Chapter 6
The Effects of Iodine Excess

Angela M. Leung

Abstract Iodine is a necessary micronutrient and essential for the synthesis of the
thyroid hormones. Iodine exposure may also occur as a result from iodine fortifica-
tions programs (through salt iodization, fortification of foods, or other routes), med-
ications, dietary supplements, topical iodine antiseptics, radiographic iodinated
contrast media, and other sources. Excess iodine exposure, particularly among indi-
viduals with underlying thyroid disease, has the potential for inducing hyperthy-
roidism and hypothyroidism. Iodine-induced thyroid dysfunction can be transient or
permanent. With the exception of specific medical indications for the use of supra-
physiologic iodine, excessive iodine ingestion and/or exposure should be avoided.
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AIH Amiodarone-induced hypothyroidism
AIT Amiodarone-induced thyrotoxicosis
CT Computed tomography
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TUL Tolerable upper level
UF Uncertainty factors
uIC Urinary iodine concentration

UNICEF  United Nations Children’s Emergency Fund
WHO World Health Organization

Introduction

Iodine is an important micronutrient that is crucial for thyroid hormone production.
As it is naturally present as a trace element primarily in coastal areas, iodine defi-
ciency was historically and still continues to be a significant public health issue in
many regions of the world. It is taken in primarily through the diet, and universal
salt iodization and iodine fortification of foods have been adopted worldwide to
prevent the adverse effects of iodine deficiency. The U.S. Institute of Medicine, the
World Health Organization (WHO), the United Nations Children’s Emergency
Fund (UNICEF), and the International Council for the Control of Iodine Deficiency
Disorders (ICCIDD) [since renamed the Iodine Global Network (IGN)] recommend
a daily iodine intake of 150 pg in adults [1, 2].

However, in addition to the diet, iodine exposure can also occur incidentally
from medical procedures or medications and other sources, often in concentra-
tions much higher than the recommended daily intake levels. Excess iodine intake
or exposure, particularly if acute, can have adverse consequences, due to its
potential for inducing thyroid dysfunction, and both iodine-induced hypothyroid-
ism and hyperthyroidism can result. Based on limited supporting data for the
threshold for iodine levels that would be deemed unsafe, the U.S. Institute of
Medicine has set a Tolerable Upper Level (TUL) (the approximate threshold
below which significant adverse effects are unlikely to occur in a healthy
population) for iodine at 1,100 pg/day in adults [1], while the WHO, UNICEEF,
and IGN advise that pregnant and lactating women ingest no more than 500 pg of
iodine per day [2] (Table 6.1).

Population Measures of Excess Iodine Exposure

Because of significant variations in dietary iodine intake, the iodine status of a given
individual cannot be reliably measured [3]. Thus, iodine nutrition can only be mea-
sured in populations, which has historically been done using median urinary iodine
concentrations (UIC). Median UICs are a good biomarker of iodine intake. As
defined by the WHO, UNICEEF, and IGN, median UICs greater than 300 pg/L are
consistent with excessive iodine status among 6—12 year old children [2].
Alternatively, thyroglobulin levels measured from dried blood spots may poten-
tially also serve as a measure of iodine status among school-aged children. In one
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Table 6.1 Tolerable upper limits for daily iodine intake

World Health Organization (WHO), United Nations Children’s
U.S. Institute Emergency Fund (UNICEF), International Council for the Control
of Medicine [1] of lodine Deficiency Disorders (ICCIDD) [2]
Age pg/day Population Subgroup pg/day
0-12 Unknown | Infants 180
months
1-3 years | 200 Pregnancy 500
4-8 years | 300 Lactation 500
9-13 years | 600
14-18 900
years
19-50 1,100
years

report, the mean dried blood spot thyroglobulin concentration was significantly
higher in healthy 6-12 year old children in whom the median UIC was greater than
300 pg/L, suggesting that dried blood spot thyroglobulin levels may serve as a sen-
sitive marker for iodine excess in this population [4].

Thyroidal Response to Iodine Excess

The normal physiologic adaptation to excess iodine exposure is known as the acute
Wolff-Chaikoff effect. From experiments during the 1940s, it was recognized that
rats exposed to high amounts of iodide through the peritoneum have a reduction in
thyroid hormone synthesis that persists for approximately 24 h [5] and thus a cor-
responding decreased risk for the development of iodine-induced thyrotoxicosis.
Although the exact mechanism for this decrease in thyroid hormone production (the
acute Wolff-Chaikoff effect) is not completely understood, it has been postulated
that several compounds, including intrathyroidal iodolactones, iodoaldehydes, and/
or iodolipids, on thyroid peroxidase activity, are formed and work to inhibit thyroid
hormone synthesis in the thyroid follicular cell [6]. Furthermore, there may also be
a reduction of deiodinase activity within the thyroid, as a result of the excess iodine
exposure, which contributes toward decreased thyroid hormone production.

The physiologic phenomena of the acute Wolff-Chaikoff effect and decreased
thyroid hormone production are transient in most individuals, as escape from the
acute Wolff-Chaikoff effect occurs and normal thyroid hormone production resumes
within a few days [7]. The mechanism for the escape was elucidated in 1999, when
Eng and colleagues reported that there is a marked decrease in expression of the
sodium-iodide symporter (NIS) present on the basolateral membrane of thyroid fol-
licular cells 24 h after the excess iodine exposure occurs [8]. NIS is a
13-transmembrane glycoprotein which mediates the active transport of iodine from



78 A.M. Leung

the circulation into the thyroid [9], and decreased thyroidal NIS expression thus
results in lower intrathyroidal iodine concentrations. The reduction in intrathyroidal
iodine stores results in decreased formation of the iodinated inhibitory substances
on thyroid hormone synthesis, thereby enabling the resumption of normal thyroid
hormone production.

However, there are certain instances in which the acute Wolff-Chaikoff effect or
escape from the effect do not occur, resulting in iodine-induced thyrotoxicosis or
iodine-induced hypothyroidism, respectively. Predisposing factors include those
which result in dysregulation of the thyroid follicular cell. Thus, individuals with a
history of Hashimoto’s thyroiditis, Graves’ disease (even if treated), postpartum
thyroiditis, subacute thyroiditis, partial thyroidectomy, or use of lithium (which
traps iodine in the thyroid gland), may be particularly susceptible. The developing
fetus or neonate (in whom thyroid development is still occurring) is also particularly
vulnerable. In these instances, the iodine-induced thyroid dysfunction may be tran-
sient or permanent.

Iodine-Induced Hyperthyroidism

In certain susceptible patients, the excess iodine load provides a rich substrate for
increased thyroid hormone production. Iodine-induced hyperthyroidism (the Jod-
Basedow phenomenon) was initially described in the early 1800s, when thyrotoxi-
cosis was observed to be more common among those with endemic goiter treated
with iodine supplementation, compared to non-goitrous individuals. The frequency
of iodine-induced hyperthyroidism varies by the degree of endemic iodine defi-
ciency in the local region and timecourse of iodine exposure; a summary by country
has been published [10]. The development of hyperthyroidism following excess
iodine exposure can occur within days to weeks [11].

Iodine-induced hyperthyroidism may be transient or permanent, and risk factors
include nontoxic or diffuse nodular goiter, latent Graves’ disease, and longstanding
iodine deficiency [12, 13]. Endemic iodine deficiency predisposes to but not is not
necessary for the development of iodine-induced hyperthyroidism, as it has also
been described among euthyroid patients with nodular goiter in iodine sufficient
areas [13, 14].

Iodine-Induced Hypothyroidism

The underlying mechanism of iodine-induced hypothyroidism is inhibition of thy-
roid hormone synthesis due to failure to escape from the acute Wolff-Chaikoff
effect, but hypothyroidism may also be due to the development of autoimmune thy-
roiditis resulting from the iodine load. Some data suggest that exposure to high
iodine concentrations may also decrease thyroid hormone synthesis and release, as
reported in several small studies which show mild decreases in serum thyroid
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hormone levels and increases in the serum TSH level to the upper limit of the nor-
mal range [15-17]. The development of iodine-induced hypothyroidism can occur
as early as weeks following exposure to excess iodine [18].

The developing fetus and young infant are particularly vulnerable to the effects
of iodine excess, as normal thyroid function is critical for neurodevelopment and
somatic growth. It is thought that the ability to fully escape the Wolff-Chaikoff
effect does not mature until around 36 weeks gestation, so that although pregnant
women who receive a large iodine load might be able to maintain normal thyroid
function, their fetuses could become selectively hypothyroid. One recent case
series described three newborn infants who were found to be profoundly hypothy-
roid (serum TSH concentrations ranging up to 419 mIU/L) following maternal
ingestion of an iodine-rich supplement (12.5 mg/day) daily during pregnancy [19].
However, although this is not routinely used (see section below regarding “Medical
Uses of Excess Iodine™), there is experience in Japan with using high-dose iodine
(as potassium iodide, KI) for the treatment of maternal Graves’ hyperthyroidism
with few, if any, adverse outcomes. One report demonstrated no observed fetal
thyroid dysfunction among 283 women treated with KI in the first trimester of
pregnancy [20].

Iodine-Induced Thyroid Autoimmunity

Todine status has also been thought to be an important contributor toward the devel-
opment of thyroid autoimmunity in a dose-dependent manner that acts through both
cellular and humoral responses [21]. In a study of three regions in China with mildly
deficient iodine intake, more than adequate iodine intake, and excessive iodine
intake, the prevalence of autoimmune thyroiditis was 0.2 %, 1.0 %, and 1.3 %,
respectively [22]. Similarly, in the 4-5 years after the introduction of a mandatory
program of salt and bread iodization Denmark in 2000 there was an increase in
serum thyroid peroxidase and thyroid anti-thyroglobulin antibody positivity, com-
pared to the period prior to the program [23]. The increase was seen in all age
groups studied, but was particularly frequent among young women. Most individu-
als developed only low titers of the serum thyroid antibodies.

Potential Sources of Excess Iodine Exposure

Todine can be present in concentrations of up to several thousand-fold higher than
the recommended levels [1] from several common sources. These may include
iodine-containing foods, medications, supplements, and as iodinated contrast agents
used for radiologic studies. Estimates for the iodine content in some common foods
and medical agents are shown in Table 6.2. Ingestion or exposure to iodine-rich
substances can, in some susceptible individuals, result in thyroid dysfunction from
the excess iodine load.
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Table 6.2 Potential sources of excess iodine ingestion or exposure

Source Todine content (pg)
Kelp (per gram) 16-8,165

Bread (per slice) 2-587

Milk (per 8 oz) 88-168

Fish (per gram, dry) 0.73

Todized salt Variable

Prenatal multivitamins (per daily serving) 75-200
Amiodarone (per 200 mg tablet) 75,000

Iodinated contrast (free iodine per CT scan) 13,500

Topical (povidone) iodine 1-10 % (10 % contains 85 mg/ml) [11]
Saturated solution of potassium iodide (SSKI) (per 50,000

drop)

Adapted from: Leung and Braverman 2014, Ref. [86]

Iodine Fortification

Iodine fortification has been the primary method of ameliorating iodine deficiency,
the most common cause of preventable intellectual impairment, on a global scale
over the past century. Small amounts of iodine have been administrated as iodized
oil orally and intramuscularly, introduced into the water supply, used in crop irriga-
tion, incorporated into animal fodder, and introduced into food through salt iodiza-
tion, bread iodophors, and other products [24]. Goyle et al reported the successful
use of fortified micronutrient biscuits in raising the median urinary iodine levels of
Indian schoolgirls [25].

Although iodine supplementation and food fortification efforts have decreased
the number of those at risk for iodine deficiency and its associated sequelae, particu-
larly in the most recent decades, the use of iodine has also led to concerns regarding
excessive iodine exposure in selected individuals.

Iodine supplementation and food fortification have also been shown to be associ-
ated with increased incidences of thyroid dysfunction, thyroid autoimmunity, and in
some reports, thyroid cancer. Subclinical hypothyroidism was more common in
those supplemented with a 400 pg iodine daily tablet, compared to placebo, in a
study of over 200 Chinese adults [26] similar to the results of other studies in
Denmark [27] and New Zealand [28], which also showed an increased prevalence
of transient hyperthyroidism. There has also been an increase in the incidence of
thyroid autoimmunity [29] and thyroid cancer, particularly papillary thyroid cancer,
following iodine supplementation in some studies. The rise in thyroid cancer over
the past few decades is multifactorial, but has been discussed as perhaps a conse-
quence of changes in iodine nutrition from many countries that have analyzed the
trend before and after various iodine fortification programs [30-33].
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Diet

National market surveys in the U.S. show that dairy products, some breads,
seaweed and other seafood, and iodized salt are the most common sources of
dietary iodine nutrition [34]. Salt iodization is viewed to be one of the safest and
most effective methods of achieving population iodine sufficiency. lodine
fortification of all food-grade salt is mandated in approximately 120 countries,
although the enforcement and degree of implementation of these efforts in
individual countries are unknown [35]. Salt is not generally considered to be a
source of iodine excess as long as appropriate monitoring of salt iodization pro-
grams is conducted.

The iodine content in some grain products stems from the use of iodate dough
conditioners, which help to preserve the shelf stability of bread. In Tasmania, bread
iodation was introduced in 1966 as a prophylactic measure against iodine deficiency
and endemic goiter [36]. However, in the initial few years following this interven-
tion, several reports demonstrated an increase in the incidence of thyrotoxicosis that
was thought to result from excess iodine exposure [37, 38]. In the U.S., bread ioda-
tion was thought to be associated with the decreases in thyroidal radioactive iodine
uptake values nationally during the 1960s [39]. In Australia, due to previous reports
of low iodine status, iodization of bread was mandated in 2009, which resulted in a
modest increase of the median urinary iodine concentration among pregnant women
[40]; there are no known reports of iodine-induced thyroid dysfunction as a result of
this action in this population.

One example of an iodine-rich food is seaweed, and the iodine content of sea-
weed can vary widely [41]. Cases of iodine-induced thyrotoxicosis have fre-
quently been reported among seaweed users, including one woman who drank
kelp-containing tea for four weeks [42], another patient who had a longstanding
history of using kelp-containing dietary supplements [43], and a woman who was
consuming a kelp-based diet plan [44]. Recently, Kasahara et al reported a case of
delayed onset congenital hypothyroidism in an infant with a mutation in the dual
oxidase (DUOX?2) gene, which is known to be associated with transient congeni-
tal hypothyroidism, which was exacerbated by maternal ingestion of excessive
seaweed during pregnancy [45]. In other reports, both short-term and chronic sea-
weed ingestion has been reported to be associated with modest elevations of
serum TSH without overt thyroid dysfunction [46-48]. Seaweed soup is com-
monly ingested by postpartum women as a cultural practice in some regions and
contains over 1,700 pg per 250 mL serving [49]. Japanese reports have shown the
positive correlation between maternal iodine intake of seaweed soup during preg-
nancy and elevated serum TSH concentrations of their newborn infants [50, 51],
similar to several Australian cases of neonatal hypothyroidism arising from mater-
nal ingestion of seaweed soup and of soy milk manufactured with seaweed during
pregnancy [52].
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Amiodarone

Amiodarone is an iodine-rich medication which has been in use since the 1960s and
which was approved for the management of ventricular tachyarrhythmias in the
U.S. in 1985 [53]. It has a high iodine content (37 % by weight), so that one 200 mg
tablet contains 75 mg iodine, equivalent to several thousand times the recommended
daily requirement of 150 pg in adults [1]. Amiodarone has a long half-life (approxi-
mately 100 days) and can accumulate in adipose tissue, the liver, and the lungs.

Due to the its high iodine content, amiodarone use is associated with type 1
amiodarone-induced thyrotoxicosis (AIT) in 4-28 % of patients [54, 55], depending
on whether preexisting thyroid disease is present and overall iodine status from nutri-
tional intake. The two types of AIT are important to distinguish, as their recommended
management is different. Type 1 AIT is iodine-induced and is associated with
increased thyroid hormone synthesis and treated with thionamides, beta-blockers, and
if available, perchlorate, while type IT AIT is characterized by a destructive thyroiditis
and usually managed with corticosteroids if it is severe [56]. Type 1 AIT is more com-
monly seen in individuals with underlying nodular goiter or Graves’ disease, whereas
Type 1 AIT is more frequent in individuals residing in iodine-sufficient areas [56].

Amiodarone use can also result in iodine-induced hypothyroidism. Amiodarone-
induced hypothyroidism (AIH) is more common than AIT in iodine-sufficient
regions, and particularly among individuals with chronic lymphocytic thyroiditis
[53]. As in other examples of iodine-induced hypothyroidism, AIH may spontane-
ously remit or become permanent.

Iodinated Contrast Media

Iodinated contrast media is a common iodine-rich substance used in radiographic
diagnostic imaging, and a typical dose contains 13,500 pg of free iodide and 15-60 g
of bound iodine [57], amounts which are equivalent to several hundred times the
daily recommended intakes. Both ionic and nonionic contrast media contain
approximately 300-370 mg iodine/mL [58]. Several case reports have demonstrated
the effects of thyroid dysfunction arising after iodinated contrast use [59-61].
Studies in Germany and the U.S. showed that a small proportion of patients who
received either coronary angiography or an iodinated CT scan developed subclinical
hypothyroidism approximately one week after the exam [62, 63]. In a Turkish study
of 101 patients who underwent coronary angiography, there was a small increased
risk of subclinical hyperthyroidism at up to 8 weeks following the iodine exposure
[64]. However, one small study showed that administration of intravenous iodine
contrast during pregnancy did not result in a significantly increased incidence of
fetal thyroid dysfunction [65].

Several large population studies have also examined the associations between
iodinated contrast media use and the development of thyroid dysfunction. In a
nested case-control study of adult patients at a Boston hospital over 20 years, there
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were significantly increased risks for both incident hyperthyroidism and hypothy-
roidism following iodinated contrast media exposure [57]. These findings were also
confirmed in a community-based Boston cohort [66] and two general population
cohorts in Taiwan [67, 68].

The effects of iodinated contrast media use in diagnostic imaging may not be
immediate. In a prospective study of 54 euthyroid adults who received elective out-
patient iodinated computed tomography (CT) scans, the mean time to achieve peak
urinary iodine concentration (UIC) was 1.1 + 0.5 weeks, and normalization of UIC
was not achieved until 5.2 + 4.0 weeks [69]. In this report, 22 % of the subjects
developed incident thyroid dysfunction over the up to three months of follow up in
the study. The effects of iodinated contrast media on inducing potential thyroid
dysfunction are particularly important in the neonate. One case series reported three
neonates who presented with profound hypothyroidism (serum TSH concentrations
ranging from 30-175 mIU/L) within one month of having undergone cardiac
catherization(s) which utilized iodinated contrast [70]. Another study analyzed
pediatric patients (<18 years old) with thyroid dysfunction, matched 1:1 to euthy-
roid controls by age, sex, and race, and reported a three-fold increased risk of inci-
dent thyroid function abnormalities among those who had a history of iodinated
contrast media exposure, with nearly 11 months as a the mean time period between
iodine exposure and thyroid dysfunction [71]. These data confirm the several case
reports that have been made known to the U.S. Food and Drug Administration con-
cerning the potential for hypothyroidism resulting from use of iodine-containing
contrast agents in infants [72].

Guidelines by the Contrast Media Safety Committee of the European Society of
Urogenital Radiology advocate that high-risk patients be monitored for thyroid dys-
function following iodinated contrast use [73]. There are currently no guidelines for
screening or following at-risk patients receiving iodinated contrast in the U.S.

Topical Iodine

The development of thyroid dysfunction related to transdermal iodine use has been
most commonly reported in hospitalized neonates. A recent study in Israel reported
significantly higher serum TSH concentrations in preterm neonates who had
received topical iodinated antiseptic cleansers, compared to the preterm neonates
who received alcohol-based topic cleansers (15.4 vs. 7.8 mIU/L, p<0.01) [74].
However, most neonatal intensive care units in the U.S. have phased out routine use
of topical iodine given the concerns regarding excess iodine iodine exposure in this
population [75]. Iodine is also commonly used as a topical antiseptic in many surgi-
cal settings (including mediastinal irrigation [76]) and among burn victims, whose
ability to absorb topical iodine may be increased. Iodine-induced thyrotoxicosis and
a review of the differential diagnosis was also described in a paraplegic woman in
the U.S. who had applied topical povidone-iodine prior to urinary self-catheterization
several times daily for many years [6].
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Drinking Water

The iodine content of drinking water has also been a reported source of excess
iodine exposure. Among Sahawari refugee children in the Algerian desert, where
the median iodine content of household drinking water was 108 pg/L (interquartile
range 77-297 pg/L) during a 2007 assessment, the median UIC was 565 pg/L
(interquartile range 357-887 pg/L) [77]. Naturally high concentrations of iodine in
drinking water have also been reported in some regions of China; one region of
Hebei province reported a median UIC of 518 pg/L (interquartile range 347-
735 pg/L) among children residing in the area [78].

Reversible elevations in serum TSH have been observed among U.S. astronauts
drinking iodinated water [79] and individuals ingesting water purified by iodinated
tablets [80]. In the 1990s, due to use of a faulty iodine-based water filtration system,
small increases in serum TSH concentrations were detected in American Peace
Corp workers in Niger; these changes resolved following discontinuation of the
iodinated water source [81].

Miscellaneous Sources of Excess lodine Exposure

Other sources of potentially excessive iodine exposure include various expecto-
rants, vitamins and supplements, food preservatives, prescribed medications, paren-
teral preparations, topical antiseptics, mouthwashes [82], and vaginal douches [16].
Iodine-containing expectorants were historically a potentially concerning source of
iodine excess, particularly in patients with cystic fibrosis who were treated with
these agents routinely. However, iodine-containing expectorants are now longer
regularly in use, and a recent study shows that overt iodine-induced thyroid dys-
function among cystic fibrosis patients is uncommon [83].

Medical Uses of Excess lodine

There are specific clinical settings in which supraphysiologic iodine is medically
indicated. Saturated solution of potassium iodide (SSKI), or Lugol’s solution, for
which the generic formulation contains 1,000 mg potassium iodide (KI) per mL,
can be used for the rapid treatment of hyperthyroidism. Use of SSKI is usually
reserved for patients with thyroid storm or in patients who are managed preopera-
tively for Graves’ disease and administered in conjunction with antithyroidal and
other therapies. In such patients, pharmacologic doses of iodine should be adminis-
tered after a thionamide has been first dosed to block thyroid hormone synthesis.
Also, supraphysiologic iodine ingestion may be recommended following a nuclear
emergency to prophylax against the exposure to radioactive iodine.
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Recommendations Cautioning Against Excess Iodine
Exposure

TUL thresholds have been defined by U.S. Institute of Medicine as the highest aver-
age daily intake level of a nutrient which is unlikely to pose any adverse health
effects (defined as a significant alteration to the human structure or its function) in
the majority of population [1]. The range of intake between the Recommended
Dietary Allowance (RDA) and TUL is not one in which there is a possible beneficial
effect, but it is likely biologically tolerable. At chronic daily intakes above the TUL,
adverse effects may increase. The RDA and TUL for iodine are 150 pg/day and
1,100 pg/day in adults, respectively [1] (Table 6.1).

The derivation of the TULs for any given nutrient is based on risk assessment
models, in which the probability of ingestion/exposure to the nutrient having
adverse health effects in human is systematically evaluated using both qualitative
and quantitative available data from the animal and human literature [1]. Risk
assessment of nutrients must acknowledge the scientific uncertainties of the infor-
mation that may be present and make explicit the basis for judgments. Models are
based on identifying the potential hazard, assessment of a dose response, assess-
ment of the nutrient intake in humans, and characterization of the risk. This process
involves identification of a no observed adverse effect level (NOAEL) or lowest
observed adverse effect level (LOAEL). The LOAEL values which informed the US
TUL were based on two small dose-response studies [17, 84]. The NOAEL is the
most sensitive measure of a nutrient’s toxicity and takes into account areas of uncer-
tainty (termed uncertainty factors [UF]) in the available literature. The TULs of all
nutrients are based on the assumption of chronic daily exposure from all sources,
including food, water, and supplements.

The WHO, UNICEF, and IGN also advise that pregnant and lactating women
ingest no more than 500 pg of iodine per day [2] (Table 6.1). Recognizing that many
iodine-containing supplements contain excessive iodine amounts, the American
Thyroid Association advises against the ingestion of iodine supplements containing
more than 500 pg of iodine per day in the general population [85].
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