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Introduction

Chronic rhinosinusitis (CRS) is a complex disease that impacts 
5-12% of the overall population. It is marked by persistent 
inflammation in the nasal passages and paranasal sinuses. 
CRS is diagnosed when an individual experiences two or more 
symptoms such as nasal congestion, facial pain, reduced 
sense of smell for a duration of at least 12 weeks, along with 
objective evidence of sinus inflammation seen through nasal 
endoscopy or sinus computed tomography[1]. The occurrence 
of CRS is associated with various factors, including long-
term exposure to air pollutants and smoking[2]. Furthermore, 
CRS often coexists with chronic conditions such as asthma, 
allergic rhinitis, and gastroesophageal reflux disease (GERD). 
These comorbidities may facilitate the onset and progression 
of CRS through common inflammatory pathways[3]. Numer-
ous studies have identified allergic rhinitis and smoking as 
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Abstract

Background: Chronic rhinosinusitis (CRS) is a complex disease influenced by various factors such as environmental exposure, microbial infec-
tion, immune dysfunction, and genetic predisposition. The objective of this research is to examine the causal relationship between plasma lipi-
domes and CRS, focusing on the potential role of immune cells as mediators.
Methods: Utilizing pooled data from genome-wide association studies (GWAS), a two-sample Mendelian randomization (MR) analysis was 
conducted to investigate the causal relationship between genetically predicted plasma lipidomes (7174 cases) and CRS (7529 cases, 444966 
controls). Various methods such as inverse variance weighted, maximum likelihood, MR-Egger, weighted median, weighted mode, and Wald ratio 
were employed to assess causality. Multiple sensitivity analyses were also conducted to ensure the reliability of the MR results. Furthermore, me-
diation analysis was used to identify immune cell-mediated pathways linking plasma lipidomes to chronic sinusitis.
Results: The study identified 30 plasma lipidomes associated with chronic sinusitis, with only one remaining significant after FDR correction, 
namely Phosphatidylinositol (18:1_18:2). Additionally, 52 types of immune cells were found to be related to the disease, with only 3 types remain-
ing significant after FDR correction: CD27+/IgD- CD38+ B cells, CD3+/CD28+ CD4+ T cells, and HLA DR+/CD33+ HLA DR+ CD14- cells. Mediation 
analysis revealed two distinct mediating relationships, indicating potential pathways from plasma lipidomes to chronic sinusitis through two spe-
cific immune cells. Sensitivity analysis results indicated no heterogeneity or pleiotropy in the study.
Conclusion: The findings of this study reinforce the causal link between plasma lipidomes, immune cells, and chronic sinusitis. Identifying these 
biomarkers offers fresh insights into the pathogenesis of chronic sinusitis, with implications for improved prevention, diagnosis, and treatment of 
the condition.
Keywords:Chronic rhinosinusitis, plasma lipidomes, Immune cells, Mendelian randomization, Mediation analysis
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potential risk factors for the condition. However, findings have 
been mixed, with some studies showing only a slight increase 
in risk. Other studies have explored additional risk factors 
including genetic variation, gender, race, air pollution, gastro-
esophageal reflux disease, and autoimmune diseases[3-5]. 
The variability in results seen in these epidemiological studies 
could be due in part to confounding variables and the possibil-
ity of reverse causation.
Recent evidence suggests an increasing role for plasma lip-
idomes in managing CRS[6]. Oxidative modification of lipids 
occurs during inflammation, resulting in the formation and 
accumulation of bioactive lipid oxidation products. These 
products induce specific cellular responses, which regulate the 
inflammatory process and can influence the outcome of the 
body's response in acute inflammation during host defense[7]. 
In CRSwNP, local tissues exhibit significant eosinophilic infiltra-
tion, accompanied by marked elevations in Th2-type cytokines 
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such as IL-4, IL-5, and IL-13[8]. These cytokines promote the 
recruitment and activation of inflammatory cells by activating 
the PI3K/Akt signaling pathway, leading to tissue edema, in-
creased mucus secretion, and impaired epithelial barrier func-
tion[9]. Furthermore, the tissue remodeling processes, such 
as collagen deposition and basement membrane thickening, 
exacerbate the obstruction of the sinus cavity and perpetuate 
chronic inflammation[10]. The immune cell-mediated pathway 
from plasma lipidomes to CRS remains largely unexplored. 
In recent years, with the development of high-throughput se-
quencing technology, significant progress has been made in 
the genetic research of CRS. Several Genome-Wide Associ-
ation Studies (GWAS) have identified multiple gene loci that 
are significantly associated with susceptibility to CRS, such 
as HLCS, HLA-DRA, BICD2, VSIR and SLC5A1[11, 12]. In recent 
years, the interaction between lipid metabolism and inflam-
matory responses has become a focal point in the study of 
Cytokine Release Syndrome (CRS). Lipid oxidation products, 
such as oxidized phospholipids and eicosanoids, not only act 
as inflammatory mediators involved in the recruitment and 
activation of immune cells but also influence the intensity and 
duration of the inflammatory response by regulating signaling 
pathways such as PI3K/Akt and NF-κB[7]. Furthermore, me-
tabolites of phosphatidylinositol (PI) play a crucial role in mod-
ulating immune cell functions, including T cell activation and 
B cell antibody production[13]. These findings suggest that 
abnormalities in lipid metabolism may contribute to the onset 
and progression of CRS by affecting immune cell functions. 
Mendelian randomization (MR) analysis is a powerful method 
that leverages genetic variation as an instrumental variable 
(IV) to investigate potential causal relationships between 
exposures and outcomes. By using genetic variants that are 
randomly assigned at conception, MR minimizes the influence 
of confounding factors on causal estimates. Additionally, me-
diation analysis can be employed to examine how exposure 
affects an outcome through mediators. In this study, we con-
ducted MR analysis using publicly available GWAS summary 
data to explore the causal link between plasma lipidomes, 
immune cells, and chronic sinusitis, as well as to investigate 
the immune cell-mediated pathway leading from plasma lipi-
domes to chronic sinusitis.

Materials and methods

Study design
The research flow chart is illustrated in Figure 1. Initially, we 
acquired published GWAS summary data containing variables 
such as plasma lipidomes, immune cells, and CRS. Subse-
quently, two-sample MR analysis was employed to assess the 
causal association between plasma lipidomes, immune cells, 
and CRS. Lastly, a two-step assay was conducted to ascer-
tain the mediating effect of immune cells in the connection 
between plasma lipidomes and CRS. Our MR investigations 
adhere to the STROBE-MR guidelines[14].

Data sources
Summary statistics for plasma lipidomes were obtained from 
the GWAS catalog (https://www.ebi.ac.uk/gwas/) under study 
accession numbers GCST90277238-GCST90277416. The 
study included 13 out of 7174 Finnish individuals from the 

GeneRISK cohort and conducted univariate and multivariate 
GWAS on 179 lipid species across different lipid classes.
The public catalog of immune cell GWAS data sources 
(GCST0001391 to GCST0002121) includes GWAS data for 731 
immune phenotypes analyzed in the study[15]. A total of 3,757 
Sardinian individuals were analyzed to identify around 22 mil-
lion genetic variants and investigate their associations with 
autoimmune diseases using GWAS immunological signature 
data. The dataset comprised 118 absolute cell counts, 389 
median fluorescence intensity (MFI) values reflecting surface 
antigen levels, 32 morphological features, and 192 relative cell 
counts, which represent ratios at the cellular level. The GWAS 
dataset for CRS (identifier: ebi-a-GCST90018823) included 
7,529 cases and 444,966 controls.

Genetic IV selection
In order to utilize genetic variation for estimating causal ef-
fects, three fundamental assumptions of IV must be satisfied: 
1) IV must be associated with exposure factors; 2) IV should 
not be correlated with confounding factors; 3) IV should not 
have a direct impact on outcome variables, influencing them 
solely through exposure factors. The IVs employed in this re-
search were carefully selected based on the following criteria: 
1) single nucleotide polymorphisms (SNPs) meeting a site-
wide threshold of P < 5×10 -5 were considered when there were 
limited genome-wide significant sites in the original GWAS re-
sults, with a genome-wide significance threshold of P < 5×10-8 
used as potential instrumental variables linked to each expo-
sure trait. 2) SNPs correlated with outcome variables (P < 0.05) 
were excluded. 3) An aggregation process was conducted to 
mitigate the effects of linkage disequilibrium (r2 < 0.001, win-
dow size = 10,000 kb). 4) The Mendelian randomization pleiot-
ropy residual sum and outlier (MR-PRESSO) method was em-
ployed to assess and address potential pleiotropy, with outliers 
removed to mitigate pleiotropy effects[16]. SNPs were ar-
ranged in ascending order based on the P value of the 
MR-PRESSO outlier test, with subsequent removal of SNPs un-
til no pleiotropy was detected (MRPRESSO global test P value 
> 0.05). To assess the strength of the selected SNPs, an F sta-
tistic was utilized, excluding SNPs with an F statistic < 10 to 
mitigate weak instrument bias in MR analysis. The F statistic 
is calculated using the formula F = [R2 × (n - k - 1)] / [k × (1 - 
R 2 )], where R 2 represents the proportion of exposure variance 
explained by the IV, n is the sample size, and k is the number 
of IVs[17].

Mendelian randomization and statistical analysis
Two-sample Mendelian randomization employed MR methods 
to assess the causal association between plasma lipidomes, 
immune cells, and CRS. The Wald ratio was utilized to deter-

Figure 1. Mendelian randomization mediation analysis flowchart.A
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mine causality of exposures, incorporating only a single IV. In 
cases of exposures with multiple IVs, methods such as inverse 
variance weighting (IVW), Simple mode, MR-Egger, weighted 
median, and weighted mode were employed to infer causal 
relationships. IVW typically offers the highest statistical power 
and is therefore preferred, with other methods being used as 
supplementary. IVW utilizes meta-analysis to combine Wald 
ratio estimates for each IV while constraining the intercept 
to zero[18]. In the absence of horizontal pleiotropy, the IVW 
method can yield unbiased causal estimates[19]. In cases of 
heterogeneity, the random-effects IVW test is preferred for 
its conservative and robust estimate, while the fixed-effects 
model is utilized when heterogeneity is absent. MR-Egger is 
able to detect multiple-level effects and provide valid causal 
estimates even in the presence of pleiotropy[20]. The weighted 
median method can yield reliable causal estimates even when 
as many as 50% of instrumental variables are invalid[21].  If 
most IVs with similar causal estimates are valid instruments, 
the weighted pattern approach remains valid even if other 
IVs do not meet the requirements for MR analysis. It is rec-
ommended to conduct a sensitivity analysis to evaluate the 
robustness of the causal relationship[22]. MR-Egger regres-
sion and MR-PRESSO were utilized to evaluate horizontal plei-
otropy. The presence of a nonzero intercept in the MR-Egger 
regression suggests directional pleiotropy. Heterogeneity 
among instrumental variables (IVs) was assessed using Co-
chran's Q test. Furthermore, leave-one-out sensitivity analysis 
was conducted to determine if a single SNP influenced the 
causal estimate. A false discovery rate (FDR) correction was 
applied to the primary IVW results using the Benjamini-Hoch-
berg procedure. FDR significance threshold of DR < 0.05 indi-
cates a significant association. All Mendelian randomization 
analyses were conducted using R software (version 4.3.1) with 
the 'TwoSampleMR' package (https://github.com/MRCIEU/
TwoSampleMR) and the 'MR-PRESSO' package (https://github.
com/rondolab/MR-PRESSO).

Reverse Mendelian Randomization
To investigate the potential causal effect of CRS on the iden-
tified plasma lipidomes (PIVW < 0.05), a reverse MR analysis 
was conducted. In this analysis, SNPs associated with CRS 
were treated as IVs, CRS was considered the exposure, and 
plasma lipidomes that tested positive in the forward analysis 
were viewed as outcomes. The methodology for reverse MR 
analysis closely mirrors that of traditional MR analysis.

Mediation analysis
Mediation analysis aims to evaluate the pathway from expo-
sure to outcome through mediators, providing insight into the 
underlying mechanisms through which exposure influences 
outcomes[23]. The mediation analysis in this study focused on 
the relationship between plasma lipidomes and immune cells 
in the context of CRS. Initially, a two-sample MR approach was 
employed to assess the causal connection between plasma 
lipidomes and immune cells, resulting in β(A). Subsequently, 
a two-step process was utilized to identify immune cells that 
remained causally linked to CRS even after adjusting for plas-
ma lipidomes, represented by β(B), and to ensure that the me-
diating effects on outcomes were independent of exposure. 
The mediation effect was then calculated using a two-step 
MR method: Mediation effect = β(A) × β(B). The total effect 

of plasma lipidomes on CRS was determined through the 
previous two-sample MR analysis, with the direct effect being 
calculated as (total effect - mediation effect). Finally, the me-
diation ratio was calculated using the formula: Mediation ratio 
= (mediation effect/total effect) × 100%.The Bootstrap media-
tion effect test was utilized to assess the mediation effect[24].

Result

Causal effects of plasma lipidomes on CRS
Two sample Mendelian randomization analyses revealed 30 
suggestive associations between plasma lipidomes and CRS 
(Supplementary Table 1). Following correction for false discov-
ery rate (FDR), only Phosphatidylinositol (18:1_18:2) remained 
significant. Our analysis indicated a significant association be-
tween elevated levels of Phosphatidylinositol (18:1_18:2) and 
a reduced risk of CRS (OR=0.81, 95%CI=0.72-0.91, p=3.9e−04). 
Cochran's Q test showed no heterogeneity (p = 0.79). Addition-
ally, the pleiotropy test using Egger's intercept demonstrated 
that our Mendelian randomization study did not exhibit pleiot-
ropy (p = 0.7) (Figure 2).

Causal effects of immune cells on CRS
The IVW method identified 53 associations between immune 
cells and CRS (Supplementary Table 2). Following FDR correc-
tion, only 3 associations remained significant: CD27 on IgD- 
CD38+ B cell (OR=1.140, 95%CI=1.060 to 1.226, p=4.1 e−04), 
CD3 on CD28+ CD4+ T cell (OR=0.93, 95%CI=0.90 to 0.97, 
p=3e−04), and HLA DR on CD33+ HLA DR+ CD14- (OR=1.05, 
95%CI=1.02 to 1.07, p=7e−04). Sensitivity analysis indicated 
no heterogeneity or horizontal pleiotropy in the CD27 on IgD- 
CD38+ B cell and CD3 on CD28+ CD4+ T cell analyses. How-
ever, the CD3 on CD28+ CD4+ T cell Cochran's Q test revealed 
significant heterogeneity (p = 4.03e-05), which did not impact 
the IVW method results. The conclusions drawn are deemed 
reliable. Additionally, MR Egger's pleiotropy test showed no ev-
idence of pleiotropy in our findings (p = 0.54) (Figure 3).

Reverse two-sample MR analysis
In the Two-Sample Mendelian Randomization (TSMR) analysis 
comparing Phosphatidylinositol (18:1_18:2) and CRS, a relaxed 
threshold of 1 × 10–4 was utilized to increase the number of 
IVs. However, an insufficient number of exposure SNPs were 
obtained. A Steiger test was conducted, yielding results indi-
cating correct_causal_direction=TRUE and steiger_pval=9×10-
3. This suggests that the direction test of individual SNPs is 
accurate, the overall SNP test direction is correct, and the in-
strumental variables show no evidence of reverse causality 
(Supplementary Table 3)[25].

Mediation analysis results
To investigate the mechanisms underlying CRS occurrence 
and development, we conducted a two-step mediation analysis 
to uncover the causal pathway between immune cell-mediated 
Phosphatidylinositol (18:1_18:2) and CRS. This analysis, de-
tailed in the Mediation Analysis section of Methods, focused 
on CRS-associated plasma lipidomes previously identified in 
two MR immune cell samples. Initially, the dual-sample MR 
assessed the causal relationship between these plasma lipi-
domes and immune cells, revealing 29 associations of Phos-
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Figure 2. MR analysis results of the causal relationship between plasma lipidomes on the risk of chronic rhinosinusitis (A) The results of the for-
est map (B) The result of the scatter plot (C) The result of the funnel plot.

Figure 3. Forest plot of MR analyses for the causal effects of immune cells on the risk of chronic rhinosinusitis.

phatidylinositol (18:1_18:2) with immune cells(Supplementary 
Table 4). Subsequently, we examined 29 immune cells as 
mediators of the liposome-to-CRS pathway. Our findings iden-
tified two mediators: Basophil %CD33dim HLA DR- CD66b- (β= 
-0.002879126; proportional mediation: 1.3%)(Figure 4) and 
HLA DR on CD33- HLA DR+ (β=-0.008528472; Proportionally 
mediated: 4%)(Figure 5). These results indicate that the total 
effect, indirect effect, and direct effect align in the same direc-
tion, with leave-one-out analysis supporting the reliability of the 
conclusion. By recalculating the p value using the bootstrap 
algorithm, we found that while the original p value from expo-
sure to outcome remains significant, removing the mediating 
effect renders it insignificant, suggesting that the outcome is 
indirectly influenced by the mediating effect.(Supplementary 
Table 5). 

Discussion

This study utilized Mendelian randomization analysis to com-
prehensively assess the causal relationship between plasma 
lipidomes, immune cells, and CRS. The results indicated po-
tential causal associations between 30 different types of lipids 
(with only 1 type remaining significant after FDR correction), 

52 types of immune system cells (with only 3 types remaining 
significant after FDR correction), and CRS. Furthermore, geneti-
cally predicted Phosphatidylinositol (18:1_18:2) was linked to a 
reduced risk of CRS, with 1.3% of the effect mediated through 
Basophil %CD33dim HLA DR- CD66b- and 4% through HLA DR 
on CD33- HLA DR+. This study is the first to investigate the 
causal relationship between plasma lipidomes and CRS risk 
using Mendelian randomization methods, and it also highlights 
Basophil %CD33dim HLA DR- CD66b- and HLA DR on CD33- 
HLA DR+ as potential mediators. Robinson et al. point out that 
lipid mediators play a crucial role in the inflammatory regula-
tion of CRS[6]. Bachert et al. found elevated levels of IL-5 and 
IgE antibodies in nasal polyp tissues, suggesting the signifi-
cance of Th2-type immune responses in CRS[10]. Motomura 
et al. discovered that basophils regulate pulmonary natural 
helper cells by secreting IL-4, thereby promoting airway inflam-
mation[26]. HLA-DR plays a crucial role in antigen presentation 
and immune activation, with its expression levels significantly 
elevated in chronic airway inflammation and correlated with 
disease severity[27].
Phosphatidylinositol (18:1_18:2) is a phospholipid, while PI3K 
is a type of kinase enzyme that acts as a phospholipase. The 
connection between them lies in the fact that PI3K has the 
ability to phosphorylate phosphatidylinositol, which in turn 

A
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Figure 4. Mediation effect of Phosphatidylinositol (18:1_18:2) on chronic rhinosinusitis via Basophil %CD33dim HLA DR- CD66b-.

Figure 5. Mediation effect of Phosphatidylinositol (18:1_18:2) on chronic rhinosinusitis via HLA DR on CD33- HLA DR+.A

A
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plays a role in the regulation of important biological processes 
like cell growth, proliferation, and survival.
Phosphoinositide 3-kinase-delta may play a role in the devel-
opment of nasal polyps, particularly eosinophilic nasal polyps 
which are linked to more severe clinical symptoms and ra-
diographic characteristics[9]. Our study provides evidence of 
a negative causal relationship between Phosphatidylinositol 
(18:1_18:2) and CRS.
Phosphoinositide 3-kinase-delta is crucial in modulating adap-
tive immune responses, particularly in T cells and B cells[28, 
29]. Phosphatidylinositol (PI) metabolites have the potential to 
influence the inflammatory response. These metabolites can 
act as signaling molecules within cells, impacting the function 
of immune cells and the production of inflammatory media-
tors[13]. The relationship between immune cells and CRS is 
intricate. Our research indicates that Basophil %CD33dim HLA 
DR- CD66b-, HLA DR on CD33- HLA DR+ plays a crucial role 
as a mediator in the interaction between plasma lipidomes 
and CRS. Previous studies have extensively explored the 
connection between basophils and airway inflammation. Ba-
sophils are a component of the immune system, contributing 
to allergic reactions and defense against parasites. They are 
crucial in the inflammatory response triggered by parasites 
and allergens[30]. Chronic inflammatory diseases may involve 
specific immune cell subsets that play a significant role, such 
as the role of CD66b+ monocytes in inflammation[31]. Baso-
phil-associated OX40 ligand is crucial for the initiation of Th2 
responses in airway inflammation,Basophil IL-4 plays a crucial 
role in the generation of NH-derived cytokines and chemok-
ines, ultimately leading to proteolytic allergen-induced airway 
inflammation[26]. Basophil IL-4 plays a crucial role in the gen-
eration of NH-derived cytokines and chemokines, ultimately 
leading to proteolytic allergen-induced airway inflammation. 
HLA-DR, also known as human lymphocyte antigen D-related 
antigen, is linked to immune irregularities and plays a crucial 
role in various autoimmune and neurological disorders[27]. 
HLA-DR gene variants are linked to a higher risk of specific 
neuropsychiatric disorders. Individuals with conditions like 
major depressive disorder, sleep disorders, and autism spec-
trum disorders tend to exhibit elevated levels of HLA-DRB1 in 
the HLA-DR region[27]. The findings indicate that immunologic 
issues related to CRS may involve basophil percentages and 
HLA DR-mediated cell subsets. This study has several limita-
tions. First, even if we take steps to identify and eliminate out-
lier variables, we cannot rule out the possibility that horizontal 
pleiotropy affects our results. Second, The study used specific 
GWAS cohorts (Sardinian, Finnish, and Finnish/UK), which may 
lack genetic heterogeneity and limit the generalizability of the 
results. Meanwhile, the lack of cross racial validation and pop-
ulation stratification correction may affect the robustness and 
extrapolation of the results. In the future, the causal relation-
ship between Phosphatidylinositol and immune cell function 
will be validated in CRS patient tissues or animal models. In 
addition, by combining multiple omics data, the lipid immune 
CRS network will be systematically analyzed.

Conclusion

Our study identified 2 mediating relationships, specifically Ba-
sophil %CD33dim HLA DR- CD66b- and HLA DR on CD33- HLA 

DR+, which mediate the causal pathway between Phosphatidy-
linositol (18:1_18:2) and CRS. The findings from our Mendelian 
randomization analysis provide support for a causal effect of 
plasma lipidomes on CRS through immune cells. Additionally, 
our mediation analysis demonstrated that immune cells play a 
role in mediating the pathway from plasma lipidomes to CRS. 
These identified plasma lipidomes and immune cells could 
serve as potential biomarkers for the diagnosis and treatment 
of CRS, as well as contribute to further understanding the un-
derlying mechanisms of CRS.
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