was limited to human studies, including original 
articles in any language. Additionally, we manually searched the 
references of relevant meta-analyses and reviews to ensure no 
literature was missed. 

2.3 Study selection 

The inclusion criteria were as follows: (1) population-based 
observational studies (cohort, case-control, or cross-sectional) 
examining the association between IPF and CV disease risk. (2) 
The case group was diagnosed with IPF using valid and objective 
methods. The preferred definition of IPF was based on available 
oÿcial clinical practice guidelines. Other accepted definitions 
included clinically International Classification of Diseases (ICD) 
diagnostic codes, physician diagnosis, and medical chart review. (3) 
At least one CV disease outcome was reported (see Supplementary 
Material 3 for detailed definitions and criteria for determining 
whether CV disease is definite). (4) Non-IPF subjects were 
identified as controls. (5) The risk was quantified by extracting 
the total number of cases and the appropriate odds ratio (OR), 
relative risk (RR), or hazard ratio (HR), and 95% confidence 
interval (95% CI). The exclusion criteria were as follows: (1) 
interventional studies, expert opinions, reviews, case reports, 
conference abstracts, comments, or editorials. (2) Duplicate 
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publications from the same database (only the most comprehensive 
version was selected). 

2.4 Data extraction and quality 
assessment 

Two investigators (WT and YZ) independently screened 
eligible studies according to the inclusion/exclusion criteria and 
performed duplicate data extraction with cross-verification for: 
first author, publication year, country, study design, sample 
size, control group characteristics, IPF diagnostic criteria, CV 
disease ascertainment methods, and CV disease types. Baseline 
information including sex, age, smoking status, BMI, and chronic 
comorbidities (e.g., diabetes), which may predispose to CV disease, 
were collected as covariates. CV diseases were categorized based 
on the ICD system (Supplementary Material 4). The Newcastle– 
Ottawa Scale (NOS) was used to evaluate the quality of the 
studies, which mainly included three domains (study selection, 
comparability, and outcome). Studies scoring ≥ 5 stars (out of 
nine possible) were considered high-quality. Any dierences were 
resolved by consensus or by third-party opinions (YL). 

2.5 Statistical analysis 

Meta-analysis was performed using Review Manager 5.4 and 
Stata 17.0 software. OR and RR with 95% CI were used as the eect 
measure. OR represented the case-control study/cross-sectional 
dataset, and RR represented the cohort dataset. The Cochran’s Q 
test and I2 statistics were applied to evaluate heterogeneity. A fixed-
eect model was selected when heterogeneity was non-significant 
(P ≥ 0.05 with I2 < 50%). Otherwise, a random-eect model 
was employed, followed by sensitivity analyses, meta-regression, 
and subgroup analyses to explore potential sources of substantial 
heterogeneity and evaluate result stability. Covariates including 
control characteristics, data sources, NOS scores, and certainty 
of CV disease diagnosis were considered potential sources of 
bias. Egger’s test and a visual inspection of the funnel plots were 
employed to assess publication bias. 

3 Results 

3.1 Study selection and characteristics 

As illustrated in Figure 1, of the 4,989 related studies identified 
through the search, 92 underwent full-text assessment. Among 
these, 28 studies (13–40) met the inclusion criteria and were rated 
as high-quality by the NOS (Supplementary Material 5), with 13 
being multicenter studies and the remaining 15 conducted in 
single centers. Our meta-analysis included 33 datasets from 10 
countries, comprising 29 case-control/cross-sectional datasets and 
four cohort datasets (with four articles containing both cohort and 
cross-sectional components, and one article contributing two case-
control datasets). In 11 studies, the IPF-non-ILD population served 
as controls. 15 datasets contained only the matched healthy control 

group, while the remaining seven datasets included patients with 
other chronic pulmonary diseases. IPF was diagnosed according 
to contemporary guidelines, with outcome ascertainment methods 
varying across studies and including both objective measures (e.g., 
laboratory tests) and subjective self-reporting. More details are 
displayed in Table 1. 

3.2 Meta-analysis 

3.2.1 Overall CV disease 
A total of 16 studies were eligible for the overall CV disease risk 

assessment, including those reporting either overall risk outcomes 
(22, 24, 25, 28) or only one specific outcome (13, 16, 19–21, 23, 
27, 30–33, 40) (see Supplementary Material 6 for CV endpoints 
and pooled eect estimates across studies). Pooling the 14 case-
control/cross-sectional datasets encompassed in these studies, the 
odds of CV disease diagnosis were significantly higher in patients 
with IPF than in those without (OR 2.44, 95% CI 1.84–3.24; 
P < 0.001, Figure 2). Meta-analysis of the four cohort datasets 
demonstrated that incident IPF significantly increased CV disease 
risk (RR 1.44, 95% CI 1.07–1.92; P = 0.02; Figure 3). Given 
the heterogeneity limitations (I2 = 66% and 85%, respectively), 
we conducted separate sensitivity analyses to ensure cautious 
interpretation of the results. 

3.2.2 Sensitivity analyses and meta-regression 
Sensitivity analysis of the cohort datasets (Supplementary 

Material 7) identified one study (20) with self-reported CV disease 
outcomes as the primary source of heterogeneity. After removing 
this study, the fixed-eect meta-analysis yielded similar results 
(RR 1.72, 95% CI 1.57–1.89; P < 0.001) with complete resolution 
of heterogeneity (I2 = 0%). However, sensitivity analysis failed 
to detect significant sources of bias in the case-control/cross-
sectional datasets (Supplementary Material 8). We therefore 
performed meta-regression to investigate potential contributing 
factors (Supplementary Material 9). The 14 datasets were obtained 
from North America (n = 6), Asia (n = 5), and Europe 
(n = 3). Regression analysis by geographic region demonstrated 
non-significant results (P > 0.05), indicating that region was 
not a contributor to heterogeneity. Likewise, male proportion 
showed no association with heterogeneity (P > 0.05). The results 
demonstrated that control characteristics (P = 0.006), data source 
(P = 0.027), NOS score (P = 0.022), and certainty of CV disease 
diagnosis (P = 0.027) were significantly associated with CV 
disease risk in IPF patients, which may partially account for the 
observed heterogeneity. 

3.2.3 Subgroup analyses 
As shown in Figure 4 (Supplementary Material 10), in the 

subgroup analyses, IPF was associated with a substantially higher 
risk of CV disease compared to non-ILD groups, including the 
matched healthy controls (OR 4.00; 95% CI 1.22–13.13; P = 0.022) 
and patients with other chronic pulmonary diseases (OR 3.11; 95% 
CI 2.18–4.43; P < 0.001). This observed variation may be due 
to the well-established association between ILD and CV disease 
(41). However, even after accounting for this, the association 
between IPF and CV disease was more pronounced than in 
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FIGURE 1 

Flow diagram of study search and selection. Numbers refer to unique records, not datasets, except where otherwise indicated. 

ILD-non-IPF patients (OR 1.87; 95% CI 1.32–2.63; P < 0.001). 
Furthermore, multicenter design (OR 2.65, 95% CI 1.63–4.31; 
P < 0.001), definitive CV disease diagnosis (OR 2.90, 95% CI 
1.55–5.44; P = 0.001), and higher NOS score (OR 3.31, 95% CI 
1.73–6.34; P < 0.001) were each independently associated with 
higher CV disease risk. Studies with single center design (I2 = 0%), 
indefinite CV disease diagnosis (I2 = 0%), and lower NOS score 
(≤ 6; I2 = 33.9%) all showed negligible to low heterogeneity, with 
stable pooled CV disease risk estimates [Single center (OR 2.14, 
95% CI 1.67–2.76; P < 0.001), Indefinite diagnosis (2.26, 1.95–2.63; 
P < 0.001), NOS score ≤ 6 stars (2.23, 1.93–2.58; P < 0.001)]. 

Beyond regression-derived heterogeneity factors, all potential 
contributors to CV disease may introduce information bias, 
serving as potential sources of heterogeneity and confounding. 
Therefore, when assessing the adequacy of control subject selection, 

we considered age, BMI, smoking status, diabetes, hypertension, 
and dyslipidemia as covariates and performed subgroup analyses. 
When age was adjusted for in case and control groups, the 
heterogeneity existed as before (I2 = 76.0%). Subgroup analyses 
using six age-balanced datasets showed higher pooled OR than 
the overall estimate (OR 3.53,95% CI 1.81–6.90; P < 0.001). 
The analysis revealed that the matched IPF cohorts had a 
mean age ranging from 60.1 to 73 years. This refined analysis 
more precisely characterizes the CV disease profile in elderly 
IPF patients, indicating a more severe CV burden in this aged 
IPF population. After matching the IPF and control groups 
for BMI (I2 = 7%), smoking status (I2 = 0%), and diabetes 
prevalence (I2 = 16%), heterogeneity was eectively eliminated. 
Following comprehensive control of heterogeneity and adjustment 
for CV risk factors to eliminate outcome bias, the fixed-eects 
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TABLE 1 Characteristics of the included observational studies. 

Study Country Data
source

IG CG Method of IPF diagnosis CV outcome
ascertainment

CV types NOS

Liu et al. (13) China MC 36 25 patients with pulmonary fibrosis as the 

initial manifestation of polyangiitis 
ATS/ERS criteria (68) Chart review PH 6

Cuirong et al. (14) China SC 93 313 patients with ILD-non-IPF ATS/ERS/JRS/ALAT criteria (69) Chart review CAD; PH;
Arrhythmia

6

Bade et al. (15) United States MC 181 104,107 patients with lung cancer Validated diagnostic code Validated ICD-9 from 

the CHUP database 

CAD; PTE; PH 6

Bray et al. (16) United States MC 244 244 COPD patients matched by FEV1 and 

244 lifetime non-smoking control subjects 
matched by age. 

2018 Clinical Practice Guideline 

Summary for Clinicians (70) 
Physician diagnosis CAD 7

Canıvar et al. (17) Istanbul SC 44 34 patients with SSc-ILD The consensus of the clinicians, 
pathologists, and radiologists 

Chart review HF; IHD 6

Chan et al. (18) United States MC 99 63 patients with CTD-ILD Validated diagnostic code Chart review and 

laboratory test 
IHD; AF; PH 6

Clarson et al. (19) United Kingdom MC 7120 56,884 control subjects matched by age 

and gender 

Validated ICD-10 Validated ICD-10 IHD (MI) 7

Dalleywater et al. (20) United Kingdom MC 3211 12,307 control subjects matched by age 

and gender 

Validated diagnostic code from THIN 

database
Self-report IHD 6

Fisher et al. (21) Canada MC 317 428 patients with CTD-ILD ATS/ERS/JRS/ALAT criteria (69) Chart review MI 6

García et al. (22) United States SC 100 263 control subjects matched by age, 
gender and residence 

ATS/ERS criteria (71) Self-report Unspecified CV 

diseases 
7

Hubbard et al. (23) United Kingdom MC 920 3593 control subjects matched by age, 
gender and community 

Validated diagnostic code from THIN 

database
Chart review IHD (acute); AF; 

DVT
8

Khor et al. (24) Canada MC 1061 2825 patients with ILD-non-IPF Validated diagnostic code from 

CARE-PF database 

Self-report Unspecified CV 

diseases
5

Kilpeläinen et al. (25) Finland MC 110 127 ILD-non-IPF patients and 93 PPF 

patients
Chart review Turku University 

Hospital data lake 

Unspecified CV 

diseases
5

Kato et al. (26) Japan SC 568 790 patients with ILD-non-IPF The consensus of the clinicians, 
pathologists, and radiologists 

Physician diagnosis CAD; HF 6

Kim et al. (27) South Korea SC 460 1,925 control subjects matched by age, 
gender and smoking habit 

ATS/ERS/JRS/ALAT criteria (72) Laboratory test Acute IHD 7

Kizilirmak et al. (28) Istanbul SC 35 36 control subjects matched by age with 

post-COVID lung injury 

The consensus of the clinicians, 
pathologists, and radiologists 

Self-report Unspecified CV 

diseases 
6 

(Continued) 
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TABLE 1 (Continued) 

Study Country Data
source

IG CG Method of IPF diagnosis CV outcome
ascertainment

CV types NOS

López et al. (29) Spain MC 573 1,204 patients without IPF who 

underwent lung transplantation. 
Validated ICD-10 The CMBD database MI; HF; PH 5

Margaritopoulos et al. 
(30)

United Kingdom SC 107 290 patients with ILD-non-IPF The consensus of the clinicians, 
pathologists, and radiologists 

Physician diagnosis PH 6

Miyake et al. (31) Japan MC 104 56 acute bacterial pneumonia, and 4 

common cold, matched by age, sex and 

time of visit 

ATS/ERS criteria (68) Chart review CAD 7

Nathan et al. (32) United States SC 73 56 COPD lung transplant candidates 
matched by age 

ATS/ERS criteria (71) Physician diagnosis CAD 7

Nolan et al. (33) United Kingdom SC 163 163 control subjects matched by age and 

gender with COPD 

ATS/ERS/JRS/ALAT criteria (72) Self-report PH 6

Pedraza et al. (34) Spain MC 10,285 10,285 control subjects matched by age 

and gender 

Diagnostic code (ICD-9) The CMBD database HF; VHD; PTE 5

Ponnuswamy et al. (35) United Kingdom SC 50 100 control subjects matched by age and 

gender
The consensus of the clinicians, 
pathologists, and radiologists 

Chart review AF; IHD 8

Sonaglioni et al. (36) Italy SC 105 102 control subjects matched by age and 

gender
ATS/ERS/JRS/ALAT criteria (2) Chart review and 

laboratory test 
CAS; CAD 7

Sonaglioni et al. (37) Italy SC 60 60 control subjects matched by age and 

gender
ATS/ERS/JRS/ALAT criteria (69) Chart review and 

laboratory test 
CAD; Arrhythmia 7

Sonaglioni et al. (38) Italy SC 50 30 control subjects matched by age and 

gender
ATS/ERS/JRS/ALAT criteria (69) Chart review CAD; VHD;

Arrhythmia 

7

Sun et al. (39) China SC 510 1,576 patients with CTD-ILD Chart review Chart review and 

laboratory test 
MI; AF; PTE; VTE 6

Yalniz et al. (40) Istanbul SC 50 42 patients with ILD-non-IPF ATS/ERS/JRS/ALAT criteria (72) Self-report CAD 5 

MC, multicenter; SC: single center; IG, IPF group; CG, control group; ILD, interstitial lung disease; CTD: connective tissue disease; SSc: systemic sclerosis; COPD: chronic obstructive pulmonary disease; ATS: American Thoracic Society; ERS: European Respiratory 
Society; JRS: Japanese Respiratory Society; ALAT: Latin American Thoracic Association; PH: pulmonary hypertension; CAD: coronary artery disease; PTE: pulmonary thromboembolism; HF: heart failure; IHD: ischemic heart disease; AF: atrial fibrillation; MI: myocardial 
infarction; DVT: deep vein thrombosis; VHD: valvular heart disease; CAS: carotid artery stenosis; VTE: venous thromboembolism. 
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FIGURE 2 

Prevalence of cardiovascular (CV) disease in idiopathic pulmonary fibrosis (IPF) (case-control/cross-sectional datasets). 

FIGURE 3 

Prevalence of cardiovascular (CV) disease in idiopathic pulmonary fibrosis (IPF) (cohort datasets). 

pooled analysis maintained a significant association without 
distorting the final estimates [BMI values matched (OR 2.91, 
95% CI 2.16–3.93; P < 0.001), Smoking status matched (1.65, 
1.06–2.55; P = 0.02), Diabetes prevalence matched (1.95, 1.31– 
2.92; P = 0.001)]. Still, two unresolved confounding factors 
(hypertension and dyslipidemia) were not adequately addressed 
in the included studies. Only one matched small-scale study 
(31) balanced the prevalence of both conditions and reported 
comparable CAD rates in IPF and pneumonia patients, leaving its 
conclusive significance unclear. 

3.2.4 Different categories of CV disease 
We assessed whether the OR varied by CV disease category 

(Figure 5 and Supplementary Material 11). Pooled analysis of 
19 datasets (14–18, 21, 23, 26, 27, 29, 31, 32, 35–40) revealed 
significantly increased prevalence of IHD (OR 2.34, 95% CI 1.90– 
2.90; P < 0.001), with CAD (OR 2.51, 95% CI 1.82–3.46, P < 0.001) 
showing slightly higher risk than acute IHD (OR 2.03, 95% CI 
1.43–2.87; P < 0.001). Notably, in the pooled analysis of five 
thromboembolic disease datasets from four studies (15, 23, 34, 39), 
IPF patients had a 2.12-fold higher risk than controls (OR 2.12, 
95% CI 1.10–4.09; P = 0.003). Additionally, in the seven datasets 
presenting with PH identified (13–15, 18, 29, 30, 33), the risk of 

PH in patients with IPF almost doubled (OR 1.88, 95% CI 1.07– 

3.28; P = 0.03). Based on nine datasets (14, 17, 18, 23, 26, 29, 35, 37, 
39), IPF patients showed a pooled 1.49-fold elevated risk of other 

forms of heart disease (95% CI 1.22–1.81; P < 0.001). Subgroup 

analyses further confirmed increased risks of arrhythmia (OR 1.34, 
95% CI 1.04–1.73; P = 0.02) and HF (OR 1.37, 95% CI 1.28–1.48; 
P < 0.001). Moreover, compared with non-IPF, IPF demonstrated 

a significant albeit modest association with VHD (OR 1.14, 95% CI 
1.04–1.26; P = 0.005). 

In the fixed-eect meta-analysis of heart failure, the large-scale 

database study by Pedraza et al. (34) contributed 95.1% of the 

total weight, indicating severe weight imbalance that may dominate 

the pooled estimate. We suspect that the diagnosis of IPF in this 
study relied solely on ICD-9 code 516.3 without further validation 

(such as multidisciplinary discussion), potentially attenuating the 

true eect by including non-IPF pulmonary fibrosis cases. Our 

sensitivity analysis supported this hypothesis. After excluding the 

study in question, the pooled OR rose to 1.76 (95% CI 1.16– 

2.69; P = 0.008; data not shown). Additionally, with only two 

studies reporting VHD prevalence, the pooled risk estimate should 

be interpreted cautiously due to limited statistical power. Despite 

relatively low pooled risk estimates, the statistically significant 
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FIGURE 4 

Prevalence of cardiovascular (CV) disease in idiopathic pulmonary fibrosis (IPF) by subgroup analyses. The dots indicate pooled relative risks. The 
horizontal lines indicate 95% confidence intervals for relative risks. The red dash vertical line marks the border for significance. Interstitial lung 
disease (ILD)-non-IPF: Other ILDs not caused by IPF. 

FIGURE 5 

Prevalence of different categories of cardiovascular (CV) disease in idiopathic pulmonary fibrosis (IPF). 

associations (P < 0.05) consistently support a relationship between 
IPF and the other forms of heart disease, including its subtypes. 

3.3 Publication bias 

Using Stata, we evaluated publication bias for both overall and 
category-based CV diseases. The funnel plot distributions were 
generally symmetric (Supplementary Material 12), and Egger’s tests 
(Table 2) did not detect any obvious signs of systematic dierences 
between small and large studies across the meta-analyses (all 
P > 0.05). 

4 Discussion 

4.1 Main findings and clinical inspiration 

Idiopathic pulmonary fibrosis is a fatal disease that 
predominantly aects patients over 60 years of age (42). Patients 
in this age group are indeed at risk for multimorbidity, with CV 

disease being the second leading cause of death after IPF itself (43). 
For the crucial need to understand CV comorbidities associated 

with IPF, we conducted a systematic review and meta-analysis of 
existing observational studies. This work updates and expands the 
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TABLE 2 Egger’s test for cardiovascular (CV) diseases. 

CV disease 
categories 

No. of 
datasets 

Egger’s test 
(p-value) 

Overall CV disease 14 0.862 

IHD 19 0.364 

Acute IHD 5 0.699 

CAD 11 0.981 

Thromboembolic disease 5 0.142 

PH 7 0.36 

Other forms of heart disease 9 0.794 

Arrhythmia 7 0.799 

HF 4 0.276 

VHD 2 – 

current understanding of the co-occurrence of CV disease and its 
major subtypes in IPF while quantifying risk estimates. To our 
knowledge, this represents the most comprehensive and potentially 
definitive systematic review to date. 

Our research shows a significant correlation between IPF 
and CV disease, with an overall 2.44-fold increased risk 
compared to non-IPF populations. Given that the pooled risk 
estimates from cross-sectional/case-control datasets can only 
reflect the IPF-CV disease association at a specific time point, 
we additionally synthesized longitudinal evidence to verify their 
temporal relationship. The four cohort datasets prospectively 
recorded incident CV cases after accounting for baseline CV 
disease status, demonstrating that IPF onset or during its 
progression promotes subsequent CV development. However, our 
interpretation of this temporal association is constrained by limited 
data availability and may be influenced by random errors and 
insuÿcient statistical power, warranting cautious interpretation. 

It has long been established that the heart and lung are 
linked both functionally and anatomically, underpinning the 
interconnection between IPF and CV disease. Notably, both 
diseases are quintessential age-related conditions (44). The 
pulmonary system is susceptible to cumulative damage with 
biological aging due to lifelong exposure to environmental 
challenges (45), while the heart is vulnerable owing to its high 
metabolic demand and infrequent cardiomyocyte turnover (46). 
Age-related biological processes such as senescence, inflammaging, 
autophagy, and mitochondrial dysfunction are interconnected 
(47), which diminish cardiopulmonary regenerative capacity and 
promote pathological fibrosis in both organs. Critically, chronic 
fibrosis represents a shared terminal pathway in both IPF and 
various CV diseases (48). Taken together, aging drives the co-
progression of IPF and CV disease by establishing a pro-fibrotic 
microenvironment. Targeting these key age-related processes in 
future research may lead to better treatment approaches for 
cardiopulmonary comorbidities. Moreover, neural signaling also 
plays a non-negligible role in cardiopulmonary comorbidities. 
IPF may aggravate CV injury through autonomic nervous system 
dysregulation (49). Elucidating the fundamental mechanisms of 
neural control at the nerve-organ interface (heart and lung) could 
identify key regulatory circuits for therapeutic targeting. 

Our analysis also encompassed multiple categories of CV 
disease. IHD represents a critical comorbidity in IPF patients, 
with CAD demonstrating the highest risk elevation (2.51-fold). 
A previous study by Raghu et al. (50) reported widely varying IHD 
prevalence rates (ranging from 3.2% for myocardial infarction to 
68% for CAD) due to inconsistent definitions of IHD. To address 
this significant heterogeneity, our study provides the first dedicated 
risk estimate (OR = 2.03) for acute IHD. The mechanisms by 
which IPF is a risk factor for IHD remain unclear. One possibility 
is that impaired oxygen delivery may contribute to ischemia 
in the subendocardium, based on established cardiopulmonary 
pathophysiology. However, this hypothesis appears inconsistent 
with observations in COPD, where similar mechanisms do not 
result in elevated IHD risk (51). Thus, the IPF-IHD link is now 
thought to result from shared mechanisms, such as the shortening 
of telomeres (52). 

The pooled risk of thromboembolic disease (OR = 2.12) 
followed closely behind, and emerged as a new risk category 
not previously reported in systematic reviews. Sode et al. 
(53) approached the relationship from a dierent perspective, 
demonstrating that the incidence of IPF was higher among 
individuals with a history of venous thromboembolism than those 
without. Epidemiological data have confirmed a bidirectional 
link between IPF and thrombosis. Mechanistic studies suggest 
that coagulation factors can directly promote fibrosis (54), 
while the fibrotic environment itself can activate thrombotic 
pathways (55), providing further biological evidence for this 
bidirectional relationship. This recognition spurred interest in 
targeting thrombotic pathways as a potential therapeutic strategy 
for IPF, yet prospective trials have generated concerning results 
(56). The current evidence recommends against anticoagulation 
unless indicated for other reasons. Particularly noteworthy is the 
emerging role of extracellular vesicles (EV) as key mediators in this 
complex pathophysiology (57). The therapeutic potential of EV-
based approaches represents an exciting frontier in IPF treatment. 

Furthermore, PH has long been recognized as a significant poor 
prognostic marker for IPF. Our study definitively demonstrates 
its increased risk in this patient population. The development 
of PH in IPF is usually a direct consequence of lung fibrotic 
destruction and hypoxic vasoconstriction (58), indicating there 
is (at least partially) a unidirectional causal relationship from 
IPF to PH. A large transcriptomic study (59) revealed a unique 
transcriptomic module positively linked to PH associated with 
IPF, showing shared gene expression patterns that implicate 
genetic susceptibility. Strikingly, this module directly influences 
metabolic changes in endothelial cells. Current evidence supports 
that (51) a detrimental cycle driven by persistent activation and 
cross-talk among endothelial (60), immune, inflammatory, and 
mesenchymal cells not only promotes fibrotic progression but 
also triggers and sustains vascular stiening. Presently, there are 
no approved therapies for PH in IPF patients and the last two 
decades have seen a disappointing number of negative clinical trials 
using vasodilator therapies (61). Although approved for PH (62), 
sildenafil requires careful monitoring and is avoided in significant 
pulmonary parenchymal involvement. 

Recently, Walters et al. (63) employed a single-arm meta-
analysis to summarize comorbidities among participants of 
IPF-related RCTs. Interestingly, the reported CV comorbidities, 
including overall CV disease (23%, 95% CI 15%–33%), IHD 
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(18%, 95% CI 13%–42%), and PH (4%, 95% CI 2%–6%), were 
consistently lower than our pooled estimates [25% (17%–33%), 
21% (14%–30%), and 27% (15%–42%), respectively; data not 
shown]. We unexpectedly confirmed Walters et al.’s hypothesis 
that the reported comorbidity prevalence in IPF trial cohorts is 
lower than in observational studies, likely due to selection bias. 
The presence of comorbidities highlights two clinical concerns: 
(1) the necessity and risk of cardiovascular-antifibrotic drug 
combination (64), and (2) the risk of antifibrotic drug intolerance 
induced by concomitant medication burden (65). For example, 
nintedanib, a multi-target tyrosine kinase inhibitor (TKI), may 
increase bleeding risk when combined with anticoagulants (e.g., 
warfarin) (66). Concurrent use with calcium channel blockers 
(e.g., amiodarone) may elevate its plasma concentration via 
P-gp/CYP3A4 inhibition, potentially reducing tolerability (67). The 
RCT eligibility criteria excluding patients with CV diseases may 
compromise the applicability and translation of trial results to 
real-world patients with multimorbidity. Therefore, future RCTs 
in IPF should carefully weigh the potential risks and benefits of 
CV comorbidities. 

Dalleywater et al. (20) reported increased CV risk in pre-
diagnostic IPF patients, likely mediated by shared risk factors and 
common pathophysiological pathways. Integrating our findings 
with current understanding of the IPF-CV disease association, we 
recommend that IPF patients receive active management of CV risk 
factors alongside monitoring IPF progression. Specific measures 
may draw on established primary prevention interventions for 
CAD, such as smoking cessation, alcohol moderation, a healthy 
diet, regular exercise, weight control, and other evidence-based 
strategies. Regular imaging screenings should be performed to 
assess CV disease risk. Moreover, current evidence (19) suggests 
implementing risk-stratified CV prevention in IPF patients. For 
instance, more aggressive preventive measures are recommended 
for those aged < 50 years. As with IPF, most CV diseases, such 
as CAD, lack survival-prolonging therapies. Early detection and 
intervention may reduce disease burden and improve prognosis in 
IPF patients. For IPF patients diagnosed with CV disease, clinicians 
should not let the presence of severe pulmonary disease distract 
medical attention away from routine CV care. Standardized, 
proactive CV management yields significant clinical benefits to IPF 
patients at all disease stages. 

4.2 Study limitations 

In our meta-analysis, we screened literature in strict accordance 
with inclusion and exclusion criteria, and implemented a high-
quality study design. The overall consistency of evidence supports 
a real association between IPF and CV disease. Nevertheless, 
there remain several limitations in our study. The inclusion 
of observational studies with varying diagnostic criteria, clinical 
settings, and study designs resulted in statistically significant 
heterogeneity. To overcome this limitation, we maximized 
subgroup analyses based on available research evidence by 
incorporating both meta-regression findings and CV disease 
risk factors wherever feasible. The consistent findings after 
controlling for heterogeneity and bias further substantiated the 
reliability of our results. 

However, retrospective datasets are particularly vulnerable to 
multiple confounding factors, including recall bias. Unadjusted 
covariates such as hypertension and dyslipidemia may obscure the 
association between IPF and CV disease, especially considering 
the conditions’ shared risk factors. Sensitivity analyses and 
publication bias tests suggest that sampling biases are unlikely 
to be responsible for the observed associations. Nevertheless, 
selection bias remains possible since the included studies recruited 
participants based on a combination of dierent factors. Thus, 
caution is warranted when extrapolating these results to the 
overall IPF population. Furthermore, 12 of the 28 included studies 
utilized medical registration datasets. Although some implemented 
clinical validation through prescription records, medical history, 
or equivalent verification methods to reduce bias, these datasets 
carry inherent risks of inaccurate and/or incomplete coding. 
This shortcoming could lead to an underestimation of the true 
disease prevalence. 

In addition, most studies of the IPF-CV disease link are 
retrospective; thus, our conclusions rely mainly on case–control 
or cross-sectional data that can indicate an association but cannot 
establish causation. Any attempt at causal inference is currently 
limited to four prospective cohort datasets. Though these studies 
provide preliminary insights, the limited number warrants caution 
in interpreting the observed temporal relationship. Therefore, the 
robustness of unidirectional causal inference between IPF and 
CV disease remains insuÿcient. We strongly encourage additional 
high-quality prospective cohort studies to evaluate the bidirectional 
causal relationship between IPF and CV disease. Such studies 
would clarify both the directionality and temporal dynamics of 
these associations. 

5 Conclusion 

Taken together, this meta-analysis of observational studies 
found that IPF patients have an elevated risk of CV events. This 
risk derives from increased risk of IHD, thrombotic disease, PH 
and other forms of heart disease. Longitudinal evidence suggests 
that IPF may be a risk factor for CV disease, but the causal 
link requires careful evaluation. These findings highlight the need 
to raise awareness about the coexistence of IPF and CV disease 
and define the best clinical and cost-eectiveness frameworks for 
screening and developing intervention strategies for CV risks in 
patients with IPF. 
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