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ABSTRACT
Introduction: The interplay between emotional disorders and thyroid disorders has been subject to numerous observational
studies, which have consistently reported associations but have failed to establish clear causal links due to the multifactorial
etiology and influences. We conducted a bidirectional two-sample Mendelian randomization (MR) analysis to explore the genetic
causal association between emotional disorders and thyroid disorders.
Methods:We employed several methods, including inverse-variance weighted (IVW), weightedmedian, weightedmode, andMR
Egger regression. Additionally, sensitivity analyses were conducted using MR-Egger, MR Pleiotropy Residual Sum and Outlier
(MR-PRESSO), Cochran’s Q, and leave-one-out methods.
Results: IVW results showed negative causal relationships between bidirectional emotional disorders and hypothyroidism, toxic
single thyroid nodules in thyrotoxicosis, and hyperthyroidism/toxicity. Additionally, there was a positive causal relationship
between anxiety disorders and hypothyroidism. IVW results of reverse MR analysis estimates revealed a positive causal
relationship between hypothyroidism, autoimmune thyroiditis, and recurrent or chronic depression. Additionally, there was a
negative causal relationship between hyperthyroidism/toxicity and bipolar disorder.
Conclusion: This bidirectional two-sample MR study preliminarily reveals a complex, bidirectional causal relationship between
emotional disorders and thyroid disorders, particularly highlighting the role of thyroid dysfunction in the development of certain
emotional disorders and vice versa.

1 Introduction

Thyroid disorders constitute a diverse and polymorphic
endocrine dysregulation syndrome, primarily including
hyperthyroidism, hypothyroidism, and thyroid nodules
(Connelly, Park, and LaFranchi 2022). Clinical features vary
widely, covering frommildmetabolic abnormalities to significant

nodular formations and even severe systemic symptoms (Mariani
et al., 2021). Globally, these diseases demonstrate an increasing
trend, impacting the quality of life for nearly 300 million people,
resulting in a significant global burden, thus necessitating a
meticulous understanding of the risk factors contributing to
their incidence (Bajaj, Salwan, and Salwan 2016). However,
the etiology of thyroid disorders is complex, involving multiple
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dimensions such as genetics, environment, and lifestyle, with
genetic factors increasingly gaining attention in recent years.

Emotional disorders such as depression and anxiety are crucial
topics in the field of mental health, affecting individuals’ emo-
tional, cognitive, and behavioral manifestations (Dehn and Beblo
2019). These conditions often present with persistent symptoms
like low mood, loss of interest, and excessive worry and can lead
to social dysfunction when severe. In recent years, mounting
research evidence suggests a link between emotional disorders
and various physiological mechanisms, including interactions
with thyroid function (Gorkhali et al., 2020). Clinical obser-
vational studies indicate a close association between thyroid
disorders and emotional disorders (Nuñez et al., 2022). Some
studies find a higher prevalence of emotional disorders among
thyroid disorder patients (Shen et al., 2019), while others report
an increased risk of thyroid disorders among individuals with
emotional disorders (Zhang et al., 2024). Despite multiple reports
of this association, the causal relationship remains unclear as
observational studies are susceptible to confounding factors such
as psychosocial stress and lifestyle habits, which themselves
could be risk factors for either thyroid disorders or emotional
disorders.

Mendelian randomization (MR), as a genetics-based epidemi-
ological method, can more accurately elucidate the causal
relationship between thyroid disorders and emotional disorders.
MR utilizes naturally occurring genetic variations as “instrumen-
tal variables” (IVs) that can theoretically simulate randomized
controlled trials, thereby reducing confounding bias and issues
of reverse causality prevalent in traditional observational studies
(Chen et al., 2024). The two-sample MR method uses two
independent groups of samples: one to detect the relationship
between genetic variation and exposure variables and the other
to evaluate the relationship between genetic variation and out-
come variables (Bowden and Holmes 2019). This separation
of samples effectively reduces the interference of confounding
factors and reverse causality. Furthermore, the premise of using
genetic variation as an instrumental variable is that these vari-
ations are unrelated to potential confounding factors and only
influence the outcome through the exposure variable, ensuring
the accuracy of causal inference. Through rigorous statistical
tests and sensitivity analyses, two-sample MR further exam-
ines the validity of assumptions and the robustness of results,
ensuring the reliability and scientific nature of the analysis.
Sensitivity analysis helps to identify potential biases and assess
the results’ sensitivity to various assumptions and parameter
changes, making causal relationship assessments more credible
(Bowden and Holmes 2019). Therefore, two-sample MR pro-
vides strong evidence for causal relationship evaluation, and
its high reliability makes it an important tool in biomedical
research.

In this context, this study proposes a two-sample MR design,
acquiring genetic markers for emotional disorders from large-
scale genome-wide association studies (GWAS) alongside data for
thyroid disorders. Through a two-stage analysis, the study aims
to first identify genetic variations associated with emotional dis-
orders and then assess the relationship between these variations
and the risk of thyroid disorders. The objective is to overcome the
limitations of traditional research and provide evidence to verify

whether there is a causal association between emotional disorders
and thyroid disorders, offering insights for better understanding
their relationship and laying a scientific foundation for future
research and clinical practice.

2 Materials andMethods

2.1 Study Design

The research design of this study meets the following three
key hypotheses (Davies, Holmes, and Davey Smith 2018). Those
assumptions are: (1) the relevance assumption (i.e., the genetic
variant(s) being used as an instrument for the exposure is
associated with the exposure), (2) the independence assumption
(i.e., there are no common causes of the genetic variant(s) and
the outcome of interest), and (3) the no horizontal pleiotropy
assumption (i.e., there is no independent pathway between the
genetic variant(s) and the outcome other than through the
exposure) (Haycock et al., 2016). Figure 1 depicts the overall
design of this study.

2.2 Data Source

We utilized a bidirectional two-sample MR to evaluate the causal
association between emotional disorders and thyroid diseases. A
schematic overview of the study design is detailed in Figure 1.
Specifically, we obtained relevant genetic IVs from the latest and
most comprehensive meta-analysis studies.

The genetic IVs for hypothyroidism (30,155 cases and 379,986
controls), thyroid cancer (1,054 cases and 490,920 controls), and
major depressive disorder (7,264 cases and 49,373 controls) were
sourced from EBI. The genetic IVs for autoimmune thyroiditis
(244 cases and 187,684 controls), nontoxic single thyroid nod-
ule (1,121 cases and 187,684 controls), thyrotoxicosis with toxic
single thyroid nodule (110 cases and 214,650 controls), recur-
rent or chronic depression (19,388 cases and 246,043 controls),
and anxiety disorder (27,664 cases and 368,054 controls) were
obtained from FinnGen (https://www.finngen.fi/en). Summary
statistics for non-cancer illness code and self-reported hyperthy-
roidism/thyrotoxicosis (3,545 cases and 459,388 controls) were
collected from the UKB biobank. The genetic IV for bipolar
disorder bip2021 (41,917 cases and 371,549 controls) was sourced
from MRC-IEU. All data are publicly available GWAS summary
statistics. Hence, no additional ethical approval or informed con-
sent was required. Detailed information regarding the selected
GWAS datasets is provided in Table S1.

2.3 Selection of Instrumental Variables

We used a multi-step process to select genetic IVs. We set
a p value threshold of 5 × 10−8 to identify single nucleotide
polymorphisms (SNPs) significantly associated with thyroid dis-
eases and emotional disorders (Table S2). The number of SNPs
meeting this stringent criterion for bipolar disorder, recurrent or
chronic depression, major depression, and anxiety disorders is
very limited. Therefore, we relaxed the inclusion criteria to p <
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FIGURE 1 The overall design of this study.

5 × 10−6 for major depression and anxiety disorders (Xu et al.,
2023) and p< 5×10−5 for bipolar disorder and recurrent or chronic
depression (He et al., 2021; Sanderson, Spiller, and Bowden 2021),
respectively. Next, we pruned for linkage disequilibrium (LD)
between SNPs based on anR2<0.001 andwindow size= 10,000 kb
(Li et al., 2023). In cases where the selected IV was not present in
the summary data for the outcome, we looked for a proxy SNP
with high LD (R2> 0.8) to replace it (Wang et al., 2023). Finally,
ensuring that the effect of SNPs on exposure corresponds to the
same allele as their effects on outcome is an important step in
MR analysis. After matching the outcome, we excluded those
with incompatible alleles (e.g., A/C paired with A/G) or being
palindromic with intermediate allele frequency (Ji et al., 2024).
We utilized these carefully chosen SNPs as the final genetic IVs
for the subsequent MR analysis.

Furthermore, we calculated the F-statistic for each SNP in the IV
to assess IV strength, excluding weak instrument bias between
the IV and exposure using the following equation: F = R2 (N
− 2)/(1 − R2), where R2 is the proportion of exposure variance
explained by the SNP and N is the sample size (He et al., 2021).
An F-statistic> 10 indicates the suitability of the IVs, meeting the
first assumption of MR analysis (Sanderson, Spiller, and Bowden
2021).

2.4 MR Analyses

In this study, we applied multiple complementary approaches,
including the inverse variance weighted (IVW), the MR-Egger
regression, the weighted median, and the weighted mode meth-
ods, to estimate the causal effects of exposures on outcomes. The
IVWmethod calculates theweighted average effect size by assign-

ing the inverse variance as weights for each SNP. Additionally,
the MR-Egger (Burgess and Thompson 2017), weighted median
(Bowden et al., 2016), andweightedmode (Hartwig, Davey Smith,
and Bowden 2017) methods were used to test the robustness of
the results. The MR-Egger method considers the presence of an
intercept termand canprovide accurate estimates of causal effects
in the presence of pleiotropy bias. The weighted median method
assumes that half of the IVs are valid and analyzes the causal
relationship between exposure and outcome. All analyses in this
study were conducted using the “Two Sample MR” package in
R version 4.0.5. Visualizations were done using scatter plots and
sensitivity analysis plots.

2.5 Sensitivity Analysis

We assessed heterogeneity among instruments using Cochran’s
Q test, considering heterogeneity to be low when P > 0.05,
indicating that the estimates among instruments were randomly
distributed and had little impact on the IVW results (Bao et al.,
2024). Additionally, we used the MR-Egger regression method to
explore and eliminate the impact of pleiotropy on the estimation
of the association due to genetic variation. When the intercept
term of the MR-Egger regression approached zero or was not
statistically significant, it suggested the absence of pleiotropy.
The “leave-one-out” analysis was performed by omitting each
instrumental SNP in turn to identify potential heterogeneous
SNPs. Furthermore, we employed MR Pleiotropy Residual Sum
andOutlier (MR-PRESSO) to detect and remove potential outliers
(SNPs with p < 0.05), followed by a re-estimation of the causal
associations to correct for potential pleiotropy (Verbanck et al.,
2018).
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2.6 Bidirectional MR Analysis

We conducted a two-sample bidirectional MR analysis to explore
the reverse causal relationship between thyroid disorders (expo-
sure) and emotional disorders–related diseases (outcome). The
steps of bidirectional MR analysis are the same as those of MR
analysis.

3 Results

3.1 Associations of Emotional Disorders–Related
Diseases and Thyroid Disorders

In this study, when the corresponding F-statistic exceeded 10,
indicating sufficient correlation strength between IVs and the
respective emotional disorder taxon, it was deemed that there
was no significant weak instrumental bias (Wei et al., 2023).
Fourteen IVs related to severe depression were selected in this
study,with ameanF-statistic of 22.428; 51 bidirectional IVs related
to emotional disorders had a mean F-statistic of 38.097; 13 IVs
associated with recurrent or chronic depression had a mean F-
statistic of 36.042; and 61 IVs linked to anxiety disorders had a
mean F-statistic of 24.046. However, in the corresponding MR
analysis, 52 SNPs did not match the information in the pooled
data, and these unmatched SNPs could not be replaced in the
results. Detailed information about the selected IVs is provided
in Table S2.

We identified potential causal evidence when studying the corre-
lation between emotional disorders–related diseases and thyroid
disorders. IVW estimates revealed negative causal relationships
between bipolar disorder and hypothyroidism (OR = 0.899, 95%
CI = 0.849–0.952, p < 0.01), toxic single thyroid nodule in
thyrotoxicosis (OR = 0.455, 95% CI = 0.224–0.924, p = 0.029),
and hyperthyroidism/toxicity (OR = 0.999, 95% CI = 0.998–1, p
= 0.032). Additionally, there was a positive causal relationship
between anxiety disorders and hypothyroidism (OR = 1.097, 95%
CI = 1.016–1.183, p = 0.017; Table 1). Scatter plots for the relevant
causal analyses are provided in Figure 2A–D, and forest plots for
single SNP effect analyses are shown in Figure 2E–H. However,
in the IV setting, we did not find any causal relationships
between recurrent or chronic depression (p < 5 ×10−5) and severe
depression (p< 5×10−6) with thyroid disorders. The results of MR
analyses for all emotional disorders–related diseases are listed in
Table S3.

We conducted pleiotropy analysis using MR-Egger regression
and quantified heterogeneity using Cochran’s Q test to mitigate
excessive bias.

In our analysis of anxiety disorders associated with hyper-
thyroidism/toxicity, the results of Cochran’s Q test indicate
heterogeneity among some IVs for the aforementioned inflam-
matory factors (p < 0.05; Table S4). Based on the comprehensive
analysis results of this study, we deemed this bias tolerable. This
is because the IVW method leverages the effects of multiple
genetic variants on the target variable, which can mitigate biases
potentially induced by genetic variation. According to the results
of the MR Egger regression and the MR-PRESSO global test,
significant horizontal pleiotropy was detected in some analyses,

both showing weak positive associations influenced by one
outlier (Tables S4 and S5). Leave-one-out analysis indicates that
the causal estimates for emotional disorders–related diseases and
thyroid disorders are not driven by any single SNP (Figure 3).
Overall, our MR analyses are considered reliable and robust.

3.2 Associations of Thyroid Disorders With
Emotional Disorders–Related Diseases

In this study, 67 IVs related to hypothyroidismwere selected, with
amean F-statistic of 22.428; 8 IVs related to autoimmune thyroidi-
tis had a mean F-statistic of 22.428; 69 IVs related to nontoxic
thyroid nodules had a mean F-statistic of 18.211; 58 IVs related to
thyrotoxicosis with toxic solitary thyroid nodules had a mean F-
statistic of 18.380; 58 IVs related to hyperthyroidism/toxicity had
a mean F-statistic of 59.692; and 13 IVs related to thyroid cancer
had a mean F-statistic of 36.451. However, in the corresponding
MR analysis, 61 SNPs did notmatch the information in the pooled
data, and these unmatched SNPs could not be replaced in the
results. Detailed information about the selected IVs is provided
in Table S2.

We identified potential causal evidence when studying the corre-
lation between thyroid disorders and emotional disorders–related
diseases. IVW estimates revealed a positive causal relationship
between hypothyroidism (OR = 1.034, 95% CI = 1.002–1.066, p =
0.035), autoimmune thyroiditis (OR= 1.028, 95%CI= 1.013–1.043,
p < 0.01), and recurrent or chronic depression, and the results of
other supplementary analysis methods are consistent with IVW.
Additionally, there was a negative causal relationship between
hyperthyroidism/toxicity and bipolar disorder (OR = 0.003, 95%
CI= 0.001–0.101, p= 0.001) (Table 2). Scatter plots for the relevant
causal analyses are provided in Figure 4A–C, and forest plots for
single SNP effect analyses are shown in Figure 4D–F. The results
of MR analyses for all thyroid disorders are listed in Table S3.

The results of Cochran’s Q test indicate heterogeneity among
some IVs for the aforementioned thyroid disorders (p < 0.05;
Table S4). Combining the results of the leave-one-out analysis
with the comprehensive analysis, we conclude that no single SNP
can influence the stability of the results. According to the results
of the MR Egger regression and the MR-PRESSO global test,
significant horizontal pleiotropy was detected in some analyses
(Tables S4 and S5). However, even after removing outliers, there
was still no causal association between them. Leave-one-out
analysis indicates that the causal estimates are not driven by any
single SNP (Figure 5).

4 Discussion

This study employed a bidirectional MR approach to investigate,
for the first time, the causal relationship between emotional
disorders–related diseases and thyroid disorders. This innovative
study design allowed for the exploration of potential associ-
ations from both directions, offering a new perspective on
understanding this complex relationship. Through this method,
several potential causal relationships were uncovered, providing
important insights into the interplay between emotional disor-
ders and thyroid diseases and offering implications for clinical
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TABLE 1 Mendelian randomization estimates for the relationship between emotional disorders–related diseases and thyroid disorders.

Exposure Outcome N.SNPs Methods OR (95% CI) p

Bipolar disorder
bip2021

Hypothyroidism 50 IVW 0.89864 (0.8486–0.95163) <0.01
50 MR Egger 0.75926 (0.55275–1.04292) 0.0955
50 Weighted median 0.91566 (0.85621–0.97924) 0.0101
50 Weighted mode 0.98202 (0.83205–1.15902) 0.83101

Bipolar disorder
bip2021

Thyrotoxicosis with
toxic single thyroid

nodule

48 IVW 0.45547 (0.2244–0.92449) 0.02945
48 MR Egger 2.31804 (0.04916–109.30619) 0.67092
48 Weighted median 0.3944 (0.14447–1.07674) 0.06941
48 Weighted mode 0.38589 (0.06116–2.43467) 0.31615

Bipolar disorder
bip2021

Non-cancer illness
code, self-reported:
hyperthyroidism/
thyrotoxicosis

47 IVW 0.99893 (0.99796–0.99991) 0.03176
47 MR Egger 0.99564 (0.98897–1.00235) 0.2087
47 Weighted median 0.99851 (0.99723–0.99979) 0.02244
47 Weighted mode 0.99803 (0.99519–1.00088) 0.18123

Anxiety
disorder

Hypothyroidism 58 IVW 1.09655 (1.01641–1.18301) 0.01729
58 MR Egger 0.91691 (0.69161–1.2156) 0.54896
58 Weighted median 1.11995 (1.02669–1.22168) 0.01065
58 Weighted mode 1.07792 (0.86886–1.33727) 0.49794

FIGURE 2 Scatter plots and forest plot for the MR analysis. (A) The scatter plot for bipolar disorder on hypothyroidism. (B) The scatter plot for
bipolar disorder on thyrotoxicosis with toxic single thyroid nodule. (C) The scatter plot for bipolar disorder on non-cancer illness code, self-reported
hyperthyroidism/thyrotoxicosis. (D) The scatter plot for anxiety disorder on hypothyroidism. (E) The forest plot for bipolar disorder on hypothyroidism.
(F) The forest plot for bipolar disorder on thyrotoxicosis with toxic single thyroid nodule. (G) The forest plot for bipolar disorder on non-cancer illness
code, self-reported hyperthyroidism/thyrotoxicosis. (H) The forest plot for anxiety disorder on hypothyroidism.
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FIGURE 3 Sensitivity analysis of emotional disorders–related diseases significantly associated with thyroid disorders. (A) Funnel plots in MR
analysis for bipolar disorder on hypothyroidism. (B) Funnel plots in MR analysis for bipolar disorder on thyrotoxicosis with toxic single thyroid nodule.
(C) Funnel plots in MR analysis for bipolar disorder on non-cancer illness code, self-reported hyperthyroidism/thyrotoxicosis. (D) Funnel plots in MR
analysis for anxiety disorder on hypothyroidism. (E) The “leave-one-out” sensitivity test for bipolar disorder on hypothyroidism. (F) The “leave-one-
out” sensitivity test for bipolar disorder on thyrotoxicosis with toxic single thyroid nodule. (G) The “leave-one-out” sensitivity test for bipolar disorder on
non-cancer illness code, self-reported hyperthyroidism/thyrotoxicosis. (H) The “leave-one-out” sensitivity test for anxiety disorder on hypothyroidism.

TABLE 2 Mendelian randomization estimates for the relationship between thyroid disorders and emotional disorders–related diseases.

Exposure Outcome N.SNPs Methods OR (95% CI) p

Hypothyroidism Recurrent or
chronic

depression

57 Inverse variance weighted 1.03367 (1.00233–1.06598) 0.03503
57 MR Egger 1.01443 (0.9491–1.08427) 0.67475
57 Weighted median 1.0231 (0.97683–1.07156) 0.33345
57 Weighted mode 1.02647 (0.97316–1.0827) 0.34109

Autoimmune
thyroiditis

Recurrent or
chronic

depression

8 Inverse variance weighted 1.02792 (1.01269–1.04338) <0.01
8 MR Egger 1.01317 (0.98135–1.04603) 0.45214
8 Weighted median 1.0188 (0.99934–1.03865) 0.05842
8 Weighted mode 1.01682 (0.99032–1.04404) 0.25566

Non-cancer illness
code, self-reported:
hyperthyroidism/
thyrotoxicosis

Bipolar disorder
bip2021

34 Inverse variance weighted 0.0025 (6 × 10−5–0.10085) 0.00149
34 MR Egger 4 × 10−5 (0–0.03467) 0.00602
34 Weighted median 0.00035 (1 × 10−5–0.02309) 1.9 0× 10−4

34 Weighted mode 0.00013 (0–0.01209) 4.90 × 10−4

management, thus holding substantial clinical and scientific
significance.

Previous clinical research and meta-analyses have explored the
relationship between emotional disorders and thyroid dysfunc-
tion, proposing hypotheses regarding their potential mutual
influence (Shen et al., 2019; Zhao et al., 2021). Some studies have
reported higher prevalence rates of thyroid dysfunction among

individuals with emotional disorders and vice versa, providing
background and theoretical foundations for our study (Kafle,
Khadka, and Tiwari 2020; Ritchie and Yeap 2015). However,
certain clinical studies and meta-analyses failed to observe sig-
nificant associations between emotional disorders and thyroid
diseases, suggesting the presence of some contradictions and
controversies that require further investigation to clarify the
relationship.
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FIGURE 4 Scatter plots and forest plot for the MR analysis. (A) The scatter plot for hypothyroidism on recurrent or chronic depression. (B) The
scatter plot for autoimmune thyroiditis on recurrent or chronic depression. (C) The scatter plot for hyperthyroidism/toxicity on bipolar emotional
disorders. (D) The forest plot for hypothyroidism on recurrent or chronic depression. (E) The forest plot for autoimmune thyroiditis on recurrent or
chronic depression. (F) The forest plot for hyperthyroidism/toxicity on bipolar emotional disorders.

Our study revealed bidirectional causal relationships between
emotional disorders and thyroid diseases. Specifically, bipolar
disorder is negatively associated with hypothyroidism (OR =
0.899, 95% CI = 0.849–0.952, p < 0.01), toxic single thyroid
nodule in thyrotoxicosis (OR = 0.455, 95% CI = 0.224–0.924, p
= 0.029), and thyrotoxicosis/hyperthyroidism (OR = 0.999, 95%
CI = 0.998–1, p = 0.032). Anxiety disorder is positively correlated
with hypothyroidism (OR = 1.097, 95% CI = 1.016–1.183, p =
0.017). Additionally, hypothyroidism (OR= 1.034, 95%CI= 1.002–
1.066, p = 0.035), autoimmune thyroiditis (OR = 1.028, 95% CI
= 1.013–1.043, p < 0.01), and recurrent or chronic depression are
positively associated. Conversely, thyrotoxicosis/hyperthyroidism
is negatively associated with bipolar disorder (OR = 0.003, 95%
CI = 0.001–0.101, p = 0.001). This indicates that the association
between emotional disorders and thyroid diseases is not merely
a simple correlation but rather a complex interplay between the
two. Furthermore, we identified specific associations between
certain types of emotional disorders and thyroid diseases. These
findings suggest that different types of emotional disorders may
be associated with specific types of thyroid diseases.

In exploring the underlying reasons for these findings, several
perspectives can be considered. Environmental factors, such as
stress, nutritional status, and lifestyle, are often associated with

both emotional disorders and thyroid diseases in observational
studies (Darooghegi Mofrad et al., 2019; Ruggeri et al., 2021).
These factors may interact with genetic predispositions, leading
to effects that are challenging to observe directly in genetic
studies. Observational studies struggle to determine the direc-
tion of causality, while genetic studies, although promising in
revealing causal pathways, are constrained by limitations in
sample size, coverage of genetic markers, and study design. Addi-
tionally, observational studies suggest that emotional disorders
and thyroid diseases may be regulated by the neuroendocrine
axis (Fischer 2021; Wronski et al., 2022). Chronic anxiety or
depression may affect thyroid hormone synthesis and release
by influencing the hypothalamic–pituitary–thyroid axis (Dwyer
et al., 2020; Mokrani et al., 2020), while abnormal thyroid
hormone levelsmay impact neurotransmitters and neural circuits
in the brain, affecting emotional regulation (Flach et al., 2021).
Inflammatory responses also play a significant role in the patho-
genesis of emotional disorders and thyroid diseases (Cai et al.,
2018; Yao et al., 2023). Immune-mediated thyroid diseases, such
as autoimmune thyroiditis, may induce anxiety or depression
symptoms through inflammatory pathways, while emotional
disorders may lead to chronic inflammation, affecting thyroid
function (Jurado-Flores, Warda, and Mooradian 2022; Valencia-
Sanchez et al., 2021). However, given the numerous subtypes of
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FIGURE 5 Sensitivity analysis of emotional disorders–related diseases significantly associated with thyroid disorders. (A) Funnel plots in MR
analysis for hypothyroidism on recurrent or chronic depression. (B) Funnel plots in MR analysis for autoimmune thyroiditis on recurrent or chronic
depression. (C) Funnel plots in MR analysis for hyperthyroidism/toxicity on bipolar emotional disorders. (D) The “leave-one-out” sensitivity test
for hypothyroidism on recurrent or chronic depression. (E) The “leave-one-out” sensitivity test for autoimmune thyroiditis on recurrent or chronic
depression. (F) The “leave-one-out” sensitivity test for hyperthyroidism/toxicity on bipolar emotional disorders.

emotional disorders and thyroid diseases, each with potentially
distinct pathophysiological mechanisms, future research needs
to carefully differentiate disease subtypes to accurately elucidate
their relationships.

Our study has several strengths, including the use of MR
methodology, leveraging genetic variants as IVs, and conduct-
ing sensitivity analyses to minimize confounding and reverse
causation bias. The bidirectional design of our study allowed
for a comprehensive exploration of the causal relationships
between emotional disorders–related diseases and thyroid dis-
eases, enhancing the reliability of our findings. This study met
all three MR assumptions. In the present study, genetic IVs were
selected based on their significant association with the expo-
sures (emotional disorders or thyroid disorders), using rigorous
genome-wide significance thresholds (e.g., p < 5 × 10−8), but
when too few SNPs were available, less stringent thresholds were
applied (p < 5 × 10−6) (Xu et al., 2023). The relevance of these IVs
was further validated by calculating the F-statistics, which were
consistently above 10, ensuring that the weak instrumental bias
was minimized. LD pruning was performed to ensure indepen-
dence between selected SNPs. Furthermore, potential horizontal
pleiotropy was examined using the MR-Egger intercept tests and
MR-PRESSO. The results demonstrated no significant horizontal
pleiotropy inmost analyses, indicating that the IVs are unlikely to

be associated with confounders. Finally, by design, MR ensures
that the exclusivity assumption is inherently supported when
the IVs are selected from GWAS with no direct association with
the outcome other than through exposure. Sensitivity analyses,
such as Cochran’s Q test and leave-one-out analyses, confirmed
that no single SNP disproportionately influenced the outcomes,
supporting the exclusivity assumption.

However, our study also has limitations that need to be consid-
ered. Considering the quality of genetic data, sample size, and
comprehensiveness of research resources, we selected some expo-
sure and outcome data from the same database to facilitate the
discovery of stronger genetic association signals. However, this
approach may lead to collinearity issues, sample homogeneity
limitations, and potential bias risks. Tominimize these effects and
ensure the robustness of our findings, we implemented various
sensitivity analyses, such as the MR-Egger and MR-PRESSO
methods. Our results are also consistent with previous clini-
cal and mechanistic studies. Future research can use different
databases or independent cohorts to replicate the analysis and
further validate our current findings.

In summary, our bidirectional MR study provides evidence
of potential causal relationships between emotional disorders–
related diseases and thyroid diseases. These findings preliminar-
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ily explore the relationship between emotional disorder–related
diseases and thyroid diseases, laying the groundwork for future
research to further investigate the biological mechanisms under-
lying this correlation. Exploring the roles of specific hormone
pathways, immune responses, and gut microbiota in emotional
regulation and thyroid function may elucidate common patho-
physiological mechanisms.

5 Conclusion

This study reveals bidirectional causal associations between
genetically predicted emotional disorders and genetically pre-
dicted thyroid diseases, alongside specific associations between
certain types of emotional disorders and distinct thyroid con-
ditions. Nevertheless, such findings need further validation
through additional research. In addition, clinical studies are
required to explore the potential biological mechanisms under-
lying and linking these diseases.
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