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Abstract

Background: Thyroid hormones play a key role in metabolic, cardiovascular, neuromuscular,

and central nervous system regulation. Consequently, thyroid dysfunction may impair

physical performance, mental health, and overall quality of life. Physical activity has been

proposed as a supportive strategy that may beneficially influence both thyroid-related

outcomes and psychological well-being.

Aim: This narrative review aimed to summarize current evidence regarding the

interrelationships between thyroid function, mental health, and physical activity, with

emphasis on potential mechanisms and clinical implications.
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Materials and Methods: A narrative review of the literature was conducted using recent

clinical studies, cohort studies, randomized trials, and meta-analyses addressing thyroid

disorders, exercise, depression, anxiety, and related endocrine mechanisms.

Results: Both hypothyroidism and hyperthyroidism are associated with reduced exercise

tolerance, fatigue, mood disturbances, and lower quality of life, with autoimmune thyroid

diseases adding further psychological burden. Moderate physical activity improves mood,

functional capacity, and metabolic health, while excessive exercise and low energy

availability may disrupt hormonal balance. These relationships are multidirectional and

involve hormonal, inflammatory, and behavioral mechanisms.

Conclusions: Thyroid function, mental health, and physical activity are closely

interconnected. Moderate, individualized exercise may represent an important adjunctive

strategy in patients with thyroid disorders. Integrated multidisciplinary care and further

prospective studies are needed to clarify causal mechanisms and optimize management

strategies.

Keywords

Thyroid function, Hypothyroidism, Hyperthyroidism, Autoimmune thyroid disease, Physical

activity, Exercise, Mental health,

1. Introduction

Thyroid hormones play a fundamental role in the regulation of multiple physiological systems,

including metabolic, cardiovascular, musculoskeletal, and central nervous system function.

Consequently, disturbances in thyroid function may have wide-ranging clinical consequences,

significantly affecting both physical and mental health as well as the ability to engage in

regular physical activity [1]. Both hypothyroidism and hyperthyroidism are associated with

reduced exercise tolerance, muscle weakness, and an increased risk of complications such as

cardiac arrhythmias and musculoskeletal injuries, which may further limit physical

performance and overall functional capacity [1,3].

At the same time, physical activity has been recognized as an important non-pharmacological

intervention that may support the management of thyroid disorders. Regular exercise has been

shown to improve quality of life, reduce fatigue, and enhance metabolic and muscular

function in patients with thyroid dysfunction [1,9]. However, the effects of physical activity
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on thyroid hormone levels remain inconsistent and appear to depend on factors such as

exercise intensity, duration, and individual characteristics. Acute and chronic exercise may

lead to changes in thyroid-stimulating hormone (TSH) and thyroxine (T4) levels, while the

response of triiodothyronine (T3) remains variable, reflecting the complex and multifactorial

nature of this relationship [1,24].

Emerging evidence suggests that the relationship between physical activity and thyroid

function may be non-linear. Moderate levels of physical activity appear to be associated with

a more favorable hormonal profile, including higher free thyroxine (fT4) concentrations and

lower TSH and thyroid peroxidase antibody (TPOAb) levels, indicating potential benefits for

hormonal homeostasis and reduced autoimmune activity [2]. In contrast, both low and very

high levels of physical activity may be less beneficial or even detrimental, highlighting the

importance of appropriate exercise prescription [2,13,23]. Additionally, the effects of physical

activity may vary depending on sex, body composition, and metabolic status, with particularly

favorable associations observed in women and individuals with overweight or obesity [2].

Autoimmune thyroid diseases, such as Hashimoto’s thyroiditis, further complicate this

relationship. These conditions are characterized by immune system dysregulation and

progressive thyroid gland damage, leading to impaired physical performance and reduced

exercise capacity [3]. Moderate physical activity may exert beneficial immunomodulatory and

anti-inflammatory effects, including increased regulatory T-cell activity and reduced pro-

inflammatory responses, which may help mitigate autoimmune processes and improve thyroid

function [3]. Conversely, excessive physical exertion may induce oxidative stress and

transient immune suppression, potentially exacerbating disease activity [3,24].

In parallel, a substantial body of evidence highlights a strong association between thyroid

dysfunction and mental health. Both hypothyroidism and hyperthyroidism have been linked to

an increased risk of psychiatric symptoms, including depression, anxiety, cognitive

impairment, and reduced treatment responsiveness in psychiatric disorders [4-6]. This

relationship is bidirectional, as alterations in thyroid function may influence central nervous

system activity, while chronic stress, neuroendocrine dysregulation, and psychiatric

treatments may disrupt the hypothalamic–pituitary–thyroid (HPT) axis [4,20,30].

Particular attention has been given to autoimmune mechanisms, as the presence of thyroid

autoantibodies has been associated with an increased risk of depressive and anxiety symptoms,

even in the absence of overt hormonal abnormalities [4,7]. Meta-analyses indicate that

individuals with autoimmune thyroid diseases have significantly higher rates of depression

and anxiety compared to healthy populations, underscoring the importance of immunological
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pathways in the interaction between thyroid function and mental health [7]. Furthermore,

hypothyroidism has been identified as a potential contributor to treatment-resistant depression,

and appropriate thyroid hormone replacement may improve psychiatric outcomes in selected

patients [5].

Importantly, physical activity is also well established as an effective intervention for

improving mental health. Numerous meta-analyses have demonstrated that regular exercise

exerts significant antidepressant effects, particularly in individuals with major depressive

disorder, with benefits comparable to pharmacological and psychotherapeutic interventions in

some cases [14,15]. These effects are mediated through a combination of biological

mechanisms, including improved neuroplasticity, reduced inflammation, and modulation of

neuroendocrine function, as well as psychosocial factors such as enhanced self-efficacy and

social interaction [16].

Taken together, these findings suggest the existence of a complex and multidirectional

relationship between thyroid function, mental health, and physical activity. Thyroid

dysfunction may impair both physical and psychological functioning, reducing the capacity

and motivation for exercise, while physical activity may, in turn, influence hormonal balance,

immune processes, and mental well-being. Additionally, psychological stress and mental

health disorders may further modulate thyroid function through neuroendocrine and

immunological pathways [20,30].

Despite growing interest in this area, the available evidence remains fragmented and, in some

cases, inconsistent. The heterogeneity of study designs, populations, and outcome measures,

as well as the lack of longitudinal and mechanistic studies, limit the ability to draw definitive

conclusions regarding causality and optimal clinical recommendations.

Therefore, the aim of this narrative review is to synthesize current evidence on the

interrelationships between thyroid function, mental health, and physical activity, with

particular emphasis on underlying mechanisms, clinical implications, and potential directions

for future research.

2. Epidemiology of Thyroid Disorders and Mental Health

Thyroid disorders are among the most common endocrine diseases worldwide and constitute a

major public health concern due to their high prevalence, chronic course, and broad systemic

consequences. Both hypothyroidism and hyperthyroidism affect millions of individuals

globally, with women being disproportionately burdened, particularly in the case of
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autoimmune thyroid diseases such as Hashimoto’s thyroiditis [4,7,25]. In addition to their

metabolic and somatic manifestations, thyroid disorders are increasingly recognized as

important contributors to impaired mental health, reduced quality of life, and diminished

functional capacity [4-7].

Hypothyroidism, including its subclinical form, is especially prevalent in adult and older

populations. Epidemiological studies indicate that subclinical hypothyroidism occurs

relatively frequently in the general population, although prevalence estimates vary depending

on age, sex, iodine status, and diagnostic criteria [8,23,27]. Importantly, the burden of thyroid

dysfunction is not limited to overt endocrine disease. Even mild abnormalities in thyroid

hormone regulation may be associated with fatigue, reduced exercise tolerance, cognitive

complaints, and mood disturbances, all of which may impair everyday functioning and well-

being [1,5,21].

A growing body of population-based evidence suggests that thyroid disorders are closely

linked to mental health problems, particularly depression and anxiety [4,6,7,19,20]. Untreated

hypothyroidism has been associated with higher levels of depressive symptoms and anxiety,

while untreated hyperthyroidism has also been linked to an increased risk of major depressive

episodes [6]. Meta-analytic evidence further indicates that autoimmune thyroiditis is

associated with a markedly increased risk of both depression and anxiety disorders, with

affected individuals more frequently reporting clinically significant psychological symptoms

than healthy controls [7]. Similarly, subclinical hypothyroidism has been associated with an

elevated risk of depression in some studies, although this relationship appears to be influenced

by age and may be more pronounced in younger adults than in older populations [8,27].

The epidemiology of thyroid dysfunction and mental health is further complicated by the

apparent bidirectionality of this relationship. While thyroid disease may contribute to the

development or exacerbation of psychiatric symptoms, mental health disorders may also

increase the risk of subsequent thyroid dysfunction [4,20,30]. In a large prospective cohort

study based on UK Biobank data, symptoms of depression and anxiety were associated with a

higher long-term risk of developing both hypothyroidism and hyperthyroidism, with risk

increasing alongside symptom severity [20]. These findings suggest that mental disorders may

not only coexist with thyroid disease but may also precede and potentially contribute to its

onset.

Sex differences also play an important epidemiological role. Women are more likely to

develop both thyroid disorders and depression, which may partly explain the frequent overlap

of these conditions in clinical populations [19,20,25]. Some studies additionally suggest that
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the association between thyroid function and depressive symptoms may be stronger in women,

although sex-specific patterns may vary depending on the type of thyroid disorder and the

psychiatric outcome analyzed [19,20]. Age is another important modifying factor. For

example, while subclinical hypothyroidism has been associated with depression in younger

adults, this relationship appears less consistent in older individuals, in whom mild TSH

elevation may more often reflect physiological aging rather than clinically meaningful thyroid

pathology [8,28].

The epidemiological burden of coexisting thyroid dysfunction and mental health symptoms is

particularly relevant in patients with autoimmune thyroid diseases. Hashimoto’s thyroiditis,

the most common cause of hypothyroidism in iodine-sufficient regions, has been repeatedly

associated with depressive symptoms, reduced quality of life, and impaired psychological

well-being [7,25]. In women with Hashimoto’s disease, depressive symptoms appear to be

relatively common, and their severity may be associated not only with endocrine disturbances

but also with lifestyle-related factors such as low physical activity and suboptimal diet quality

[25]. This highlights the importance of considering thyroid disease not solely as an endocrine

disorder, but as a multidimensional condition involving metabolic, immunological, and

psychological components.

At the same time, not all epidemiological findings support a simple linear association between

thyroid hormone levels and mental health. Some studies have shown that both low and high

TSH levels may be associated with increased depressive symptoms, suggesting a U-shaped

relationship [19]. In contrast, Mendelian randomization analyses have not confirmed a clear

causal relationship between small variations in TSH or free thyroxine within the reference

range and major depression, indicating that some observed associations may reflect

confounding factors rather than direct causality [22]. Likewise, interventional studies in

patients treated with levothyroxine have shown that minor dose adjustments leading to

different TSH levels within or near the normal range do not necessarily improve mood,

cognition, or quality of life [21,28]. These observations underscore the complexity of the

epidemiological relationship between thyroid function and mental health.

Overall, current evidence indicates that thyroid disorders and mental health problems

frequently coexist and may influence each other through endocrine, immunological, and

psychosocial pathways [4,7,20,30]. Their high prevalence, especially among women and

individuals with autoimmune thyroid disease, emphasizes the need for integrated clinical

assessment and early recognition of psychiatric symptoms in patients with thyroid

dysfunction. At the population level, these findings also support the importance of preventive
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strategies and multidisciplinary care aimed at addressing both endocrine and psychological

aspects of health.

3. Thyroid Function and Mental Health

Thyroid hormones play a critical role in the regulation of central nervous system function,

influencing neurodevelopment, neurotransmission, and overall brain homeostasis.

Triiodothyronine (T3), the biologically active form of thyroid hormone, exerts its effects

through nuclear receptors widely distributed in the brain, including regions responsible for

mood regulation, cognition, and emotional processing, such as the hippocampus and

prefrontal cortex [4,5]. Consequently, even subtle disturbances in thyroid function may

contribute to significant neuropsychiatric manifestations.

Both hypothyroidism and hyperthyroidism have been consistently associated with a broad

spectrum of mental health disorders, particularly depression and anxiety [4-6].

Hypothyroidism is commonly linked to symptoms such as low mood, fatigue, cognitive

slowing, and decreased motivation, which may resemble or overlap with major depressive

disorder [5]. In more severe cases, it may lead to clinically significant depression, and in rare

instances, psychotic symptoms. Importantly, hypothyroidism has also been identified as a

potential contributing factor in treatment-resistant depression, with some patients

demonstrating improvement following appropriate thyroid hormone replacement [5].

In contrast, hyperthyroidism is typically associated with symptoms of increased psychological

arousal, including anxiety, irritability, restlessness, and emotional instability [6]. Patients with

excess thyroid hormone levels may also experience sleep disturbances, impaired

concentration, and, in severe cases, mood disorders or psychosis. Although the clinical

presentations of hypo- and hyperthyroidism differ, both conditions are associated with

impaired quality of life and reduced psychological well-being.

The relationship between thyroid function and mental health is complex and appears to

involve multiple neurobiological mechanisms. One key pathway is the modulation of

neurotransmitter systems. Thyroid hormones influence serotonergic, dopaminergic, and

noradrenergic signaling, all of which play essential roles in mood regulation and emotional
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processing [4,5]. Alterations in thyroid hormone levels may therefore disrupt neurotransmitter

balance, contributing to the development of depressive and anxiety symptoms.

Another important mechanism involves the hypothalamic-pituitary-thyroid (HPT) axis and its

interaction with the hypothalamic-pituitary-adrenal (HPA) axis, which regulates the stress

response. Chronic stress and elevated cortisol levels may suppress thyroid function by

inhibiting thyrotropin-releasing hormone (TRH) and thyroid-stimulating hormone (TSH)

secretion, leading to a state of relative hypothyroidism [4,20]. Conversely, thyroid

dysfunction may alter stress reactivity and increase vulnerability to psychiatric disorders,

highlighting the bidirectional nature of this relationship.

Autoimmune processes also play a significant role in linking thyroid function with mental

health. The presence of thyroid autoantibodies, such as thyroid peroxidase antibodies

(TPOAb), has been associated with an increased risk of depressive and anxiety symptoms,

even in individuals with normal thyroid hormone levels [4,7]. This suggests that immune-

mediated mechanisms, including chronic low-grade inflammation and altered cytokine

profiles, may contribute to neuropsychiatric manifestations independently of overt hormonal

abnormalities.

In recent years, increasing attention has been given to the concept of “brain hypothyroidism,”

in which normal peripheral thyroid hormone levels do not necessarily reflect adequate

hormone availability or activity within the central nervous system [5]. This phenomenon may

help explain why some patients continue to experience depressive symptoms despite

achieving biochemical euthyroidism with standard levothyroxine therapy. It also underscores

the limitations of relying solely on serum thyroid markers in the assessment of

neuropsychiatric outcomes.

Despite strong observational associations, the causal relationship between thyroid function

and mental health remains a subject of ongoing debate. While many studies demonstrate

correlations between thyroid hormone levels and psychiatric symptoms, others suggest that

these associations may be influenced by confounding factors such as comorbid conditions,

medication use, and lifestyle variables [21,22]. Furthermore, interventional studies indicate

that small variations in thyroid hormone levels within the normal range do not consistently

translate into clinically meaningful improvements in mood or cognition [21,28].
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Nevertheless, from a clinical perspective, the interaction between thyroid function and mental

health has important implications. Screening for thyroid dysfunction is recommended in

patients presenting with depressive or anxiety symptoms, particularly in cases of treatment

resistance or atypical clinical features [5]. Similarly, clinicians managing patients with thyroid

disorders should be aware of the increased risk of psychiatric comorbidities and consider

integrated approaches that address both endocrine and psychological aspects of care.

Overall, current evidence supports a multidimensional and bidirectional relationship between

thyroid function and mental health, involving endocrine, neurobiological, and immunological

mechanisms. Further research is needed to clarify causal pathways and to identify optimal

strategies for diagnosis and treatment in patients with coexisting thyroid and psychiatric

disorders.

4. Physical Activity and Thyroid Function

Physical activity and thyroid function are closely interconnected, with thyroid disorders

exerting significant effects on exercise capacity and, conversely, physical activity influencing

endocrine regulation. Thyroid dysfunction affects multiple physiological systems, including

cardiovascular, metabolic, and musculoskeletal function, which may substantially limit the

ability to engage in regular physical activity [1,3]. Both hypothyroidism and hyperthyroidism

are associated with reduced exercise tolerance, muscle weakness, and an increased risk of

complications such as cardiac arrhythmias and musculoskeletal injuries, ultimately impairing

physical performance and functional capacity [1].

Despite these limitations, physical activity is increasingly recognized as an important

supportive intervention in the management of thyroid disorders. Regular exercise has been

shown to improve quality of life, reduce fatigue, and enhance metabolic and muscular

function in affected individuals [1,9,26]. However, the direct effects of physical activity on

thyroid hormone levels remain inconsistent and appear to depend on factors such as exercise

intensity, duration, training status, and individual characteristics [1,24]. Acute exercise may

lead to transient increases in thyroid-stimulating hormone (TSH) and thyroxine (T4), while

triiodothyronine (T3) responses are more variable, reflecting the complexity of endocrine

adaptations to physical stress [24].
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A growing body of evidence suggests that the relationship between physical activity and

thyroid function may be non-linear. Moderate levels of physical activity appear to be

associated with a more favorable hormonal profile, including higher free thyroxine (fT4)

concentrations and lower TSH and thyroid peroxidase antibody (TPOAb) levels, indicating

potential benefits for hormonal homeostasis and reduced autoimmune activity [2]. In contrast,

both insufficient and excessive levels of physical activity may be less beneficial or even

detrimental. Population-based analyses have demonstrated U-shaped or L-shaped associations

between physical activity and thyroid parameters, suggesting the existence of an optimal

range of exercise intensity and volume [13,23].

These associations may be further modified by individual factors such as sex, age, and body

composition. For example, beneficial relationships between moderate physical activity and

thyroid function have been observed particularly in women and individuals with overweight

or obesity [2]. Age also appears to play a role, as the protective association between physical

activity and subclinical hypothyroidism is more pronounced in individuals under 60 years of

age [23]. Such findings highlight the importance of individualized exercise recommendations

in clinical practice.

In patients with autoimmune thyroid diseases, including Hashimoto’s thyroiditis, physical

activity may exert additional immunomodulatory effects. Moderate exercise has been

associated with increased regulatory T-cell activity and reduced inflammatory responses,

potentially contributing to decreased autoimmune activity and lower levels of thyroid

autoantibodies [3,12]. Moreover, recreational physical activity appears to have more favorable

effects on hormonal and immunological parameters than occupational physical activity, which

may be associated with chronic stress and insufficient recovery [12]. These observations

support the concept of a “physical activity paradox,” in which the health effects of exercise

depend not only on its intensity but also on its context and psychosocial characteristics.

Conversely, excessive physical activity, particularly when combined with inadequate energy

availability, may negatively affect thyroid function. Conditions such as relative energy

deficiency in sport (RED-S) are associated with disruptions in endocrine function, including

suppression of the hypothalamic-pituitary-thyroid (HPT) axis and reduced levels of thyroid

hormones [18]. Similarly, prolonged or high-intensity exercise may induce a “low T3
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syndrome,” reflecting an adaptive response aimed at conserving energy under conditions of

metabolic stress [24]. These findings indicate that excessive training loads, especially without

adequate nutritional support, may impair hormonal balance and overall health.

Interventional studies provide further insight into the potential benefits of structured exercise

programs. Meta-analyses of randomized controlled trials suggest that long-term exercise

interventions, particularly those combining aerobic and resistance training, may lead to

reductions in TSH and increases in T4 levels in individuals with hypothyroidism [9,26]. At

the same time, some studies report improvements in cardiovascular fitness, metabolic

parameters, and quality of life without significant changes in thyroid hormone levels,

indicating that functional benefits of exercise may occur independently of direct endocrine

modulation [11].

Additionally, experimental studies suggest that physical activity may influence thyroid

function indirectly through its effects on stress regulation and neuroendocrine balance.

Exercise has been shown to modulate the interaction between the hypothalamic-pituitary-

adrenal (HPA) and HPT axes, potentially counteracting the negative effects of chronic stress

on thyroid function [10,24,30]. This interaction is particularly relevant given the established

links between stress, mental health, and thyroid dysfunction.

Overall, current evidence indicates that physical activity exerts a complex and

multidirectional influence on thyroid function. While moderate, well-balanced exercise

appears to support hormonal homeostasis, immune regulation, and overall health, both

insufficient and excessive physical activity may have unfavorable effects. The heterogeneity

of study findings, however, highlights the need for further well-designed longitudinal and

interventional studies to establish clear recommendations regarding the optimal type, intensity,

and duration of physical activity for individuals with thyroid disorders.

5. Physical Activity and Mental Health

Physical activity is widely recognized as an effective non-pharmacological intervention for

improving mental health across diverse populations. A substantial body of evidence,

including meta-analyses of randomized controlled trials, demonstrates that regular exercise

significantly reduces symptoms of depression and anxiety, with effects comparable to
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pharmacological and psychotherapeutic interventions in some cases [14,15]. These findings

highlight the important role of physical activity as both a preventive and therapeutic strategy

in mental health care.

The antidepressant effects of physical activity are particularly well documented in individuals

with major depressive disorder (MDD). Exercise interventions, especially those involving

aerobic training of moderate to high intensity, have been shown to produce clinically

meaningful reductions in depressive symptoms [14]. The effectiveness of such interventions

appears to be enhanced when they are supervised and structured, suggesting that adherence,

guidance, and social support may play a key role in achieving optimal outcomes [14,15]. In

addition to depression, physical activity has also been associated with improvements in

anxiety, stress-related disorders, and overall psychological well-being [15].

The mechanisms underlying the beneficial effects of physical activity on mental health are

complex and multifactorial, involving both biological and psychosocial pathways. From a

biological perspective, exercise promotes neuroplasticity and neurogenesis, particularly in

brain regions such as the hippocampus, which are closely linked to mood regulation [16].

Physical activity also influences neurotransmitter systems, including serotonin, dopamine, and

norepinephrine, thereby contributing to improved emotional regulation and reduced

depressive symptoms [16].

In addition, exercise exerts anti-inflammatory and antioxidative effects, which may counteract

biological processes associated with the development of depression and anxiety. Chronic low-

grade inflammation and oxidative stress have been implicated in the pathophysiology of mood

disorders, and regular physical activity has been shown to reduce inflammatory markers and

improve systemic homeostasis [16]. Furthermore, physical activity modulates neuroendocrine

function, including the regulation of the hypothalamic-pituitary-adrenal (HPA) axis, leading

to improved stress resilience and more adaptive hormonal responses [16,30].

Psychosocial mechanisms also play a crucial role in mediating the mental health benefits of

physical activity. Engagement in exercise can enhance self-esteem, increase perceived self-

efficacy, and provide a sense of achievement, all of which contribute to improved

psychological well-being [16]. Additionally, participation in physical activity-particularly in
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group or supervised settings-may promote social interaction and reduce feelings of isolation,

which are important factors in the prevention and treatment of mental health disorders.

Importantly, the relationship between physical activity and mental health may also be

influenced by the type and context of exercise. Evidence suggests that not all forms of

physical activity produce the same psychological benefits. For example, voluntary and

recreational activities may be associated with greater improvements in mental well-being

compared to obligatory or work-related physical exertion, which may be accompanied by

stress and limited recovery opportunities [12]. Similarly, unstructured and enjoyable forms of

physical activity may be particularly beneficial for psychological health, as they are more

likely to promote intrinsic motivation and long-term adherence [17].

The dose–response relationship between physical activity and mental health outcomes also

appears to be non-linear. Moderate levels of physical activity are generally associated with the

greatest psychological benefits, whereas both insufficient and excessive exercise may be less

effective or even detrimental [14,18]. Excessive training, particularly in the context of low

energy availability, may contribute to the development of conditions such as relative energy

deficiency in sport (RED-S), which is associated not only with physiological disturbances but

also with an increased risk of mood disorders, anxiety, and impaired stress coping [18].

It is also important to consider that mental health can influence physical activity behavior.

Individuals experiencing depression or anxiety often report reduced motivation, fatigue, and

decreased engagement in physical activity, which may create a negative feedback loop,

further exacerbating psychological symptoms [15]. This bidirectional relationship underscores

the importance of tailored interventions that address both psychological and physical barriers

to exercise participation.

Overall, current evidence supports a strong and multidimensional relationship between

physical activity and mental health. Regular, appropriately prescribed exercise can lead to

significant improvements in mood, cognitive function, and overall well-being through a

combination of biological and psychosocial mechanisms. However, the variability in

individual responses and the influence of contextual factors highlight the need for

personalized approaches to physical activity interventions, particularly in populations with

coexisting physical and mental health conditions.
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6. Integrative Perspective: Interactions Between Thyroid Function, Mental Health and

Physical Activity

The relationship between thyroid function, mental health, and physical activity is complex,

multidirectional, and mediated by overlapping endocrine, neurobiological, and immunological

mechanisms. Rather than representing independent domains, these three components form an

interconnected system in which alterations in one area may influence the others through

multiple feedback pathways.

Thyroid dysfunction may act as a central factor disrupting both physical and psychological

functioning. Impaired thyroid hormone regulation can negatively affect metabolic processes,

neuromuscular performance, and central nervous system activity, leading to reduced exercise

capacity, fatigue, and diminished motivation for physical activity [1,4,5]. At the same time,

thyroid disorders are strongly associated with depressive and anxiety symptoms, cognitive

impairment, and reduced quality of life, which may further limit engagement in regular

physical activity [4-7]. This creates a potential negative cycle in which endocrine dysfunction

contributes to both physical inactivity and psychological distress.

Conversely, physical activity may influence both thyroid function and mental health through a

range of physiological mechanisms. Regular exercise has been shown to modulate the

hypothalamic-pituitary-thyroid (HPT) axis, improve metabolic regulation, and exert anti-

inflammatory and immunomodulatory effects, which may be particularly relevant in

autoimmune thyroid diseases [3,24]. In parallel, physical activity positively affects mental

health by enhancing neuroplasticity, regulating neurotransmitter systems, and improving

stress resilience through modulation of the hypothalamic-pituitary-adrenal (HPA) axis [16,30].

These combined effects suggest that physical activity may serve as a key mediating factor

linking endocrine and psychological processes.

An important element of this interaction is the role of stress and neuroendocrine regulation.

Chronic psychological stress, frequently observed in depression and anxiety disorders, may

disrupt thyroid function by altering the activity of the HPT axis and increasing cortisol levels

through activation of the HPA axis [20,30]. Elevated cortisol may suppress thyroid hormone

production and peripheral conversion, contributing to a state of relative hypothyroidism. At
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the same time, thyroid dysfunction may increase vulnerability to stress and impair adaptive

responses, reinforcing the bidirectional relationship between endocrine and psychological

systems.

Immune mechanisms represent another critical link between thyroid function and mental

health. Autoimmune thyroid diseases are associated with chronic low-grade inflammation and

altered cytokine profiles, which may contribute to the development of depressive and anxiety

symptoms independently of hormonal abnormalities [4,7]. Physical activity may partially

counteract these processes by reducing systemic inflammation and promoting immune

regulation, including increased regulatory T-cell activity [3]. This highlights the potential role

of exercise as a modulator of the immune-endocrine-brain axis.

The concept of energy availability provides further insight into the interaction between

physical activity and thyroid function. Both insufficient physical activity and excessive

exercise, particularly in the context of low energy availability, may disrupt hormonal balance.

Conditions such as relative energy deficiency in sport (RED-S) illustrate how chronic energy

imbalance can lead to suppression of endocrine function, including alterations in thyroid

hormones, alongside negative effects on mental health, such as increased risk of depression,

anxiety, and impaired stress coping [18]. These findings emphasize that not only the presence

of physical activity, but also its intensity, volume, and nutritional context, are critical

determinants of its overall impact.

Importantly, the relationship between these three domains appears to be non-linear. Moderate

levels of physical activity are consistently associated with the most favorable outcomes in

terms of hormonal balance, immune function, and psychological well-being, whereas both

low and excessive levels may be associated with adverse effects [2,13,23]. This U-shaped

pattern underscores the importance of individualized and well-balanced exercise prescriptions,

particularly in populations with thyroid disorders or mental health conditions.

From a clinical perspective, the interaction between thyroid function, mental health, and

physical activity has important implications for patient management. Individuals with thyroid

disorders should be assessed not only in terms of endocrine parameters, but also with regard

to psychological well-being and lifestyle factors, including physical activity levels. Similarly,

patients presenting with depression or anxiety may benefit from evaluation of thyroid function
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and targeted lifestyle interventions that include appropriately tailored exercise programs

[5,20]. An integrated, multidisciplinary approach involving endocrinologists, mental health

professionals, and exercise specialists may therefore provide the most effective strategy for

improving patient outcomes.

Despite growing interest in this field, the current body of evidence remains limited by

heterogeneity in study design, population characteristics, and outcome measures. Many

studies are cross-sectional, making it difficult to establish causal relationships, and there is a

lack of large-scale longitudinal and mechanistic research exploring the interaction between

these domains. Future studies should aim to clarify the directionality of these relationships

and to identify optimal types and doses of physical activity for different patient populations.

In summary, thyroid function, mental health, and physical activity are closely interconnected

through a network of endocrine, neurobiological, and immunological pathways. Physical

activity may play a central role in this system, acting as both a mediator and a potential

therapeutic tool. A better understanding of these interactions may contribute to the

development of more comprehensive and personalized approaches to the prevention and

management of both thyroid disorders and mental health conditions.

7. Discussion

The present narrative review highlights the complex and multidirectional relationship between

thyroid function, mental health, and physical activity. Current evidence suggests that thyroid

dysfunction may negatively influence both psychological well-being and physical

performance, while appropriately prescribed physical activity may exert beneficial effects on

endocrine regulation, mood, and overall quality of life [1,4,9,14]. At the same time, mental

health disorders and chronic stress may further modulate thyroid function through

neuroendocrine and immunological pathways, indicating the presence of reciprocal

interactions between these domains [20,30].

One of the most clinically relevant findings is the strong association between thyroid

disorders and mental health symptoms, particularly depression and anxiety. Both

hypothyroidism and hyperthyroidism have been linked to impaired mood, reduced cognitive

performance, fatigue, and diminished quality of life [4-7]. These effects are likely mediated
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through several mechanisms, including altered neurotransmitter activity, dysregulation of the

hypothalamic-pituitary-thyroid (HPT) axis, interactions with the hypothalamic-pituitary-

adrenal (HPA) axis, and immune activation [4,5,20]. Autoimmune thyroid diseases appear

especially important in this context, as depressive and anxiety symptoms may occur even in

the absence of overt hormonal abnormalities, suggesting an independent contribution of

inflammatory and autoimmune processes [4,7].

Another important observation concerns the role of physical activity as a potentially valuable

adjunctive strategy in patients with thyroid disorders. Regular exercise has been associated

with improvements in fatigue, cardiovascular fitness, muscle function, and psychological

well-being [1,9,26]. In individuals with hypothyroidism, structured exercise programs may

reduce TSH levels, improve functional capacity, and enhance quality of life, although the

magnitude of endocrine changes remains inconsistent across studies [9,11,26]. Similarly,

moderate physical activity may have favorable immunomodulatory effects in autoimmune

thyroid disease, potentially reducing inflammatory burden and improving clinical outcomes

[3,12].

However, the relationship between physical activity and thyroid function does not appear to

be uniformly beneficial. Several studies suggest a non-linear or U-shaped association, in

which moderate levels of exercise are associated with the most favorable hormonal and

psychological outcomes, whereas sedentary behavior and excessive training loads may be

associated with adverse effects [2,13,23]. This is particularly relevant in athletes and highly

active individuals exposed to low energy availability or overtraining, where endocrine

suppression, low T3 states, mood disturbances, and impaired recovery may occur [18,24].

These findings emphasize that exercise prescription should be individualized and balanced

rather than universally intensified.

The review also underscores the bidirectional role of mental health in thyroid disease.

Depression, anxiety, and chronic psychological stress may increase the future risk of thyroid

dysfunction, potentially through persistent HPA-axis activation, elevated cortisol levels,

immune dysregulation, sleep disturbances, and unhealthy lifestyle behaviors [19,20,29,30].

This suggests that mental health disorders should not only be viewed as consequences of

thyroid disease, but also as possible contributors to its development and progression [20].
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From a practical perspective, these findings support a more integrated clinical model. Patients

presenting with thyroid disorders may benefit from routine screening for depressive and

anxiety symptoms, fatigue, sleep problems, and physical inactivity [5,7]. Likewise,

individuals with persistent mood disorders, reduced motivation, or treatment-resistant

depression may warrant evaluation of thyroid function [5]. Multidisciplinary management

involving endocrinologists, mental health professionals, dietitians, and exercise specialists

may offer the greatest potential for improving long-term outcomes [4,15].

Despite growing interest in this field, the available evidence has several limitations. Many

studies are cross-sectional, preventing causal inference [2,12,23]. Considerable heterogeneity

exists regarding study populations, diagnostic criteria, exercise protocols, and psychological

outcome measures [9,14]. In addition, many studies rely on self-reported physical activity or

symptom questionnaires, which may introduce bias [17,23]. There is also a lack of large

longitudinal studies and mechanistic trials examining how exercise modifies thyroid-related

psychological symptoms or how thyroid treatment influences exercise behavior over time

[20,22].

Future research should focus on prospective and randomized studies evaluating the optimal

type, intensity, and duration of physical activity in patients with specific thyroid disorders

[9,26]. Further investigation is also needed into sex differences, age-related effects,

autoimmune mechanisms, and the role of stress biology in thyroid–brain interactions

[7,8,19,30]. Personalized lifestyle interventions combining exercise, nutrition, sleep

optimization, and psychological support may represent a promising direction for future

clinical care [15,25].

Overall, the current evidence indicates that thyroid function, mental health, and physical

activity are deeply interconnected. Recognizing these relationships may improve prevention

strategies, clinical assessment, and therapeutic outcomes in individuals affected by thyroid

disease or mental health disorders [1,4,14,20].

8. Conclusions

Current evidence indicates that thyroid function, mental health, and physical activity are

closely interconnected through endocrine, neurobiological, immunological, and behavioral
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pathways. Both hypothyroidism and hyperthyroidism may negatively affect psychological

well-being, cognitive performance, exercise tolerance, and overall quality of life, while

mental health disorders may also contribute to the development or progression of thyroid

dysfunction.

Regular physical activity appears to be a valuable non-pharmacological strategy that may

improve mood, physical functioning, metabolic health, and selected thyroid-related outcomes.

The most favorable effects are generally observed with moderate and appropriately prescribed

exercise, whereas both sedentary behavior and excessive training loads may be associated

with adverse endocrine and psychological consequences.

From a clinical perspective, patients with thyroid disorders should be assessed not only for

biochemical abnormalities, but also for mental health symptoms, lifestyle behaviors, and

physical activity patterns. Likewise, individuals with persistent depression, anxiety, fatigue,

or reduced functional capacity may benefit from evaluation of thyroid status as part of a

comprehensive diagnostic approach.

Despite growing interest in this topic, the available literature remains limited by heterogeneity

of study designs and a lack of longitudinal and mechanistic research. Further well-designed

prospective studies are needed to determine causal pathways and to identify the optimal type,

intensity, and duration of physical activity for individuals with different thyroid disorders.

In summary, a multidisciplinary and personalized approach integrating endocrinology, mental

health care, and lifestyle medicine may offer the greatest potential for improving long-term

outcomes in patients affected by thyroid dysfunction and related psychological or functional

impairments.
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