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Abstract
There is increasing evidence suggest a link between allergic rhinitis (AR) and psychiatric disorders.
However, casual associations between these variables remain uncertain. We performed bi-directional two-
sample Mendelian Randomization (MR) to examine the causality association of AR with 11 different
psychiatric disorders or relevant traits. MR was conducted using the inverse-variance weighted method
(IVW), MR-Egger and weighted median methods. Sensitivity analyses included the MR-Egger regression
and MR pleiotropy residual sum and outlier test. AR from 2 different GWAS data was positively
associated with bipolar disorder (OR=1.649, 95% CI: 1.077-2.526; P=0.021; OR=1.599; 95%CI 1.058-2.417;
P=0.026) and major depressive disorder (OR=1.539; 95%CI 1.007-2.353; P=0.047), but not other
psychiatric illnesses. Bidirectional analyses showed that bipolar disorder is negatively associated with AR
(OR=0.964; 95%CI: 0.936-0.993; P=0.015). There was no evidence for potential causal schizophrenia and
effects of attention de�cit/hyperactivity disorder on risk of AR by MR method, but MR pleiotropy residual
outlier test suggested that attention de�cit/hyperactivity disorder is negatively associated with AR after
outlier correction (OR=0.976, 95%CI: 0.958-0.995, P=0.012). This MR study indicated that AR was a
causal risk factor for bipolar disorder and major depressive disorder, but not for other psychiatric
disorders. Bipolar disorder and attention de�cit/hyperactivity disorder may be a protective factor for AR.
Further studies could be carried out to unravel the underlying mechanism in AR and psychiatric disorders.

Introduction
Allergic rhinitis (AR) is an in�ammation in the nose caused by overreaction of the immune system to
allergens in the air, affecting 10–40% of the general population.1 “Allergic toxemia” was described as
early as in 1930s, and manifest as a syndrome that include anxiety, fatigue, poor memory, irritability, and
depression.2 Recently, a large body of evidence from prospective observational studies indicates that AR
is a risk factor for several psychiatric disorders, such as insomnia,3 anxiety disorder,4 attention de�cit/
hyperactivity disorder (ADHD),5 autism spectrum disorder (ASD),6 bipolar disorder,7 and major depressive
disorder (MDD)8. Nonetheless, these observational studies are unable to fully account for confounding
factors and reverse causality, the causal nature of the association between AR and psychiatric disorders
remains to be established.

Mendelian randomization (MR) is a novel epidemiological tool using genetic variants as instrumental
variables (IVs) for investigating potential causal relationships between different human traits.9

Bidirectional MR analysis is an extension to the traditional MR approach, and could be used to evaluate
whether an “exposure” causes the “outcome” and vice versa. The method has been popularized in
modern literature, identifying important causal factors for various complex diseases.

Given the limited and inconsistent evidence in AR and psychiatric illnesses, current study used large-scale
genome-wide association study (GWAS) data, and employed bidirectional MR to determine the potential
cause-effect relationship between AR and 11 psychiatric disorders or relevant traits [insomnia, anorexia
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nervosa, anxiety disorder, panic disorder, post-traumatic stress disorder (PTSD), ADHD, ASD, bipolar
disorder, MDD, obsessive-compulsive disorder (OCD) and schizophrenia].

Methods

GWAS summary data
This study is a bidirectional two-sample MR study using genetic instruments [single-nucleotide
polymorphisms (SNPs)] predicting AR and psychiatric disorders from published GWAS studies and MR
Base GWAS catalog (https://www.ebi.ac.uk/gwas/home). Only GWAS studies based on European
populations were included in MR analysis to avoid genetic differences among populations. 9 GWAS
studies associated with AR or relevant traits were from the UK Biobank (UKBB), FinnGen, and a meta-
analysis of original GWAS studies. Supplementary Table S1 summarizes sample sizes, consortium and
GWAS ID of allergic rhinitis GWASs included in Mendelian randomization. GWAS studies related to 11
psychiatric disorders were obtained from the Genetic Consortium for AN (GCAN), Psychiatric Genomics
Consortium (PGC), FinnGen, UKBB, Bipolar Disorder Working Group of the Psychiatric Genomics
Consortium, and Schizophrenia Working Group of the Psychiatric Genomics Consortium (Supplementary
Table S2).10–12 We used a bidirectional design to assess the association of AR (Exposures) with
psychiatric disorders (Outcomes) as well as to test whether psychiatric disorders (Exposures) cause
AR(Outcomes).

Assess instrument strength
MR relies on three assumptions, i.e. the genetic predictors of exposure are strongly associated with the
exposure of interest; the genetic predictors of exposure are independent from confounders of the
exposure–outcome relation; and the genetic predictors are only linked to the outcome through affecting
the exposure of interest (i.e. the exclusion–restriction assumption).13 To satisfy the �rst assumption, we
only included SNPs with a genome-wide signi�cant association with AR (P < 5*10− 8).14 When the number
of valid SNPS was greater than 3, F statistics was calculated to evaluate the strength of the associations
between the IVs and AR.15 MR analysis was allowed only when the F statistic was > 10. In addition, we
performed strict linkage disequilibrium (LD)-clumping restricted to r2 < 0.001, Clumping distance > 
10000kb to satisfy the independence of each SNP.

Statistical analysis
A random-effects inverse-variance weighted (IVW) method meta-analysis of the Wald ratio for individual
SNPs was used to assess the cause-effect relationship between AR and the risk of psychiatric
disorders.16 Weighted median and MR-Egger methods with different assumptions were also used.
Weighted median method provides a causal estimate if at least 50% of the weight in the analysis comes
from valid instrumental variables.17 MR-Egger method provides a valid effect estimate even if all SNPs
are invalid instruments. Results are presented as odds ratios (OR) caused by each standard deviation
(SD) increase or decrease in the AR and 95% con�dence intervals (CI). If the effect estimates were
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statistically signi�cant (P < 0.05), power calculations were performed according to Brion et al.18 A value
of power at > 80% indicates su�cient statistical power.

Sensitivity analysis
Since many SNPs have associations with multiple traits (pleiotropy), MR-Egger Regression19 and MR
pleiotropy residual sum and outlier (MR-PRESSO)20 was performed. Deviation of the MR-Egger intercept
from zero (at p < 0.05) indicates horizontal pleiotropy or violation of the MR third assumption. MR-
PRESSO global test were performed to estimate for outlier, and where evident, using this method to
correct the IVW-estimate by outlier removal where present.

The process of analyses was summarized in Fig. 1. All MR analyses were performed using R version
(4.0.4) with the “TwoSampleMR” and “MRPRESSO” package.

Results
In this study, we investigated the causal relationships between AR, and psychiatric disorders by
conducting bidirectional MR analysis. The full results are available in Supplementary Table S3.

Effect of AR on psychiatric disorders
After the IVs selection process, 7 of 9 GWAS studies related to AR were excluded due to the lack of SNPs
with a genome-wide signi�cance. These associated SNPs account for 0.4% of the variation in AR risk.
The F statistic of this study were 12 (F > 10), which means the instruments used strongly predict the AR.

AR (ukb-a-447) had signi�cant risk effects on bipolar disorder (OR = 1.649, 95%CI: 1.077–2.526, P = 
0.021) (Table 1). Higher risk for bipolar disorder with AR was also apparent in weighted median method
(OR = 1.972, 95%CI: 1.186–3.279, P = 0.009). However, MR-Egger method failed to establish an signi�cant
association, but the direction was consistent (OR = 1.593, 95%CI:0.527–4.820, P = 0.412). Calculated
based on 20,352 bipolar disorder cases and 31,358 controls in the outcome datasets with type 1 error at
0.05 demonstrated su�cient statistical power (0.96) to detect a causal effect of AR on bipolar disorder.
MR-Egger regression (intercept β = 0.000, p = 0.947) failed to identify evidence to support the existence of
unbalanced pleiotropy in the genetic instruments. The MR-PRESSO global test suggested the potential of
outlier (rs118013485, rs1904522, and rs4580194) affecting AR with bipolar disorder as outcomes (p < 
5*10− 4). Following outlier correction, there was still evidence for a risk effect of AR on risk of bipolar
disorder (Outlier-Corrected IVW OR = 1.510, 95%CI: 1.017–2.243, P = 0.041) (Supplementary Table S4).
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Table 1
Mendelian randomization analyses showing the effect estimates of allergic rhinitis and psychiatric

disorders.
Exposure
(ID)

Outcome (ID) nSNP Method OR
(95%CI)

P
value

Heterogeneity
P value

Intercept
P value

Allergic
rhinitis(ukb-
a-447)

Bipolar
disorder (ieu-
b-41)

97 IVW 1.649
(1.077,
2.526)

0.021 5.40E-05 NA

      Weighted
median

1.972
(1.186,
3.279)

0.009 NA NA

      MR
Egger

1.593
(0.527,
4.820)

0.412 4.11E-05 0.947

Allergic
rhinitis (ukb-
b-17241)

Bipolar
disorder (ieu-
b-41)

140 IVW 1.599
(1.058,
2.417)

0.026 1.22E-06 NA

      Weighted
median

1.668
(0.993,
2.803)

0.053 NA NA

      MR
Egger

1.768
(0.607,
5.155)

0.298 9.43E-07 0.842

Allergic
rhinitis (ukb-
b-17241)

MDD (ebi-a-
GCST009981)

143 IVW 1.539
(1.007,
2.353)

0.047 0.908 NA

      Weighted
median

1.996
(1.030,
3.868)

0.041 NA NA

      MR
Egger

1.362
(0.611,
3.040)

0.451 0.899 0.726

Bipolar
disorder(ieu-
b-41)

Allergic
rhinitis(ukb-b-
12753)

14 IVW 0.964
(0.936,
0.993)

0.015 0.598 NA

      Weighted
median

0.957
(0.920,
0.995)

0.028 NA NA

      MR
Egger

1.149
(0.957,
1.379)

0.162 0.822 0.285

Note: Abbreviations: MDD: Major depressive disorder; nSNP: Number of single nucleotide
polymorphisms; OR: Odds ratios; CI: Con�dence interval.
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In another GWAS summary data, AR (ukb-b-17241) also had signi�cant risk effects on bipolar disorder by
IVW method (OR = 1.599, 95%CI: 1.058–2.417, P = 0.026). Weighted median (OR = 1.668, 95%CI: 0.993–
2.803, P = 0.053) and MR-Egger method (OR = 1.768, 95%CI: 0.607–5.155, P = 0.298) failed to
demonstrate signi�cant differences, but the association was consistent, with a similar OR (Table 1). The
statistical power was 94%, suggesting su�cient con�dence to show a causal effect of AR on bipolar
disorder. No evidence of pleiotropy was found by MR-Egger regression. However, the MR-PRESSO outlier
test detected several speci�c horizontal pleiotropic outlier variants (rs1904522 and rs62385260). The
association of AR with bipolar disorder was not statistically signi�cant in MR-PRESSO outlier-corrected
IVW analysis (OR = 1.461, 95%CI 0.971–2.199, P = 0.069) (Supplementary Table S4).

IVW method suggested signi�cant risk effect of AR (ukb-b-17241) on MDD by IVW method (OR = 1.539,
95%CI:1.007–2.353, P = 0.047), but the weighted median (OR = 1.996, 95%C: 0.968–4.119, P = 0.061) and
MR-Egger (OR = 1.362, 95%CI: 0.611–3.040, P = 0.451) methods failed to con�rm this association
(Table 1). Moreover, not enough power (0.79 < 0.80) to support a signi�cant association between AR and
MDD. No evidence of pleiotropy or outlier variants was found by either MR-Egger regression (intercept β = 
0.016, P = 0.383) or MR-PRESSO outlier test (P = 0.914 > 0.05) (Supplementary Table S4).

No causal effects of AR on the risk of remaining psychiatric disorders were found by any of the three MR
methods (Supplementary Table S3).

Effect of psychiatric disorders on AR
Based on the IVs selection process, anorexia nervosa, anxiety disorder, ASD, insomnia complaints, MDD,
OCD, panic disorder, PTSD were excluded from further analysis due to insu�cient number of SNPs with a
genome-wide signi�cance. F statistics of 3 psychiatric disorders (ADHD, bipolar disorder, and
schizophrenia) were 1271, 383, and 251, respectively, indicating no weak instruments.

Bipolar disorder had signi�cant protective effects on AR (ukb-b-12753) (OR = 0.964, 95%CI: 0.936–0.993,
P = 0.015) (Table 1). Weighted median method yielded similar results (OR = 0.957, 95%CI: 0.920–0.995, P 
= 0.028). but the MR-Egger method failed to determine an association (OR = 1.149, 95%CI: 0.957–1.379,
P = 0.162). The effect estimates of bipolar disorder on allergic rhinitis was 0.24 (< 80%) statistical power,
indicating a high probability or false discoveries. No evidence of pleiotropy or outlier variants was found
by either MR-Egger regression (intercept β=-0.016, P = 0.081) or MR-PRESSO outlier test (P = 0.6185 > 
0.05).

There was no evidence for potential causal effects of ADHD, MDD, or schizophrenia on AR.
(Supplementary Table S3) The MR-PRESSO global test suggested the potential of outlier (rs112984125)
affecting ADHD with AR (ukb-a-254, ukb-a-447) as outcomes (p = 0.009, 0.008). Following outlier
correction, there was evidence for a protective effect of ADHD on risk of AR (ukb-a-254: Outlier-Corrected
IVW OR = 0.972, 95%CI: 0.945–0.999, P = 0.041; ukb-a-447: Outlier-Corrected IVW OR = 0.984, 95%CI:
0.973–0.995, P = 0.006) (Supplementary Table S4). Similarly, rs112984125, rs4916723, and rs9677504
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affecting ADHD (ieu-a-1183) with AR (ukb-b-7178) as outcomes. There was evidence for a protective
effect of ADHD on risk of AR (Outlier-Corrected IVW OR = 0.976, 95%CI: 0.958–0.995, P = 0.012)
(Supplementary Table S4).

Discussion
AR and psychiatric disorders may share many physiological pathways, including in�ammation and sleep
disturbances. In�ammation plays an important role in psychiatric disorders beyond depression, deemed
as a breakthrough �nding in the last two decades.21 However, in the aspect of the neurophysiological
mechanism, the possibility that psychiatric disorders may be related to nasal in�ammatory processes
involving the intranasal and the other pathways have never been considered. The contributions of nurture
(i.e. the environment) and nature (i.e. genetics) have been long touted for their aetiological importance in
both in AR and psychiatric disorders progression and clinical onset. Disappointingly, knowledge gains in
these areas, while individually successful, have to a large extent occurred in isolation from each other.

In the present MR study, we systematically assessed the associations of AR with a broad range of
psychiatric disorders. Our study demonstrated that genetically predicted AR was associated with an
increased risk of bipolar disorder and MDD. We did not �nd any evidence of causal associations between
AR and the other psychiatric diseases. Bipolar disorder and ADHD may be a protective factor for AR but
suffers from low power, we found no evidence of a causal association between the other psychiatric
diseases and AR.

Bipolar disorder has a high heritability (approximately 70%). There seems to be some common genetic
risk with conditions such as Alzheimer’s disease, diabetes and coronary heart disease.22 Hypertension
(20.5%), asthma (12.5%) and hypothyroidism (8.1%) were the top medical comorbidities found in bipolar
patients.23 Speci�cally, asthma patients had higher rates of bipolar disorder than controls, and BD
patients had higher rates of asthma than controls.24 A retrospective cohort study using the Taiwan
National Health Insurance Research Database reported an increased risk (HR = 4.62, 95% CI 3.17–6.75) of
developing BD in later life among those with AR.25 This bidirectional MR study determined a negative
association between bipolar disorder and AR but had inadequate power, it showed that bipolar disorder
may be a possible protective factor for AR. Several evidence has shown that patients with AR may
develop bipolar disorder, Manalai et al26 reported that pollen-speci�c immunoglobulin E positivity was
associated with worsening depression scores in bipolar disorder patients during high pollen season. Chen
et al27 reported a signi�cantly increased incidence of bipolar disorder in cases of AR (0.77 vs. 0.18 per
1000 person-years) and an increased risk (HR = 4.62, 95% CI 3.17–6.75) of developing bipolar disorder in
later life among those with AR. At present, there is no clinical and experimental data to support this
conclusion. Therefore, our results should encourage further examine causality, epidemiology,
mechanisms, and treatment potential for bipolar disorder on AR.

The cytokines including interleukin (IL)-1β, IL-6 and tumor-necrosis factor-α (TNF-α) play a role in the
pathophysiology of both AR and bipolar disorders.28 However, a recent MR study showed that 20
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immunological proteins/traits (pro-in�ammatory cytokines: IL-6, TNF-α, IL-12, IL-16, IL-17, IL-18; anti-
in�ammatory cytokines: IL-1 receptor antagonist, IL-10, IL-13; chemokines: IL-8, monocyte chemo-
attractant protein-1; lymphoid growth-factors: soluble (s) IL-2Rα, IL-4, IL-7, IL-9; myeloid growth-factor: IL-
5; acute phase protein: C-Reactive Protein; immune cells: neutrophils, lymphocytes; neurotrophic factor:
brain derived neurotrophic factor) were not associated with bipolar disorder.28 There is no doubt at all
that the strongest and most consistent positive association were observed between AR and bipolar
disorder in this MR study, further studies are warranted to explore these associations in a causal fashion.

AR is more prevalent in patients with MDD and those having family history of depressive disorder.29 The
patients with AR had a 1.7-fold higher chance of being diagnosed with depression than did the controls.30

A meta-analysis showed that patients with AR had 1.6 times more chances to present depression
compared to healthy controls.31 Thus, a close association between AR and MDD has been repeatedly
identi�ed by both observational and experimental studies. The present MR study provided new evidence
that genetic predisposition to AR was associated with an increased risk of MDD. There is a major need of
experimental and longitudinal investigations, as well as clinical trials to further our understanding of best
practices in patients with comorbid AR and MDD and to �nd new therapeutic and preventative
interventions.

ADHD is a severely impairing neurodevelopmental disorder affecting up to 7.1% in children and
adolescents.32 Several epidemiological studies have reported that children with ADHD have a high risk of
developing allergic diseases, but the explanation for the allergic disease manifestations remained
ambiguous.32 A recently systematic review and meta-analysis con�rmed that children with ADHD
experienced 59% greater odds of having AR relative to the children without ADHD. The low statistical
power most likely resulted from the statistical heterogeneity and the methodological diversity of the
included studies, with a further potential confounder in factors that were not measured (e.g., climate,
pollution or microbial agents).33 Some observation studies have reported no evidence of a link between
allergy and ADHD.34 In recently MR study showed that there was little evidence for inferring a causal
effect of ADHD on AR.35 We also con�rmed there was no evidence for potential causal effects of ADHD,
bipolar disorder, or schizophrenia on AR using the IVW method. Our MR-PRESSO analysis indicated the
potential of outlier (rs112984125) affecting ADHD with AR (ukb-a-447) as outcomes (p = 0.0065). After
the outlier correction, MR-PRESSO outlier test further supported the signi�cant association with OR = 
0.984, 95%CI: 0.973–0.995, P = 0.006. The results revealed that ADHD was a possible protective factor for
AR. At present, there is no clinical and experimental data to support this conclusion. Therefore, our results
should encourage further examine causality, mechanisms, and treatment potential for ADHD on AR.

In this study, we used a bidirectional design to assess the association of AR (Exposures) with psychiatric
disorders (Outcomes) as well as to test whether psychiatric disorders (Exposures) causes AR(Outcomes).
There are several strengths in this study. First, cause-effect relationship could not be possibly established
by observational study, including meta-analysis from well-designed studies. MR analysis can work as an
analogue to randomized controlled trial (RCT), likelihood of confounding effects and maximal avoidance
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of reverse causality. To our knowledge, this is the �rst study that investigated the potential bidirectional
associations between the genetic liability for allergic rhinitis and psychiatric disorders using bidirectional
MR. Second, population strati�cation bias was reduced in this study because SNP selection and
summary-level data of psychiatric disorders were merely based on individuals of European descent and
population structure was adjusted for in the GWASs. Moreover, we used all GWAS studies related to AR or
psychiatric disorders for MR analysis, effectively avoiding selection bias. Among them, different AR
related exposures were all signi�cative risk factors for bipolar disorder, greatly increasing the reliability of
this study.

Several limitations shall be noted in interpreting our study. First, we are unable to test for a
comprehensive causal association between AR and psychiatric disorders, 4 of 11 psychiatric disorders
summary statistics which we used as exposures were only available for signi�cantly associated SNPs,
the other psychiatric disorders including anorexia nervosa, anxiety disorder, ASD, insomnia complaints,
OCD, panic disorder and PTSD were excluded from further analysis due to insu�cient number of SNPs.
Second, given bipolar I disorder and bipolar II disorder shared distinct characteristics, we were unable to
examine the association between AR and different bipolar disorder phenotypes.36 Consequently, if our
included genetic variants did not represent the risk of all subtypes of bipolar disorder, our obtained effect
estimate was di�cult to interpret. Third, bidirectional analyses could potentially detect dynastic effects.
When �ndings suggested a potentially causal effect, possible bidirectional effects were further tested.
There was no bidirectional causal relationship between AR and psychiatric disorders. Nevertheless, our
study alone did not provide de�nitive evidence to absence of a causal association. Alternatively, there is
possibility that the effect is nonlinear. Fourth, the summary level data that we used did not allow for
strati�ed analyses by covariates of interest, such as age, sex, body mass index, smoking, and use of
nasal hormone therapy. It is worth noting that AR is mainly determined by physical health and other
environmental factors. Hence, it is inappropriate to deduce that genetic effects are independent of
environmental factors.

Conclusions
AR, a treatable disease, is associated with bipolar disorder and possibly MDD but not with other
psychiatric disorders. Further experimental investigations are needed to clarify whether treatment of AR
may prevent the onset of bipolar disorders and MDD. Bipolar disorder and ADHD may be a protective
factor for AR, the exact mechanism remains to be explained.
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Figure 1

The analysis process of this study.

Note: Abbreviations: SNP: Single-nucleotide polymorphism; IVW: Inverse variance weighted method.
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