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Abstract
Thyroid disorders are known to cause neuropsychiatric manifestations. Various neuropsychiatric
manifestations are depression, dementia, mania, and autoimmune Hashimoto encephalopathy. Numerous
investigations carried out in the previous 50-60 years have been evaluated critically. The pathophysiology of
neuropsychiatric symptoms of thyroid diseases is described in the current study and its link with
autoimmune Hashimoto encephalopathy is also discussed.

Furthermore, this paper also describes the association between thyroid-stimulating hormones and cognitive
impairment. Hypothyroidism is associated with depression and mania, and hyperthyroidism is linked with
dementia and mania. The association between Graves' disease and various mental disorders such as
depressive and anxiety disorders is also discussed. The aim of this study is to review the relationship
between various neuropsychiatric disorders and thyroid diseases. A literature search from the PubMed
database to find various neuropsychiatric manifestations of thyroid disorders in the adult population was
conducted. According to the review of the studies, cognitive impairment can result from thyroid disease. It
has not been possible to demonstrate how hyperthyroidism can hasten the process of developing dementia.
However, subclinical hyperthyroidism, thyroid-stimulating hormone (TSH) levels below the normal range,
and high free thyroxine (T4) levels all raise the risk of dementia in the elderly. Additionally, the potential
mechanisms underlying this association have been examined. A quick summary of the research on mania as
a clinical symptom of hypothyroidism and its likely causes and pathogenesis is also reviewed. There is no
dearth of evidence that describes various neuropsychiatric manifestation in thyroid disorders.
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Introduction And Background
The growth of the central nervous system (CNS) throughout gestation and the first few months of life are
significantly influenced by thyroid hormones (TH) [1]. Numerous genes exhibit noticeable alterations in
response to TH throughout these formative years. Furthermore, genes in the growing brain that respond to
TH in childhood do not respond to TH in adulthood. However, thyroid adult dysfunction is frequently linked
to a variety of psychiatric and cognitive issues [2-6]. The underlying mechanism of the thyroid autoimmune
disease-related alterations in brain tissue is complicated but also includes changes in neuronal activity,
variations through cellular metabolism and blood-brain barrier, gene expression in glial or neuronal cells,
elevated risk of vascular dementia as well as cerebral inflammatory illness in conditions of thyroid
autoimmune disease. Cognitive and mental illnesses are typically linked to clinical thyroid dysfunction [2-8].
Overt hypothyroidism frequently manifests as cognitive impairment, distress, and sadness, whereas
hyperthyroidism can result in agitation, severe psychosis, and apathy, particularly in the elderly [7]. In the
presence of hypothyroidism, reversible dementia is common.

Review
The following keywords were used to conduct searches in Embase, Scopus, Cochrane, Google Scholar, and
advanced PubMed databases: mental disorders, hyperthyroidism and mania, hypothyroidism and depression,
mania, and autoimmune Hashimoto encephalopathy. The search yielded 723 articles, of which 63 research
publications were selected for research. The methodology of the Preferred Reporting Items for Systemic
Reviews and Meta-Analyses (PRISMA) method is shown in Figure 1.
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FIGURE 1: PRISMA model for search strategy.
PRISMA: Preferred Reporting Items for Systemic Reviews and Meta-Analyses.

It is currently unclear if slight variations in plasma TH levels can raise the risk of cognitive deterioration. It
was found that there were two types of subclinical thyroid disorders: (1) subclinical hyperthyroidism,
characterized as a decrease in serum thyroid stimulating hormone (TSH) with normal levels of free
thyroxine (FT4) and triiodothyronine (FT3), and (2) subclinical hypothyroidism, defined as a normal FT4 and
TSH of 10 mIU/L and greater than the upper limit of the conventional recommended ranges [9]. In adults
under 65, subclinical hypothyroidism has been linked to vascular dementia, and stroke [10-12]. Nonetheless,
in humans over the age of 75, there doesn't appear to be much of a difference. Clinical aftereffects of
subclinical hypothyroidism [13-16] with the exception of depression may be present [17]. In patients, with
age more than 60, TSH levels below 10 mIU/L do not appear to substantially reduce mental function [18-20].
Being under 75 years of age was linked to a significant risk of cognitive problems in a meta-analysis of 13
studies including patients with subclinical hypothyroidism. There is some proof that thyroid conditions that
are subclinically present, such as subclinical hypothyroidism or subclinical hyperthyroidism may also impair
cognition, despite the fact that clinically obvious thyroid illness might have this effect.
Although levothyroxine can treat dementia when there is overt hypothyroidism, levothyroxine's impact on
many physiological processes during treatment is debatable regarding depressed symptoms in individuals
with subclinical hypothyroidism. In people over 60 with subclinical anxiety, the risk of depression is four
times higher and hypothyroidism is more likely (odds ratio: 4.886; 95% CI: 2.768-8.627) [17]. Moreover,
hypothyroidism may be more common in individuals who have depression, and the presence of thyroid
peroxidase antibodies is linked to depressive symptoms. In patients receiving subclinical hypothyroidism
therapy with radioactive iodine (I-131) their Hamilton's Depression Rating scores were considerably higher.
Usage of levothyroxine and risk factors for depression were present in people with serum TSH levels of more
than 10mIU/L. The underlying genetic variation may exist in all persons and may play a secondary role in the
association between severe depressive disorders and disruptions in the hypothalamic-pituitary-thyroid
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(HPT) axis [21]. Lifelong serious depression is connected with the rs11206244 genotype in American
females. Both White and African persons have several genotypic variants including one in the 3 ′UTR of
DIO1 (rs11206244) and changed FT4 levels are linked to lifelong serious depression [21]. Despite the fact
that additional studies were unable to corroborate the relationship between the two variants of DIO1 with
depression, genetic changes that impair thyroid function may play a role in the development of severe
depression [22].

The effect of thyroid hormones T3/T4 on the cerebral tissues is shown in Table 1. Variations in the levels of
T3/T4 can lead to autoimmune diseases, cerebrovascular changes, and blood-brain barrier changes. It also
has an effect on neurotransmission and various metabolic activities in the body and also in gene
transcription. The process of inflammation and oxidation is also affected leading to inflammatory and
oxidative stress. Most importantly it has a role in psychiatric disorders. 

Effect of T3/T4 on the brain

Autoimmune disease  Cerebrovascular diseases  Blood-brain barrier changes

Neurotransmission  Oxidative stress   Metabolism  

Inflammatory stress  Gene transcription   Psychiatric disorders

TABLE 1: Effect of Thyroid Hormones on Cerebral Tissues

Association of thyroid-stimulating hormone and cognitive impairment
In middle-aged and older persons, overt hyperthyroidism as well as clinical and subclinical hypothyroidism
are linked to impaired memory, alteration in reaction time, and visuospatial organization. Previous
epidemiological studies have shown an affiliation between dementia and subclinical hyperthyroidism (SH)
or low serum TSH values, however, its association in the elderly population is unclear [23]. A condition
known as dementia is a clinical illness that is defined by a steady decline in cognitive ability and functional
impairment. About 1% of people in their 60s and 70s have dementia and it rises to 45% for older people in
the most advanced ages of 95 years and above. Despite the documented effects of clinical dementia,
cognitive performance in older adults is complex and dependent on several factors, and the effects of
thyroid diseases on cognitive function are poorly understood [23]. The connection between levels of thyroid
hormone (TH) and older people's cognitive function within the typical range of references is linked to
cognitive impairment. Given that thyroid hormone concentrations alter as people age increases and become
less cognitive it is often accompanied by physiological changes that come with age. Changes in thyroid
function could be tangentially connected to cognition as we age normally [23].

Hyperthyroidism together with dementia
The most likely cause of hyperthyroidism is toxic nodular goiter, which is accompanied by Graves' disease.
Thyrotoxicosis refers to thyroid malfunction brought on by iodine or medications; intentional
administration of high thyroid hormones is another frequent cause of thyrotoxicosis [24]. In patients with
dementia, household and close acquaintances are also impacted by the disease's progression and spread. The
three primary adverse consequences of dementia are cognitive deterioration, depression symptoms, and
mania [25]. Every time an aged patient's physical or mental functioning fluctuates, hyperthyroidism must be
taken into account [26]. Thyroid hormones are crucial for the normal performance of the psychological
function of the brain. This article is focused on both clinical and subclinical thyroid issues to determine the
causal connection between thyroid and memory loss. The leading causes of Alzheimer's disease (AD), i.e.
Lewy body dementia and frontal lobe dementia, are the degradation of the brain which accounts for around
70% of classic dementia cases [27]. In a study by George et al. with 12,481 participants, it was found that
hyperthyroid patients had a greater risk of dementia than euthyroid participants (hazard ratio (HR) (95% CI):
1.40 (1.02 - 1.92) [28]. Thyroid autoimmunity (AITD) and dementia (high or low) are at increased risk due to
abnormal thyroid hormone levels [28]. In a research of the psychiatric community upon admittance, the
prevalence of psychotic symptoms was greater in patients with positive thyroperoxidase antibody (TPO-Ab)
and individuals with low blood TSH, but the incidence of other illnesses like schizophrenia or some other
mental health issue did not change [29].

A study by Döbert et al. investigated the connection between both thyroid antibodies and thyrotropin (TSH)
and different types of dementia. Individuals with low or questionable TSH levels were shown to have a
greater risk of acquiring dementia, especially vascular dementia [30]. A cross-sectional hospital-based
investigation was conducted by Agarwal et al. on patients diagnosed with AD/vascular dementia (VaD) (114
Alzheimer's disease patients with a mean age of 65 and 35 VaD patients with a mean age of 62 years).
Subclinical AD and hyperthyroidism were associated significantly according to routine testing of free T3,
free T4, and TSH tests on 105 control volunteers with a standard age of 62 years [31]. As per research with a
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greater sample size, there is statistically compelling evidence that hyperthyroidism increases the likelihood
of dementia. Cognitive decline is linked with numerous thyroid conditions, involving hypothyroidism,
hyperthyroidism, and autoimmune thyroid diseases. The frequency of dementia is increased in hyperthyroid
diseases when compared to euthyroidism. The majority of studies have discovered evidence to back up the
hypothesis that increased thyroid hormone levels raise the risk of memory loss. The amyloid-beta protein
precursor (APP) gene's expression is regulated by thyroid hormone, according to research by Belandia et al.
[32,33]. Furthermore, in both in vitro and in vivo models, O'Barr et al. discovered that thyroid hormone
affects endogenous amyloid-beta precursor protein gene production and processing [34]. It is now known
that vascular risk factors and cardiovascular illness increase the likelihood of developing AD [35,36], hence it
is conceivable to find proof that thyroid dysfunction causes dementia through an inherent vascular
mechanism. Moreover, cardiovascular disease prevalence is increased by both clinical and sub-clinical
thyroid dysfunction [37-39]. The type 1 and type 2 deiodinase gene polymorphisms and iodothyronine levels
in the aged persons were found to be correlated in the Rotterdam Study by De Jong et al [40]. Patients with
hyperthyroidism were shown to have lower antioxidant metabolites and oxidative stress. Low levels of
thyroid hormone cause APP to express more, which boosts amyloid peptide and amyloid levels because of
which there is thyroid hormone activation and neuroserpins upregulation and there is less amyloid-beta
plaque clearance and eradication from the brain. Oxidative stress and a drop in the level of antioxidant
metabolites in hyperthyroid people cause neurodegeneration in the brain and neuronal death as stated in
the study by Bianchi et al. (2020). Dysfunction of thyroid-related vascular risk factors that lead to AD may be
the cause of the brain's degenerative alterations [41]. The overall quantity of tau protein was greater in
hyperthyroid patients [42].

Hyperthyroidism and mania
One of the most frequent causes of thyrotoxicosis is Graves' disease. The majority of patients suffering from
Graves' disease exhibit the traditional signs and symptoms of hyperthyroidism [43]. The way Graves' disease
manifests itself depends on the severity of the condition, period of hyperthyroidism, sex of the individual,
and other coexisting medical conditions [43]. Weight reduction, weariness, excessive sweating, shaking,
tachycardia, nervousness, sleep disturbance, and perspiration are the most typical symptoms of Graves'
disease. Individuals infrequently could exhibit psychosis, mania, or a mix of the two as their initial
presenting symptoms [44-46]. States of thyrotoxicosis have been linked to psychiatric disorders. With the
introduction of anti-thyroid medications, this appearance is becoming less common. Thyrotoxicosis and
hypothyroid states are linked to Basedow psychosis and myxedema madness respectively. A patient with
Graves' disease will experience irritability and hyperexcitability symptoms, but they rarely match the
standards for a mania diagnosis. It is uncertain what causes thyrotoxicosis-related behavioral disturbances
[47]. The hypothesis is that the hyperthyroid-induced hyperadrenergic system interferes with the adrenergic
pathway which unites the frontal lobe to the locus coeruleus, which controls concentration and alertness
[48]. Mania, psychosis, or a mix of the two may be Graves' disease manifestations. Therapeutic interventions
include beta-blockers and anti-thyroid medications with treatment, symptoms ought to bring out
improvements in the patients.

Hypothyroidism and depression
It has long been believed that there is a connection between hypothyroidism and depression, but it is
difficult to pinpoint exactly what is the connection. The relationship between thyroid function and
depression is still not well understood, despite the great number of studies. Although the specifics of this
relationship and what causes it have not been conclusively demonstrated, it is widely believed and taught in
medicine that hypothyroidism and depression are related. There are similarities in symptoms between
people with hypothyroidism and those who are profoundly depressed. The therapeutic use of thyroid
hormones in the treatment of depression supports this statement. The apparent anomalies in the
hypothalamic-pituitary-thyroid axis of depressed individuals are also seen. Thyroid hormones affect
noradrenergic and serotonergic neurotransmission, which are targets for current antidepressant
medications [49-53] and play a significant role in the etiology of depression.

Association of hypothyroidism with mania and depression
Numerous neuropsychiatric symptoms of hypothyroidism include depression, apathy, cognitive impairment,
psychosis, and affective disorders [54]. The Clinical Society of London's Committee on Myxoedema made the
initial connection between primary hypothyroidism and psychosis in 1888 [55]. This condition is a prevalent
clinical issue with a variety of physical manifestations. In his report on the subject from 1949, Asher
described "myxoedema madness," where severe hypothyroidism was linked to acute psychosis [56].
Forgetfulness, mental sluggishness, lethargy, and emotional lability are common signs of psychological
dysfunction in hypothyroidism. It's usual to have cognitive changes that affect one's ability to pay attention,
concentrate, perceive, and think quickly. The most frequent emotional condition seen in these people is
depression. Howland discovered in his meta-analysis that subclinical hypothyroidism affects about 50% of
people with resistant depression [56]. Patients who suffer from depression account for up to 20% of those
with detectable antithyroid antibodies [57]. People with advanced diseases often experience suicidal
thoughts, delusions, and hallucinations. Mania is frequently observed in conditions of hyperthyroidism,
although certain case reports also note the occurrence of the same condition in severe hypothyroidism [58].
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Mental disorders in association with Grave's disease
Thyroid disorders and mental illness are often interrelated. T3 has been intimately associated with
depression and anxiety due to its regulatory effects on serotonin and nor-adrenaline.

Influence of thyroid hormones on mood

In studies on population, it has been shown that a variety of psychosocial factors which includes traumas,
life events, everyday pressures, social support, and different personality qualities have an impact on the
incidence and exacerbation of mental disorders. From a scientific standpoint, the monoamine hypothesis
[59], which connects mental illnesses to the action of monoamine neurotransmitters, is the most compelling
explanation. In relation to thyroid hormones, triiodothyronine (T3) is known to control the levels and
activities of serotonin and noradrenaline [60]. Depression and anxiety disorders can be brought on by low
T3, and these illnesses are also associated with low serotonin and noradrenaline levels. According to a meta-
analysis, 25% of cases with resistant depression were successfully treated when T3 was added to tricyclic
antidepressants [61]. Serotonin and noradrenaline levels rise as a result of T3's effects. Throughout episodes
of depression, the hypothalamus releases greater thyrotropin-releasing hormone (TRH), which raises
serotonin levels in the brain. The reason for this is that serotonin suppresses TRH, which in turn leads the
pituitary to release thyrotropins, which in turn induces the thyroid to generate thyroxine (T4) and T3. GD
commonly coexists with disorders including depression, anxiety, and mental disease. Both biological
influences, such as the impact of thyroid hormones, and psychological factors such as stress and disease
awareness, may affect how quickly an illness will progress. Patients with GD and hyperthyroidism may
benefit from antipsychotic medications and psychotherapies based on the bio-psycho-social medical model.

Autoimmune Hashimoto encephalopathy
Increased levels of thyroid autoantibodies in the serum and cerebrospinal fluid (CSF) are the hallmarks of an
uncommon neuropsychiatric condition known as autoimmune Hashimoto's encephalopathy, which is
extremely sensitive to glucocorticoid therapy [62]. Elevated thyroid autoantibody levels in the blood and
cerebrospinal fluid (CSF), which are very susceptible to glucocorticoid treatment, are a defining feature of
autoimmune Hashimoto encephalopathy, a rare neuropsychiatric illness [62]. Around 85% of the cases are of
females aged between 40 to 50 years; however, men often manifest more serious neuropsychiatric
symptoms [63]. Clinical signs of Hashimoto encephalopathy might range from headaches to personality
changes, dementia, delusional behavior, seizures, ataxia, aphasia, and even coma, and hallucinations [63].
There are typically two types of Hashimoto encephalopathy distinguished by certain tendencies; one is a
vasculitic syndrome that "resembles a stroke" and recurs frequently, and the other is a silent, slowly
progressing cognitive and psychotic disorder with localized symptoms [63]. The neuropsychiatric disorders
linked to thyroid dysfunction are a result of alterations in neurotransmission, brain metabolism, and blood-
brain barrier (BBB) function brought on by thyroid hormones.

Conclusions
Thyroid diseases can present with various neuropsychiatric manifestations with or without any overt
clinical signs along the temporal course of illness. So while dealing with neurocognitive/neuropsychiatric
manifestations, thyroid disorder should be ruled out by appropriate thyroid function tests which include
TSH, free T3, free T4, reverse T3, and thyroid antibody tests.
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