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ABSTRACT
Thyroid hormones are essential for normal 
growth and development in children. 
Nutritional factors are closely related to 
thyroid dysfunction due to deviation from 
normal physiology of the gland. Iodine, a 
main constituent of thyroid hormones (T3 
and T4), deficiency is one of the commonest 
causes of hypothyroidism in children and 
adults, worldwide. Other micronutrients, such 
as Cruciferous vegetables, Pearl Millet, Soy 
products and Cassava, were also attributed 
to cause thyroid dysfunction. Environmental 
factors, namely, contamination of water 
with goitrogens could also contribute to 
the aetiology of goitre in some endemic 
areas. Dietary advice and avoidance of 
excessive use of goitrogens in diet are part 
of guidance on nutritional safety that needs 
to be established, especially in the areas of 
endemicity.
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INTRODUCTION
The thyroid is an endocrine gland with a pivotal 
role in regulating different metabolic processes 
in foetal, childhood and adult life. Several 
diseases affect the thyroid function and deem the 
body either deficient or in excess of the thyroid 
hormones; causing hypo or hyperthyroidism. 
While both of the diseases could be caused by 
different mechanisms, nutritional factors play 
an important role in affecting the function of 
the thyroid gland [1,2]. Among these factors are 
several micronutrients including iodine, which is 
a major constituent of T3 and T4 hormones.

While autoimmune thyroiditis is the main 
aetiology in paediatric hypothyroidism in 
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children, mainly adolescents, iodine deficiency 
is still an important preventable cause of the 
disease in this age group [3]. In adults, iodine 
deficiency is considered the commonest cause of 
hypothyroidism worldwide [4]. This does impose 
a risk of poor neurodevelopmental outcome 
in newborns because of the effect of maternal 
hypothyroidism on foetal brain maturation [5]. 

Iodine deficiency disorders decreased significantly 
in the United States by the 1920s as a result of 
salt iodisation programs that aimed to eliminate 
iodine deficiency [1]. Although replacing iodine 
has decreased the incidence of hypothyroidism, 
some cases still persisted owing to the fact that 
other micronutrients that affects thyroid hormones 
function could also be involved [6]. Goitrogens, 
including cruciferous vegetables and soy product, 
have been shown to inhibit thyroid hormones 
synthesis in several ways, mostly by inhibiting 
iodine utilisation. Those micronutrients have to 
be taken in consideration specially in those with 
thyroid diseases or who are iodine deficient. 

In this paper, we reviewed the physiology of 
thyroid hormones and the role of micronutrients, 
including dietary goitrogens, such as pearl millet, 
in affecting the thyroid function. We initially 
highlighted the crucial role of thyroid hormone in 
the neurodevelopment of foetuses and newborns. 
Then, we shed some light on the synthesis and 
metabolism of thyroid hormone before elaborating 
in the pathophysiological role of goitrogens 
in thyroid diseases. Some of the substances 
discussed in this paper, such as peanut oil and 
water hyacinth, are also previously described as 
potential goitrogens with postulated mechanisms 
of pathogenicity [7,8]. We thought this should 
be a focus of future research that could elucidate 
better the thyroid dietary relationship and inform 
the nutritional management of children with 
thyroid diseases.

PHYSIOLOGY

Thyroid hormone and brain development

Thyroid hormone is important for different body 
functions; however, it has a crucial role in the 
development of foetal brain (Table 1). The process 
of foetal hormonal maturation is controlled by the 

thyroid receptors. Those receptors, including TRα 
and TRβ subtypes, are expressed on cell nucleus 
and regulate production of thyroid hormones 
through gene expression. The foetus depends 
upon maternal thyroid hormone up until 12 weeks 
of gestation, when the thyroid receptors start to 
appear in the cerebral cortex and the cerebellum. 
By then, the foetal thyroid is able to concentrate 
iodine in order to synthesise thyroxine [9].

The fact that thyroxine was found to be detectable 
in infants with complete thyroid agenesis, 
indicates that transplacental passage of maternal 
thyroid hormones remain an important source for 
the foetus throughout the pregnancy. Maternal 
hormones are probably the reason behind 
maintaining a normal IQ in those infants whom 
been treated early after newborn screening [10].

Synthesis and metabolism of thyroid 
hormones  

The thyroid gland synthesises two hormones: 
Thyroxine (T4) and triiodothyronine (T3) 
(Figure 1). After the absorption of Iodine, it 
circulates in blood stream in the form of Iodide 
(I) and enters the thyroid follicular cells through 
the sodium-iodine symporter which is regulated 
by the thyroid stimulating hormone (TSH). TSH 
also stimulate the production of thyroglobulin, 
which is a glycoprotein produced inside the 
thyroid follicular cells and stored within the 
follicular lumen (the colloid space). Inside 
the cell, the iodide is oxidised via the thyroid 
peroxidase enzyme (TPO), then goes through 
organification process that incorporate iodide into 

Table 1. Role of thyroid hormones in different 
functions of the body.

• Foetal brain development
• Skeletal maturation
• Increase basal metabolic rate
• Inotropic & chronotropic effects 
• Increase sensitivity to catecholamines
• Stimulate gut motility
• Increase bone turnover
• Increase serum glucose
• Decrease serum cholesterol
• Conversion of carotene to vitamin A
• Play a role in thermal regulation
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thyroglobulin. Thus, forming monoiodotyrosine 
and diiodotyrosine residues that couple to form 
T4 and T3 (Figure 1). Finally, TSH stimulates 
thyroglobulin proteolysis and subsequently 
releases both hormones into the bloodstream [11]. 
Each step in the synthesis of thyroid hormone is 
catalysed by enzymes which, when deficient, may 
lead to goitre and/or hypothyroidism. Naturally 
occurring autosomal recessive mutations in many 
of the genes which encode these enzymes have 
been shown to cause dyshormonogenic congenital 
hypothyroidism [12].

The vast majority of thyroid hormone in the 
circulation is bound to serum proteins which include 
thyroglobulin binding protein, transthyretin and 
albumin. In euthyroid individuals, only 0.03% 
of T4 and 0.3% of T3 is unbound or ‘free’ and 
immediately available to enter cells and mediate 
thyroid hormone signalling (Figure 2). In the 
circulation, most of T4 are converted to T3, the 
active form of thyroid hormone, via deiodination 
process of the outer ring (Figure 2). While inner-
ring deiodination of T4 or T3 inactivate both 
hormones, forming reverse triiodothyronine (rT3) 
and diiodothyronine (T2) metabolites. 

ROLE OF MICRONUTRIENTS
Several nutritional factors have been shown to 
affect the thyroid in addition to iodine. Goitrogens 
refer to a group of micronutrients that can cause 
enlargement of the thyroid gland. It includes two 
main categories which are cruciferous vegetables 
and soy products. Although big clinical studies 
in this area is lacking, several animal studies and 
human case reports highlighted the effect of these 
micronutrients and their possible contribution to 
better thyroid disease management [1,2,13].

Dietary effect on thyroid dysfunction and 
suggested pathogenesis

Iodine

Iodised salt, seafood (such as fish and seaweed), 
and some grains and breads are common dietary 
sources of iodine [2]. In routine clinical practice, 
patients will often inquire about dietary changes 
they can make to treat or reverse their thyroid 
dysfunction. In general, there is reasonable 
evidence that adequate but not excessive iodine 
intake is beneficial for thyroid health as well 
as selenium supplementation for patients with 

Figure 1. Synthesis and secretion of thyroid hormones.
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Graves’ disease [5,6,8,14]. Aside from these, the 
scientific data showing that dietary changes can 
significantly benefit hypo- or hyperthyroidism is 
sparse [1,2]. 

Cruciferous vegetables

Cruciferous vegetables are vegetables of 
Brassicaceae family, including kale, turnips, 
cauliflower and others, which are rich in indole 
glucosinolate. In animal studies, this compound 
was found to degrade into a goitrin metabolite 
called thiocyanate that inhibits iodine uptake by 
the thyroid cell. It works by competitive inhibition 
of the sodium/iodide symporter, and hence 
inhibiting the synthesis of thyroid hormones [15]. 
However, data are lacking in examining the serum 
concentrations of goitrin following the ingestion 
of cruciferous vegetables. 

There is no enough data available that define the 
amount of cruciferous vegetable consumption 
that is needed to cause thyroid dysfunction. One 
small study on five healthy participants showed 
a decrease by 25% of radioiodine uptake from 
baseline after 6-hour of 15.2 of consumption of 
kale juice twice per day for 7 days, while serum 
thyroid function tests were unchanged. Another 
case report of an elderly woman showed that 
longer period of consuming large amount of 
raw bok choy (1–1.5 kg) was associated with 
myxedema. Further clinical studies to explore the 

minimum duration and amount of consumption 
is warranted. While cruciferous vegetables might 
be heavily promoted for their anticarcinogenic 
effects, those benefits could come at the risk of 
inducing a state of hypothyroidism, especially 
if accompanied by iodine deficiency. Heating 
could be a beneficial way since it denatures 
the goitrogenic compound into a less harmful 
metabolite.

Soy products

Goitrogens has been also found in soy products. 
Several studies on isoflavone, that is the most 
abundant phytoestrogens in soy, have found that 
it inhibits the thyroid hormones in people with 
iodine deficiency while unlikely to affect those 
with euthyroid. The mechanism behind could be 
due to inhibition of the activity of TPO enzyme 
as seen in animal studies [16]. A case report from 
1960s described a gaiter in an infant who was 
on soybean formula for 4 months, which noticed 
to improve 1 week after substitution of the soy 
formula with whole milk [17].

Pearl millet

Another soy product that can cause gaiter is 
Millet grain; namely, of Pearl Millet (Pennisetum 
glaucum or a synonym P. americanum), a tall 
cereal grass that has large leaves and dense round 
spikes, which is widely grown for its seeds and 

Figure 2. Thyroid hormones in the circulation.
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for forage [18]. Even in people with adequate 
iodine intake, millet still can suppress the thyroid 
gland function. Many rural areas of Africa and 
Asia that have a semi-arid climate depend on 
millet as their main source of food energy. 
Endemic goitre noticed in these areas raised this 
possibility to investigate antithyroid activities 
of millets. Pearl millet is a type of millet that is 
rich in C-glycosylflavones, which was shown to 
have similar activities to methimazole in animal 
studies. In vitro studies in rats, C-glycosylflavones 
inhibited 85% of Thyroid Peroxidase enzyme 
[13,19]. 

Other micronutrients 

Another micronutrient that affects the thyroid 
function is selenium. A metanalysis looked into the 
effect of selenium on patient with Graves’ disease. 
Patients who received selenium supplementation 
showed a temporary improvement in thyroid 
function at 6 months follow-up. This improvement 
though didn’t last by 9 months in comparison to 
those who were on placebo. Although adjuvant 
selenium supplementation holds some benefits 
for patient with gravis disease, it cannot be part 
of the standard treatment until further supportive 
evidence [14].

Cassava, a starchy tuberous root of a tropical 
tree, consumed as a routine diet in some African 
countries, is also another previously reported 
goitrogen [20]. The aetiology could be related to, 
though still controversial, a high concentration 
of linamarin, a cyanogenic glucoside, in Cassava 
that can be metabolised to thiocyanate [20,21]. 
Peanut oil and water hyacinth, are also previously 
described as potential goitrogens in Kosti city 
in Sudan when Eltom et al. [7,8] explored the 
possible causes of endemic goitre in central 
Sudan. A postulated mechanism of pathogenesis 
included the strong absorptive capacity of water 
hyacinth (Eiccornia Crossipes), a floating aquatic 
weed that form a perennial mat that covers 
most of the White Nile river, the main supply of 
drinking water in Kosti [22]. Onion and garlic, 
previously attributed as vegetables containing 
potential dietary goitrogens, were also suspected 
to be behind the endemicity beside peanut oil 
as all are well consumed in the city [7,23–25]. 

Likewise, Vougt et al. reported on endemic goiter 
in Virginia, United States of America, in relation 
to water pollution with Escherichia Coli bacteria 
that has antithyroid activity [26]. Moreover, 
Gaitan et al. findings suggested intervention of 
certain disulphides contained in drinking water 
[27,28]. 

Effect of micronutrients on absorption of 
thyroid medications

It is important for general practitioners and 
paediatricians to know that common nutritional 
supplements can interact with the absorption 
of thyroid medications. For instance, calcium 
supplements have the potential to interfere 
with proper absorption of thyroid medications. 
Therefore, spacing the intake of both of the 
medications at least 4 hours apart is recommended 
[29]. Coffee and fibre supplements also should 
precede thyroid hormone intake by at least an 
hour so as not to interfere with the absorption 
of the thyroid medication [30]. Chromium 
picolinate, which is used as an alternative 
medicine to reduce blood sugar in children with 
diabetes and in prediabetes status as well as for 
cholesterol lowering and for weight loss, impairs 
the absorption of thyroid medications. Hence, the 
two medications should be consumed three to 4 
hours apart. Flavonoids in fruits, vegetables and 
tea that could potentially affect the cardiovascular 
in a positive way, do suppress thyroid function 
in high-doses. The Natural Standards Database 
provides an extensive list of supplements that 
have a potential impact on thyroid function 
that consumers can refer to for guidance 
[31]. Dieticians should confirm that patients 
are adhering to these guidelines for optimal 
absorption of thyroid hormone supplements.

CONCLUSION
A balanced diet is an important component of 
maintaining a healthy thyroid gland function. 
While iodine being on top of the list, it is not the 
sole micronutrient affecting the thyroid gland. 
Since the current evidence does not provide a 
maximum limit of intake of these micronutrients 
inhibiting the thyroid function, dietary regulation 
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should be based upon clinical correlation and 
experienced dietetic advice. Further studies on 
exploring the toxic limits of these micronutrients 
and better understanding of the surrounding 
environment and potential goitrogens may help 
establishing guidance on nutritional safety. 
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