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Abstract

Essential micronutrients are vital for regulating hormonal balance and
supporting the integrity of the endocrine system, which is critical for
maintaining optimal human health. By examining facts and analyzing data
collected from various primary and secondary sources belong to Pakistan,
Iran, Azerbaijan and Russia, this review article interrogates the crucial roles
of key micronutrients -- zinc, iodine, selenium, iron and calcium (vitamin D)
-- on the endocrine system. Adequate intake of these essential nutrients is
important for hormone production. Excess or deficiency of these nutrients
can adversely affect health, disturb hormonal balance, and lead to severe
diseases. Zinc is crucial for maintaining osteo-muscular integrity, regulating
thyroid hormone biosynthesis, and exerting antioxidant properties.
Dysregulation of zinc is implicated in the pathogenesis of diabetes mellitus
and reproductive dysfunction. lodine is essential for thyroid hormone
synthesis, and its dysregulation can result in hypothyroidism or
hyperthyroidism. Additionally, iodine influences cardiovascular health and
glucose metabolism. Adequate iodine intake is particularly crucial for
pregnant and lactating women to ensure fetal health. In addition to other
nutrients, selenium plays a pivotal role in glucose regulation, the production
of brain hormones, and metabolism. Its deficiency can lead to metabolic
syndrome, obesity, diabetes, and fertility issues. Furthermore, iron overload
in thalassemia patients adversely affects hormonal balance. It impacts
growth due to abnormal mineralization of bones, disturbs normal sexual
development, disrupts thyroid hormone production, and causes diabetes
mellitus. Vitamin D and calcium are essential for bone health and
parathyroid hormone production. Uncontrolled regulation of these
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hormones can lead to osteoporosis and hyperthyroidism. Moreover,
vitamin D is important for heart and muscle contraction, and its disturbance
can result in severe disorders such as myocardial infarction and stroke. This
review emphasizes the critical role of micronutrient homeostasis in
maintaining endocrine function and highlights the underlying mechanisms
by which these nutrients modulate hormonal regulation. The article
underscores the importance of optimizing micronutrient status to prevent

endocrinopathies and promote overall physiological well-being.
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Introduction
The endocrine system comprises ductless organs that are highly vascularized, allowing them to synthesize

and release hormones into the bloodstream. The secretion of hormones by epithelial cells into the
bloodstream enables them to bind to specific receptors on target organs, affecting cellular functions and
regulating various physiological processes. The endocrine system is composed of various elements,
including the primary endocrine glands (pineal, pituitary, thyroid, parathyroid, and adrenal) and dispersed
cells and cell clusters, known as paraganglia, found in the thoracic and abdominal cavities (La Perle &
Dintzis, 2017). Endocrine glands release their secretions in the form of hormones that act on target cells
through different mechanisms, with hormones utilized by specific cells via autocrine, paracrine, and
endocrine actions. The primary role of hormones is to act in various forms to maintain homeostasis in the
body (Hackney & Lane, 2015). While endocrine glands play a central role in the endocrine system, other
organs, such as the heart, kidneys, bones, and adipose tissue, also perform secondary endocrine functions
(Knight et al., 2020; Moser and van der Eerden, 2019).

Micronutrients, as key elements of the body, play essential roles, including immune function, enzyme
synthesis, and maintenance of cellular homeostasis. A deficiency in various essential nutrients, especially
micronutrients, can adversely affect many physiological actions in the body. Metabolic disorders,
compromised immune systems, and altered functions of the endocrine system—particularly the thyroid
gland result from micronutrient deficiencies (Godswill et al., 2020; Kopp, 2001). Notably, the human body
relies on external sources for these essential nutrients, with almost 30 micronutrients playing a crucial
role in maintaining optimal health (Shergill-Bonner, 2017). Indeed, micronutrients significantly influence
metabolism. Recent studies have shown that various trace elements are principally involved in enzyme
function, participating in enzyme activity within the active site or acting as cofactors. Furthermore, long-
term mineral deficiencies due to inadequate intake can have adverse effects on health and may ultimately
lead to death (Shenkin, 2006). Micronutrient deficiencies cause negative health effects in the human
body. While the deficiency of a single micronutrient is relatively easy to diagnose and treat, recognizing
and treating deficiencies of multiple micronutrients simultaneously can be challenging (Shenkin, 2006).
Adequate intake of micronutrients, including vitamins and minerals, is essential for maintaining optimal
health, particularly for pregnant women, whose nutritional needs directly affect fetal development (Black,
2001).
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Zinc-Dependent Hormone Biosynthesis and Regulation

Zinc is considered the 23rd most abundant element found in the Earth's crust (Vallee and Auld, 1989). It
has a significant effect on growth and development (Sandstead et al., 1998; Baltaci et al., 2019; Krishnan
Krishnamurthy et al., 2023). In adults, the recommended daily intake of zinc is 15 mg; however, this need
can be met through diet (Barceloux, 1999). Zinc is naturally present in the body in varying proportions,
with a high percentage found in muscle (57%), followed by bone (29%), skin (6%), liver (5%), brain (1.5%),
and the lowest concentration in blood plasma (0.1%) (King et al., 2000). Furthermore, zinc enhances the
production of specific proteins that promote the activity of osteoblasts and suppress the production of
osteoclasts. The absorption of zinc in bones is comparatively higher than in other body tissues, and it also
enhances the effect of vitamin D in bone tissue (Salgueiro et al., 2002; Baltaci et al., 2019; Krishnan
Krishnamurthy et al., 2023).

ZINC DISTRIBUTION IN HUMAN BODY

Liver
skin 5%
61%

B Muscle

Bone

Skin
Bone
29.4% Muscle  |jyer
57.8%

Bloed plasma

Figure 1: Zinc distribution in the human body. Zinc is distributed throughout the body, with the highest
percentages found in muscle and bone. This highlights its essential role in maintaining overall health.

Zinc impacts skeletal cells and the maintenance of bone homeostasis; however, some of its effects have
received less attention in research. Bone regeneration is most likely to occur with zinc supplementation,
as both bone formation and regeneration are promoted by this mineral. An appropriate dose of zinc is
beneficial in this regard; excessive or insufficient concentrations are less effective. Oral ingestion or
systemic delivery of zinc is a significant remedial approach to increase zinc levels, particularly for bone
regeneration (Agnew & Slesinger, 2020).
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Zinc Activity in
Bone Formation

o

Figure 2: Schematic representation of Zn's role in bone formation. Zn ions (Zn2+) regulate osteoblast
activity, promoting bone matrix mineralization and collagen synthesis (Molenda & Kolmas, 2023).

Zinc is considered a trace element beneficial for maintaining normal levels of thyroid hormones, including
triiodothyronine (T3), tetraiodothyronine (T4), and thyroid-stimulating hormone (TSH)(Brandao Neto et
al., 2006; Kucharzewski et al., 2003). Researchers claim that zinc is involved in antioxidant properties and
is an important part of the enzymatic system. It is studied as the most desirable element for hormonal
activity, particularly concerning thyroid hormones (Formigari et al., 2007; Catania et al., 2009).

Zinc also functions as an antioxidant in the body. Zinc deficiency causes oxidative stress and contributes
to dysfunction of the thyroid gland (Ganapathy and Volpe, 1999). The T3 hormone receptor requires zinc
to maintain its biologically active condition (Freake et al., 2001). Additionally, zinc plays a vital role in the
production of thyroxin-binding proteins that affect T4 hormone levels in the body (Hartoma et al., 1979).
Zinc concentration is affected in thyroid gland diseases, being lower in hypothyroidism and higher in
hyperthyroidism (Imamoglu et al., 2005; Baltaci et al., 2019; Krishnan Krishnamurthy et al., 2023). Notably,
thyroid disease is considered the most prevalent disease worldwide (Fabrizio, 2003; Garber et al., 2012).

Growth hormones are synthesized and secreted by zinc. A zinc-dependent factor, the insulin-like growth
factor (IGF-1), mediates the effects of growth hormone (Brandao-Neto et al., 2006; MacDonald, 2000).

Table 3: Zinc Levels in Diabetes

Concentrations of zinc differ in diabetes; in type Il diabetes, plasma or serum zinc levels are lower,
whereas in type | diabetes, plasma or serum zinc levels are typically higher (Aguilar et al., 2007; Pedrosa
et al., 1999; Baltaci et al., 2019; Krishnan Krishnamurthy et al., 2023).

Diabetes Type Zinc Levels Measurement
Type | Diabetes Typically, higher Plasma or serum
Type Il Diabetes Lower Plasma or serum

Therefore, the maintenance of zinc homeostasis in the body is disrupted by hyperglycemia. In diabetic
patients, particularly those with hyperglycemia, zinc concentration is drastically lowered due to increased
urinary loss (Chausmer, 1998). Similarly, in in vitro tests using isolated liver plasma membranes, it was
shown that adding zinc enhanced insulin binding and prevented its breakdown (Arquilla et al., 1978).
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Zinc has a significant impact on appetite, including changes in the sense of taste (Jing et al., 2008). Zinc
supplementation has been shown to prevent anorexia and weight loss (Birmingham and Gritzner, 2006;
ling et al., 2008). It is postulated that zinc deficiency may lead to leptin resistance (Chen et al., 2000). Zinc
also influences testicular tissue (Ozturk et al., 2005) and affects the male reproductive system through
gonadotropic hormones (Baltaci et al., 2006). Likewise, zinc plays a crucial role in the reproductive
physiology of females (Akhtar et al., 2014; Stallard and Reeves, 1997). It is involved in the pineal gland,
which is responsible for the production of melatonin (Johnson, 2001; Fabrizio, 2003; Garber et al., 2012).

lodine-Dependent Thyroid Hormone Synthesis and Regulation

The Food and Nutrition Board of the National Academy of Sciences of the United States has suggested
appropriate dietary intake levels for iodine. The recommended intake is 40 ug per day for infants aged 0
to 6 months, 50 ug for those from 6 months to one year, and 70 g for children aged one to three years.
Recommendations are comparatively higher for adolescents and adults, set at 160 pg per day.
Additionally, iodine requirements increase to 220 pg and 290 ug for pregnant and lactating women,
respectively (Delange, 1993). However, the WHO indicates that a median urinary iodine level of 100—-199
pg/l in a population is regarded as indicative of adequate iodine intake (Lazarus, 2015).

(0-8 months): 40 pg

12 months): 50 pg

3 years): 70 pg
Adolescents and adults: 160 pg

@ FPregnant women: 220 ug

@ Lactating women: 290 pg

Recommended
lodine Intake

Figure 4: lodine Recommended Intake Levels. This figure illustrates the recommended dietary intake levels
for iodine, as suggested by the Food and Nutrition Board of the National Academy of Sciences.

lodine, a micronutrient, plays a pivotal role in the biosynthesis of thyroid hormones. When the body is
exposed to inappropriate iodine concentrations—whether high or low—it can lead to hyperthyroidism or
hypothyroidism, although excess iodine is not easily recognizable(Leung & Braverman, 2014). The primary
physiological role of iodine in the human body is to synthesize thyroid hormones in the thyroid gland
(World Health Organization, 2005).

lodine is categorized as a trace element distributed throughout the earth. A sufficient amount of iodine is
required to synthesize thyroid hormones, particularly thyroxine (T4) and triiodothyronine (T3). The body
may face various clinical disorders if the amount of iodine increases or decreases from an adequate level
(Leung et al., 2010). Disproportionation of iodine intake through diet influences blood lipid levels.
Excessive intake of iodine may also raise levels of blood glucose and blood pressure, which elevates the
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risk of hypertension and diabetes (Liu et al., 2019). Also, autoimmune thyroid disease is caused by
excessive intake of iodine (Laurberg et al., 2010).

Studies have indicated that breast milk contains a specific amount of iodine, with reported levels ranging
from 5.4 to 2170 pg/L. Maternal iodine intake is not directly affected by several environmental factors.
However, the intake of other elements, including selenium and organochlorine pollutants, can impact the
maintenance of thyroid hormone homeostasis in breastfed infants (Dorea, 2002). Therefore, the
requirement for iodine increases in women during pregnancy and lactation; adequate iodine intake is also
necessary even before pregnancy. The prevalence of overweight and obesity is also considered to be
influenced by iodine intake. A salt-restricted diet promotes better cardiovascular health, and a plant-
based diet is also regarded as healthy (Bath, 2024).

Selenium-Dependent Endocrine Function and Hormone Regulation

Various functions associated with selenium, such as hormonal regulation of glucose and energy
metabolism, biosynthesis and action of steroids, neuroendocrine, brain hormones, human development
remain contentious and underexplored (Kéhrle et al, 2005). In humans, the recommended daily allowance
for selenium is between 100 and 200 pg/day. Deficiency of selenium results in selenium-responsive
diseases in various animal species, such as muscular dystrophy, exudative diathesis, and hepatitis dietetica
(Shamberger, 1981). Selenium, predominantly stored in the thyroid gland, is vital for the formation of
various antioxidant enzymes, such as glutathione peroxidase and thioredoxin reductase, as well as the
deiodinases that regulate the activation and deactivation of thyroid hormones (Ventura et al., 2017).
Furthermore, adequate selenium intake can enhance the production of sialoproteins and thyroid
hormones, which, in turn, promote fat metabolism, improve body composition, and reduce the risk of
metabolic disorders (Cavedon et al., 2020). However, certain experimental methods and regimens
involving selenium compounds may trigger harm, such as oxidative stress or cancer (Peters et al., 2018).

Selenium toxicity can impair endocrine function, resulting in increased thyroid hormone production and
a heightened risk of type 2 diabetes (Schomburg, 2020; Yuan et al., 2015). Researchers claim that elevated
selenium levels increase the risk of diabetes, with supplements contributing to an 11% increased risk,
represented by a risk ratio of 1.11 (95% ClI 1.01-1.22). The influence of selenium is compared to placebo
in patients, revealing that selenium supplementation carries a higher risk ratio for women than for men
(Vinceti et al., 2018).

Conversely, selenium deficiency caused by genetic or environmental factors, such as low dietary intake,
can lead to various bodily effects, including an increase in waist circumference, a high BMI, and increased
body fat. The author strongly emphasizes that selenium deficiency can be a contributing factor to
metabolic syndrome (Ko et al., 2014). Selenium deficiency is implicated in several thyroid gland
abnormalities, including increased gland volume, hypothyroidism, autoimmune thyroiditis (Hashimoto's),
and the growth of thyroid nodules. Selenium supplementation is recommended to patients significantly
affected by Hashimoto’s thyroiditis (Kryczyk-Koziot et al., 2021). Additionally, Keshan disease, associated
with selenium deficiency, has been significantly reduced through a nutrition and food chain selenium
supplementation program, which has greatly reduced preventable diseases linked to selenium deficiency
(Zhou et al., 2018). Conversely, Deficiency of selenium caused by genetical factors or environmental
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factors, for example, low intake in diet can cause various bodily effects such as an increase in waist
circumference, a high BMI, and body fat. It is strongly highlighted by the author that deficiency of Se can
be a cause of metabolic syndrome (Ko et al., 2014).

Table 5: Selenium Supplementation Benefits

Selenium deficiency is linked to thyroid disorders. Supplementation benefits areas with high prevalence
of Hashimoto's thyroiditis (Kryczyk-Koziot et al., 2021) and prevents Keshan disease (Zhou et al., 2018).

Condition Benefits
Hashimoto’s thyroiditis Supplementation suggested in highly affected areas
Keshan disease Successfully prevented in over 90% of already affected local residents

Male infertility can be linked to selenium deficiency, whether due to genetic factors or nutritional
deficiencies (Mintziori et al., 2020). A plasma protein called selenoprotein P plays a crucial role in
supplying selenium to the testis (Boitani & Puglisi, 2009). Selenium is known to influence both
spermatozoa count and motility; disturbances in selenium levels, whether elevated or decreased,
negatively impact normal functioning (Hansen & Deguchi, 1996). Additionally, androgens regulate
testicular spermatogenesis in males, which is essential for male fertility, but this process can be
compromised by selenium deficiency.

Selenoproteins play various roles in female reproduction across many species, including ovarian function,
follicular development, and pregnancy. Numerous interventional studies have demonstrated the benefits
of selenium in reproductive technologies and in vitro fertilization in humans (Qazi et al., 2018).

Table 6: Selenium and Reproductive Outcomes

Optimal selenium levels (40-70 ng/ml) support reproductive health, increasing pregnancy rates and
lowering abortion rates (Bleau et al., 1984; Ingold et al., 2015; Qazi et al., 2018).

Selenium Level (ng/ml) Reproductive Outcomes

40-70 Increased pregnancy rates

Lower abortion rates

Optimal for reproductive health

Beneficial for normal functioning of the reproductive
system

>80 Increased abortion rates

Elevated risk of ovarian dysfunction in partners
Particularly relevant when both partners follow
similar dietary practices

Particularly relevant when both partners are exposed
to the same environmental factors
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Iron-Dependent Endocrine Dysfunction in Thalassemia

This genetic condition, beta thalassemia, disrupts the normal synthesis of beta globin chains, resulting in
defective hemoglobin (de Dreuzy et al.,, 2016). A patient's thalassemic condition is associated with
splenectomy, increasing age, severe ineffective erythropoiesis, and low fetal hemoglobin levels (Taher et
al., 2009). Thalassemia-associated growth impairment is influenced by several factors, including endocrine
disorders, deferoxamine treatment, and hypoxia resulting from anemia; however, studies examining
these relationships have yielded conflicting results (Kattamis et al., 1990; Pantelakis, 1994).

In thalassemia patients, iron concentration increases from a moderate level, while there is a decrease in
serum cortisol, T4, prolactin, and pancreatic beta cell function percentage. Studies also reveal that serum
TSH levels elevate in thalassemia patients. In male thalassemia patients, PCV, Hb, T3, and testosterone
levels are higher compared to female patients (Al-Hakeim & Al-Hakany, 2013). In chronic anemic
conditions, there is significant iron absorption, resulting in tissue hypoxia, along with compensatory
responses such as increased erythropoiesis in the bone marrow and enhanced iron absorption through
the intestine. The primary endocrine disorders that thalassemia patients face include growth disorders,
sexual development and fertility issues, abnormal bone mineralization, diabetes mellitus, hypothyroidism,
and hypoadrenalism (Tiosano & Hochberg, 2001).

Excess iron causes endocrinopathies and growth decline in thalassemia patients. Issues such as low
oxygen supply, desferrioxamine toxicity, cardiac overload, nutritional deficiencies, impaired calcium
homeostasis, and involvement of the liver and pancreas arise when iron overload occurs in these patients
(Soliman et al., 2009; Toumba & Skordis, 2010). Thalassemic patients who undergo transfusions often
experience issues such as growth retardation and puberty delay. Initially, with some exceptions, children
typically show normal growth during the first decade, but growth failure occurs later on (Low, 1997).

Commonly occurring endocrinopathies in thalassemic patients include hypogonadotropic hypogonadism,
diabetes mellitus, and hypothyroidism, even with intensive chelation therapy (Borgna-Pignatti et al.,
2004). Approximately 68% of ex-thalassemic patients experience gonadal dysfunction (De Sanctis, 2002).
However, if a patient is left untreated, growth disturbances may occur, along with tissue hypoxia and bone
marrow disruption (Modell & Berdoukas, 1984).

HORMONAL CHANGES

Thalassemia

patients
INCREASE DECREASE
LEVELL LEVEL
Serum TSH (Thyroid- ST
Stimulating Hormone)
T4 (Thyroxine)
Prolactin
Pancreatic Beta-Cell
Function
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Figure 7: lllustrates the hormonal changes in Thalassemia patients, including decreased levels of serum
cortisol, T4, prolactin, and pancreatic beta-cell function, as well as increased levels of serum TSH,
testosterone (in male patients), and T3 (in male patients).

Calcium-Dependent Hormone Regulation and Cellular Function

Within the normal range of almost 5%, calcium homeostasis is maintained. Calcium is essential for various
intracellular reactions, most importantly in muscle contraction, nerve cell activity, the release of several
hormones through exocytosis, and the activation of enzymatic activity. Blood coagulation is primarily
controlled by calcium. Moreover, it is important for maintaining cell membrane stability and providing
linkages between cells (Greco, 2012). Calcium plays a key role in the maintenance of various cellular
activities, such as gene expression, heart and muscle contraction, and motility. It is involved in all
significant events that cells undergo, from the initiation of fertilization to the final stages of programmed
cell death. The metabolic pathways in which calcium participates provide fuel for the generation of cells
(Brini et al., 2013). Furthermore, in humans and various other mammals, calcium serves as an extracellular
component in fluids, performing important functions such as maintaining cell membrane integrity and
acting as a cofactor in proteins, including adhesion molecules, clotting factors, and secreted enzymes (e.g.,
trypsin) (Brown, 2013).

Overall, body calcium homeostasis is maintained by vitamin D and its metabolites, which are important
components of the endocrine system. Vitamin D's influence on hormonal control helps balance serum
calcium levels within a narrow range (Fleet, 2017). However, hypercalcemia is associated with several
other diseases, including tuberculosis, lymphoma, disseminated candidiasis, and silicon-induced
granuloma (Epstein et al., 1984; Gkonos et al., 1984; Breslau et al., 1984; Rosenthal et al., 1985; Kantarjian
et al., 1983; Kozeny et al., 1984). Calcium concentrations in extracellular fluid can vary when hormonal
levels are disturbed. Low or high production of hormones, or tumors related to parathyroid hormone, can
disrupt calcium concentrations (Mundy & Guise, 1999). Disturbances in serum 1,25(0H)2D levels can also
lead to issues; excess levels can cause hypercalcemia (Barbour et al., 1981). The renal synthesis of
1,25(0H)2D is regulated by parathyroid hormone. In cases of hyperparathyroidism, serum 1,25(0OH)2D
levels increase, while in hypoparathyroidism, these levels decrease (Haussler et al., 1976; Lambert et al.,
1980). Both parathyroid hormone and 1,25(0OH)2D are responsible for changes in calcium absorption
levels in the body, corresponding to variations in dietary calcium intake (Gallagher et al., 1979; Norman
et al., 1981).

Table 8: Comparison of Hormonal and Calcium Levels in Hyperparathyroidism and
Hypoparathyroidism.

Condition Serum 1,25(0OH)2D Parathyroid Hormone Calcium Levels
Levels (PTH) Levels
Hyperparathyroidism Increase Elevated Hypercalcemia
Hypoparathyroidism Decrease Low Hypocalcemia
90
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Alterations in the vitamin D endocrine system have been particularly recognized in obese men (Cohn et
al., 1977). Obesity is considered an important condition in which vitamin D levels are disrupted, affecting
the endocrine system. This has a secondary effect on parathyroid hormone production, which enhances
tubular reabsorption of calcium and increases renal production of 1,25(0H)2D (Dalen et al., 1975).

Elevated calcium levels can pose health risks, including the formation of kidney stones and an increased
susceptibility to cardiovascular events like heart attacks and strokes (Pu et al., 2016). The body synthesizes
vitamin D through skin exposure to UV radiation or obtains it through diet. The vitamin then undergoes a
series of hydroxylation reactions in the liver and kidneys, transforming 25(0OH)D into 1,25(0OH)2D
(Carmeliet et al., 2003). In postmenopausal women, high concentrations of calcium excreted from the
body have been analyzed, suggesting that this may be due to an increase in plasma bicarbonate and anion
gap (Nordin, 1990).

Table 9: Micronutrients, Deficiencies and associated Disorders.

Micronutrients | Deficiency Effects Associated Disorders
Zinc Impaired bone formation Osteoporosis
Hypothyroidism, goiter Hypothyroidism, goiter
Impaired glucose metabolism Type Il diabetes
Impaired growth, development Growth hormone deficiency
Impaired fertility, hypogonadism Hypogonadism
Anorexia, weight loss Anorexia nervosa
lodine Hypothyroidism, goiter Hypothyroidism, goiter
Autoimmune thyroid disease Autoimmune thyroid disease
Adverse effects on lactation and Reproductive disorders
reproductive functions
Selenium Impaired thyroid function Hypothyroidism, Hashimoto’s thyroiditis
Increased risk of type 2 diabetes Type 2 diabetes
Metabolic syndrome
Male infertility Metabolic syndrome
Ovarian dysfunction Male infertility
Keshan disease Ovarian dysfunction
Keshan disease
Iron Growth disorders Growth hormone deficiency
Sexual development and fertility Hypogonadism
issues
Abnormal bone mineralization Osteoporosis
Diabetes mellitus Type Il diabetes
Hypothyroidism Hypothyroidism
Hypoadrenalism Adrenal insufficiency
Calcium Hypocalcemia Osteoporosis, tetany, muscle cramps
Hyperparathyroidism, hypoparathyroidism
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Disturbances in serum Vitamin D deficiency, parathyroid hormone
1,25(0H)2D levels imbalance

Obesity-related disorders

Conclusion

The complicated connection between the endocrine system and micronutrients emphasizes the
importance of maintaining sufficient and balanced nutrient levels for hormonal well-being. The
production, regulation, and function of several hormones depend on the elements zinc, iodine, selenium,
iron, and calcium (vitamin D). These micronutrients significantly impact endocrine health, influencing
everything from bone health and reproductive functions to insulin sensitivity and thyroid function.

Many hormonal pathways, including those involved in development and reproduction, rely on zinc. lodine,
which is crucial for thyroid function, can lead to thyroid diseases if present in excess or deficiency. The
role of selenium highlights the need for a careful balance, as it supports thyroid function and possesses
antioxidant properties. Iron imbalances, whether too little or too much, can lead to significant endocrine
disruptions, such as anemia and thalassemia. Additionally, an imbalance of calcium and vitamin D is
associated with conditions like osteoporosis and hyperparathyroidism, as both nutrients are essential for
maintaining bone health and normal parathyroid function. Adequate intake of these micronutrients is
vital for the health of endocrine glands and the preservation of hormonal balance, but there are serious
risks associated with both excesses and deficiencies.

This review focuses on the importance of maintaining optimal levels of these micronutrients to support
endocrine health and prevent related illnesses. A balanced intake through diet and, if necessary,
supplements can significantly impact overall health and hormonal wellness. Future research and public
health policies should continue to center on this crucial topic to better understand the mechanisms
behind micronutrient functions in endocrine health and improve preventive and therapeutic approaches.
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