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Background

Epidemiologic studies have suggested co-morbidity between hypothyroidism and psychiatric disorders. However, the shared genetic etiology and causal relationship between them remain currently unclear.





Methods

We assessed the genetic correlations between hypothyroidism and psychiatric disorders [anxiety disorders (ANX), schizophrenia (SCZ), major depressive disorder (MDD), and bipolar disorder (BIP)] using summary association statistics from genome-wide association studies (GWAS). Two disease-associated pleiotropic risk loci and genes were identified, and pathway enrichment, tissue enrichment, and other analyses were performed to determine their specific functions. Furthermore, we explored the causal relationship between them through Mendelian randomization (MR) analysis.





Results

We found significant genetic correlations between hypothyroidism with ANX, SCZ, and MDD, both in the Linkage disequilibrium score regression (LDSC) approach and the high-definition likelihood (HDL) approach. Meanwhile, the strongest correlation was observed between hypothyroidism and MDD (LDSC: rg=0.264, P=7.35×10-12; HDL: rg=0.304, P=4.14×10-17). We also determined a significant genetic correlation between MDD with free thyroxine (FT4) and thyroid-stimulating hormone (TSH) levels. A total of 30 pleiotropic risk loci were identified between hypothyroidism and psychiatric disorders, of which the 15q14 locus was identified in both ANX and SCZ (P values are 6.59×10-11 and 2.10×10-12, respectively) and the 6p22.1 locus was identified in both MDD and SCZ (P values are 1.05×10-8 and 5.75×10-14, respectively). Sixteen pleiotropic risk loci were identified between MDD and indicators of thyroid function, of which, four loci associated with MDD (1p32.3, 6p22.1, 10q21.1, 11q13.4) were identified in both FT4 normal level and Hypothyroidism. Further, 79 pleiotropic genes were identified using Magma gene analysis (P<0.05/18776 = 2.66×10-6). Tissue-specific enrichment analysis revealed that these genes were highly enriched into six brain-related tissues. The pathway analysis mainly involved nucleosome assembly and lipoprotein particles. Finally, our two-sample MR analysis showed a significant causal effect of MDD on the increased risk of hypothyroidism, and BIP may reduce TSH normal levels.





Conclusions

Our findings not only provided evidence of a shared genetic etiology between hypothyroidism and psychiatric disorders, but also provided insights into the causal relationships and biological mechanisms that underlie their relationship. These findings contribute to a better understanding of the pleiotropy between hypothyroidism and psychiatric disorders, while having important implications for intervention and treatment goals for these disorders.
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1 Introduction

Hypothyroidism is a common endocrine disorder caused by a decrease in the synthesis and secretion of thyroid hormone (TH) or a deficiency in the physiologic effect of TH, mainly including subclinical hypothyroidism (SCH) and overt hypothyroidism (OH) (1, 2). According to recent estimates, the overall prevalence of hypothyroidism was 4.70% in Europe (3) and 13.95% in the general population of China (4). It was defined as elevated thyroid-stimulating hormone (TSH) with low or normal free thyroxine (FT4) concentration (5). A study of a large UK twin cohort found that the heritability of TSH and FT4 was 65% and 39–80%, respectively (6). About 49% of patients with hypothyroidism have an autoimmune-related etiology (7). Hashimoto thyroiditis (HT), a chronic autoimmune thyroid disease, is the main cause of hypothyroidism (8) and has a strong genetic background (9). These suggested that genetic factors play an important role in the development of hypothyroidism. Psychiatric disorders are a wide range of mental health disorders that affect human emotions, thinking, and behavior (10). Psychiatric disorders have been recognized as a heavy burden on individual health care and the current healthcare system (11). Statistically, the global burden of psychiatric disorders accounts for 32.4% of years lived with disability (YLDs) and 13.0% of disability-adjusted life years (DALYs) (12). There are approximately 8 million deaths each year worldwide due to psychiatric disorders, which accounts for 14.3% of the deaths worldwide (13). Research has confirmed that schizophrenia (SCZ), major depressive disorder (MDD), and bipolar disorder (BIP) are major psychiatric disorders (MPDs) with high heritability (14). Anxiety disorders (ANX), a common psychiatric disorder, are also affected by genetic factors (15).

There is growing evidence of co-morbidity between hypothyroidism and psychiatric disorders (16, 17), and that thyroid function and psychiatric disorders may interact in both directions (18–20). For example, a population-based cross-sectional study found a high rate of hypothyroidism in patients with SCZ (21). A nested case-control study based on the Finnish Prenatal Study of Schizophrenia demonstrated an association between maternal hypothyroxinemia and increased odds of SCZ (22). Epidemiologic investigations have shown that in the hypothyroid phase of HT, 50% of patients were often accompanied by a depressive state, and hypothyroid patients were 3.3 times more likely to exhibit depressive symptoms than healthy controls (23). A study conducted in Alameda County found that maternal hypothyroxinemia was significantly associated with a higher risk of BIP in offspring (24). A clinical cross-sectional study demonstrated a higher prevalence of subclinical hypothyroidism in adolescents with depression compared to mentally healthy volunteers (25). Although several observational studies have shown hypothyroidism to be associated with ANX and depression (26, 27), contrary findings still exist. For instance, a large population-based study failed to find a link between hypothyroidism and anxiety or depression (28). These interesting findings prompted us to include ANX in the present study. These findings also suggest that hypothyroidism may have some shared genetic risk with psychiatric disorders, but the extent of genetic overlap is uncertain. Moreover, observational studies may be affected by confounding factors and reverse causation, so the causation between hypothyroidism and psychiatric disorders also remains unclear.

Notably, how to treat patients with both hypothyroidism and psychiatric disorders is an important issue for clinicians. TH replacement therapy is the primary treatment for OH (29). In recent years, this therapy has also been recognized as an effective option for adjunctive treatment of drug-resistant depression (30). However, research has found that antipsychotic medications may affect thyroid function in patients with psychiatric disorders. Quetiapine treatment in the acute phase of SCZ was strongly associated with the risk of new-onset hypothyroidism (31). Other studies have shown (32) that phenothiazines may increase thyrotropin-releasing hormone (TRH), further raising TSH levels. Tricyclic antidepressants and carbamazepine may decrease serum TH levels (32). Conversely, clozapine may reduce TRH and further decrease TSH levels (33). Lithium therapy is the first line of long-term treatment for BIP and may also lead to hypothyroidism (34). Therefore, it is necessary to conduct in-depth analyses for exploring the genetic etiology and causal relationship between hypothyroidism and psychiatric disorders. Further studies are needed to clarify whether there are common pleiotropic genetic variants and whether specific molecular biological pathways are involved between the two. This may be beneficial in addressing these important and common clinical issues.

In this study, we used pooled data from a large-scale genome-wide association study (GWAS) to investigate the genetic correlations and potential causal relationships between hypothyroidism and SCZ, MDD, BIP, and ANX. We assessed the genetic overlap between them using genetic correlation methods. Then, the corresponding pleiotropic loci and genes were identified using the pleiotropic analysis under composite null hypothesis (PLACO) method, and the genes were functionally annotated and tissue enriched. Finally, we implemented a bidirectional two-sample bidirectional two-sample Mendelian randomization (MR) analysis to assess the causal relationship between them.




2 Methods



2.1 GWAS summary statistics



2.1.1 GWAS dataset for ANX, BIP, SCZ, and MDD

We analyzed GWAS summary datasets obtained from the Psychiatric Genomics Consortium (PGC) (https://www.med.unc.edu/pgc/download-results/) for four psychiatric disorders, including ANX, BIP, SCZ, and MDD. See Supplementary Table S1 for data sources and basic information. The GWAS data from ANX incorporated genome-wide genotype data from 2,248 clinically well characterized Parkinson’s disease (PD) patients and 7,992 ethnically matched controls. It was also validated in an independent sample of 2,408 PD patients and 228,470 controls from Denmark, Iceland, and the Netherlands. Data for BIP came from a GWAS study that included 20,352 cases and 31,358 controls of European ancestry, which was validated in an additional 9,412 cases and 137,760 controls. The study identified 19 risk loci associated with BIP and found a strong genetic correlation between BIP with SCZ and MDD. Data for MDD came from a GWAS meta-analysis of 135,458 cases and 344,901 controls identified 44 independent and significant loci. The genetic findings were associated with clinical features of MDD and relevant brain regions exhibiting anatomical differences in cases. To ensure no sample overlap with the thyroid data, we selected a dataset that did not contain the UK Biobank (UKBB). Data for SCZ came from a two-stage GWAS study of up to 76,755 SCZ patients and 243,649 control individuals. This study reported common variant associations at 287 different genomic loci, and identified biological processes associated with the pathophysiology of SCZ. The findings also showed convergence in the association of SCZ with common and rare variants in neurodevelopmental disorders, which further provided a resource of prioritized genes and variants to advance mechanistic studies.




2.1.2 GWAS dataset for Hypothyroidism

The data for hypothyroidism were obtained from FinnGen consortium R9 GWAS (https://r9.finngen.fi/), which included 40,926 cases and 274,069 controls. The following covariates were included in the model: sex, age, ten genetic principal components, and genotyping batch. The FinnGen study collected and analyzed genomic and health data from 500,000 Finnish Biobank participants. It not only provided novel medical and treatment-related insights, but also built a world-class resource that can be used for future research. See Supplementary Table S1 for data sources and basic information. Data on thyroid function levels within the normal range were derived from a large meta-analysis of GWAS for thyroid function and dysfunction. The study tested 8 million genetic variants in up to 72,167 individuals, with a total of 109 independent genetic variants associated with these traits. The data for total TSH levels were derived from a GWAS meta-analysis of 22.4 million genetic markers from up to 119,715 individuals. The study also identified 74 genome-wide significant TSH loci.





2.2 Statistical analyses



2.2.1 Genetic correlation analysis

Linkage disequilibrium score regression (LDSC) (35) and high-definition likelihood (HDL) (36) methods were used to assess genetic correlation among traits. The linkage disequilibrium (LD) score in the LDSC can be computed from a sample of European ancestry in the 1,000 Genomes Project that serves as a reference panel (37). The reference dataset for HDL was 1,029,876 quality-controlled HapMap3 single-nucleotide polymorphism (SNPs). For SNPs, we implemented strict quality control according to the following criteria: (i) we excluded non-bipartite allele SNPs and those with strand-ambiguous alleles; (ii) excluded SNPs without rs tags; (iii) deleted duplicated SNPs or SNPs that were not included in the 1000 Genomes Project or whose alleles were mismatched; (iv) due to their complex LD structure, SNPs located within the major histocompatibility complex region (chr6: 28.5–33.5Mb) were excluded in the LDSC analysis; (v) SNPs with minor allele frequency (MAF) > 0.01 were retained.




2.2.2 PLACO

SNP-Level PLACO is a novel approach to studying pleiotropic loci between complex traits using only summary-level genotype-phenotype association statistics (38). We calculated the square of the Z-score for each variant and removed SNPs with very high Z2 (>80). In addition, considering the potential correlation between complex diseases, we estimated a correlation matrix of the Z-score. The hypothesis of no pleiotropy was then tested using the horizontal α intersection union test (IUT) method. And the final P value of the IUT test was the maximum of the P values of tests H0 and H1.

Based on the PLACO results, we further mapped the identified motifs to nearby genes for exploring the common biological mechanisms of these pleiotropic loci. We performed a generalized gene-set analysis of GWAS Data using Multi-marker Analysis of GenoMic Annotation (MAGMA) (39) for genes located at or overlapping with pleiotropic loci based on PLACO outputs to identify pleiotropic candidate pathways, as well as the tissue enrichment of pleiotropic genes. By using given genetic data (e.g., GWAS data), MAGMA calculates an association score between each gene and a trait (e.g., disease). This involves combining genetic variants with gene annotations and weights to estimate the association between each gene and the trait. Functional mapping and annotation of genome-wide association studies (FUMA) were used to determine the biological functions of pleiotropic loci (40). A series of pathway enrichment analyses based on the Molecular Signatures Database (MSigDB) were used to determine the functions of mapped genes (41).




2.2.3 MR analysis

We used the clumping program (42) in PLINK software to screen all significant loci independently associated with disease as instrumental variables (IVs) (P< 5×10-8), with the r2 threshold for IVs set at 0.001 and the window set at 10,000 kb. To ensure the strength of the IVs, we calculated the r2 and F statistics for each instrumental variable (43). The F statistic is calculated as follows:   , where r2 denotes the proportion of variance explained by the instrumental variable (IV), n represents the sample size, and k represents the number of SNPs. The main method used for MR is the inverse variance weighted (IVW) method, which requires that the IV satisfy three assumptions: (i) the IV should be correlated with the exposure; (ii) the IV should not be associated with confounders of the exposure and outcome associations; and (iii) the effect of the IV on the outcome is exclusively mediated by the exposure. We performed several sensitivity analyses. First, the Q-test using IVW and MR-Egger can detect potential violations of the assumptions through the heterogeneity of the associations between individual IVs (44). Second, we applied MR-Egger to estimate horizontal pleiotropy based on its intercept, ensuring that genetic variants were independently associated with exposure and outcome (45). We increased the stability and robustness of the results by using additional analyses [weighted median, weighted mode, debiased IVW (DIVW), MR-Robust Adjusted Profile Score (RAPS)] with different modeling assumptions and strengths of the MR method. Statistical analyses were performed in R3.5.3 software, and MR analyses were conducted using the MendelianRandomization package (46).






3 Results



3.1 Genetic correlation

Genetic correlation analysis revealed significant genetic correlations between hypothyroidism and ANX, MDD, and SCZ (Table 1), both in the LDSC and HDL approaches. The strongest correlations with MDD existed for hypothyroidism: LDSC (rg = 0.264, P = 7.35×10-12), HDL (rg = 0.304, P = 4.14×10-17). The intercept term of the LDSC regression excluded the possibility of sample overlap. In addition, HDL analysis of indicators related to thyroid function identified significant genetic correlations between MDD and FT4 levels with TSH levels.


Table 1 | Genetic correlation between hypothyroidism and psychiatric disorders.






3.2 Identification and enrichment analysis of pleiotropic loci

First, PLACO pleiotropy analysis was performed between diseases, and the Manhattan plot was shown in Figure 1. A total of 30 pleiotropic risk loci were identified, which were shown in Table 2; Supplementary Table S2. Shared among different disease phenotypes at two loci. The 15q14 locus was identified simultaneously in ANX, SCZ diseases (P values were 6.59×10 -11 and 2.10×10 -12, respectively). The 6p22.1 locus was also identified in MDD, SCZ diseases (P values were 1.05E-08 and 5.75E-14, respectively). This analysis revealed a possible shared genetic basis between multiple diseases. The QQ plot did not identify genome inflation (Supplementary Figure S1), indicating that the results of our analysis have high statistical credibility. The basic information of each genomic risk locus was shown in Supplementary Figure S2, which detailed the size of each risk locus, the number of SNPs, the number of Map genes, and the number of genes located within the locus. The functional impact of pleiotropic SNPs on genes was shown in Supplementary Figure S3, and this section discusses in detail how specific SNP variants affect gene function and may consequently lead to alterations in disease risk. Among them, in hypothyroidism with MDD trait pair, the effect of pleiotropic SNPs on genes was mainly centered on intergenic. While, in hypothyroidism with ANX and SCZ trait pairs, the highest proportion was intronic. Further, PLACO pleiotropy analysis was performed between MDD and the two thyroid functions, and the Manhattan plot was shown in Supplementary Figure S4. A total of 16 pleiotropic risk loci were identified, which were shown in Tables 2; Supplementary Figure S2. Among them, four loci (1p32.3, 6p22.1, 10q21.1, 11q13.4) associated with MDD were identified in both FT4 normal and Hypothyroidism. This also revealed that MDD not only shares genes with hypothyroidism, but also has a genetic correlation with thyroid function. The QQ plot did not reveal genome inflation (Supplementary Figure S5), indicating that the results of our analysis have high statistical credibility. The basic information of each genomic risk loci was shown in Supplementary Figure S6, and the functional effects of pleiotropic SNPs on genes were shown in Supplementary Figure S7. As shown in the figure, in the MDD with FT4 normal trait pair, the effect of pleiotropic SNPs on genes was mainly focused on intergenic. While in the MDD with TSH total trait pair, the highest proportion was intronic.




Figure 1 | Manhattan plot of pleiotropic loci between hypothyroidism and psychiatric disorders. (A) Hypothyroidism versus MDD; (B) hypothyroidism versus ANX; (C) hypothyroidism versus SCZ. The red dashed line represents the significance level of 5×10-8.




Table 2 | Information on the identified pleiotropic loci.



Gene set enrichment analysis by MAGMA was performed on the pleiotropic results, which showed eleven significant gene sets that were enriched (Figure 2; Supplementary Table S3) involved multiple pathways, such as Cell response to UV-A, positive regulation of RNA metabolic process, T cell differentiation, reactome opsins, and so on. Tissue-specific MAGMA analysis showed that both diseases were significantly enriched in tissues such as brain and spleen (Figure 3; Supplementary Figure S8). Notably, this part of the MAGMA gene set and tissue-specific analyses were analyzed using the complete distribution of SNP P values.




Figure 2 | Results of genome-wide MAGMA gene set analysis (significant after multiple correction). The Blue dashed line is the 0.05 significance level; the red dashed line is the multiple-corrected significance level.






Figure 3 | Enrichment analysis of pleiotropic effects in different tissues. (A) Hypothyroidism with MDD; (B) Hypothyroidism with ANX; (C) Hypothyroidism with SCZ. The red color represents significant results after multiple corrections.



Using the positional information of lead SNPs, we mapped nearby genes associated with these pleiotropic risk loci (Supplementary Table S4). The expression of position-matched pleiotropic genes in different tissues was shown in Supplementary Figure S9. Multiple genes were significantly differentially expressed in tissues such as the brain, whole blood, and lymphocytes. Tissue enrichment analysis revealed that these pleiotropic genes were significantly enriched in the adrenal gland (Supplementary Figure S10).

Further, MAGMA gene analysis identified 79 pleiotropic genes (P< 0.05/18776 = 2.66×10-6) (Supplementary Figures S11, S13, and Supplementary Table S5) with no genome inflation, which suggested that the results were credible (Supplementary Figures S12, S14). Multiple genes were shared among different disease pairs, such as ZNF462, VAV3, HIST1H2BN, ANP32B, PRMT1, B4GALT6, ZKSCAN4, BTN2A1, and ZSCAN16. Specific information on pleiotropic genes was summarized in Supplementary Table S4, and the expression of these pleiotropic genes in different tissues was shown in Supplementary Figure S15. The results revealed that these genes showed differential expression in some tissues, such as the brain, whole blood, lymphocytes, and other tissues. Tissue-specific enrichment analysis found that these genes were highly enriched into six brain-related tissues (Supplementary Figure S16), such as the anterior cingulate cortex, frontal cortex, basal ganglia, amygdala, brain cortex, and brain hippocampus.

Pathway analyses were performed on nearby genes and MAGMA genes for pleiotropy. The results showed that nucleosome assembly and lipoprotein particle binding play important roles in thyroid function and psychiatric disorders. The main cell types enriched were adult renal tubular epithelial cells, skeletal muscle endothelial cells, midbrain neuronal cells, thymic vascular endothelial cells, and so on. Results were shown in Figure 4; Supplementary Figure S17. In addition, the protein-protein interaction network was constructed for the pleiotropic genes, and the key genes were screened. Eight key genes were screened, including MAPT, RAB2A, and others. As shown in Supplementary Figure S18. These proteins may play a role in different biological processes in cells, including gene expression regulation, cell signaling, cytoskeleton maintenance, etc.




Figure 4 | Pathway enrichment results for pleiotropic genes.






3.3 Bidirectional two-sample MR analysis

Finally, we performed causal inference of the causal relationship between the two diseases using a bidirectional two-sample MR approach (Table 3). Instrumental variables were shown in Supplementary Table S6. The results supported the risk role of MDD for hypothyroidism. The analysis of the causal effect of MDD on Hypothyroidism showed that the three MR methods (IVW, DIVW, and MR-RAPS) presented consistent results, with MDD increasing the risk of hypothyroidism. The heterogeneity test ruled out the possibility of heterogeneity (P>0.05). The MR-Egger bias intercept term was P>0.05, so there was no effect of horizontal pleiotropy. Scatterplots and funnel plots ruled out the possibility of outlier interference.


Table 3 | Results of significant causal association pairs.



The results also indicated that BIP could causally reduce TSH levels in the normal range. Analysis of the causal effect of BIP on TSH normal showed that the three MR methods (IVW, DIVW, and MR-RAPS) presented consistent results, with BIP reducing TSH normal levels. The heterogeneity test ruled out the possibility of heterogeneity (P>0.05). The MR-Egger bias intercept term was P>0.05, indicating that there was no effect of horizontal pleiotropy. Scatterplots and funnel plots ruled out the possibility of outlier interference. The scatter plots and funnel plots were shown in Figure 5.




Figure 5 | (A) Scatter plot of the causal effect of MDD on hypothyroidism; (B) Funnel plot of the causal effect of MDD on hypothyroidism; (C) Scatter plot of the causal effect of BIP on normal-range TSH levels; (D) Funnel plot of the causal effect of BIP on normal-range TSH levels.



GWAS data for hypothyroidism and thyroid function indicators were used as exposure factors, and GWAS data for psychiatric disorders were used as the outcomes for reverse MR analysis. After excluding SNPs with P>0.05 and removing chain imbalance, we failed to extract SNPs for the exposure factors in the outcome, i.e., there was no evidence of a causal effect between hypothyroidism or thyroid function indicators and psychiatric disorders. The results of all MR analyses and sensitivity analyses were shown in Supplementary Table S7.





4 Discussion

In this study, we found strong genetic correlations and genetic overlap between hypothyroidism and three psychiatric disorders (ANX, SCZ, and MDD) and identified common variants behind these associations. We also found strong genetic correlations between MDD and two thyroid functions (FT4 normal, TSH total). Further comprehensive analyses were performed to analyze the potential genetic basis of pleiotropic loci, pleiotropic genes, tissue enrichment, and biological pathways. Our two-sample MR analysis suggested that MDD has a significant causal effect on the increased risk of hypothyroidism and that BIP may reduce TSH normal level. These results advanced our understanding of the shared genetic architecture between hypothyroidism and psychiatric disorders and revealed a causal relationship between these traits, which suggested a common etiology and possible mechanisms for the coexistence of hypothyroidism and psychiatric disorders.

We first estimated the genetic correlation between hypothyroidism and psychiatric disorders, and identified a significant positive genetic correlation between hypothyroidism and ANX, MDD, and SCZ. This was consistent with previous observational studies, which found comorbidity between hypothyroidism and ANX, MDD, and SCZ (21, 26, 27). We found the strongest genetic correlation between hypothyroidism and MDD. TH may be the key to the link between the two. Previous studies have found that in the brain and nervous system, TH can regulate neurophysiological processes such as cell migration and differentiation, synaptogenesis, and myelination. These functions were strongly associated with emotional disorders such as depression and anxiety (47). Therefore, this was often used as an explanation for depression due to hypothyroidism. However, our two-sample MR results suggested that MDD may be responsible for the increased risk of hypothyroidism. It was found that antithyroid peroxidase (TPO) positivity was detected in the cerebrospinal fluid of patients with depression. This suggested that antithyroid antibodies were synthesized intrathecally in the central nervous system and may attack the thyroid gland either by direct action on nerve cells or by crossing the blood-brain barrier, leading to HT and subsequent hypothyroidism (48). Thus, depression may cause immune changes in the central nervous system thereby contributing to the progression of hypothyroidism. Based on the close correlation between the two, our findings supported the use of TH replacement therapy as an option for adjunctive treatment of drug-resistant depression (30). Another, our study did not find a genetic correlation between hypothyroidism and BIP, although previous studies suggested a comorbidity between the two (16). However, there may be a strong correlation between BIP and FT4 level. Previous studies have suggested that medications for BIP may lead to an increased risk of hypothyroidism. However, our MR results indicated a causal relationship between BIP and reduced FT4 level. These findings suggested that the monitoring of thyroid function should be emphasized in patients with BIP.

We identified multiple common risk loci for hypothyroidism and psychiatric disorders and identified 79 pleiotropic genes, several of which were shared among different disease pairs. We found that the 6p22.1 locus and genes, including ZKSCAN4 and MAPT, may play important roles in hypothyroidism and psychiatric disorders. Tissue enrichment revealed that these pleiotropic genes were highly enriched into six brain-related tissues. Chromosome 6p21-p22.1 spans the major histocompatibility complex (MHC) region and is a highly polymorphic, gene-dense region. Previous studies have identified it as a susceptibility locus for SCZ in Europeans, Japanese, and Chinese (49). Polymorphisms of zinc finger 4 (ZKSCAN4) with KRAB and SCAN structural domains located on chromosome 6p21-p22.1 were strongly associated with psychiatric disorders (49). MAPT has been found to be a causative protein in several psychiatric disorders and Parkinson’s disease. Mutations in the MAPT gene can lead to pathologic aggregation of tau proteins and death of glutamatergic cortex neurons (50, 51). Studies have also found significant genetic correlations between psychiatric disorders and structural brain phenotypes (cortical surface area, cortical thickness) (50). Brain function and structure have been found to be abnormal in patients with MDD. Studies have shown a major reduction in cerebral blood flow in the prefrontal cortex and anterior cingulate cortex in patients with MDD. Structural MRI studies have shown widespread reductions in brain volume of cortical and subcortical regions in patients with MDD, as well as reductions in the volume of the anterior cingulate cortex and hippocampus (52). On the other hand, TH plays a vital role in brain maturation and brain function throughout life (53). Meanwhile, it was found that TH receptors were widely distributed in several high-concentration areas of the brain, including the cerebral cortex, hippocampus, and amygdala, which were involved in the pathogenesis of psychiatric disorders (54).

We identified several enrichment pathways, all of which were involved to some extent in the pathogenesis of hypothyroidism and psychiatric disorders. Nucleosome assembly was a key epigenetic regulatory process involving the wrapping of DNA around histone octamers, which then affected gene expression (55). The location and assembly of nucleosomes have profound effects on gene expression. The tightness of nucleosome assembly can regulate the accessibility of specific gene regions, thereby affecting the binding of transcription factors and the activation or repression of genes (56). Our studies have revealed that pleiotropic loci may affect the expression or function of genes associated with nucleosome assembly, which collectively affect thyroid function and mental health. For example, a certain pleiotropic locus may lead to altered expression of histone variants, affecting the stability and dynamics of nucleosomes, which in turn affects the occurrence and development of related diseases. In thyroid disorders, such as hyper- or hypothyroidism, variations of nucleosome assembly may affect the expression of genes related to TH synthesis and metabolism. In psychiatric disorders, such as depression, changes in nucleosome assembly may affect the expression of genes related to neurotransmitter systems, including the serotonin delivery pathway (57). Lipoprotein particle binding involved the interaction of specific proteins with lipoproteins, such as low-density lipoprotein (LDL) or high-density lipoprotein (HDL) (58). These interactions were critical for lipid metabolism and hormone transport. The binding and transport functions of lipoprotein particles may play an important role in the distribution and regulation of TH (59, 60), influencing the cellular response to TH. There was an association between lipid metabolism and psychiatric disorders (e.g., depression, BID, etc.) (61). Variations of lipoprotein levels may be associated with neuroinflammation, neurotransmitter system function, and structural and functional changes in the brain (62). Lipoprotein particle binding may affect the transport and distribution of lipids in the brain, thereby affecting nervous system function and mental health (63).

Our study has several limitations. First, MR analysis was utilized to determine a causal relationship between hypothyroidism and the risk of psychiatric disorders. However, further biological studies and randomized controlled trials will be needed to validate the findings of this study. Second, our study mainly included participants of European ancestry and may not be generalizable to other ancestries. Therefore, further validation in other populations is necessary to demonstrate our results. However, there are few public GWAS summary data on thyroid function-related indices in other ethnicities.




5 Conclusions

This study provided an insight into the genetic and causal relationship between hypothyroidism and psychiatric disorders, which will help to understand the comorbidity of the disorders and their treatment. Our results showed significant genetic correlation between hypothyroidism and ANX, SCZ, and MDD. The shared loci, genes and pathways between hypothyroidism and psychiatric disorders provided insights into their comorbidity, genetic causes, and biological mechanisms. In addition, we observed a causal relationship between MDD and hypothyroidism and between BIP and FT4 levels. In this study, we obtained GWAS pooled data mainly from Europe. In the future, we aim to further analyze other populations.
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