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individuals may be the result of a deficiency in iodine, resulting from decreased
consumption of foods containing iodine. If T3 and T4 are decreased in an individual’s
body, lower metabolism which ultimately causes weight gain and excess adiposity may

be the result. This study may explain some of the causes of the current obesity epidemic.



CHAPTER II
LITERATURE REVIEW
lodine is an important constituent for the synthesis of thyroid hormones and is
involved in regulation of several metabolic processes and enzymes (Institute of Medicine
of the National Academies, 2006). Thyroid hormones play an essential role in the early
growth process and development of a majority of the organs, specifically the brain
(Delange & Lecomte, 2000). Thyroid hormones are also important for the metabolism of
most human cells (Delange & Lecomte, 2000). Thyroid iodine accretion and turnover
decide the iodine requirement for each individual (Institute of Medicine of the National
Academies, 2006). Iodine is an essential trace element that has a daily requirement of
150 pg/day and tolerable upper intake level (UL) of 1100 pg/day (Baker, 2004;
Paknahad, 2010). The greatest amount of iodine that can be consumed each day and
likely not cause a risk for unfavorable health effects in most individuals is known as the
UL (Baker, 2004). Around 120 pg of iodide are typically collected daily by the thyroid
gland to assist with the synthesis of thyroid hormones, such as T3 and T4 (Ahad & Ganie,
2010),
History of Iodine
While France was at war in 1811, Bernard Courtois manufactured saltpeter to make

gunpowder for Napoleon’s army (Zimmermann, 2008). He first burned seaweed to



separate sodium bicarbonate and then added sulfuric acid to the remaining ash
(Zimmermann, 2008). This created a violet vapor that would crystallize on cold surfaces
(Zimmermann, 2008). Courtois sent some of the crystals to Gay-Lussac who identified
the crystals as a new element and coined its new name, iodine, after a Greek word that
meant violet (Zimmermann, 2008). Iodine has an atomic weight of 126.9 g/mole and
plays an important role in the production of hormones from the thyroid gland
(Zimmermann, 2008). Iodine is a nonmetallic element and its name is derived from the
Greek “iodes.” “Iodes” means violet or purple which is the color of iodine in the gaseous
phase.

Role of lIodine

lodine has an essential role in thyroid physiology because it is a major component
of thyroid hormones, and it regulates thyroid gland function (Cavalieri, 1997). The
biosynthesis of thyroid hormones is based on the presence of iodine (Mansourian, 2011).
The thyroid gland is also the primary site for iodine absorption and storage (Mansourian,
2011). An adult human body can contain 15-20 mg of iodine, with about 80% in the
thyroid gland (Baker, 2004).

Iodine is oxidized in the thyroid gland, and then is transferred on the tyrosine
residués of thyroglobulin (Mansourian, 2011). The tyrosine residues are then converted
into monoiodotyrosine (MIT) and diiodotyrosine (DIT; Mansourian, 2011). During the
coupling process, MIT and DIT form T3 whereas DIT and DIT form T4. Hence, iodine

1s an important constituent of the thyroid hormones, T3 and T4 (Institute of Medicine of
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Table 1

Sources of lodine (Ahad & Ganie, 2010).

Soil
NalO; Sodium lodate
NalO4 Sodium Periodate
Seaweed/Algal Phytoplankton
KI Potassium Iodide
Nal Sodium Iodide
I, lodine
I Todide
Seawater
I Todide

Dietary sources of iodine are eggs, potatoes, navy beans, seaweed (wakame, nori
or mekabu), cow’s milk, seafood, and iodized salt. Most of the iodine that is found in
food is iodide, but iodate is the form for iodized salt or it can be used in bread making as
a bread conditioner (Baker, 2004). In the body, iodate is readily reduced to iodide when
eaten or injected intravenously (Baker, 2004). The amount of iodine found in a majority
of food sources is low and the irrigation, fertilizers, and soil content can affect the iodine
level in each food item (Institute of Medicine of the National Academies, 2006). Seafood
usually has an increased amount of iodine because marine animals are able to concentrate
iodine from seawater (Institute of Medicine of the National Academies, 2006). Processed
food items might have increased levels of iodine because of any iodized salt that is added
or possibly any additives; such as cuprous iodide, potassium iodate, calcium iodate, or
potassium iodide (Institute of Medicine of the National Academies, 2006). Radiocontrast

media, water purification tablets, certain medications such as Amiodarone (or

12



Cordarone), food coloring, dental and skin disinfectants have large amounts of iodine that
can obstruct accurate functioning of the thyroid (Baker, 2004; Institute of Medicine of the
National Academies, 2006).

Iodine is still used as a bread conditioner and can be added into dairy products
and chicken through supplementation in feed, as well as any sanitizing agents that may
contain iodine (Soldin, 2007). The amount of iodine in both eggs and milk can vary
depending on the iodine level in the diet of the hens and cows (Baker, 2004). Cattle and
chicken diets are often supplemented with kelp to provide a considerable amount of
iodine through eggs (yolks are iodine-rich), meat, and milk products (Lee et al., 1999).

Table 2 shows the amount of iodine in some common food items.
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Iodine Deficiency, Hypothyroidism and Goiter

In less developed countries, there are approximately two billion people at risk for
1odine deficiency (Paknahad, 2010). Iodine deficiency is found in areas of the world
where the topsoil has been depleted of iodine through erosion that results from rain,
flooding, wind, or glacier movement (Lee et al., 1999). Cognitive development can be
impaired in children with severe iodine deficiency, while adults can experience goiter
(Institute of Medicine of the National Academies, 2006). Women who have iodine
deficiency are particularly susceptible to an enhanced goiter formation (Lee et al., 1999).
The clinical outcomes of iodine deficiency can affect human subjects of all ages, and
range from mild hypothyroidism to severe endemic cretinism (Arthur & Beckett, 1999).

Todine deficiency will interfere with the synthesis of T3 and T4 hormones (Ahad
& Ganie, 2010). The thyroid gland is able to release these hormones for a short time
through the stored components in thyroglobulin molecules (Ahad & Ganie, 2010). When
these stores are depleted, the serum concentrations of T4 starts to decrease and the
pituitary gland intervenes by increasing TSH release (Ahad & Ganie, 2010). This causes
the thyroid gland to enhance its uptake of iodide to guarantee that there is an adequate
release of thyroid hormones (Ahad & Ganie, 2010). Hyperplasia of follicular cells occurs
when an individual is in a state of deficiency and TSH is unable to promote T4 release
(Ahad & Ganie, 2010). In the case of severe iodine deficiency, T4 levels remain reduced
and the TSH levels remain increased (Ahad & Ganie, 2010). With continuous TSH

stimulation, the thyroid glands experiences hypertrophy and hyperplasia of the follicular
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cretinism, reduced fertility rate, endemic mental retardation, and a rise in perinatal death
and infant mortality (Delange & Lecomte, 2000).

In 2004, a national survey in mainland Tanzania was performed to investigate the
effect of universal salt iodination that began in the early 1990’s. In this country, rural
areas had greater incidence of goiter than did urban areas. Rural areas had a goiter
prevalence of 8.0% compared to 5.5% for urban areas (Assey et al., 2009). In the 1980’s,
5.0-19.9% of the population had mild iodine deficiency, 20-29.9% had moderate iodine
deficiency, and greater than or equal to 30% had severe 10dine deficiency (Assey et al,,
2009). Twelve years after the initiation of the universal salt iodination, 84% of the
population consumed iodized salt and 94.5% of children between the ages of 6-12 had
normal sized thyroid glands (Assey et al., 2009).

Wolff-Chaikoff Effect

The Wolff-Chaikoff Effect is the theoretical, inhibitory result of peripheral
inorganic iodide levels, which are greater than or equal to 0.2 mg/L (10° M), on the
organification of iodide (Abraham, 2005). This effect supposedly results in
hypothyroidism and goiter (Abraham, 2005). When there is an increase in intracellular
iodide, the organic-binding and coupling reactions that occur in the thyroid gland are
blocked. In the study by Wolff and Chaikoff (1948), following the injection of increased
doses of iodide; there was almost a complete block of the thyroid gland’s ability to bind
organically throughout the initial 6-12 hrs. During this time period, the gland does not

lose its capability to concentrate iodine (Wolff & Chaikoff, 1948). The inorganic iodine
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Basal Metabolic Rate and Thyroid Function

Basal metabolic rate (BMR) contributes about 60-75% to an individual’s daily
energy expenditure (Meunier et al., 2005). The three factors that affect energy
expenditure include BMR, adaptive thermogenesis, and exercise-induced thermogenesis
(Goglia, Silvestri, & Lanni, 2002). BMR is also essential in the regulation of body
weight (Meunier et al., 2005). The reduction in BMR with age has been explained in
several studies, and it was estimated that the decrease in basal metabolism was less than
1-2% per decade during the second to seventh decade of life (Meunier et al., 2005).
Numerous studies have supported the conclusion above as well as the fact that the
decrease in BMR is related to changes in body composition, especially a reduction of fat-
free mass (Meunier et al., 2005). Studies have also suggested that physiological,
hormonal and lifestyle factors could also lead to a decrease in BMR of older individuals
(Meunier et al., 2005). Therefore, thyroid hormones may be a potential modulator of the
changes seen in BMR (Meunier et al., 2005).

One of the primary roles of thyroid hormones in adult humans is the regulation of
thermogenesis (Kim, 2008). A variety of studies have observed effects of thyroid
hormones on cellular processes important to energy expenditure (Kim, 2008). Even
though there is this wealth of data, it still is unclear whether 3-3-triiodothyronine-

responsive energetic processes are the most significant in determining BMR (Kim, 2008).
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Recommendations for Further Studies

Below are some recommendations for additional research on the relationship
between iodine intake and body weight:

1. Utilization of a more accurate indicator of iodine status such as measuring

urinary iodine excretion, food diaries, or an iodine controlled diet.

2. Assessing the effect of different amounts of selenium on iodine metabolism in

the human body.

3. Studies should be done to determine if there are any differences between

variable iodine intake and ethnicity or sex.

4. Studies should include samples with more variability of iodine intake.

5. Studies should assess the effect of iodine intake on thyroid volume.
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