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Abstract.

BACKGROUND: A significant proportion of interstitial lung disease (ILD) patients experience two or more comorbidities,
leading to an increasing burden of disease, frequent hospitalizations, and premature death.

OBJECTIVE: To investigate the causal relationship between serum metabolites and ILD in humans using Mendelian random-
ization.

METHODS: Genetic loci closely related to human serum metabolites were selected as instrumental variables (IVs), with the
inverse-variance weighted method (IVW) as the primary method and the weighted median method (WME) and MR-Egger
regression as auxiliary methods for Mendelian randomization analysis of the data. Meanwhile, the causal relationship between
human serum metabolites and ILD was evaluated by OR, along with the assessment of the stability and reliability of the results
via 3 methods, i.e., heterogeneity testing, gene pleiotropy testing, and sensitivity analysis.

RESULTS: 8,234 single nucleotide polymorphism (SNP) loci were included as IV, among which 23 SNP loci were selected
as I'V. Specifically, IVW estimated that the risk of ILD in the anti-Jo-1 antibody-positive population was 4.122 times higher]
than that in the negative population (95% CI: 2.311-5.954, P < 0.001). IVW also supported a causal effect between anti-SSA|
antibody positivity and ILD (OR = 2.781, 95% CI: 1.413-4.350, P < 0.001). At the same time, MR-Egger fitted a linear|
relationship between erythrocyte sedimentation rate (ESR) (95% CI: 1.257-5.894, P = 0.002), C-reactive protein (CRP) (95%
CI: 2.433-6.935, P = 0.001), and ILD. Additionally, heterogeneity testing with IVW and MR-Egger regression indicated no
heterogeneity, and MR-Egger regression intercept and MR-PRESSO testing suggested minimal influence of gene pleiotropy on
the results, without non-specific SNPs identified in the leave-one-out analysis.

ICONCLUSION: A positive causal relationship may exist between anti-Jo-1 antibody positivity, anti-SSA antibody positivity,
elevated ESR, elevated CRP, and ILD.
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1. Introduction

Interstitial lung disease (ILD) is a group of diseases characterized by pulmonary interstitial damage,
restrictive ventilatory impairment, active dyspnea, decreased quality of life, and reduced exercise capac-|
ity, including idiopathic pulmonary fibrosis, asbestosis, hypersensitivity pneumonitis, and connective|
tissue disease-associated ILD [1], among which idiopathic pulmonary fibrosis (IPF) is a non-neoplastic
pulmonary disease characterized by the formation of scar tissue in the lungs without any known cause. As
of 2017, global mortality analysis data showed that the standardized mortality rate of ILD has increased
by 11.4% over the past 10 years, with a 49.8% increase in total deaths [2]. Meanwhile, the incidence and
mortality of ILD are higher in men and increase with age [3]. The standardized mortality rate associated
with IPF has risen by 9.85%. In addition, a significant proportion of ILD patients experience two or
imore comorbidities, leading to an increasing burden of disease, frequent hospitalizations, and premature|
death [4,5]. The population included in this study consists of ILD and IPF patients, numbered J84 and
J84.1, respectively, in the International Classification of Diseases 10th Edition (ICD-10) [6].

As a critical component of blood and an essential sample for metabolomics research, the serum contains
over 1,000 endogenous small molecule metabolites, the composition of which is complex and diverse,
with a wide range of polarities, including plasma proteins, growth factors, hormones, inorganic ions,
amino acids, glucose, nucleosides, lipids, and steroids. Since metabolites in serum are derived from
various metabolic pathways of the body, an investigation of such metabolites can provide a comprehensive)
understanding of the body’s metabolism, assess the physiological and pathological status of the body, and
identify key disease-related metabolites as targets, which is of great significance in the clinical diagnosis
of diseases [7,8,9].

Mendelian randomization (MR) analysis utilizes genetic variation as an instrumental variable, and the
natural random allocation of genetic variation can help avoid potential confounding factors [10]. In this
study, the potential causal relationship between human serum metabolites and ILD was investigated using
the two-sample MR method based on pooled data, thereby providing new insights for the prevention,
treatment, and prognosis assessment of ILD.

2. Material and methods
2.1. Data and sources

The data on human serum metabolites and ILD were obtained from statistical data of genome-wide|
association studies (IEU GWAS database, https://gwas.mrcieu.ac.uk/). A total of 586,281 patients were)
included for serum metabolite detection, along with 384,157 ILD patients. In addition, ethical review and
informed consent were obtained in the original studies. See Table 1.

2.2. Instrumental variables

UK Biobank data were used as a reference in this study, with stringent thresholds adopted to exclude
the impact of weak IVs. Specifically, a genetic distance (kb) of 10,000 kb, a linkage disequilibrium
(LD) parameter (r?) threshold of 0.01, and a P-value threshold of 1 x 107> were set to ensure the
independence of IV and to eliminate the impact of LD on the results. At the same time, the effects of]
single nucleotide polymorphism (SNP) alleles were aligned, and all SNPs with palindromic structures
were removed to obtain significant SNPs
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2.3. Research methods

2.3.1. MR analysis

The genetic variables used in the analysis should be significantly associated with the exposure. In
this study, after significant IVs were obtained through P-value screening, the strength of each SNP was
assessed by calculating the F-statistic to exclude the potential weak I'Vs [11]. F-statistics > 10 indicates a
low possibility of bias due to [Vs.

The genetic variables extracted as exposure ['Vs should be independent of confounding factors associated
with the selected exposure and outcome. In two-sample Mendelian randomization, it is difficult to validate
whether this hypothesis is valid using statistical methods due to the lack of individual-level data. However,
given that Mendelian randomization follows the genetic rule of “random allocation of parental alleles to
offspring during gamete formation”, the effects of environmental factors and socioeconomic status on
genes are relatively small.

IVs only affect the outcome through exposure instead of other biological pathways (i.e., no gene|
pleiotropy). At the same time, MR-PRESSO and the intercept of MR-Egger regression were applied in
this study to assess whether gene pleiotropy exists between SNPs and ILD.

2.3.2. Causal effect estimation
Inverse-variance weighted (IVW), MR-Egger regression, and weighted median method (WME) were
utilized in this study to estimate the causal effect between depression and ILD.

2.3.3. Reliability evaluation

Heterogeneity testing: Heterogeneity testing was performed in this study for IVW and MR-Egger|
regression, and the p-value of results > 0.05 was considered no heterogeneity for the included SNPs,
meaning the impact of heterogeneity on the estimation of causal effects could be ignored.

Gene pleiotropy testing: The study used the intercept of MR-Egger regression and the MR-PRESSO
method to test for gene pleiotropy between the included SNPs and ILD. The intercept of MR-Egger|
regression close to 0 indicates a minimal possibility of gene pleiotropy. Additionally, the core of the
IMR-PRESSO method test involves calculating the IVW results after removing each SNP, followed by
calculating the residual sum of squares of the SNP’s effect and the IVW results, and finally summing
the residual sum of squares for all SNPs, with a larger value indicating a more significant pleiotropy.
If pleiotropy exists, abnormal SNPs are removed using MR-PRESSO to estimate the corrected results,
followed by validating the differences between the pre-correction and post-correction results, thereby|
reducing the impact of gene pleiotropy on the results [12].

Sensitivity analysis: The sensitivity analysis was conducted using the leave-one-out method to indi-
vidually assess the impact of each SNP on the results. That is, for SNPs with a p-value < 0.05 in IVW,
each relevant SNP was sequentially removed, with the pooled effect of the remaining SNPs calculated to
evaluate whether the MR results were sensitive to such I'Vs.

2.4. Statistical analysis

TwoSampleMR package in R 4.1.1 software was used to complete the analysis in this study. The causall
relationship between serum metabolites and IDL was verified using 3 regression models: MR-Egger,
IVW, and WME, in which MR-Egger regression fitted a linear function by calculating the correlation
between SNPs and serum metabolites, IDL, while WME calculated the effect estimate corresponding to
each SNP. Meanwhile, Cochran’s Q test was utilized to determine the heterogeneity of SNPs, with the
leave-one-out method used for sensitivity analysis. The significance level was set at a. = 0.05
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Table 1
Relationship between anti-Jo-1 antibody positivity and ILD by regression
analysis via 3 methods

Method b SE Wald X2 P OR 95% CI
Ivw 0.181 0.067 10.038 0.009 4.122 2311~5.954
WME 0.126  0.061 7.325 0.017 1432 1.311~4.596

MR egger 0.175 0.154 1.121 0.021 1.124 1.433~1.935

Table 2
Relationship between anti-SSA antibody positivity and ILD by regression
analysis via 3 methods

Method b SE Wald X2 P OR 95% CI
IVvw 0.767  0.343 11.082 0.021 2.781 1.413~4.350
WME 0.224  0.253 9.423 0.033 2.643 1.433~3.612

MR egger 0.097 0.122 2.358 0.091 1.742 0.321~2.235

Table 3
Relationship between ESR and ILD by regression analysis via 3 methods
Method b SE Wald X2 P OR 95% CI
I\AV 0.281 0.050 10.032  0.000 2.781 1.331~3.457
WME 0.126  0.061 7.325 0.007 1432 2.511~3.996

MR Egger 0375 0.054 8.121 0.002 3.124 1.257~5.894

3. Results
3.1. Instrumental variable SNP

In the causal association analysis between serum metabolites and ILD, after removing the linkage|
disequilibrium parameter (2 > 0.01) and SNPs not present in the outcome GWAS, the identified SNPs
were used as the final IVs for Mendelian randomization analysis, with F-statistics > 10. Finally, 23 SNPs
were screened out from 8,234 SNPs associated with human serum metabolites.

3.2. MR analysis results

Results from IVW, WME, and MR-Egger regression indicated a positive causal relationship between
serum metabolites and ILD. These products include anti-Jo-1, anti-SSA antibody, erythrocyte sedimen-
tation rate (ESR), and C-reactive protein (CRP). IVW estimated that the risk of ILD in the anti-Jo-1
antibody-positive group was 4.122 times higher than in the negative group (95% CI: 2.311-5.954, P <
0.001). At the same time, IVW also supported a causal effect between anti-SSA antibody positivity and
ILD (OR = 2.781, 95% CI: 1.413-4.350, P < 0.001). Additionally, MR-Egger fitted a linear relationship
between erythrocyte sedimentation rate (ESR) (95% CI: 1.257-5.894, P = 0.002), C-reactive protein
(CRP) (95% CI: 2.433-6.935, P = 0.001), and ILD. See Tables 1-4 and Figs 1-4.

3.3. Reliability evaluation

3.3.1. Heterogeneity testing

The heterogeneity testing was performed for IVW and MR-Egger regression, with P > 0.05 for all
results, indicating no heterogeneity in the included SNPs, which means the effect of heterogeneity on
causal effect estimation could be ignored. See Table 5 and Figs 5-8
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Table 4
Relationship between CRP and ILD by regression analysis via 3 methods
Method b SE  WaldX?> P OR 95% CI
IVw 0.281 0.250 5.231 0.000 1.022 2.311~4.954
WME 0.362 0.161 4.351 0.072 1424 0.711~3.596

MR egger 0.554 0.154 7.114 0.001 2.624 2.433~6.935

MR Test
Inverse variance weighted Simple median
/MR Eccer /" Weiahted median

1e~03-

SNP effect on Anti-Jo-1 antibody

02 04 06 08

SNP effect on Anti-Jo-1 antibody

Fig. 1. SNP effect on anti-Jo-1 antibody.

MR Test
Inverse variance weighted Simple median
/" MR Eocer /" Weiahted median

1e-03-

SNP effect on Anti-Jo-1 antibody

01 02 03 04 05

SNP effect on anti-SSA antibody

Fig. 2. SNP effect on anti-SSA antibody.
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SNP effect on ILD

SNP effect on Anti-Jo-1 antibody

0.002-

0.001~

Table 5
Results of heterogeneity testing
Method Q P

Ivw 26.121  0.717
MR egger 27.314 0.921

MR Test

Inverse variance weighted

/ MR Egger

Simple median
/ Weighted median

0.000- T

-0.001 -

0.002-

~0.001~

02

011

03 0s

SNP effect on ESR
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Fig. 3. SNP effect on ESR.
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SNP effect on CRP
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Fig. 4. SNP effect on CRP.
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Fig. 5. Anti-Jo-1 antibody — ILD.
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3.3.2. Gene pleiotropy testing

3.3.3. Sensitivity analysis

MR-Egger regression analysis indicated an intercept of 0.011 (P = 0.378), and the difference was
not statistically significant, suggesting that the results were less likely to be affected by gene pleiotropy.
Meanwhile, MR-PRESSO also indicated (P = 0.571) no horizontal pleiotropy in exposure factors and
outcome variables, with consistent results.

~0.15 ~0.10 ~0.05 0.00

Anti-SSA antibody-—ILD

Fig. 6. Anti-SSA antibody — ILD.

The sensitivity analysis of causal effects was performed using the leave-one-out method, with P < (.05




140
141

142

143
144

Galley Proof

11/06/2024; 10:35 File: thc—1-thc240285.tex; BOKCTP/xjm p. 8

g I 7 I T L/ Relationshin I holi L ILD

rs146
rs266

rs907

rs71
rs436

rsY02

rsl3

ALL

1s66

rs716
rs346

1s56

1546

ALL

all included SNPs, and no

4. Discussion
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for all results after stepwise removal of each SNP. Moreover, IVW results were similar to the analysis of]

In this study, the causal relationship between serum metabolites and ILD was explored through
endelian randomization analysis using pooled data from large-scale GWAS, with IVW as the mai
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Fig. 7. ESR - ILD.
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Fig. 8. CRP - ILD.

SNP loci with significant effects on the results were observed in IVs.
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method and WME and MR-Egger regression as auxiliary methods. The findings indicated a correlation
between serum metabolites and ILD. The study revealed a positive correlation between anti-Jo-1 antibody|
positivity, anti-SSA antibody positivity, elevated ESR, elevated CRP, and ILD. Meanwhile, the causall
relationship between the serum metabolites and ILD was also investigated from a genetic perspective,
suggesting that these serum metabolites may be risk factors for ILD.

Anti-SSA antibodies, previously neglected, have been shown in previous studies to be involved in
transcriptional regulation, which exhibit pathogenicity without specificity and can be found in many
connective tissue diseases [6]. Previous studies have suggested that immune complexes can induce
endogenous interferon in patients with anti-SSA antibody-positive ILD [7,8], activate macrophage
activity, release the related chemokine CXCL10, and recruit inflammatory factors, leading to lung injury
and causing pulmonary interstitial lesions [9,10]. However, this is not supported by clinical research. A|
study in Norway indicated that anti-SSA antibodies could serve as a predictor of ILD [11], while another
study showed that anti-SSA antibodies are associated with dermatomyositis-associated pulmonary fibrosis
and disease severity [12]. The findings of this study indicated an elevated risk of ILD in patients with|
positive anti-SSA antibodies, with statistically significant differences, suggesting that anti-SSA antibody)
positivity was a risk factor for IIM-ILD.

The anti-Jo-1 antibody is an anti-aminoacyl-tRNA synthetase antibody, often associated with the|
occurrence of ILD, and studies have indicated an incidence of up to 73% for ILD in patients with anti-Jo-1
antibody-positive idiopathic inflammatory myopathy (IIM) [13]. Specifically, anti-Jo-1 antibody positivity|
can lead to ILD in IIM patients, possibly due to the formation of immune complexes with lung tissue|
by this antibody, which can stimulate the activity of pulmonary macrophages, resulting in the release of]
chemokines CXCL9 and CXCL10, followed by the recruitment to other inflammatory components under|
the action of these chemokines, ultimately leading to lung injury. At the same time, fibroblasts are also
activated, leading to diffuse pulmonary fibrosis [10,14]. Moreover, another study concluded that since|
the titer of anti-Jo-1 antibodies is closely associated with the occurrence of ILD and the severity of the
disease, the dynamic observation of the titer of anti-Jo-1 antibodies in serum is beneficial for predicting
changes in the severity of ILD [15]. The findings of this study indicated that anti-Jo-1 antibody positivity|
is a risk factor for ILD.

As a commonly used laboratory indicator reflecting the degree of systemic inflammation, the diagnostic
value of erythrocyte sedimentation rate (ESR) for ILD has not been fully identified due to being influenced
by various factors such as age, anemia, chronic kidney disease, etc. However, it has been found that an
elevated ESR is associated with lung injury rather than muscle inflammation [16,17], possibly due to the
fact that cytokine production in the ILD environment is more likely to cause an acute-phase response
compared to muscle tissue. During ILD-related inflammation, monocytes and macrophages produce|
inflammatory cytokines, such as interleukin-1/6, interferon-gamma, and tumor necrosis factor-alpha,
which in turn induce the liver to produce acute-phase proteins [18]. Meanwhile, changes in plasma protein
composition increase erythrocyte aggregation, accelerating the sedimentation rates [19,20]. Therefore,
measurement of baseline ESR and its changes over time may be a cost-effective marker for reflecting
disease activity and prognosis in ILD patients.

CRP (C-reactive protein) is an acute-phase reactant protein synthesized by liver cells, and Richards et
al. [14] reported that in patients with IIM combined with ILD, serum CRP and interferon-gamma-induced
chemokines CXCL9 and CXCL10 appear to be associated with the expression of anti-Jo-1 antibodies,
which are related to IIM-ILD. Therefore, CRP is somewhat associated with IIM-ILD but lacks high
specificity due to the impact of various factors. The findings of this study are statistically significant,
indicating that ESR and CRP are risk factors for ILLD
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This study boasts the following advantages. 1. Unlike traditional epidemiological survey research,
Mendelian randomization utilizes germline genetic variation as an exposure IV to investigate the causall
relationship between exposure phenotypes and outcome phenotypes, thus avoiding the interference off
confounding factors such as social environment and lifestyle and achieving true random allocation without
violating ethical principles; 2. public pooled data from GWAS were used to save time and research costs,
which consist of individuals of European ancestry, reducing potential bias; 3. Compared to a single SNP,
23 SNPs were used as IVs in this study, increasing the proportion of interpretation for genetic variation.

However, the study also comes with some limitations. 1. The exposure and outcome studies applied
in the MR analysis should not involve overlapping participants. Since it’s impossible to estimate the
degree of overlap in this study, tools (e.g., F-statistics > 10) were used to minimize bias due to sample
overlap; 2. Pooled data from GWAS only involve European populations, limiting generalizability and
requiring validation in other populations; 3. Since pooled databases from two GWAS were utilized, further
subgroup analyses could not be performed for factors such as age or gender due to the lack of individual
data, making it impossible to further refine the outcome variables for analysis; 4. MR can only explore
linear relationships between exposure and outcome variables without performing nonlinear analysis.

5. Conclusion

In conclusion, Mendelian randomization was used in the study to infer the causal relationship between
serum metabolites and ILD, and the findings indicated a causal relationship between the two, with
anti-Jo-1 antibody positivity, anti-SSA antibody positivity, elevated ESR, and elevated CRP being the)
possible risk factors for ILD. Therefore, monitoring and intervention measures for these indicators shall
be incorporated into strategies for the prevention, treatment, and prognosis assessment of ILD.
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