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ABSTRACT

Objective: The study aims to investigate the impact of various supplements, namely selenium,
vitamin D, zinc, magnesium, vitamin A, iodine, L-carnitine, and proteolytic enzymes, on the
management of hypothyroidism, with a particular focus on Hashimoto’s thyroiditis.

Materials and Methods: The PubMed database was searched using the keywords

2

»Hashimoto,” ,,hypothyroidism,” ,,sport,” ,,physical activity,” and ,,diet.”

Results: Several studies show that supplements can help manage hypothyroidism. Vitamin D
lowers TSH levels, with varying effects on thyroid hormones. Selenium reduces TPOAD,
TGAD, and TSH levels, and boosts antioxidant activity, indicating potential immune benefits.
Zinc is crucial for thyroid hormone synthesis, with supplementation improving fT3 levels.
Magnesium and vitamin A together enhance thyroid function and reduce inflammation.
Adequate iodine intake supports thyroid function, while both deficiency and excess can cause
thyroid issues. L-carnitine reduces fatigue by enhancing energy metabolism, and proteolytic
enzymes have anti-inflammatory effects, aiding autoimmune thyroid disease management.

Conclusions: The study highlights the potential benefits of supplementing
mentioned nutrients in managing hypothyroidism by improving thyroid function,
reducing inflammation, and better overall health in hypothyroid patients. Further
large-scale, long-term studies are required to confirm these findings and determine
optimal dosages and combinations for better effectiveness.

KEY WORDS: hypothyroidism, Hashimoto’s disease, vitamin D, selenium, zinc, iodine,

INTRODUCTION

Hypothyroidism is a common chronic endocrine disease worldwide. Approximately 5% of the
world's population has this diagnosis, and it is estimated that another 5% is undiagnosed.
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More than 99% of those affected suffer from primary hypothyroidism, which is caused by a
disorder of the thyroid gland itself, where it does not produce enough of its hormones
(thyroxine- T4 and triiodothyronine- T3). Primary hypothyroidism is much more common in
women than in men, with a prevalence that increases with age!. The female:male ratio varies
across studies, ranging from 6 to 8-9!2. Globally, the most common cause of hypothyroidism
is iodine deficiency, but in areas with sufficient iodine levels Hashimoto's thyroiditis, an
autoimmune disease, is the leading cause.

Autoimmune thyroiditis is more prevalent in populations with high dietary iodine intake!?.
The diagnosis of hypothyroidism is based on clinical symptoms and blood tests. These
symptoms are nonspecific and can vary in severity, including mild to moderate weight gain,
fatigue, concentration difficulties, mental slowness, depression, menstrual irregularities,
infertility, constipation, cold, dry skin, hair loss, cold intolerance, hoarse voice, muscle
stiffness and pain and bradycardia, among others'>. Primary hypothyroidism can be
overt/clinical, with more noticeable symptoms, elevated thyroid stimulating hormone (TSH)
levels, and lower levels of thyroid hormones (free T4 in plasma). Several guidelines classify
serum TSH levels of 5-10 mU/1 as mild and levels above 10 mU/L as severe hypothyroidism?.
It can also be subclinical, where TSH is above normal but thyroid hormones are within the
normal range (free T4 in serum often close to the lower limit), and typical symptoms are
usually absent. Subclinical hypothyroidism may present with low mood or depression, and

auxiliary tests may show increased total cholesterol and plasma LDL.

In Hashimoto's thyroiditis, blood tests detect autoantibodies against thyroid peroxidase (anti-
TPO) and often against thyroglobulin (anti-Tg). Anti-TPO antibodies can also be found in
subclinical hypothyroidism, and their levels can help predict the likelihood of progression to
overt hypothyroidism. Hashimoto's disease is also diagnosed through imaging studies such as
ultrasound, where characteristic features include heterogeneity and hypoechogenicity of the
thyroid parenchyma, which are observed in both goiter and thyroid atrophy. In the later stages
of the disease, the vascularization of the thyroid is sparse. However, ultrasound is not decisive
in the diagnosis. Levothyroxine (LT-4), a synthetic T4 hormone, is the preferred treatment for
hypothyroidism, with most patients needing lifelong therapy*.

A fair amount of nutrients impact the pathology, onset and course of thyroid diseases’.
Vitamin D has shown positive effect on autoimmune system, reducing inflammation®. Thus it
is believed that its deficiency may play a role in autoimmune thyroid diseases, such as
Hashimoto’s thyroiditis and Graves-Basedow Disease. Selenium appears essential in thyroid
hormone metabolism. Imbedded in selenoproteins, it has a role in antioxidant function and as
an anti-inflammatory agent, as well as for active thyroid hormone production’. Iodine, an
important substrate of thyroid hormone, is vital in maintaining proper thyroid activity. Both
deficiency and excess may lead to either hypothyroidism or hyperthyroidism®. Zinc affects
thyroid hormone metabolism in various ways. It is crucial for thyroid hormone synthesis and
activation. It also contributes to immune system regulation®. Vitamin A influences thyroid



metabolism both peripherally and in the hypothalamo-pituitary-thyroid axis. It also acts as an
antioxidant'®. Magnesium is involved in DNA stabilization, immune system regulation and
anti-inflammatory activity!'. L-carnitine faces depletion in both hyper- and hypothyroidism. It
is essential in fatty acids oxidation. Deficiency may result in increased fatigue!'>!*. Both
protein kinases and bioflavonoids show anti-inflammatory effect'*!>.

MATERIALS AND METHODS

This study followed PRISMA search principles. The search used a medical database: Pubmed.
The following keywords were used to find relevant articles: ((Hashimoto[Text Word]) OR
(hypothyroidism)) AND ((sport) OR (physical activity) OR (diet)). The types of article
included in the study were Clinical Trial, Observational Study, Randomized Controlled Trial.
The publication period was restricted to the time period between 1%t January 2005 and 29™
June 2024. A total of 71 articles were found that met the criteria. After removing duplicate
(n=1), three researchers reviewed the articles based on their titles and abstracts. Following
additional analysis for relevance and quality, 23 articles were selected for the full text reading.
Studies focusing on sport, physical activity, weight loss were excluded. Finally, 11 articles
regarding impact of Vitamin D, Selenium, Iodine, Zinc, Magnesium, Vitamin A, L-carnitine
and proteolytic enzymes were included in the research. The chosen studies were published
during last ten years !5 with one published in 201226,
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Figure 1

PRISMA flow diagram presenting summary of research and processing information.
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Figure 2
Distribution of nutrients in analyzed studies
RESULTS
Vitamin D

Safari et al.>* examined the effects of vitamin D supplementation on thyroid hormones, lipid
profiles, measures of obesity and serum irisin in women with subclinical hypothyroidism and
obesity (BMI 25-37 kg/m2). 44 women were randomly allocated into two groups, 22 each.
The control group received a placebo containing sunflower oil, while the experimental group
received 50,000 IU of vitamin D for the span of 12 weeks, once a week. The study was
completed by 41 participants: 21 in vitamin D and 20 in the placebo group. At the beginning
of the trial, there were no significant differences in dietary energy, carbohydrate, fat and
vitamin D intakes. However, there was a significant difference in protein intake between the
two groups (p = 0.018). Participants were asked to maintain their eating habits, physical
activity during the 12 weeks of the trial. Vitamin D supplementation led to an increase in
25(0OH)D3 levels in patients (p<0.001), indicating improvement in vitamin D status. It also
resulted in a reduction of TSH levels (p<0.001), suggesting a regulatory effect on thyroid
function. There was a decrease significant in total cholesterol (TC) (p<0.001) and non-
significant in LDL-C levels (p=0,119). The levels of irisin, a hormone associated with
metabolic regulation, increased following vitamin D supplementation (p=0,054). The levels of
thyroid hormones (T3, T4, and free thyroxine - fT4) remained stable (p-values 0,787, 0,082,
0,066 respectively). There were no notable changes in triglyceride (TG) (p= 0,219) and HDL-
C (p=0,167) levels. At the end of the study, significant differences were observed between the
two groups in fat mass (FM)% (decreased in vitamin D group)(p=0,024) and fat-free mass
(FFM)% (increased in vitamin D group)(p=0,016) based on analysis of covariance adjusted
for baseline values, physical activity and energy intake. Changes in weight, body mass index
(BMI), and waist circumference (WC) were not significantly different between the groups.
Within-group changes in all variables were not significant for either group.

Bhakat et al.'® conducted a prospective study evaluating the role of cholecalciferol (vitamin
D3) supplementation in reducing autoimmunity in patients with Hashimoto's Thyroiditis (HT).



The study lasted for over 12 months and included 100 newly diagnosed patients (male and
female) with HT and vitamin D deficiency. Patients with other autoimmune diseases and
chronic illnesses such as diabetes mellitus, chronic kidney or liver disease, malignancy were
excluded from the trial. Participants were randomized into two groups. The first group (n=50)
received 60,000 IU of cholecalciferol weekly for 8 weeks and the second group (n=50)
received a placebo. The results showed a significant (p<0,05) 30,5% reduction in anti-thyroid
peroxidase (anti-TPO) antibodies in the intervention group compared to a 16,5% reduction in
the placebo group, indicating that vitamin D supplementation may be helpful in decreasing
thyroid autoimmunity and improve thyroid function.

Mazokopakis et al.?! studied the influence of vitamin D supplementation on patients from
Crete with euthyroid Hashimoto disease. Among 218 participants, 186 had vitamin-D
insufficiency (85,3%). Vitamin D deficient patients received supplementation ranging
between 1 200 - 4 000 IU according to their needs for four months. High negative correlation
was observed between serum 25(OH)D3 levels and anti-TPO, both in baseline findings
concerning all patients (p<0,0001), and when comparing vitamin D sufficient and deficient
patients before supplementation (p<0,0001). In the deficient group vitamin D supplementation
resulted in significant reduction of anti-TPO levels (p<0,0001). BMI, anti-TG, TSH and T4
showed no correlation with serum 25(OH)D3 at the beginning of the study both in the whole
study population and in vitamin D sufficient/deficient groups comparison. After oral
cholecalciferol supplementation in deficient group 25(OH)D3 levels rose significantly
(P<0,0001). BMI, anti-TG and TSH levels have also improved, though those changes were
not significant (respectively p=0,15, p=0,18 and p=0,54). No significant findings were noted
in fT4, calcium and phosphorus levels and in sonographic tests.

Selenium

Hu et al.! randomized 90 patients with Hashimoto’s Thyroiditis (HT) without levothyroxine
treatment into two study groups: selenium (Se)-treated group (n=43), which received
selenious yeast tablets (SYT) for 6 months and no treatment group (n=47) to assess the effects
of selenium supplementation on HT. The participants were followed-up at 3 months and 6
months to evaluate thyroid peroxidase antibody (TPOAD) and thyroglobulin antibody (TGADb)
titers, thyroid hormone levels, serum Se and urinary iodine (UI) levels, Glutathione
peroxidase3 (GPx3) and Selenoprotein P1 (SePP1) concentrations, regulatory T cell (Treg)
numbers and function. Treatment compliance and the physical condition of participants were
monitored monthly. The findings revealed that SYT treatment led to a significant reduction of
TPOADb, TGAb, and TSH levels compared to the no-treatment group (all p=0,001). Selenium
levels (p<0,001), as well as the antioxidant GPx3 (p = 0.028) and SePP1(p = 0.007), were
increased in the Se-treated group. What’s more, activated Tregs were more prevalent in
intervention group, suggesting a potential immunomodulatory beneficial role of selenium in
HT.

The aim of the study performed by Andrade et al.!” was to investigate the relationship
between dietary selenium intake and subclinical hypothyroidism. The sample included 14 283
adults aged 35-74, both male and female. Subclinical hypothyroidism was identified by
elevated TSH levels (>4.0 IU/mL) with normal T4 levels, excluding those on thyroid
medication. Selenium intake was assessed via a validated food frequency questionnaire. The
main results showed that 5.4% of the sample had subclinical hypothyroidism. (p<0.05).
Moreover, higher Se intake was associated with lower likelihood of subclinical
hypothyroidism. When compared to the lowest tertile of Se intake, the odds ratios (ORs) for



subclinical hypothyroidism were 0.79 (p<0.05, 0.65-0.96%) for the second tertile and 0.72
(p<0.05, 0.58-0.90%) for the third tertile, demonstrating a significant inverse correlation.

Wu et al.’ conducted a cross-sectional observational study to determine if the prevalence of
thyroid disease varied between two areas that were alike, except for significantly different soil
and crop selenium levels. 6152 participants (3038 from an adequate-Se county and 3114 from
a low-Se county) completed demographic and dietary questionnaires, and underwent physical
and thyroid ultrasound examinations (measurement of thyroid gland volume). Serum samples
were analyzed for thyroid function parameters, including TSH, T3, T4, TPO antibodies, and
selenium concentration. 1499 participants (24.4%) had some form of thyroid disease. In the
adequate-Se county, 548 (18,0%) had thyroid disease, compared to 951 (30,5%) in the low-Se
county (p < 0,001). The highest prevalence was for subclinical hypothyroidism (16,6%) and
the lowest for Graves' disease (0,6%). Subclinical hypothyroidism was significantly lower in
the adequate-Se county (p < 0,001), as was overt hypothyroidism (p < 0,001) and autoimmune
thyroiditis (p = 0,007). Enlarged thyroids were less common in the adequate-Se county (p =
0,001). No significant differences were found in the prevalence of hyperthyroidism, Graves'
disease, or thyroid nodules. Subclinical hyperthyroidism was lower in the low-Se county than
in the adequate-Se county (p = 0,003). Participants from both counties were also grouped into
five categories based on their serum selenium levels. The lowest serum Se group (<47 pg/L)
had the highest rates of overt hypothyroidism, subclinical hypothyroidism, autoimmune
thyroiditis, and enlarged thyroid. As serum Se levels increased up to the third quintile (69—
90.99 ng/L), the prevalence of these conditions decreased, but then either reversed or leveled
off above this range. Enlarged thyroid prevalence was lowest in the highest serum Se group
(>120 pg/L). Additionally, individuals with subclinical hypothyroidism and enlarged thyroid
had significantly lower serum Se levels (p < 0,05) compared to those without these conditions.

Selenium with Zinc

Mahmoodianfard et al.?’ investigated the effects of zinc and selenium supplementation
on thyroid function in overweight or obese women with hypothyroidism in a double-blind,
randomized controlled trial. Sixty-eight women were randomly allocated to one of the 4
supplementation groups receiving Zn + Se, Zn + placebo, Se + placebo, or placebo + placebo
for 12 weeks. Serum Zn, Se, T3, tT3, fT4, tT4, TSH, and anthropometric parameters were
measured. There were no significant changes in zinc and selenium concentrations between
groups. Mean serum fT3 levels increased significantly in both the ZS (zinc and selenium) and
ZP (zinc and placebo) groups (p < 0.05). No significant changes in fT3 levels were detected in
the SP (selenium and placebo) and PP (placebo and placebo) groups. Mean serum T4 levels
increased significantly in the ZS group (p < 0.05). TSH levels decreased significantly in the
ZS group (p < 0.05) but not in the Zn or Se groups alone. Serum tT3 and tT4 levels decreased
in all groups, but the decrease was significant only in the SP group. No notable changes in
BMI and weight were observed.

Zinc, Vitamin A and Magnesium

A randomized controlled trial was conducted by Rabbani et al.”® to evaluate the combined
effects of co-supplementing Zn, Mg, and vitamin A on thyroid function, oxidative stress, and
inflammatory markers in patients with hypothyroidism. The study involved 88 patients who
were 20-65 years old and had BMI <=35kg/m2 from Iran University of Medical Sciences.
They were divided into intervention and placebo groups. The intervention group (n=43)
received supplements of Zn (one tablet of 30 mg zinc gluconate per day), Mg (one tablet of
250 mg magnesium oxide per day), and vitamin A (25 000 IU twice per week) for 10 weeks,



while the placebo group (n=44) received similar-looking placebos. Participants were
instructed to stick to their usual diets and physical activity routine and to avoid supplements
containing Zn, Mg, or vitamin A throughout the experiment. Adherence to the guidelines was
monitored through weekly phone check-ins and by counting the number of tablets returned at
the conclusion of the study. The results showed that the intervention group had a significant
increase in serum fT4 levels and a significant reduction in serum high sensitivity C-reactive
protein (hs-CRP) levels compared to the placebo group (p<0,05). There were no significant
differences in other thyroid hormones (fT3, TSH, and tT4). The study concluded that Zn, Mg,
and vitamin A co-supplementation can improve thyroid function and reduce inflammation in
hypothyroid patients. This trial is the first to examine the combined effects of these
micronutrients on thyroid function and related health markers.

Iodine

A different approach was made by Zhongha et al.?%, in a study seeking out the highest safe
daily iodine intake. 256 Chinese students, aged 19 to 25 years, with no thyroid dysfunction,
antibodies associated with thyroid inflammation and no low iodine urinary concentration at
baseline were divided into 11 groups of different iodine supplementation, ranging from 100 to
2000 pg I/d and one placebo group. When considering iodine intake from food and salt total
iodine intake ranged from 351 pg/d to 2375 pg/d. No statistical differences were found in
baseline TSH, fT3, fT4 and median urinary iodine concentration (MUIC) levels. MUIC
increased significantly in subjects with at least 200 pg/d supplementation after 4 weeks of
experiment (p<0,05). Both fT3 and fT4 serum levels faced a significant increase in groups
with higher iodine supplementation (from 500 pg/d and 200 pg/d respectively, p<0,05),
nonetheless all remained in normal range. Elevated TSH levels were observed in all groups
(p<0,05), though abnormal ranges were seen only in groups of 300 ug/d and higher iodine
supplementation. Subclinical hypothyroidism prevailed in 5-10% of subjects from higher dose
groups (500 — 2000 pg/d) one month after experiment. Furthermore, an ultrasonography
revealed reduced thyroid size in 1500, 1750, and 2000 pg/d groups (p < 0.05).

L-carnitine

An et al.'® conducted a double blind, randomized, placebo-controlled study on patients
affected by hypothyroidism (chronic autoimmune thyroiditis or iatrogenic after total
thyroidectomy) and suffering from fatigue despite adequate hormone supplementation.
Participants were divided into two groups, The first received L-carnitine supplementation in
the span of 12 weeks, with the other receiving placebo treatment. Serum total and acyl-
carnitine levels increased significantly in the L-carnitine group (all p<0,05) with no
significant change in placebo group. Fatigue Severity Scale’s (FSS) and Wessely and Powell
Scale’s (consisting of Physical Fatigue Score (PFS) and Mental Fatigue Score (MFS))
changes after 12-weeks were compared between groups. The differences in decrease were
significant only in MFS (p<0,01), though statistically insignificant differences could also be
seen in PFS and FFS (p>0,05). Improvements in FFS, PFS and MFS scores could be seen in
75,0%, 53,6%, and 50,0% of the L-carnitine group respectively, with only 20,0%, 24,0%, and
24,0% in the placebo group (all p<0,05). In subgroup analyses, when comparing differences
in changes in fatigue scores between groups, p<0,05 was reached in PFS and MFS in patients
younger than 50 years, and those with fT3 > 4.0 pg/mL, and in MFS in patients whose serum
total carnitine level was > 60.9 umol/L and after total thyroidectomy. Subgroups divided by
body fat mass (BFM), BMI, free TSH/fT4, cholesterol levels or alanine transaminase (ALT)
did not show significant differences. Furthermore, there were no statistical differences when
dividing L-carnitine treated patients into improved and non-improved groups in their baseline



characteristics. No significant changes were observed in BMI, WC, BFM, serum liver, lipid
and glycemic profiles and thyroid function in either group (all p>0,05).

Proteolytic enzymes with bioflavonoids

In a study by Nordio et al.?? patients suffering from autoimmune chronic thyroiditis were
divided into three groups; receiving Wobenzym vital (Wob) alone (a food supplement
containing proteolytic enzymes - bromelain, papain, trypsin, chino trypsin and bioflavonoids,
vitamin C, vitamin D, vitamin E), Wobenzym vital with thyroid hormones (Wob+L-thyr) and
thyroid hormones alone (L-thyr). A questionnaire regarding the subjective symptoms of
thyroid inflammation showed significant (p<0,05) improvement after 3 months of Wobenzym
vital treatment (with or without thyroid hormones supplementation) compared with significant
improvement only after 6 months of only hormone supplementation. There were no
significant differences in the General Health Questionnaire — 28. Significant reduction in
inhomogeneity level in USG was reached only in Wob+L-thyr group (p<0,05). Inferior
thyroid artery speed velocity showed reduction in groups treated with Wobenzym vital
(p<0,05), while TSH levels were improved only in groups treated with L-thyroxine (p<0,05).
In antibodies assessments, significant decrease (p<0,05) was reached in human thyroglobulin
(hTG) after Wobenzym vital treatment (with or without L-thyroxine) and TGADb after
Wobenzym and L-thyroxine. No changes were noted in TPOAb levels. CRP levels were
reduced in all groups, with statistical significance reached only in groups treated with
Wobenzym vital (p<0,05).

Authors, Participants Groups Supplemented | Duration
Year, ingredient
Country
Safari et al., 41 women  with |21 in a vitamin D | Vitamin D 12 weeks
2023, subclinical group, 20 in a
Iran hypothyroidism and | placebo group

overweight/obesity:
Bhakat et al.,|100 participants of |50 in a vitamin | vitamin D 8 weeks
2023, India both  sexes  with [ group

Hashimoto 50 in a placebo

Thyroiditis group
Mazokopakis et |218 euthyroid HT | 186 vit. D-deficient | vitamin D 4 months

al., 2015, Greece | patients from Crete patients
30 vit. D-sufficient

Hu et al., 2021, 90 patients with |43 in  Se-treated | Selenium 6 months
China Hashimoto group

Thyroiditis ~ without | 47 in placebo group

levothyroxine
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ranging from 0 to 2
000 pg/d

Andrade et al., 3 groups a 4761 | Selenium 12-
2018, Brazil 14283 patients each -  different months
tertile of Se
consumption
Wu et al, 2015, 6152  from  two | -3038 adequate- | Selenium  (in
China counties in China selenium soil; serum Se)
participants and
3114 low-selenium
participants
-5 groups by the
serum Se level
Mahmoodianfard | 58 women  with | 16 Zinc+Selenium, | Zinc and/or | 12 weeks
et al., hypothyroidism and | 12 Zinc+Placebo, 14 | Selenium
2015, overweight/obesity: | Selenium+Placebo,
Iran 16 Placebo+Placebo
Rabbani et al., |88 patients with |43 Zinc | Zinc, 10 weeks
2021, Iran hypothyroidism +Magnesium + | Magensium,
Vitamin A Vitamin A
44 placebo
Nordio et al,|[45 patients with [ 15 Wobenzym vital, | Wobenzym 6 months
2014, Italy Hashimoto thyroiditis [ 15 Wobenzym vital | vital: proteases
+ thyroid hormones, | (bromelain,
15 thyroid hormones | papain, trypsin,
chino trypsin)
and
bioflavonoids
with  vitamins
C,D,E
An et al., 2016, |60 patients with | 30 L-carnitine, L-carnitine 12 weeks
South Korea hypothyroidism with | 30 placebo
euthyreosis and
fatigue
Sang et al., 2011, | 256 Chinese healthy | 12 intervention | Iodine 4 week
China individuals of age 19- | groups with iodine
25 supplementation

Table 1

Articles included in this study

DISCUSSION

10




Regardless of small number of collected studies, their analysis brings the conclusion of
multiple nutritional factors having an effect on the onset, progress and management of thyroid
diseases, one of the best studied being vitamin D and selenium. Cholecalciferol is synthetized
in our skin with exposure to sunlight>®. Due to relatively short periods of sun exposure in
some countries during winter months resulting in common insufficiency vitamin D
supplementation is recommended. It plays a role in moderating immune system, by
decreasing T cell activation, encouraging the shift from Thl, Th17 phenotype to Th2,
changing immune status from pro-inflammatory to more tolerogenic and taking part in B cell
inhibition. As such, 25(OH)D3 deficiency seems to take part in pathogenesis of autoimmune
thyroid disorders, including Hashimoto’s disease and Graves’ disease. A high negative
correlation of anti-TPO levels compared to 25(OH)D3 serum levels in baseline findings?! and
a significant reduction of anti-TPO after cholecalciferol supplementation'®?! suggests
potential benefits in reducing thyroid autoimmunity and that vitamin D deficiency may be a
significant risk factor for Hashimoto's thyroiditis. Nonetheless, a decrease in anti-TPO is not
sufficient to prove this correlation and histopathological evidence is needed. Reduction of
TSH after supplementation'®?4, though not significant in every study?! proposes positive
effect on thyroid function. Another observed beneficial effects were lowering of total
cholesterol levels and increasing irisin levels, though it did not significantly impact lipid
markers?*. The authors suggest that the increased irisin, which is an enzyme that, among other
functions, increases thermogenesis by stimulating browning in white adipose tissue, might
have influenced body composition and that a longer vitamin D supplementation period might
be needed to improve obesity markers. In a study by Mazokopakis et al.2! BMI dropped
insignificantly, at least partly due to lack of dietary changes, short period of observation (4
months) and relatively low percentage of obese and overweight patients. Thyroid hormones
were also nor significantly affected by 25(OH)D3 supplementation®'** However, several
limitations restrict analyzed data. In a study by Bhakat et al.'® vitamin D status was not
measured at the end of treatment, limiting the ability to determine the optimal level of vitamin
D needed to improve the progression of HT. What’s more, cholecalciferol was used in the
study, with authors suggesting that the active form — calcitriol might be more beneficial. It’s
also important to note that only patients with vitamin D deficiency were included in the trial,
meaning that the findings can’t improve the beneficial effects of vitamin D supplementation
in HT patients with adequate vitamin D levels. Conclusions from Safari et al.?* are limited by
the small sample size, the inclusion of only women, and the short duration. Future research
should include other doses of vitamin D, a more diverse population, including men,
individuals with normal body weight, and those with different thyroid disorders, to obtain
more generalizable results. The impact on thyroid hormones should also be studied in broader
populations, as the current study focused on individuals with subclinical hypothyroidism,
where hormone levels are within the normal range. Mazokopakis et al.?! conducted a study
during sunny spring and summer season involving people affected by HT working and living
on Crete, an island with high sun exposure. Though findings suggest a role 25(OH)D3
insufficiency in thyroid diseases, no comparison between vitamin D levels in healthy and
unhealthy subjects was made due to a lack of control group of healthy individuals.

Selenium is a microelement with its highest concentration in thyroid gland?”*. The
population’s dietary characteristics and their geographical location (mainly soil composition)
affect selenium levels’. It is a part of selenoproteins, such as glutathione peroxidases (GPXs),
thioredoxin reductases (TRs) and deiodinases®’. GPXs and TRs have an antioxidant function
with TRs also contributing to gene expression, while deiodinases play a role in thyroid
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hormone metabolism. The latter are responsible for conversion from T4 to T3, inhibition of
T4 activation and T3 inactivation. In one of the studies, selenium supplementation reduced
thyroid antibodies and TSH levels in patients with HT and enhanced regulatory T cells in
subjects. As such, selenium supplementation could be a valuable treatment approach for
managing HT. Despite these outcomes, the study has several limitations. It was an open-label,
single-center study with a small sample size and did not include a placebo control group'. An
inverse association, independent of energy and other nutrient intakes, was found between
selenium intake and the likelihood of subclinical hypothyroidism!”. However, the study used a
Food Frequency Questionnaire (FFQ) for estimating Se intake, which can overestimate
dietary intake and lacks accuracy. Interpretation was also obstructed by the cross-sectional
design of the study and the variability of Se levels in foods due to soil differences. In another
study, higher selenium levels (both in the soil and in the serum) were correlated with lower
prevalence of subclinical and overt hypothyroidism, autoimmune thyroiditis, and enlarged
thyroids and a higher prevalence of subclinical hyperthyroidism?. Higher serum Se levels
were associated with consumption of meat, eggs, and green tea. Those results were hindered
by gender imbalance (7:3 ratio favoring women), indirect measurement of Se levels by
questionnaires, lack of consideration for other factors, such as genetic predispositions, diet,
and environment.

Zinc is involved in thyroid hormone metabolism by affecting their synthesis®3°. Both
thyrotropin releasing hormone’s and thyroid stimulating hormone’s synthesis relies on this
microelement. It is also essential for receptor activity of thyroid hormones (mostly T3). Zinc
appears crucial for T4 to T3 conversion, as in its absence the activity of type -5’ deiodinase is
constricted, though high zinc concentrations may also show adverse effects on type I
deiodinase. By increasing the production of thyroid-binding protein it affects T4
levels. Mahmoodianfard et al. on zinc and selenium proved that zinc supplementation
increases fT3 levels and improves the fT3:fT4 ratio. Selenium supplementation resulted in
decreased tT3 and tT4 levels with no significant changes in thyroid function markers. The
combination of zinc and selenium supplementation increased fT4 levels and decreased TSH,
suggesting a synergistic effect on thyroid function of hypothyroid female patients. Zinc and
selenium serum levels were not increased. A bigger sample size, extended intervention period
and control for diet, physical activity, and sun exposure are needed.

Vitamin A acts as an antioxidant, lowering the risk of autoimmune diseases'®3!. Todine status
affects its effect on thyroid metabolism. Thyroid hormone intake and thyroglobulin synthesis
are impaired in vitamin A deficient rats. Vitamin A deficiency (VAD) may suppress TSH
production by inhibiting TSHP gene by 9-cis-retinoic acid-activated retinoid X receptor
(RXR). Free and total thyroid hormone is also increased in VAD, Magnesium stabilizes
nucleic acids structure and possibly takes part in DNA replication, transcription and repair,
suggesting its connection to the development of tumors, including thyroid gland cancer!'-*2. It
is also involved in immune system regulation, participating in lymphocyte T and B activation.
Serum levels of magnesium are inversely related with levels of inflammatory factors,
including interleukin-6 and C-reactive protein. The effects of multi-nutrient therapy (zinc,
magnesium and vitamin A) on thyroid function and inflammation in patients with
hypothyroidism were studied by Mahmoodianfard?®. The findings include a significant
increase in serum fT4 levels and a decrease in high-sensitivity hs-CRP levels after
supplementation. However, no significant changes were found in serum TSH, T3, tT4, and
malondialdehyde (MDA) levels. Zinc and magnesium might help reduce inflammation by
down-regulating NF-kB and through Mg’s role in ATP synthesis, which is essential for iodine
uptake. Additionally, vitamin A might help in reducing weight and BMI by potentially
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decreasing leptin gene expression. Overall, the findings suggest that a multi-nutrient therapy
including Zn, Mg, and vitamin A can improve thyroid function and reduce inflammation and
oxidative stress markers in hypothyroid patients. Although promising results, the research has
limitations. The 10-week duration may have been too short to observe significant changes in
some thyroid and metabolic parameters, such as TSH and fT3 levels. Furthermore, the
relatively small sample size of 43 participants per group might limit the generalizability of the
findings and reduce the statistical power to detect subtle changes. Therefore, further research
is necessary to fully understand the mechanisms and long-term effects of these nutrient
interventions on thyroid health and overall metabolic function.

Thyroid hormones, triiodothyronine and thyroxine, contain iodine®33. Both iodine deficiency
and excess may led to the development of thyroid diseases. Insufficient iodine intake during
pregnancy and in children remains the most common cause for preventable mental retardation
worldwide. Deficiency may also led to toxic goiter and thus hyperthyroidism in adults.
Exposure to high iodine levels causes inflammation of thyroid gland leading to Hashimoto
thyroiditis. Wolff-Chaikoff effext is a permanent or temporary inhibition of thyroid hormone
synthesis following excess iodine intake. Sang et al.?® studied the highest safe iodine intake,
supplementation ranging from 100 to 2 000 pg I/d. Since maximum iodine intake varies
depending on population, this study has focused on Chinese individuals. While fT3 and fT4
increased with higher doses, they remained in normal ranges. In groups with supplementation
higher than 300 pg I/d subclinical hypothyroidism was observed. Moreover, it has prevailed
one month after the end of supplementation in participants with doses of 500 pg I/d or higher
and in 5 % of participants with 400 pg I/d dose 3 months after experiment, indicating possible
adverse effect of supplementation lower than 500 pg I/d. The authors have proposed highest
daily iodine intake of 800 pg, though more studies are needed. The study detriments were
relatively short exposure time (4 weeks) and subjects being mostly young, healthy and well-
educated, indicating possible lower maximum doses for children, elderly and less healthy
individuals.

L-carnitine plays a role in fatty acids metabolism and energy production'?. Free fatty acids,
converted into acyl-coenzyme A, need L-carnitine in order to penetrate the outer
mitochondrial membrane. Thus carnitine depletion impedes their oxidation possible only on
inner mitochondria membrane. As this process is T3 dependent, hyperthyroidism may cause
increased oxidation and L-carnitine deficiency. Thyroid hormone promotes synthesis of L-
carnitine, thus hypothyroidism may lead to insufficiency's. As such, both hypothyroidism and
hyperthyroidism may be responsible for L-carnitine deficiency. Since skeletal and cardiac
muscles depend on fatty acids as main source of energy, L-carnitine low levels are linked with
increased fatigue®*. In a study conducted on patients with hypothyroidism supplementations
of L-carnitine resulted in a significant decrease in MFS, with an insignificant decrease in both
FFS and PFS!®. Hence, L-carnitine shows promising effects on lowering fatigue in euthyroid
patients. FFS and PFS scales not reaching statistical significance may be due to relatively
small groups (30 people each), thus further studies are needed. Moreover, people under 50
years old, with high T3 levels and after post cancer thyroidectomy (receiving high doses of T4
for TSH suppression) are more prone to L-carnitine positive effects on fatigue thanks to their
greater metabolic activity. As patients with higher L-carnitine levels showed better results
there is a possibility of sub-optimal dosage of L-carnitine in this study. It has to be noted, that
since fatigue is subjective and vague it proves difficult to assess even with various objective
scores. Most patients were women with the mean age of 50 years old, meaning the results
may have been confounded due to varying perimenopausal estrogen levels. Consequently,
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more large-scale studies considering additional variables affecting fatigue such as estrogen
levels are needed. In addition, there was no positive effect on metabolic parameters, possibly
resulting from short treatment duration (12 weeks) and small groups.

Wobenzym vital is a dietary supplement containing proteolytic enzymes (bromelain,
chymotrypsin, trypsin and papain), bioflavonoids and vitamins C, D and E. Proteases are
believed to take part in both the inflammation process and the control of inflammation,
possibly by clearing the inflammatory debris. An anti—-inflammatory effect by protease-
induced catecholamine release is also plausible, though requires further investigations's.
Flavonoids are known antioxidants capable of scavenging free radicals. Their anti-
inflammatory effect is also shown in inhibition of transcription factors, protein kinases and
phosphodiesterases. Lastly, they regulate immune system, preferring more tolerogenic
phenotype'®. In a study by Nordio te al.?> Wobenzym vital showed promising results in
reducing inflammation thus improving the management of autoimmune thyroid disease. In
patients treated with Wobenzym vital a faster subjective symptoms lessening was observed. It
showed a promising effect on antibodies concentration, though insufficient possibly due to
small groups. Lower effect on TSH indicated that thyroid function improvement stems from
its anti-inflammatory activity. Notably, relatively small groups (15 people each) and
impossibility to  ascertain the compliance are this study shortcomings.
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