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Abstract
Purpose The causal relationships between circulating adipokines and idiopathic pulmonary fibrosis (IPF) are yet to be 
established. We performed a two-sample Mendelian randomization (MR) study to investigate the causal roles of adipokines 
on IPF risk.
Methods We analyzed the summary data from genome-wide association studies (GWAS), including adiponectin, leptin, 
resistin and monocyte chemoattractant protein-1 (MCP-1) and IPF. The inverse-variance weighted (IVW) method was 
considered as the major method and the MR-Egger, weighted median, simple mode and weighted mode were utilized as 
complementary methods. We also performed the sensitivity analyses, including heterogeneity test, horizontal pleiotropy 
test and leave-one-out analysis.
Results The selected number of single nucleotide polymorphisms (SNPs) was 13 for adiponectin, 6 for leptin,12 for resistin, 
and 6 for MCP-1, respectively. The results showed a causal effect of the circulating adiponectin levels on the risk of IPF (OR 
0.645, 95% CI 0.457–0.911, P = 0.013). However, we did not observe significant associations of genetic changes in serum 
leptin (OR 1.018, 95% CI 0.442–2.346, P = 0.967), resistin (OR 1.002, 95% CI 0.712–1.408, P = 0.993), and MCP-1 (OR 
1.358, 95% CI 0.891–2.068, P = 0.155) with risk of developing IPF. There was no evidence of heterogeneity or horizontal 
pleiotropy. The sensitivity analyses confirmed that our results were stable and reliable.
Conclusions The increase in serum adiponectin was associated causally with a decreased risk of developing IPF. There is 
no evidence to support a causal association between leptin, resistin or MCP-1 with risk of IPF. Further studies are needed 
to confirm our findings.
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Abbreviations
IPF  Idiopathic pulmonary fibrosis
MR  Mendelian randomization
GWAS  Genome-wide association studies

MCP-1  Monocyte chemoattractant protein-1
IVW  Inverse-variance weighted
MR-PRESSO  MR pleiotropy residual sum and outlier
SNP  Single nucleotide polymorphism
OR  Odds ratio
95%CI  95% Confidence interval
EMT  Epithelial-mesenchymal transition
BMI  Body mass index
IV  Instrumental variable

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, progres-
sive, fibrotic interstitial lung disease without a recognized 
etiology that occurs primarily in men over the age of 65. 
It is characterized by cough, exertional dyspnea, restric-
tive pulmonary dysfunction and histological pattern of 
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usual interstitial pneumonia (UIP). The prevalence, rate 
of hospital admissions and mortality of IPF are increas-
ing during last decades worldwide, which suggests a huge 
burden of disease. Although important progress has been 
made regarding the pharmacologic therapies for IPF, the 
prognosis is poor with an estimated median survival time 
of 2 to 5 years from diagnosis [1–3]. Thus, the identifica-
tion of genetic or environmental risk factors for developing 
IPF and the early prevention are of extreme importance.

Adipokines, a category of peptide hormone mainly 
produced by adipose tissues, are often considered to be 
related to obesity-associated diseases. They participate in 
the mediation and regulation of immunological, inflam-
matory and metabolic processes [4]. Furthermore, evi-
dence showed that adipokines might play a critical role in 
epithelial-mesenchymal transition (EMT) and fibrogenesis 
in the lung [5]. The associations between adipokines and 
IPF have been previously investigated in observational 
studies. It is reported that serum adipokine levels could 
be useful for predicting the prognosis of IPF [6]. Cao 
et al. found that plasma leptin levels were significantly 
higher in patients with acute exacerbation of IPF than in 
those with stable IPF or healthy controls [7]. In addition, 
Enomoto et al. demonstrated that the higher adiponectin/
leptin ratio might be associated with the lower body mass 
index (BMI) and  PaO2, the higher C-reactive protein, and a 
poor prognosis in patients with IPF [8]. However, in previ-
ous studies, the sample sizes were often small or median 
and the conclusions are not consistent, or controversial. 
In addition, the nature and direction of causal relationship 
between them are yet to be established. It remains unclear 
whether aberrant adipokines cause IPF or IPF contributes 
to changed adipokine levels from previous cross-sectional 
results. New approach is warranted to clarify the causal 
effect of circulating adipokine levels on IPF, which might 
help better understanding the causes and risk factors of 
disease, providing early prevention or diagnosis, and 
finally improving prognosis.

Mendelian randomization (MR) exploits genetic variants, 
which are randomly distributed in a population, as instru-
ments to enable reliable causal inferences. It is not affected 
by environmental confounding factors and could minimize 
reverse causation, and thus known as “nature’s RCT” [9]. 
Genome-wide association studies (GWAS) have identified a 
large number of genetic associations for many diseases and 
disease-related traits. The availability of summary statistics 
from GWAS makes it possible to determine whether there 
are causal effects between underlying risk factors and com-
mon diseases in a cost-effective manner [10]. Herein, we 
performed a two-sample MR study to investigate the causal 
roles of common circulating adipokines, including adiponec-
tin, leptin, resistin and monocyte chemoattractant protein-1 
(MCP-1), on IPF risk.

Methods

Study Design and Data Source

The analytic and reporting process followed the Strength-
ening the Reporting of Observational Studies in Epide-
miology Statement using MR guidelines (STROBE-MR) 
[11]. The present two-sample MR study relied only on 
publicly available de-identified summary statistics from 
relevant published GWAS. The ethical approval and 
informed consent were obtained in all original studies. 
Additional ethical approval was not required for our study.

The summary-level data related to the adiponectin level 
were obtained from a meta-analysis of GWAS in 39,883 
individuals of European ancestry [12]. The summary-level 
data of leptin level originated from an exome-based analy-
sis in up to 57,232 individuals of diverse ancestries of 
whom 50,321 were of European descent [13]. Moreover, 
data on resistin and monocyte chemoattractant protein-1 
(MCP-1) were both taken from a genome-wide meta-anal-
ysis that included up to 21,758 European ancestries [14]. 
The numbers of included SNPs in these studies varied 
from 231,001 to 13,138,697.

The GWAS data of outcome variable IPF were from 
FinnGen biobank (FinnGen release 5), including genotype 
data of 1028 patients and 196,986 controls of European 
ancestry [15]. There was little overlap between the popula-
tions included in exposure datasets and outcome datasets, 
and the sample was almost entirely of European ancestry 
including males and females, which both guarantee the 
validity of the findings.

The summary data of all GWAS analyses can be 
downloaded from the open-access GWAS dataset MRC 
Integrative Epidemiology Unit (MRC-IEU) at https:// 
gwas. mrcieu. ac. uk/ (adiponectin GWAS ID: ieu-a-1; 
leptin GWAS ID: ebi-a-GCST90007307; resistin GWAS 
ID: ebi-a-GCST90012034; MCP-1 GWAS ID: ebi-a-
GCST90012007; IPF GWAS ID: finn-b-IPF).

Selection of Instrumental Variables

To assess the causal association between exposure (adi-
pokines) and outcome (IPF), it must satisfy three critical 
assumptions for instrumental variables (IVs): (1) IVs are 
powerfully related to serum adipokines at a genome-wide 
significant level; (2) The selected IVs must be independent 
of any confounders of the association between exposure 
and outcome; (3) IVs affect IPF only through the serum 
adipokine levels, not via other pathways. [16]

IVs are generally genetic variations, among which 
single nucleotide polymorphisms (SNPs) are the most 
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commonly used. First, SNPs were identified to be strongly 
associated with exposures with P values < 5 × 10 −8. Then, 
SNPs with R2 > 0.001 and within 10,000 kb distance were 
considered to be in strong linkage disequilibrium (LD) 
structure and were subsequently excluded from the analy-
sis. Besides, the F statistic, calculated as  R2/(1-R2) * (n-
2), was used to evaluate the strength of the IV–exposure 
correlation. It reflects both magnitude and precision of the 
SNPs’ effects on exposures. The  R2 refers to the cumu-
lative explained variance of selected SNP on circulating 
adipokine levels. The n is the sample size. We deleted 
those SNPs with F-statistics less than 10 to avoid the bias 
caused by weak IVs. [17]

By matching SNPs, we harmonized GWAS summary data 
between the exposure and the outcome, and corrected the pal-
indromic variants to ensure allelic consistency and alignment 
of effect.

Statistical Analysis

The wald ratio for each SNP was calculated and then combined 
using the inverse-variance weighted (IVW) method which 
required all selected SNPs to be valid IVs. It was considered 
as the major analytic approach because it provided the most 
accurate assessments. The MR-Egger, weighted median, sim-
ple mode and weighted mode were utilized as complementary 
methods. [18, 19] MR-Egger method allowed all SNPs to be 
voided, while the weighted median method allowed up to 50% 
of invalid SNPs. The odds ratios (ORs) and 95% confidence 
intervals (95% CIs) were used to describe the MR results of 
relationships between exposures and outcome.

Then, we performed the sensitivity analyses to test the 
robustness of the associations and to identify potential bias. 
The heterogeneity among IVs was examined using Cochran’s 
Q-test. Cochran’s Q-test P value < 0.05 indicated heterogene-
ity. The horizontal pleiotropy of IVs was tested using MR-
Egger regression and MR pleiotropy residual sum and out-
lier (MR-PRESSO) global test [20]. If outliers were detected 
through MR-PRESSO, they would be removed and then the 
remaining SNPs would be re-analyzed. In addition, the leave-
one-out analysis based on IVW point estimation was per-
formed by removing one SNP at a time to explore the stability 
of results.

The statistical analysis was performed in R 4.2.1 software 
(R Foundation for Statistical Computing) utilizing the R pack-
age TwoSampleMR (version 0.5.6). A two-tailed P < 0.05 was 
considered as statistically significant.

Results

Selection of Single Nucleotide Polymorphisms

Initially, we obtained 14 SNPs that were significantly related 
to adiponectin levels. A total of 13 SNPs were selected as 
IVs after rs1597466 was removed due to a F-statistics of 
9.35. Six SNPs associated with circulating leptin levels 
were extracted and analyzed. In addition, we excluded the 
rs73008259 because it had no appropriate corresponding 
data in IPF GWAS and then utilized remaining 12 SNPs 
for analysis of resistin. Six SNPs related to MCP-1 were 
utilized. No SNP was removed from the present study due 
to being palindromic with intermediate allele frequencies. 
The detailed information of the SNPs was summarized in 
Supplementary material 1 Table S1.

Mendelian Randomization Analyses

The results showed a causal effect of the circulating adi-
ponectin level on the risk of IPF (IVW OR 0.645, 95% 
CI 0.457–0.911, P = 0.013; MR-Egger OR 0.587, 95% CI 
0.365–0.944, P = 0.05; weighted medianOR 0.560, 95% CI 
0.355–0.883, P = 0.012; weighted mode OR 0.566, 95% 
CI 0.360–0.889, P = 0.03). Although non-significant result 
was found via the simple mode method (OR 0.559, 95% CI 
0.288–1.085, P = 0.111), the direction of β value or esti-
mated OR was consistent with those calculated by the other 
four methods. However, we did not observe significant asso-
ciations of genetic changes in serum leptin (IVW OR 1.018, 
95% CI 0.442–2.346, P = 0.967), resistin (IVW OR 1.002, 
95% CI 0.712–1.408, P = 0.993), and MCP-1 (IVW OR 
1.358, 95% CI 0.891–2.068, P = 0.155) with risk of develop-
ing IPF (Fig 1). We obtained similar results in the replicated 
analyses with other methods.

As shown in the scatter plot, the risk of IPF decreases with 
the increasing circulating adiponectin level (Fig 2A). The 
results of the other three adipokines are shown in Fig 2B–D. 
The causal effects of each SNP on IPF among these adi-
pokines were displayed in the forest plots (Fig 3A–D). The 
funnel plots did not show noticeable asymmetries (Supple-
mentary material 2 Figure S1 A–D).

Sensitivity Analyses

There was no evidence of heterogeneity across estimates of 
included SNPs for those four adipokines (P values > 0.05). 
No significant horizontal pleiotropy existed among IVs 
with P values > 0.05 in both MR-egger-intercept and MR-
PRESSO Global Test. The intercept in MR-Egger regres-
sion did not differ from zero significantly, suggesting that 
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Fig. 1  Forest plot for the causal effects of circulating adipokine levels on risk of IPF using five methods

Fig. 2  Scatter plot for the causal effects of circulating adipokine levels on risk of IPF. A adiponectin; B leptin; C resistin; D monocyte chemoat-
tractant protein-1 (MCP-1)
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IVs are unlikely to affect IPF risk through pathways other 
than adipokines. Besides, no outlier was detected and thus, 
no further correction or analysis is needed. The detailed 
results of sensitivity analyses are all shown in Table 1. 

The leave-one-out sensitivity analysis showed stable 
results (Supplementary material 2 Figure S2 A–D). Thus, 
the results of MR analyses were deemed to be stable and 
reliable in our study.

Fig. 3  Forest plot for the causal effect of each SNP on risk of IPF. A adiponectin; B leptin; C resistin; D monocyte chemoattractant protein-1 
(MCP-1)

Table 1  The results of 
sensitivity analyses

MR: Mendelian randomization;  IVW: Inverse-variance weighted; MR-PRESSO: MR pleiotropy residual 
sum and outlier; MCP-1: Monocyte chemoattractant protein-1

Exposure Heterogeneity Pleiotropy MR-PRESSO 
Global Test

Method Q P Egger_intercept P RSSobs P

Adiponectin MR-Egger 2.397 0.997 0.012 0.579 3.587 0.998
IVW 2.723 0.997

Leptin MR-Egger 2.865 0.581 − 0.075 0.560 5.158 0.663
IVW 3.269 0.659

Resistin MR-Egger 8.770 0.554 − 0.037 0.272 11.451 0.579
IVW 10.120 0.520

MCP-1 MR-Egger 0.993 0.911 0.009 0.865 1.435 0.956
IVW 1.026 0.960
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Discussion

To our knowledge, the current study is the first attempt 
to clarify the causal effects of serum adipokines on IPF 
through MR analyses. Our results could reflect the effects 
of long-term circulating adipokine levels, which are genet-
ically controlled, on IPF. These conclusions are realistic 
and not susceptible to short-term or environmental con-
founding factors. Ma et al. conducted a two-sample MR 
analysis to assess the causal effects of different indicators 
of obesity on IPF risk. Only increased BMI was associated 
with higher risk of IPF (OR = 1.51, 95% CI 1.22–1.87) 
[21]. However, the increased BMI represents the overall 
adiposity which is regulated by multiple factors. In another 
recent MR study, Xiao et al. reported that the circulat-
ing leptin (OR = 2.26, 95% CI 1.41–3.64) and adiponectin 
(OR = 0.81,95% CI 0.68–0.98) level was a risk factor and 
protective factor, respectively, of pulmonary embolism 
which is a common co-morbidity of IPF [22]. However, 
none of previous study investigated the association of adi-
pokines with IPF using MR analysis.

Although the exact mechanisms by which adipokines 
contribute to IPF are unknown, current data suggest that 
a persistent elevation of adipokines might increase sus-
ceptibility to IPF via the aberrant innate and adaptive 
immune responses and the chronic inflammation. [23–25] 
Adiponectin is the most abundant adipokine and is nega-
tively correlated with adiposity. It exhibits intense anti-
insulin, anti-inflammatory, anti-apoptotic, and anti-fibrotic 
properties and serves as an essential messenger facilitating 
interactions between adipose tissues and multiple systemic 
organs [26]. It has been previously reported that adiponec-
tin protects against paraquat-induced pulmonary fibrosis 
via suppression of lung fibroblast activation in a dose-
dependent manner. [27], A recent study from Wu et al. 
indicated that adiponectin-mediated fatty acid metabolism 
greatly suppressed lipid peroxide accumulation fibroblast 
proliferation, and fibrosis but activated autophagy [28]. 
Another study suggested that the antifibrotic effects of 
adiponectin might be mediated via inhibiting the NF-κB 
signaling pathway [29]. Moreover, previous studies sug-
gested that adiponectin could alleviate fibrosis in various 
organs, such as kidney and intestine [30, 31]. The present 
study further demonstrated that adiponectin is a protec-
tive factor in IPF causally, providing a basis for further 
in-depth investigation to explore its clinical applicability.

Leptin primarily regulates the neuroendocrine, metab-
olism and energy homeostasis and plays a role in fetal 
growth, angiogenesis, lipolysis, etc [32]. In contrast with 
adiponectin, leptin has been reported to be a pro-inflam-
matory and pro-fibrotic factor. It accelerates the EMT of 
alveolar epithelial cells and progression of pulmonary 

fibrosis through inhibiting autophagy via PI3K/Akt/mTOR 
pathway. [33] Resistin has been shown to play a pivotal 
role in glucose metabolism, insulin resistance and proin-
flammatory immune responses. Thus, it is involved in vari-
ous metabolic, inflammatory, and autoimmune diseases 
[34]. High serum resistin level is also found to correlate 
with lung function impairment and pulmonary fibrosis via 
mediating immune responses [35]. MCP-1, also known 
as chemokine (CC-motif) ligand 2 (CCL2), could attract 
or enhance the expression of inflammatory cytokines in 
the pathogenesis of numerous diseases, including neuroin-
flammatory diseases, autoimmune diseases and cardiovas-
cular diseases [36]. It has also been identified as a critical 
proinflammatory chemokine and inflammatory mediator in 
the fibrogenesis process [37]. However, Pulito-Cueto et al. 
reported that serum MCP-1 level was increased signifi-
cantly in rheumatoid arthritis-related interstitial lung dis-
ease patients rather than in IPF patients [38]. Our results 
showed that the above three adipokines are not signifi-
cantly associated with IPF although elevated ORs were 
observed.

Our MR study assessed the validity of each MR 
assumption adequately. For the relevance and independ-
ence assumptions, we carefully checked the populations 
and IVs to strengthen the causal inference of our analysis. 
The consistency of results across different MR statistical 
methods revealed the robustness of our conclusions. In 
present study, we did not manually scan selected SNPs 
for potential secondary phenotypes in the PhenoScanner. 
It is noticeable that the number of SNPs after harmoni-
zation in our study is not large enough. The pathogen-
esis and etiology of IPF are complex and obscure. Thus, 
substantial bias might be brought out if the SNPs which 
were probably related to other traits were excluded. In this 
condition, the analysis with all selected IVs was thought to 
be credible according to previous similar researches and 
viewpoints [39, 40]. Although the exclusion-restriction 
assumption cannot be fully tested, this can be partly veri-
fied via multiple approaches of sensitivity analyses. We 
did not observe any evidence of heterogeneity or hori-
zontal pleiotropy. Therefore, the possibility of violation 
of MR assumptions in our study is considered to be low. 
We also attempted to investigate the causal associations of 
more adipokines, such as plasminogen activator inhibitor-1 
and leptin receptor, with IPF risk. However, there were not 
enough SNPs as IVs to support MR analyses. The causal 
effects of them on IPF could be investigated in future when 
sufficient genetic data become available. Besides, Kulkarni 
et al. showed that IPF patients with BMI decrements had 
worse outcomes. They reported that leptin and adiponectin 
levels are related to BMI, but neither adipokine was prog-
nostic per se [41]. Our study only identified one adipokine 
correlated with risk of developing IPF due to limited data. 
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More studies are warranted to investigate the associations 
of adipokines with prognosis of IPF.

Our results strengthened the evidence for the causal 
effects of adipokines on IPF and might have some clini-
cal implications for raising the interest in adipokines as a 
potential preventive target for IPF. However, there are some 
limitations in the study. First, the results were mainly based 
on populations of European ancestry, limiting the gener-
alization to other ethnicities. Second, the limited number 
of SNPs associated with adipokines were selected in our 
study, indicating limited proportion of variance in exposures 
explained by the IVs and probably low statistical power. 
Then, although we did not find the evidence of horizontal 
pleiotropy, there might be residual bias considering that the 
accurate functions of most SNPs remain to be unknown until 
now. Last, we failed to stratify our analysis by covariates of 
interest, including age and gender, due to lack of individual 
data.

Conclusions

Overall, our study showed that the increase in serum adi-
ponectin was associated causally with a decreased risk of 
developing IPF. However, there is no evidence to support 
a causal association between leptin, resistin or MCP-1 with 
risk of IPF. The results expand our knowledge of novel eti-
ology of IPF and also provide new insights into the under-
standing of its pathogenesis. Further studies with updated 
data from large genetic studies are needed to confirm our 
results.
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