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Abstract: Background/Objectives: Endocrine hormones play critical roles in regulating physiological
processes, and previous studies have reported their associations with psychiatric disorders.
However, the shared genetic basis underlying these associations remains largely unexplored. This
study aims to dually evaluate the genetic correlations among endocrine hormones, including thyroid
and sex hormones, as well as between endocrine hormone metrics and psychiatric disorders to
identify potential shared genetic architectures. Methods: We obtained genome-wide association
study summary statistics for six thyroid hormone metrics, three sex hormone metrics, and ten
psychiatric disorders from predominantly European-ancestry populations. Genetic correlations were
computed using linkage disequilibrium score regression after harmonizing variant data to ensure
consistency across studies. Results: Significant genetic correlations were observed among thyroid
and sex hormone metrics, indicating a strong shared genetic basis. Sex hormones exhibited multiple
correlations with psychiatric disorders, including negative correlations between sex hormone-
binding globulin and attention-deficit hyperactivity disorder (ADHD) (p=3.95x102) and major
depressive disorder (p=4.67x10"), and positive correlations with anorexia nervosa (p=2.86x10-2) and
schizophrenia (p=2.00x10-). Testosterone and estradiol were negatively correlated with ADHD and
major depressive disorder, while testosterone was positively correlated with anorexia nervosa and
schizophrenia. Although thyroid hormone metrics did not exhibit Bonferroni-significant correlations,
nominal associations were observed, such as a negative correlation between thyroid-stimulating
hormone and major depressive disorder (p=2.33x10-2). Conclusions: These findings suggest a shared
genetic basis between endocrine hormones and psychiatric disorders, particularly for sex hormones.
Future studies leveraging larger, more diverse populations are warranted to validate and extend the
genetic correlations observed in this study.
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1. Introduction

Endocrine hormones are critical for regulating various physiological processes in the human
body by influencing pathways related to metabolism, growth and development, reproduction, and
the body’s response to stress.[1,2] Previous epidemiological studies have established associations
between levels of endocrine hormones and psychiatric disorders.[2] Among these associations, the
co-occurrence of thyroid hormones and mental health disorders has been extensively reported, with
several clinical observations of hypothyroidism including depression and cognitive impairment and
even severe cases of thyroid failure linked to psychosis and schizophrenia;[2,3] in contrast,
hyperthyroidism has been associated with markedly high occurrence of psychiatric conditions
including depression affecting 30-70% of cases and anxiety disorders affecting 60% of cases.[3]
Additionally, levels of sex hormones have been linked with mental health disorders including
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androgen deficiency which has been associated with depressive symptoms, impaired mental
concentration, and memory loss,[4] and estrogen deprivation which has been associated with
depression, sleep disruption, and anxiety.[5,6] Despite these well-documented associations, the
mechanisms underlying these observed associations between endocrine hormones and psychiatric
disorders has not yet been fully established.

Genetic correlation quantifies the shared genetic basis between two traits by analyzing genome-
wide association study (GWAS) summary statistics of common variants in the population. Previous
studies have computed the genetic correlations for various complex traits and diseases, identifying
shared genetic architectures that may explain co-occurring conditions and associations observed in
epidemiological studies. However, thus far, the shared genetic basis between endocrine hormones
and psychiatric disorders has been largely unexplored. To address this gap, we computed genetic
correlations 1) among endocrine hormone metrics (including six thyroid hormone metrics and three
sex hormone metrics), and 2) between endocrine hormones metrics and ten psychiatric disorders.

2. Materials and Methods

2.1. Obtaining GWAS Summary Statistics for Endocrine Hormones and Psychiatric Disorders

All endocrine hormones and psychiatric disorders for which we obtained GWAS summary
statistics are listed in Supplementary Table 1 and involved individuals of predominantly European
ancestry.[7-16] These endocrine hormone phenotypes included levels of sex hormone-binding
globulin (SHBG), estradiol, testosterone, and thyroid hormone metrics including levels of thyroid-
stimulating hormone (TSH), free triiodothyronine (FI3), total triiodothyronine (ITT3), and free
thyroxine (FT4), and ratios of FT3/FT4 and TT3/FT4; GWAS sample sizes for these endocrine hormone
metrics ranged from around 15,000 to over 380,000 individuals. Psychiatric disorders that were
analyzed in this study included anorexia nervosa, Tourette's syndrome, obsessive-compulsive
symptoms, schizophrenia, attention-deficit hyperactivity disorder (ADHD), bipolar disorder, Type 1
bipolar disorder, Type 2 bipolar disorder, major depressive disorder, and panic disorder; GWAS
sample sizes for these psychiatric disorders ranged from around 10,000 to over 800,000 individuals,
with disorders such as schizophrenia, ADHD, major depressive disorder, and bipolar disorder each
involving over >200,000 individuals, with other disorders such as Tourette’s syndrome, anorexia
nervosa, panic disorder, and obsessive-compulsive symptoms each involving <100,000 individuals.
All the endocrine hormones and psychiatric disorders included in this study were selected based on
prior work indicating the presence of a substantial genetic basis, with many of these traits having
previously reported genome-wide significant loci.[7-16]

2.2. Harmonizing GWAS Summary Statistics

The genomic coordinates of all variants were converted to the GRCh37 human reference build
using the liftOver software package.[17] Baseline and effect alleles for variants were standardized
across studies, as well as their effect sizes. For variants with missing minor allele frequencies
annotations, we utilized allele frequencies from European individuals in the 1000 genomes
project.[18] After this variant harmonization, we annotated variants with their rsID using the dbSNP
database.[19] In order to maintain high consistency in the imputation quality of variants across all
included analyzed phenotypes, we restricted variants to those included in the HapMap3 panel,[20]
which constitutes a set of common variants that tend to be well-imputed across studies.

2.3. Computing Genetic Correlations Between Endocrine Hormone Metrics and Psychiatric Disorders

We first used the LD score regression (LDSC) package[21] to estimate pairwise genetic
correlations between different endocrine hormone metrics, and subsequently, between each hormone
metric and each psychiatric disorder. To perform this analysis, we input the harmonized GWAS
summary statistics along with linkage disequilibrium reference panels that had been previously
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generated using HapMap3 variants[20,21] from European individuals in the 1000 Genomes
Project.[18] Since the GWAS summary statistics for the included endocrine hormone metrics and
psychiatric disorders were developed using outcomes measured on varying scales (i.e. binary vs.
continuous vs. transformed outcomes), the following results in the main text report only p-values
and the directionality of each genetic correlation, rather than the magnitudes of each genetic
correlation.

3. Results

3.1. The Shared Genetic Architecture of Endocrine Hormones

Prior to examining the shared genetic architecture between endocrine hormones and psychiatric
disorders, we first computed genetic correlations between each of the thyroid and sex hormone
metrics (Figure 1, Supplementary Table 2). We observed the genetic bases of thyroid hormone metrics
tended to be strongly shared, with all six thyroid hormone metrics yielding statistically significant
genetic correlations with at least one other thyroid hormone metric at the Bonferroni threshold of
significance (p<1.39x10-%); in particular, we observed negative genetic correlations between FT4 and
both FT3/FT4 (p=4.85x10-%) and TT3/FT4 (p=4.83x10-1%), and a positive genetic correlation between
TSH and FT3 (p=6.00x10-#). Among sex hormones, we observed positive genetic correlations between
SHBG and both estradiol (p=1.00x10) and testosterone (p=1.99x10-%) at the Bonferroni-threshold of
significance. When examining the genetic overlap between thyroid hormones and sex hormones, we
observed positive genetic correlations between testosterone and both FT3 (p=3.00x10-?) and FT4
(p=7.90x10-), as well as a Bonferroni-significant positive genetic correlation between FT4 and SHBG
(p=2.00x10*); we additionally observed a negative genetic correlation between testosterone and TSH
(p=4.50x10").
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Figure 1. P-values of genetic correlations among different endocrine hormone metrics. Positive genetic
correlations are colored in red and negative genetic correlations are colored in blue. Faint shading indicates a
genetic correlation was not statistically significant (p>0.05). Moderate shading indicates a nominally-significant
genetic correlation (p<0.05). Dark shading indicates a genetic correlation that remained significant after adjusting
for multiple testing (Bonferroni-adjusted p<0.05 or unadjusted-p<1.39x10-3).
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3.2. Genetic Correlations Between Endocrine Hormones and Psychiatric Disorders

To evaluate the shared genetic bases between endocrine hormones and psychiatric disorders,
we computed pairwise genetic correlations (Figure 2, Supplementary Table 3). We observed sex
hormones exhibited many genetic correlations with psychiatric disorders including SHBG, which
had negative genetic correlations with ADHD (p=3.95x10?) and major depressive disorder
(p=4.67x10”) and positive genetic correlations with anorexia nervosa (p=2.86x10-?) and schizophrenia
(p=2.00x10*), all at the Bonferroni threshold of significance (p<5.56x10#) (Figure 2); we also observed
a nominally significant positive genetic correlation between SHBG and Tourette’s syndrome
(p=4.70x102). In addition, we observed both testosterone and estradiol were negatively correlated
with both ADHD (p=2.01x10? and p=6.40x103, respectively) and major depressive disorder
(p=4.46x102 and p=1.70x1072, respectively); furthermore, we observed positive correlations between
testosterone and both anorexia nervosa (p=5.70x10%) and schizophrenia (p=1.20x10-).
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Figure 2. P-values of genetic correlations between endocrine hormone metrics and psychiatric disorders.
Positive genetic correlations are colored in red and negative genetic correlations are colored in blue. Faint
shading indicates a genetic correlation was not statistically significant (p>0.05). Moderate shading indicates a
nominally-significant genetic correlation (p<0.05). Dark shading indicates a genetic correlation that remained

significant after adjusting for multiple testing (Bonferroni-adjusted p<0.05 or unadjusted-p<5.56x10-4).

Though we did not observe any Bonferroni-significant (p<5.56x10-) genetic correlations between
thyroid hormone metrics and psychiatric disorders, we observed positive correlations between TT3
and both ADHD (p=3.71x102) and panic disorder (p=2.60x10-2) and between FT3 and panic disorder
(p=2.15x10?) (Figure 2). We additionally observed a nominal negative correlation between TSH and
major depressive disorder (p=2.33x10-2).

4. Discussion

In this study, we systematically examined the shared genetic architecture of common variants
underlying 1) different endocrine hormones and 2) the shared etiology between endocrine hormones
and psychiatric disorders by computing genetic correlations between endocrine hormone metrics —
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including thyroid and sex hormones — and ten psychiatric disorders using GWAS summary statistics
involving predominantly European-ancestry individuals. While we observed extensive genetic
correlations among sex hormones and among thyroid hormones separately, we also identified several
genetic correlations between sex and thyroid hormones, suggesting a shared genetic architecture
across different endocrine hormones. Furthermore, when examining genetic correlations between
endocrine hormones and psychiatric disorders, we identified significant shared genetic architectures,
particularly involving sex hormones; notably, SHBG showed significant genetic correlations with
multiple psychiatric conditions even after controlling for multiple testing. While the genetic
correlations between thyroid hormones and psychiatric disorders did not remain significant after
controlling for multiple testing, several nominal associations were identified, suggesting a potential
link in the genetic regulation of thyroid hormone levels and the risk of developing psychiatric
disorders.

This study enhances our understanding of the shared genetic basis linking sex hormones and
psychiatric disorders by demonstrating that genetic correlations derived from common variants
broadly align with prior epidemiological findings. Previous observational and causal inference
studies have suggested a potential involvement of SHBG in various psychiatric disorders. Notably, a
recent Mendelian Randomization study — which utilizes variants as instruments to mimic random
assignment — provided evidence that SHBG is causally associated with an increased risk of
schizophrenia[22]; this finding was supported by our identification of a Bonferroni-significant
positive genetic correlation between SHBG levels and schizophrenia. Moreover, clinical observations
indicate that males newly diagnosed with a first-episode psychosis exhibit higher SHBG levels than
controls, further supporting the positive genetic correlation identified in our study.[23] Additionally,
observational studies have demonstrated SHBG was negatively correlated with symptoms of ADHD
in boys[24] and positively associated with anorexia nervosa amongst kwashiorkor patients,[25]
which was corroborated by negative and positive Bonferroni-significant genetic correlations in our
study, respectively. Furthermore, another Mendelian Randomization study demonstrated SHBG had
a negative causal association with major depression in males,[26] which was supported by our
observation of a negative genetic correlation between the two. Interestingly, for each Bonferroni-
significant genetic correlation we observed between SHBG and the evaluated psychiatric disorders,
either testosterone, estradiol, or both also showed nominally significant genetic correlations in the
same direction. This pattern highlights the shared genetic architecture among SHBG, testosterone,
and estradiol that we observed when computing genetic correlations between different sex
hormones, further emphasizing the relevance of common variants that influence all three of these sex
hormones in psychiatric disorders.

The genetic correlations we computed between thyroid hormone metrics and psychiatric
disorders partially align with findings in previous epidemiological studies. We identified a nominal
negative genetic correlation between TSH and major depressive disorder, which corroborates a large
population-based cross-sectional study based in the United States that reported low levels of TSH
was associated with a higher odds of clinically relevant depression.[27] In contrast, some of our other
observations differed from prior studies; for instance, while it has been reported that a reduction in
FT3 levels has been implicated in panic disorders[28,29], we identified a positive genetic correlation
between FT3 levels and panic disorder. Additionally, while previous Mendelian Randomization
studies have indicated FT4 has a protective effect on bipolar disorders,[30-32] including Type 1
bipolar disorder,[30] our study did not identify any nominally significant genetic correlations
between FT4 and any subtypes of bipolar disorder. These inconsistencies may partially be attributed
to the much lower sample sizes utilized in the GWAS studies for thyroid hormone metrics; this
decreased statistical power may potentially result in less reliable genetic correlation estimates.
Furthermore, the effects of additional sociodemographic, environmental, and genetic factors beyond
common variants in the genome may be insufficiently captured in genetic correlation analyses.[33]

Despite identifying multiple genetic correlations that support a shared genetic architecture
between endocrine hormones and psychiatric disorders, this study had several limitations. First, for
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several psychiatric disorders including anorexia nervosa, Tourette’s syndrome, obsessive-
compulsive symptoms, and panic disorder, the sample sizes of GWAS studies we utilized were
comparatively low, which may partially explain the general lack of strong genetic correlations of
these disorders with endocrine hormones, apart from with SHBG, which derived summary statistics
from a well-powered GWAS. Increasing sample sizes involved in future GWAS studies for these
hormone metrics and psychiatric disorders, as well as inclusion of participants from diverse
populations will be needed to validate the associations identified in this study. Additionally, genetic
correlations in this study were restricted to HapMap3 variants, as these are commonly well-imputed
across studies and are recommended by the LDSC package for calculating genetic correlations;
however, this approach may limit our ability to identify shared genetic architectures located in
genomic regions not represented in the HapMap3 panel.

In conclusion, our study reveals genetic correlations between levels of endocrine hormones,
particular sex hormones such as SHBG, and multiple psychiatric disorders, thereby highlighting
shared genetic architecture driven by common variants. These genetic correlations are generally
consistent with prior observational and causal inference studies, thus supporting the biological
relevance of sex hormones in the etiology of psychiatric disorders. Although genetic correlations
involving thyroid hormones were attenuated after correcting for multiple testing, several nominally
significant correlations warrant further investigation. Increasing sample sizes for GWAS studies of
endocrine hormones and psychiatric disorders, diversity of participants utilized in these studies, as
well as genome coverage to include variants outside of those in the HapMap3 set will help validate
the correlations we identified and further improve our understanding of the genetic co-regulation of
endocrine hormones and psychiatric disorders.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Supplementary Table 1. Characteristics of genome-wide association studies
included in this study. Supplementary Table 2. Genetic correlations among different endocrine hormone
metrics. Supplementary Table 3. Genetic correlations between endocrine hormone metrics and psychiatric

disorders.
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