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Iodine deficiency, more than cretinism and goiter
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Summary Recent reports of the World Health Organization show iodine deficiency to be a worldwide occurring health
problem. As iodine status is based on median urinary iodine excretion, even in countries regarded as iodine sufficient, a
considerable part of the population may be iodine deficient. Iodine is a key element in the synthesis of thyroid
hormones and as a consequence, severe iodine deficiency results in hypothyroidism, goiter, and cretinism with the well
known biochemical alterations. However, it is also known that iodine deficiency may give rise to clinical symptoms of
hypothyroidism without abnormality of thyroid hormone values.
This led us to the hypothesis that iodine deficiency may give rise to subtle impairment of thyroid function leading to
clinical syndromes resembling hypothyroidism or diseases that have been associated with the occurrence of
hypothyroidism. We describe several clinical conditions possibly linked to iodine deficiency, a connection that has not
been made thus far. In this paper we will focus on the relationship between iodine deficiency and obesity, attention
deficit hyperactivity disorder (ADHD), psychiatric disorders, fibromyalgia, and malignancies.
c 2008 Elsevier Ltd. All rights reserved.



Introduction
After publication of recent WHO reports it has become clear that iodine deficiency, defined as urinary iodine excretion <100 lg/L, must be
regarded as a worldwide occurring health problem
[1,2]. Iodine deficiency is not only present in
developing countries, but also widely spread in
European countries and the USA. In above mentioned reports a sufficient median urinary iodine
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excretion rate excludes iodine deficiency,
whereas, a sufficient median value may still implicate a considerable amount of people to be iodine
deficient (Fig. 1) . Iodine was first described by
Bernard Courtois (1777–1838), published upon by
Gay-Lussac in 1814 and considered to play a key
role in the prevention of goiter about one hundred
years later [3]. In case of iodine deficiency the decreased production of the thyroid hormones thyroxin (T4) and triiodothyronine (T3) leads to
increase of TSH levels, although TSH levels may
stay within normal range. Under circumstances of
sustained iodine deficiency, a shift in T3/T4 balance will occur in favor of T3. From the view of
T3 being more potent and needing less iodine
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Figure 1 Classification of iodine status in several European countries by means of median urinary iodine excretion of
the population investigated. Derived from Ref. [2].

molecules this seems an appropriate reaction for
most tissues. Brain tissue, however, is only minimally able to take up T3. In the brain the selenium
dependent type 2 iodothyronine deiodinase plays a
crucial role in the conversion of T4 into T3. In case
of selenium deficiency the iodothyronine deiodinase isoenzymes in the brain, endocrine and reproductive organs are spared for a relatively long
time, resulting in no or only marginal effects of iodine deficiency [4]. In prolonged or severe iodine
deficiency the effects will become more clear in
disturbances of the biochemical parameters T3,
T4 and TSH [5]. From this point of view it is obvious
that the clinical effects of iodine deficiency can
greatly vary, depending on the iodine–selenium
balance in a tissue specific way. It should be noticed that other factors are known contributors
to an optimal thyroid axis such as zinc, iron and
retinoic acid [6].

Hypothesis
We postulate that iodine deficiency may not only
give rise to hypothyroidism with the well known
biochemical alterations and clinical manifestations
such as goiter and cretinism, but to more subtle
changes in thyroid hormone synthesis as well, thus
leading to many other clinical conditions. Diseases

that have been associated with the occurrence of
hypothyroidism or the presence of symptoms of
hypothyroidism may in fact be due to iodine deficiency. We describe several clinical conditions possibly linked to iodine deficiency, a connection that
has thus far not been made. In this paper we will
focus on the relationship between iodine deficiency
and obesity, attention deficit hyperactivity disorder (ADHD), psychiatric disorders, fibromyalgia,
and malignancies.

Support for the hypothesis
Many studies have been performed on the association between obesity and thyroid disease. Obesity
has been associated with TSH increase within normal range and subsequent TSH mediated stimulation of leptin secretion by adipocytes [7,8]. As
leptin is known to induce appetite, it is obvious
that under circumstances of increased leptin secretion obesity may occur. Thus far, iodine deficiency
has not been recognized as a cause of obesity.
However, it can be hypothesized that the increased
TSH levels found are due to iodine deficiency. It
should be realized that leptin acts as a brain protective against iodine deficiency by up regulating
type 2 iodothyronine deiodinase, leading to conversion of T4 into T3 [9].

Iodine deficiency, more than cretinism and goiter
Recently, the association between iodine deficiency in pregnancy and ADHD of the child was
shown [10]. Additionally, we know that ADHD can
be influenced by food intake [11]. It can be assumed that in case of a mother having an iodine
insufficient diet, the rest of the family will also
have an insufficient iodine intake. Therefore it
seems logical that iodine deficiency in the child itself is associated with the occurrence of ADHD.
A relationship between (subclinical) hypothyroidism and anxiety disorders, memory disturbances, neurotic and attention disorders has been
described [12,13]. Several studies suggest brain
hypothyroidism to be present under these conditions and from this point of view supplementation
with T3 was performed, resulting in varying response rates. In the above mentioned disorders
we also suppose brain hypothyroidism to be a crucial factor in the pathogenesis. We consider iodine
deficiency and/or selenium deficiency to be underlying causes, eventually leading to low brain T3
levels.
Fibromyalgia is characterized by a complex of
symptoms resembling hypothyroidism, whereas in
blood tests hypothyroidism cannot be assessed. It
is known that the more symptoms of hypothyroidism are present, the more likely the presence of
this disorder becomes [14]. In fibromyalgia patients
several symptoms are frequently present, however, without the marked TSH increase as seen in
full blown hypothyroidism [15]. We hypothesize
that the clinical diagnosis of hypothyroidism is correct, but is not recognized because of iodine deficiency as the crucial, but not investigated factor
in pathogenesis.
Eventually, many studies have pointed out the
relationship between cancer and thyroid disturbances. Apoptosis plays an important role in the
pathogenesis of malignant diseases. Iodine and
selenium have been described as two independent
factors playing a crucial role in the prevention of
breast and prostate cancer, respectively [16–18].
In 1996, Dai et al. described the existence of the
natrium–iodine symporter (NIS), a receptor providing iodine uptake into the thyroid against a concentration gradient. Remarkably, this receptor is
widely spread throughout the body [16,19]. Additionally, the receptor shows increased expression
(mainly intracellular) in malignant cells of different origin [19]. These data suggest a role for iodine
in the pathogenesis of cancer/apoptosis. It was recently shown that the iodine molecule itself induces apoptosis in human breast carcinoma cells
involving a mitochondrial mediated pathway. In
normal cells this effect could not be assessed
[20]. In case of iodine deficiency these processes
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may be disturbed, leading to disturbed apoptosis
and eventually to malignancies.

Testing the hypothesis
Evidence to prove the hypothesis stated above
should be obtained by assessing iodine status in
general population, but especially in subgroups affected by obesity, ADHD, anxiety disorders, fibromyalgia, and malignancies. The choice for a
subgroup could be made on the basis of general
importance for society and severity of problems.
We suggest different supplementation strategies
to be tested. In this respect, it is important to realize that the recommended daily allowance (RDA)
for iodine has been assessed at 150 lg/day, a dosage based on the prevention of goiter. It should
be considered, however, that the dosage necessary
for optimal thyroid function might differ from a
dosage only sufficient to prevent goiter. In line
with these data not only patients with urinary iodine excretion <100 lg/L should be given supplementation. It might be useful to assess patient
groups according to the level of urinary iodine
excretion and investigate the effect of supplementation on clinical outcome.

Implications of the hypothesis
Given the known worldwide iodine deficiency and
the crucial role of iodine in the synthesis of thyroid hormone, iodine may be the most important
limiting step. However, we should realize that also
Marine and Kimball in their supplementation studies reached a response percentage of only 60%,
despite high iodine supplementation doses [3].
With the insights known today it seems of utmost
importance to identify other co-factors as rate
limiting. Hereby a crucial role for selenium seems
most logical. Nowadays, prevention of goiter and
cretinism still are the ultimate goals in iodine supplementation programs as existing in developing
countries. From the data mentioned above it can
be deduced that iodine deficiency may give rise
to more subtle disturbances of thyroid hormone
synthesis, leading however to clinical conditions
that cause severe patient disability and huge
health care costs.
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