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Background: The relationship between obesity and some respiratory diseases has been well documented. However there have been
few studies on the association between visceral adipose tissue (VAT) and chronic respiratory diseases (CRDs), it remains unclear
whether VAT is causally associated with CRDs.

Methods: We used two-sample Mendelian randomization (MR) to illuminate the effects of VAT on four CRDs: chronic obstructive
pulmonary disease (COPD), allergic asthma, interstitial lung disease (ILD), and sarcoidosis. Inverse variance weighted (IVW) served
as the primary assessment method. MR Egger, weighted median, Simple mode and Weighted mode were the supplementary methods
for MR analysis. We used multivariate MR analysis to adjust for the effect of body mass index (BMI) on outcomes, Egger intercept,
MR-pleiotropy residual sum and outlier, and leave-one-out analysis to confirm the MR results’ consistency.

Results: Genetically-predicted VAT was associated with an increased risk of COPD (OR = 1.56; 95% CI: 1.34-1.82; P = 1.16X1078),
allergic asthma (OR = 1.44; 95% CIL: 1.20-1.73; P = 8.63x10>), and ILD (OR = 1.15; 95% CI: 1.04-1.26; P = 4.62x10"°). However,
there was limited evidence to support an association between VAT and sarcoidosis. In multivariate MR analysis, VAT’s associations
with COPD, allergic asthma, and ILD persisted after adjusting for BMI.

Conclusion: This study provides evidence for a potential causal relationship between VAT and COPD, allergic asthma, and ILD;
these relationships were independent of the effect of BMI.

Keywords: visceral adipose tissue, chronic respiratory diseases, chronic obstructive pulmonary disease, allergic asthma, interstitial

lung disease, Mendelian randomization

Introduction
Obesity is a risk factor for many chronic diseases,' and is now a global health problem.>” Since 1990, the global
prevalence of obesity has nearly tripled in men, and more than doubled in women.* Traditionally, the definition of obesity
is a body mass index (BMI) greater than or equal to 30 kg/m>> However, the harmful effects of abdominal obesity are
becoming increasingly recognized. BMI is not an independent tool for identifying obesity-related complications, as fat
distribution is a better predictor of obesity-related complications.® Visceral adipose tissue (VAT) is a type of fat deposited
around the abdominal organs.” Excess VAT is probably more harmful than the accumulation of adipose tissue in other
areas.® Many clinical studies have shown that VAT is associated with diabetes, metabolic syndrome, hypertension,
inflammatory bowel disease, cardiometabolic diseases, and other chronic diseases.” 2

Chronic respiratory disease (CRD) encompass a spectrum of pulmonary conditions affecting the airways and other
structures of the lung, including chronic obstructive pulmonary disease (COPD), asthma, interstitial lung disease (ILD),
sarcoidosis and pneumoconiosis. CRD has become a principal contributor to global morbidity and mortality, burdening
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the world’s health sustainability.'*'* In 2019, CRDs were the third leading cause of death responsible for 4 million
deaths with a prevalence of 454.6 million cases globally and 77.6 million new global cases, marking a 49.0% increase in
new cases since 1990.'* Studies have shown that CRD is associated with many risk factors, including environmental,
occupational, behavioral and metabolic risks.'* Therefore, understanding the risk factors of CRD can help policymakers
in developing and efficiently targeting risk modification interventions, which can result in reduced disability and
premature mortality. For example, obesity has long been recognized as a risk factor for many respiratory diseases,
such as bronchitis, COPD, asthma, and pneumonia.'>'® A recent large Mendelian randomization (MR) study has also
validated the relationship between obesity and various respiratory diseases.'’ In addition, VAT has been recognized as an
important metabolic tissue associated with energy storage, immunity, chronic inflammation and metabolic disorders, as
well as an endocrine organ that secretes a variety of biologically active substances.'®'? These released inflammatory
mediators may be closely related to the development of CRDs. However, there have been few studies on the association
between VAT and CRDs. A cross-sectional study has shown that a COPD group had a larger area of visceral fat than
a control group, despite there being no difference in BMI or waist circumference between the two groups.”® Another
study showed that VAT is associated with a narrowed lumen in the bronchial tubes of patients with asthma.?'
Furthermore, a meta-analysis combining 43 observational studies revealed an association between higher VAT and
asthma.? Additionally, a cohort study showed that every doubling of the area of visceral adipose tissue was associated
with a 30% increase in ILD incidence.”® Most studies that have explored the relationship between VAT and CRDs have
been observational. However, it is well known that observational studies are characterized by uncontrollable confounding
factors that may affect their results’ accuracy.

MR is a method that uses genome-wide association study (GWAS) databases to investigate the potential causal
association between specific exposure and outcomes. Specifically, this method uses genetic variants as instrumental
variables (IVs) to analyse the effect of modifiable exposures on various health, social and economic outcomes. The genetic
variation is randomly inherited from parents to offspring at conception, similar to the random assignment of treatment in an
randomized controlled trial, hence reducing the risk of confounding. Compared with observational studies, the MR-based
approach is less susceptible to reverse causation or the influence of potentially confounding variables.>*2® Meanwhile with
the rapid expansion of publicly available GWAS summary statistics over the past decade, especially the data on European
population, the method’s flexibility and applicability have increased significantly.”” Besides, the causal relationship
between VAT and CRDs in European population is still unclear. There is no relevant MR study to explore the relationship.

The present study utilizes MR analysis to explore the potential causal association between VAT and CRDs in
European population, providing more evidence for CRDs prevention and treatment strategies.

Methods

Study Design

We used two-sample MR analysis to explore the association between VAT and several CRDs. Figure 1 shows an
overview of the study design. The MR analysis was based on three critical assumptions: (i) genetically I'Vs are strongly
correlated with exposure factors; (ii) genetically IVs are not affected by any confounders; (iii) single nucleotide
polymorphisms (SNPs) do not influence the results through any pathways other than the exposure pathway (VAT).

Data Sources

Data Sources for Exposures

The predicted genes for the instrumental variable were derived from a large-scale UK Biobank cohort. In the study,
Researchers measured the VAT of 4198 White British ancestors from the UK Biobank by dual-energy X-ray absorptiometry,
and established a VAT training dataset. They also constructed an application dataset of the VAT including 325,153 White
British individuals.?®**° Both the training dataset and the application dataset shared similar characteristics. Compared to
previous GWAS for VAT or VAT adjusted for BMI, this GWAS identified more VAT-associated loci. We obtained publicly
available summary data from the GWAS Catalog (https://www.ebi.ac.uk/gwas/). Detailed characteristics of the I'Vs are

shown in Table 1.
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Figure | Schematic representation of our Mendelian randomization study of the associations between visceral adipose tissue and chronic respiratory diseases. BMI: body
mass index.

Data Sources for Outcomes

COPD, allergic asthma, ILD, and sarcoidosis served as endpoints in this study. To minimize potential bias due to sample
overlap, all data for these four outcomes were derived from the FinnGen study (https://www.finngen.fi/). We obtained the
GWAS summary statistics for these outcomes through the IEU Open GWAS database (https:/gwas.mrcieu.ac.uk/).
Detailed characteristics of the four outcomes are presented in Table 1.

Instrumental Variable Selection

We screened SNPs strongly associated with VAT from the GWAS database as IVs with a threshold of P < 5x107%.
Linkage disequilibrium was excluded based on 1> =0.001 and clump distance > 10,000 kb to ensure that the IVs selected
for VAT were independent of each other.’® F-statistics (F = p2/SE?) were calculated for each SNP to assess the IVs’
strength. Generally, SNPs with F-statistics > 10 are recommended for MR analyses, as they are unlikely to be weak IVs,

whereas those with F-statistics < 10 were excluded to prevent the effect of weak IVs® bias on results.>*
Table | Data Sources for Exposure and Outcomes
Phenotype Consortium | No. of cases | Sample size | Population GWAS ID
Exposure data
VAT UK Biobank NA 325,153 European GCST008744
Outcome data
COPD FinnGen 6915 193,638 European finn-b-J10_COPD
Allergic asthma FinnGen 4859 135,910 European finn-b-ALLERG_ASTHMA_EXMORE
ILD FinnGen 21,806 218,792 European finn-b-ILD_ENDPOINTS
Sarcoidosis FinnGen 2046 217,758 European finn-b-D3_SARCOIDOSIS

Abbreviations: COPD, chronic obstructive pulmonary disease; GWAS, genome-wide association study; ILD, interstitial lung disease; VAT, visceral
adipose tissue.
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Statistical Analysis
MR analysis was performed using the “TwoSampleMR” (Version 0.5.7) software package in R (Version 4.3.1). We used
inverse-variance weighted (IVW) as the primary assessment method to examine the role of genetic susceptibility to VAT on
the outcome of four CRDs, which can provides a robust causal estimate in the presence of heterogeneity.’> MR Egger,
weighted median, Simple mode and Weighted mode were considered complementary MR analysis methods to improve the
robustness of the results.***> MR results were reported as odds ratios. Given that our study included four outcomes, the
significance threshold was adjusted for multiple testing using the Bonferroni correction, with a two-sided P < 1.25x1072
(0.05/4) considered statistically significant to control for type I errors. Egger intercept and MR-pleiotropy residual sum and
outlier (MR-PRESSO) were used to test the results’ horizontal pleiotropy.>® Where P > 0.05, no horizontal pleiotropy was
considered. MR-PRESSO was used not only to identify pleiotropy but also to identify outliers. If there were any outliers, we
performed a new MR analysis after removing the outliers. Leave-one-out was also used for sensitivity testing to investigate
whether the association was affected by any particular SNP. Cochran’s Q was employed to estimate the heterogeneity of the
results. Heterogeneity was indicated by P < 0.05.

Considering that VAT is strongly associated with BMI, which in turn is associated with respiratory disease, we performed
regression-based multivariate MR (MVMR) analysis,>” which adjusted for BMI to exclude the confounding results of BMI.

Results

Genetic Instruments

We identified 21,727 strongly associated SNPs from a GWAS including 325,153 individuals of European ancestry. Next,
we obtained 221 SNPs strongly associated with VAT as IVs after excluding linkage disequilibrium (specific SNP
characteristics are shown in Table S1). The F-statistics of these 221 SNPs were all greater than 10, implying that
there were no weak variables. We extracted 219 SNPs from the genomes of COPD, allergic asthma, ILD, and sarcoidosis.
After removing 11 SNPs for being palindromic, our final sample included 208 SNPs for MR analysis (see Table S1).

Estimating the Causal Effects of VAT on Chronic Respiratory Diseases
In two-sample MR analysis, the [IVW method suggested a positive correlation between VAT and COPD (OR = 1.56; 95%
CI: 1.34-1.82; P = 1.16X10'8), allergic asthma (OR = 1.44; 95% CI: 1.20-1.73; P = 8.63><10'5), and ILD (OR = 1.15;
95% CI: 1.04-1.26; P = 4.62x10 %), but not with sarcoidosis (OR = 1.02; 95% CI: 0.78-1.34; P = 8.76x10""). Weighted
median also confirmed the correlation of VAT with COPD (OR = 1.49; 95% CI: 1.19-1.85; P = 4.44x10-4) and allergic
asthma (OR = 1.55; 95% CI: 1.19-2.02; P = 1.06><1073). More detailed results are shown in Table 2, Figures 2 and S1.
We further performed MVMR analysis to obtain MR estimates independent of the effect of BMI. In MVMR analysis
adjusted for BMI, VAT was independently associated with the risk of COPD (OR = 1.66; 95% CI: 1.35-2.08; P =1.53x10"%),

Table 2 Mendelian Randomization Analysis Results for the Associations Between Visceral Adipose Tissue and the
Risk of Four Chronic Respiratory Diseases

Outcome SNPs Methods OR (95% CI) P value Pq.statistics | Pintercept | PMR-PREsSO
COPD 208 \A%% 1.56 (1.34-1.82) | 1.74x10°8 | 1.23x1072 0.87 0.90
MR Egger 1.50 (0.93-2.42) | 9.86x1072
Weighted median | 1.47 (1.19-1.82) | 3.46x10*
Simple mode 1.41 (0.72-2.76) | 3.23x107"
Weighted mode 1.35 (0.85-2.15) | 2.09x107"
Adijusted for BMI | 1.66 (1.35-2.08) | 1.53x10°¢
(Continued)
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Table 2 (Continued).

Outcome SNPs Methods OR (95% CI) P value Pq.statistics | Pintercept | PMR-PRESSO
Allergic asthma | 208 \A%% 1.42 (1.18-1.70) | 1.59x10°* | 2.88x10"? 0.53 0.88
MR Egger 1.68 (0.96-2.96) | 7.15x10°2
Weighted median | 1.50 (1.15-1.95) | 2.47x1073
Simple mode 1.70 (0.76-3.81) | 2.01x10"'
Weighted mode | 1.83 (1.08-3.08) | 2.52x10°2
Adjusted for BMI | 1.57 (1.22-2.02) | 4.51x10°*
ILD 208 VW 1.15 (1.04-1.26) | 4.62x107 | 1.43x10°* 0.37 0.79
MR Egger 1.01 (0.75-1.35) | 9.43x10°!
Weighted median | 1.10 (0.94-1.28) | 2.11x[0"!
Simple mode 1.12 (0.76-1.64) | 5.60x10°"
Weighted mode | 1.12 (0.88-1.42) | 3.56x10"!
Adjusted for BMI | 1.20 (1.05-1.36) | 5.57x10°3
Sarcoidosis 208 \A%% 1.02 (0.78-1.34) | 8.76x10°" | 6.79x10°? 0.66 0.93
MR Egger 1.22 (0.53-2.81) | 6.41x10""
Weighted median | .17 (0.77-1.78) | 4.53x10"'
Simple mode 0.67 (0.25-1.84) | 4.43x10"!
Weighted mode 1.02 (0.49-2.10) | 9.66x10""
Adjusted for BMI | 0.95 (0.64—1.41) | 8.01x10"'

Abbreviations: BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; IVW,
inverse variance weighting; MR, Mendelian randomization; MR-PRESSO, MR-pleiotropy residual sum and outlier; OR, odds ratio; SNPs, single
nucleotide polymorphisms.

allergic asthma (OR = 1.57; 95% CI: 1.22-2.02; P=4.51x10"*), and ILD (OR = 1.20; 95% CI: 1.05-1.36; P=5.57x10""), but
not with sarcoidosis (OR = 0.95; 95% CI: 0.64—1.41; P=8.01x10"").

Sensitivity Analysis

The leave-one-out method results were similar to those obtained with the standard IVW (Figure S2). We observed modest
heterogeneity in the analysis for COPD, allergic asthma, ILD and sarcoidosis using Cochran’s Q statistic (Table 2). The
intercept from the MR Egger method did not reveal the presence of horizontal pleiotropy (COPD: P = 0.88; allergic
asthma: P = 0.49; or ILD: P = 0.37; sarcoidosis: P = 0.66). In addition, MR-PRESSO did not identify any abnormal
SNPs, with all P values > 0.05 (COPD: P = 0.90; allergic asthma: P = 0.87; ILD: P = 0.79; sarcoidosis: P = 0.93).

Discussion

A growing body of research is addressing the adverse effects of VAT on human health. In this study, we performed an
MR analysis to assess the relationship between VAT and the risk of four CRDs. We found that VAT was associated with
increased risk of COPD, allergic asthma, and ILD at the genetic level. In addition, the associations for VAT and COPD,
allergic asthma, and ILD were independent of BMI. Our results were consistent with the previous observational findings,
further confirming that VAT is an independent genetic risk factor for COPD, allergic asthma, and ILD.
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Figure 2 Scatter plots of Mendelian randomization analysis for the associations between visceral adipose tissue and the risk of (A) chronic obstructive pulmonary disease,
(B) allergic asthma, (C) interstitial lung disease, and (D) sarcoidosis.

Even though VAT has become a more concerning indicator than obesity, more studies have focused on the association
between respiratory diseases and obesity.® Though several previous observational studies have focused on VAT’s
associations with COPD, asthma, and ILD,3 839 which were confirmed by our research, the biological mechanisms
associated with the increased risk of chronic respiratory diseases due to VAT have yet to be clarified. Perhaps we could
draw inspiration from the mechanism of obesity and some respiratory diseases.

VAT is considered an active endocrine organ with metabolic activity. In obesity, hypertrophic adipose tissue produces
many pro-inflammatory mediators, including leptin, resistin, interleukin 6 (IL-6), and tumor necrosis factor-alpha,**~° all
of which are associated with not only local inflammation, but also systemic inflammatory responses.”****! It has been
shown that these pro-inflammatory mediators may promote the NLR family pyrin domain containing 3 (NLRP3)
inflammasome activation and IL-1f secretion. Activation of IL-1p signalling in the lung further increases the expression
of pro-inflammatory cytokines (eg, 1L-23, IL-5, IL-13), promoting the activity of immune cells (eg, T-helper cells,
eosinophils, macrophages), leading to lung inflammation and dysfunction, and promoting development of lung
diseases.*? Adiponectin acts as both an insulin sensitizer and an anti-inflammatory factor, playing an essential role in
the regulation of glucolipid metabolism.** In contrast to leptin and other pro-inflammatory mediators, researchers have
discovered that adiponectin is significantly lower in individuals with obesity.** ¢

Existing high-quality studies exploring the relationship between VAT and COPD are limited. Based on previous
studies, we hypothesized that inflammation-induced airway hyperresponsiveness may play an essential role in the
relationship between VAT and COPD. van den Borst et al revealed a significant increase in VAT in elderly patients

with COPD, which was associated with elevated IL-6 in plasma.*’ IL-6 has also been shown to be a strong predictor of
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death in respiratory and cardiovascular diseases.*”*® Bruzzaniti et al discovered that leptin inhibited COPD patients’
regulatory T cells’ proliferation and activity, and adversely affected the progression of COPD.*’ Moreover, a cross-
sectional study demonstrated a significant negative correlation between adiponectin and FEV1%, suggesting that
adiponectin may serve as a biomarker of the severity and progression of disease in patients with COPD.*°

Allergic asthma is the most common asthma phenotype.®' It is now recognized as a complex chronic inflam-
matory disease related to airway hyperresponsiveness and tissue remodeling in airway structures.’> A study has
shown that elevated leptin levels in obese mice exacerbate allergic asthma and increase airway
hyperresponsiveness.”>>* Another study indicated that leptin promoted the survival and proliferation of Th2
cells, leading to increased expression of IL-4, IL-5, and IL-13, which collectively promoted the allergic
response.”” Sideleva et al showed an increased infiltration of VAT macrophages and leptin expression, but
decreased adiponectin in obese asthmatics, compared to the control group. They also found that respiratory
epithelial cells expressed leptin and adiponectin receptors, while leptin might be directly involved in airway
remodeling.’® Adiponectin has previously been shown to alleviate allergic airway inflammation and airway
hyperresponsiveness in ovalbumin-sensitized mice.’’

ILD is a disease involving the pulmonary interstitium and alveoli.® Most ILD is characterized by inflammation or
fibrosis within the interstitial spaces. However, the molecular mechanisms of ILD pathogenesis remain unknown, and the
mechanism of how VAT works to increase the risk of ILD has yet to be investigated. Previous studies have suggested that
adipokines may be mediators of pro-inflammatory changes leading to interstitial lung abnormalities and fibrosis.>**° In
an animal study, researchers observed that mice with leptin receptor deficiency were resistant to bleomycin-induced
fibrosis.®' Resistin is another adipokine that promotes the production of inflammatory factors such as IL-6, IL-1f, and
tumor necrosis factor-alpha.®> A study has shown that resistin was significantly elevated in the serum of ILD patients
with interstitial lung abnormalities, and this result remained significant after correction by Bonferroni.®> Adiponectin is
an anti-inflammatory adipokine relevant to metabolic regulation, tissue remodeling and intravascular homeostasis.®*
When adiponectin-deficient mice were exposed to a toxic environment, alveolar macrophages were spontaneously
activated, accompanied by increased release of pro-inflammatory mediators (such as tumor necrosis factor-alpha and
matrix metalloproteinase 12), resulting in structural lung alterations.®> These findings may provide inspiration for
exploring the mechanism of action through which VAT increases the risk of ILD.

Currently, we found no studies that explored the relationship between VAT and sarcoidosis. However, several
observational studies have illustrated the correlation between obesity and sarcoidosis, although the results have been
different. For example, a study from the US Veterans Administration found no correlation between BMI and the
incidence of sarcoidosis. Meanwhile, a cohort study conducted on 59,000 African American women between the ages
of 21 and 69 showed that the prevalence of sarcoidosis increased with BMI and weight. Another case-control study
demonstrated that the BMI (> 25 kg/m?) was significantly higher in patients with sarcoidosis than in healthy volunteers.
In our study, we found no correlation between VAT and sarcoidosis. This may be due to differences in inflammatory
pathways or etiologies between sarcoidosis and other CRDs (eg, COPD, allergic asthma and ILD), as well as insufficient
statistical power to detect a weak association due to lower prevalence of sarcoidosis. Further relevant studies could be
conducted to explore the relationship in the future.

As far as we know, our study is the first to comprehensively assess the relevance of VAT for multiple chronic
respiratory diseases using MR analysis. This is important because MR analysis minimalizes the likelihood of residual
confusion. We also used several sensitivity analysis methods to evaluate the assumptions of MR, and multivariate MR
analysis to adjust for the effect of BMI to ensure higher reliability in our results.

However, we do recognize that there are several limitations in this study. Firstly, the training model for VAT
prediction was built on a small subset of data, and this may have limited its statistical efficacy. Next, to ensure
consistency in the genetic background of our sample, our MR analysis only included individuals from Europe, and
therefore it does not represent VAT’s true genetic association with the general population. This may limit the
generalizability of this finding to other races. Thirdly, despite our findings suggesting a association between VAT
and the three CRDs, it is possible that this relationship is nonlinear. Future studies should further investigate the
relationship between VAT and other CRDs. Finally, MR studies are helpful in determining whether the observed
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correlations is supported by genetic evidence. However, as with all MR studies, our conclusions depend on
adherence to the MR method’s assumptions. Despite various sensitivity analyses to assess the reliability of our
results, it still could not definitively exclude the potential impact of unmeasured confounders on our results.
Meanwhile, more laboratory and clinical studies are often needed to reveal the underlying biological mechanisms.

Conclusion
This MR study indicated that genetically-predicted higher VAT was associated with an increased risk of COPD, allergic
asthma, and IDL, and this association was independent of the effect of BMI.
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