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Abstract

Introduction and Objective: Thyroid diseases constitute a significant health challenge of the
21st century. Due to the growing awareness of the accompanying symptoms and the impact of
the proper functioning of the thyroid gland on the overall condition of the body, patients show
increasing interest in therapeutic methods. The main aim of the article is to present the impact
of physical activity and proper diet on the management of patients with hypothyroidism.

Review and Methods: Review and summary of studies and meta-analysis of studies available
in open-source format on Google Scholar, Web of Science and PubMed.

Abbreviated Description of the State of Knowledge: Hypothyroidism is a clinical condition
characterized by the insufficient production of thyroid hormones by the thyroid gland. This
hormonal deficiency leads to a generalized decrease in metabolic processes. Clinically,
hypothyroidism is diagnosed based on elevated serum levels of thyroid-stimulating hormone
(TSH) and decreased levels of free thyroxine (T4). Prevalent symptoms include fatigue,
constipation, weight gain, cold intolerance, depression and dry skin. Effective management
typically involves hormone replacement therapy with synthetic thyroxine.

Summary: Hypothyroidism is a complex disease influenced by many factors. A
multidisciplinary approach is recommended in its treatment, including pharmacological
treatment, diet and appropriately selected physical activity. Early diagnosis and treatment are
essential to improve the physical and mental condition of patients.
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Introduction

Hypothyroidism is a common condition caused by deficiency of thyroid hormones. The
production of thyroxine decreases and as a result triiodothyronine activity in cells is insufficient.
Consequently, metabolic processes slow down. Also fibronectin and hydrophilic
glycosaminoglycans in the subcutaneous tissue, muscles, and other tissues accumulate causing
interstitial oedema. Hypothyroidism is classified as primary, central or peripheral. Primary if
the pathology is located in the thyroid gland, secondary in pituitary gland or hypothalamus or
peripheral in peripheral tissue. The most common form is acquired primary hypothyroidism.
Nowadays in well developed countries it is usually caused by chronic autoimmune thyroiditis
(Hashimoto thyroiditis). Another prevalent reason is severe iodine deficiency. Hashimoto
thyroiditis is an autoimmune disease. Autoimmune diseases are caused by dysregulation of
immunologic response. Immune system starts identifying its own tissues as foreign antigen and
launches an immune response that damages those tissues. In Hashimoto disease thyroid tissue
is attacked by antibodies. It leads to progressive fibrosis and hypothyroidism.

Regardless of the underlying cause of the disease, patients can develop a variety of symptoms.
Most of them are non-specific and prevalent in the population. That is why we need to check
levels of TSH and fT4 in blood to confirm diagnosis. In primary hypothyroidism TSH raises
and fT4 is decreased. At the beginning patients usually suffer from constipation, fatigue, dry
skin, and weight gain. Then other symptoms start to appear: cold intolerance, decreased
sweating, nerve deafness, peripheral neuropathy, decreased energy, depression, dementia,
memory loss, muscle cramps, joint pain, hair loss, apnea, menorrhagia, and voice hoarseness
resulting from goiter enlargement. The disease also has cardiovascular consequences such as
increased peripheral vascular resistance, decreased cardiac output and bradycardia. Reduced
pulmonary and cardiac reserves, along with loss of muscle strength, lead to fatigue, exertional
dyspnea, and exercise intolerance. In addition some patients accumulate fluid in cavities like
pleural and pericardial cavities. Hypothyroidism can even be fatal. Myxoedema coma is rare
but leading to death, which develops when adaptive mechanisms fail to maintain homeostasis.
As we can see thyroid hormones are crucial to proper function of the organism [1].

Materials and methods

A comprehensive review of the scientific literature on hypothyroidism and the role of diet and
physical activity in its pathogenesis was conducted. A systematic search was performed using
the PubMed, Google Scholar, and Web of Science databases. In order to ensure the inclusion
of the most current data, the articles were selected based on their publication date, with a focus
on those published within the last decade.

The inclusion criteria encompassed articles written in both English and Polish, including
original research studies, meta-analyses, clinical trials, and review articles. Articles written in
languages other than English, case reports, commentaries, and letters were excluded from the
review. A combination of Medical Subject Headings (MeSH) terms and key phrases related to
the aforementioned topics was used to search the literature, including "hypothyroidism”, "diet",
"physical activity"”, "epidemiology", "diagnosis” and "treatment." The articles were then
evaluated to determine their relevance and suitability for inclusion in this study.

The review work also drew on knowledge from specialist books on related topics.



Review

Hypothyroidism and comorbidity

Hypothyroidism is known to lead to weight gain, which can be attributed to several factors. One
of them is accumulation of fluids and mucopolysaccharides in subcutaneous tissue causing
oedema. On the other hand, fatigue and decreased endurance lead to reduced physical activity.
Basal metabolism and thermogenesis are reduced, too. It seems that resting energy expenditure
in obese women with hypothyroidism even when levothyroxine therapy is appropriate is
decreased in comparison to obese women with proper thyroid function [2]. This leads to being
overweight or obesity. Most studies show positive correlation between BMI and TSH level, but
it is not so clear when we talk about fT4 level. If we consider only studies with over 1000
participants negative correlation can be observed [3]. Additionally, genetic susceptibility to
hypothyroidism is correlated with a higher risk of elevated BMI [4]. Meta-analysis of 22 studies
revealed a positive correlation between obesity and an increased risk of hypothyroidism.
Additionally, the research indicated an association between obesity and elevated levels of
thyroid peroxidase antibodies (TPOADb), which play a fundamental role in the pathogenesis of
Hashimoto’s thyroiditis. This relationship may be attributed to the fact that obesity induces
chronic inflammation through the production of proinflammatory cytokines by adipose tissue.
Moreover, leptin, a hormone produced by adipocytes, is another factor contributing to
inflammation [5].

Type 2 diabetes is more common in people with hypothyroidism [6]. Thyroid hormones also
regulate insulin production and glucose absorption in skeletal muscles, adipose tissue and liver.
Patients with hypothyroidism present reduced glucose transport and utilization. This results in
insulin resistance which is the underlying cause of type 2 diabetes and initiates Bcell
dysfunction. Additionally, liver gluconeogenesis and glycogenolysis decrease [7].

A different mechanism is the basis of type 1 diabetes and Hashimoto disease. Both diseases are
prevalent autoimmune disorders. Up to 25% of patients with type 1 diabetes produce
autoantibodies predisposing to thyroid disease [8] and more than 10% develop overt
Hashimoto’s thyroiditis [9]. Genetic factors are also involved in pathogenesis [10] and many
genes underlying both disorders have been identified [11]. Studies show that a family of
individuals with one disease is more likely to suffer from the other disorder [12-14].

Patients with hypothyroidism also have problems with abnormal lipid profiles. Hepatic
expression of LDL receptors decreases. As a result, the LDL level increases. Impaired thyroid
function is expected to raise serum total cholesterol, LDL-C, and triglycerides, while decreasing
HDL levels. Treatment with levothyroxine is helpful in normalizing those changes [15].

Physical activity in hypothyroidism - benefits and obstacles

There is no consensus among researchers on how physical exercise activity impacts the levels
of thyroid hormones and studies are inconclusive. The study with 2740 healthy participants did
not reveal any changes in TSH and fT4 after training [16]. On the other hand there are studies
that show an association between daily physical activity and changes in thyroid hormone levels:
more active individuals had a better thyroid function [17].



Despite the fact that evidence generally does not seem to support the notion that physical
activity has a direct and significant impact on thyroid function, such as, decreasing TSH and
increasing fT4 levels, it can improve physical and mental health for example by lowering body
fat percentage, systolic blood pressure, better sit and reach test results [18]. Regardless of the
barriers that may occur as a result of hypothyroidism, physical activity should still be
performed, as well as exercising. Both aerobic and resistance training appeared to be safe [19].
Despite numerous benefits of physical activity, patients with hypothyroidism often limit their
daily activities and exercise. Factors such as fatigue, muscle weakness, reduced pulmonary and
cardiac reserves, and depression make it challenging for them to adhere to physical activity
recommendations. According to studies individuals with hypothyroidism are highly likely to
fall into a vicious cycle of poor physical condition due to physical constraints. Even if treated
with levothyroxine, some patients experience impaired quality of life. Complaints are more
severe in patients with autoimmune thyroiditis [20].

Thyroid hormones also affect the cardiovascular system. In hypothyroidism relaxation of
vascular smooth muscle is impaired and accessibility of nitric oxide is decreased which leads
to lower cardiac output and results in arterial stiffness. Peripheral vascular resistance can
increase by 50% to 60%, while cardiac output can decrease by 30% to 50% Additionally, the
loss of the chronotropic action of thyroid hormone directly affects the sinoatrial cells, causing
bradycardia. We can also observe anemia due to decreased erythropoietin secretion, which can
be another cause of fatigue and decreased endurance [1][21].

In hypothyroidism, there is a reduction in forced vital capacity, forced expiratory flow, and
DLCO. Exercise testing parameters such as maximum oxygen consumption %, minute
ventilation, tidal volume, and oxygen are also diminished. Additionally, elevated TSH levels
were linked to lower percentages of forced expiratory volume in 1 second (FEV1%), FEF25-
75%, and DLCO, whereas these parameters had a positive correlation with FT4. This is one of
the mechanisms causing decreased endurance [22].

In addition, thyroid hormones play a role in energy availability and consumption in the
musculoskeletal system so lack of hormones may cause hypothyroid myopathy which occurs
in 30-80% of patients with hypothyroidism. As a result, the patient may develop symptoms like
muscle pain, weakness or stiffness [23].

Despite the barriers, physical activity should be promoted among patients with hypothyroidism
to improve the cardiovascular and pulmonary function, muscle strength and endurance and to
prevent worsening in these fields. Furthermore, physical inactivity is the fourth risk factor for
global mortality [20]. In the group with impaired thyroid function, being active is particularly
important due to the risk of other diseases associated with a lack of exercise, such as obesity,
diabetes, and dyslipidemia [24]. Physical activity is effective in preventing these diseases [25].
As hypothyroid patients often deal with insulin resistance, this is the next reason to be active.
Physical activity improves insulin sensitivity by enhancing muscle mitochondrial biogenesis,
GLUT4 protein content and glucose uptake, repartitioning intramyocellular lipids and reducing
fat mass [26]. Any type of exercise training (aerobic, resistance, and combined) or high-
intensity interval training can be performed to improve insulin sensitivity and prevent type 2
diabetes [27].



Flow-mediated endothelium-dependent arterial dilation (FMD), which is impaired in
hypothyroidism compared to healthy individuals, appears to improve with regular aerobic
exercise. This type of exercise also positively affects lipid profiles by lowering LDL and
triglycerides (TG). Furthermore, aerobic exercise has been shown to reduce inflammation, as
evidenced by decreased levels of CRP, a marker of inflammation [28]. This anti-inflammatory
effect is beneficial especially in Hashimoto’s thyroiditis which is an autoimmune disease.
Moderate exercise should be performed in this case. On the other hand acute exercise
interventions are not effective and can be even pro-inflammatory [29-30].

Another benefit of physical activity in hypothyroidism is improving sleep quality and mitigating
symptoms of depression [31].

The role of diet in hypothyroidism

Pharmacotherapy represents the foundation of thyroid disease treatment [32]. However, an
expanding body of research and scientific evidence is underscoring the advantageous effects of
optimal nutrition on both the trajectory and efficacy of therapy.

The diet of individuals with hypothyroidism should be in accordance with the principles of
rational nutrition, providing an adequate intake of essential macronutrients and micronutrients
in a properly balanced manner. Carbohydrates, mostly complex, should provide 55-75% of total
daily energy needs. Complete proteins 10-15%, fats should not exceed 30%, including a
maximum of 10% saturated fats. During the interview process, it is essential to consider the
patient's previous dietary habits, educate them on appropriate dietary practices, identify any
potential dietary mistakes, and provide guidance on how to rectify these issues [33].
Education in this area and the subsequent introduction of changes in the daily menu of patients
have been demonstrated to increase the positive effect of the applied pharmacotherapy, reduce
the risk of constipation, and mitigate the severity of inflammation [33].

Subtle changes in the nature of subclinical hypothyroidism have been described in obesity [34-
35]. However, it remains uncertain whether obesity per se is the primary driver of these changes
or if some form of subclinical hypothyroidism predisposes individuals to obesity. The former
hypothesis seems more plausible, given that weight loss has been observed to restore normal
thyroid function [36].

For patients with a body mass index (BMI) of 25 or more, a reduction diet is the recommended
course of action [37]. It is advised that restrictive diets be avoided, as excessive caloric
deprivation has been demonstrated to have profound effects on thyroid function in individuals
with an intact hypothalamic—pituitary—adrenal axis (HPA axis) [38]. A study conducted by
Vagenakis et al. in 1975 was the first to demonstrate that a lack of caloric intake for four weeks
in nine obese subjects resulted in a notable reduction in serum T3 and an increase in reverse
triiodothyronine (rT3), which returned to baseline values during a five-day refeeding period
[39]. These findings have subsequently been corroborated by contemporary studies [40].

It is recommended that patients with thyroid conditions incorporate foods rich in
polyunsaturated fatty acids (PUFAS) into their diets. These fatty acids, particularly omega-3s,
have been shown to possess anti-autoimmune properties that may reduce the prevalence of
autoimmune thyroiditis globally. Additionally, they may mitigate the risk of developing
metabolic and cardiovascular disorders associated with elevated or trending elevated serum
TSH levels and thyroid autoimmunity [41].



Important nutrients in hypothyroidism

lodine, an essential component for the production of thyroid hormones, is not stored in the
human body and must be supplied through the diet. It is inadvisable to employ routine iodine
supplementation, as excessive intake can precipitate the Wolff-Chaikoff effect, a transient
cessation of iodine uptake by the thyroid gland. This phenomenon arises from the introduction
of high doses of exogenous iodine into the body, leading to the inhibition of thyroid hormone
production and release [42].

Table 1: Recommended Dietary Allowances (RDAs) for lodine [43]

Age Male Female Pregnancy Lactation
Birth  to 6110 mcg 110 mcg

months

7-12 months 130 mcg 130 mcg

1-3 years 90 mcg 90 mcg

4-8 years 90 mcg 90 mcg

9-13 years 120 mcg 120 mcg

14-18 years 150 mcg 150 mcg 220 mcg 290 mcg
19+ years 150 mcg 150 mcg 220 mcg 290 mcg

Selenium, a component of the enzyme deiodinase, which induces the conversion of thyroxine
to triiodothyronine (T3). Selenium deficiency results in decreased T3 production, oxidative
damage to the thyroid, and decreased iodine bioavailability [44].



Table 2: Recommended Dietary Allowances (RDASs) for Selenium [43]

Age Male Female Pregnancy Lactation
Birth  to 615 mcg 15 mcg

months

7-12 months 20 mcg 20 mcg

1-3 years 20 mcg 20 mcg

4-8 years 30 mcg 30 mcg

9-13 years 40 mcg 40 mcg

14-18 years 55 mcg 55 mcg 60 mcg 70 mcg
19-50 years 55 mcg 55 mcg 60 mcg 70 mcg
51+ years 55 mcg 55 mcg

Iron is a component of thyroid iodinating peroxidase, which is responsible for activating the
conversion of thyroglobulin to thyroxine and T3. Decreased iron concentrations in the body
have been associated with a reduction in T3 and an increase in TSH [45].

Table 3: Recommended Dietary Allowances (RDASs) for Iron [43]

Age Male Female Pregnancy Lactation
Birth  to 60,27 mg 0,27 mg

months

7-12 months 11 mg 11 mg

1-3 years 7mg 7'mg

4-8 years 10 mg 10 mg

9-13 years 8 mg 8 mg

14-18 years 11 mg 15mg 27 mg 10 mg
19-50 years 8 mg 18 mg 27 mg 9 mg
51+ years 8 mg 8 mg

It is important to be aware of the potential adverse effects of goitrogenic substances on people
with hypothyroidism. It is recommended to avoid these substances or consume them in
moderation.



They are found in large quantities in brassica vegetables, legumes (especially soybeans, which
contain daidzein and genistein), turnips, rutabagas, peanuts and mustard. These products can be
eaten when heated, but soy should be avoided altogether [32-33].

Drug-food interactions

Properly selected doses of levothyroxine are the basic method of treating hypothyroidism.
Studies by Skelin et al. (2017, 2018) proved the influence of many factors on the level of
absorption of this drug. The positive effect of taking levothyroxine at selected times of the day
(half an hour before breakfast, an hour before the main meal of the day, at bedtime, minimally
2 hours after dinner), and a diet rich in vitamin C on the increased absorption of levothyroxine
was found. Conversely, it was proven that the consumption of products such as soy, coffee and
grapefruit juice reduced the level of effectively absorbed drug [46-47].

The results of this study are consistent with the conclusions of other research [48-52].

Conclusions

In summary, successful treatment of hypothyroidism requires a multifaceted approach that
includes prompt diagnosis, appropriate medications, regular physical activity and a balanced
diet. Understanding and addressing the interrelated nature of hypothyroidism and its
comorbidities is critical to improving patient outcomes and quality of life. Further research is
needed to clarify the direct effects of physical activity on thyroid function and to optimize
dietary recommendations for those affected by this condition.
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