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Dietary Iodine Intake and Urinary Iodine Excretion in Patients with

Thyroid Diseases
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— Abstract

This study was conducted to examine the usual iodine intake in patients with thyroid diseases and to compare iodine
status with normal subjects. The dietary iodine intake was assessed using a semi-quantitative food frequency questionnaire,
and urinary iodine excretion was measured in 184 patients diagnosed with thyroid diseases and 207 normal subjects. The
average usual iodine intake of patients with thyroid diseases was 673.8+794.9 ug/day and that of normal subjects was
468.91481.9 ug/day. Among the patients with thyroid diseases, higher values were found in the patients with thyroid
cancer (1460.6£1044.8 ug/day) and lower values were found in patients with simple goiter (443.5+470.4 ug/day). The
urinary iodine excretions of patients and normal subjects were 4.33+5.70 mg/L and 2.11+0.69 mg/L, respectively. The
iodine intake and urinary iodine excretion of patients with thyroid diseases were significantly higher than those of normal
subjects (p <0.05). The dietary iodine intake and urinary excretion of patients with thyroid cancer were significantly higher
than other patients with thyroid diseases and normal subjects because of the use of seaweed or seaweed-containing dietary
supplements (p <0.01). This study suggests that the habitual ingestion of seaweed-containing dietary supplements in addition

to dietary iodine intake will have adverse effects due to its excessive iodine intake.
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INTRODUCTION

Recent studies have documented the importance of
iodine intake levels for the prevalence rate of various
thyroid abnormalities."® These studies have demon-
strated that both low and high iodine intake levels
correlate to a high prevalence rate of thyroid ab-
normalities. But the types of abnormalities are dif-
ferent according to the iodine intake."® There is an
increased prevalence of goitre and thyroid nodules,
and hyperthyroidism of non-autoimmune origin in old
age seems to be more frequent when iodine intake
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is relatively low.”” On the other hand, hypothyroi-
dism occurs more frequently when iodine intake is
relatively high."‘s‘8 These facts have supported the
view that the iodine intake level is a major deter-
minant of which types of thyroid abnormalities are
common,

Although excess iodine may not be the sole factor
in determining the presence of autoimmune thyroid
diseases, epidemiological and experimental studies
have also suggested a link between the level of iodine
intake and the development of autoimmune thyroid
diseases.”"> Thus, knowing the iodine intake level of
an area is valuable for understanding the pattern of
thyroid abnormalities and for planning the care of
thyroid disorders.®

There have been numerous reports on iodine intake
and the prevalence of thyroid diseases in iodine-
deficient areas,"™" but only a few surveys have been
reported for areas with high iodine intakes.'"'®

There have been several reports on urinary iodine
excretion of patients with thyroid diseases in Korea,
which is a peninsula bounded by the ocean on three
sides and whose people generally consume sufficient
amounts of iodine through the intake of seaweed."” ™'
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The measurement of iodine concentrations in spot
or 24-hr urine samples is the method most commonly
used for epidemiological investigation of iodine status
in an area because the assessment of iodine intake by
food analysis is difficult.””” The urinary iodine ex-
cretion reflects current iodine status, but the mani-
festation of thyroid diseases may be affected by the
previous iodine intake. One of the dietary assessment
methods, the semi-quantitative food frequency meth-
od, has been a common way to estimate usual dietary
intake (chronic iodine deficiency or excess).26 There-
fore, we conducted this study to investigate the usual
iodine intake as well as urinary iodine excretion in
patients with thyroid diseases, and to compare the
iodine status in patients of thyroid diseases with that
of normal subjects.

MATERIALS AND METHODS
Subjects

The 184 patients who were diagnosed with thyroid
diseases at Yongdong Severance Hospital in Seoul,
Korea, from June 1997 to July 1998, were selected
for this study. A clinical examination and measure-
ment of plasma thyroid hormones were performed for
diagnosis of thyroid diseases. Additional tests were
performed for some cases, including thyroid anti-
bodies to thyroglobulin and thyroid peroxidase (TPO),
24-hour radioactive iodine uptake test, and nuclear
scans with technetium or computed tomography
(CT).

Simple goiter was diagnosed by euthyroid diffuse
goiter without any evidence of inflammatory or neo-
plastic process. Hyperthyroidism was diagnosed by
high levels of free thyroxine and decreased levels of
TSH, and positive TSH receptor antibody. All of
them were Graves’ disease. Hashimoto’s thyroiditis
was diagnosed by positive antiTPO antibody and/or
antithyroglobulin antibody and the presence of diffuse
firm goiter with chronicity. Painless thyroiditis was
diagnosed by increased levels of serum thyroid hor-
mones for less than 3 months, and later development
of cransient hypothyroidism, and/or low radioactive
iodine uptake and antithyroid antibody. Subacute
thyroiditis was diagnosed by typical symptoms in-
cluding anterior neck pain, firm, tender goiter, el-
evated ESR and low radioactive iodine uptake. All of

them were in the acute stage. Benign thyroid nodule
was diagnosed via fine needle aspiration biopsy, and
all thyroid cancer was diagnosed by pathology results
after surgery.

To compare measurements, 207 normal subjects
without thyroid disease were also selected voluntarily.
The investigation involved an interview on previous
or present diseases, pregnancies, health status, med-
ication, possible sources of extra iodine intake, and
main area of residence. Subjects with intake of iodine
containing medication and with recent radiographic
investigations involving iodine containing contrast
media were excluded for this study. Also, subjects
who had already been diagnosed at other clinic and
had increased or decreased their iodine intake at their
option were excluded.

Methods

Measurement of dietary iodine intake: A semi-
quantitative food frequency questionnaire was de-
signed to estimate a usual iodine intake of subjects
during 1 year. The questionnaire contained questions
regarding the average usual food frequency and the
amounts of intake. The food items included those
with a relatively high iodine content and those which
Koreans generally consume. The interview was con-
ducted by a trained nutritionist, while food models,
measuring tools, and photographs were provided to
decrease the variation as much as possible between
the interviewer and interviewee. The dietary iodine
intake level was calculated as follows:

n
I = SEXQiXC
i=1
(I: dietary iodine intake, F: frequency per day, Q:
amount of serving size /frequency, C: iodine content
in the food, 7: food items, n: number of food items)

The iodine content table for Korean foods analyzed
by Moon et al.”” was used.

Determination of urinary iodine excretion:
Morning spot urine samples were collected for the
analysis of urinary iodine concentration on the day the
subjects were interviewed. Urine iodine concentration
was measured with an iodide selective electrode. The
interassay C.V. (Coefficient of Variation) was 20.7%.
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An Orion EA 940 ion meter (Orion Research, Boston,
MA, USA), equipped with an Orion 94-53 iodide-
specific ion electrode and an Orion 90-03 double-
junction reference electrode, was used for deter-
mination of iodine. The standard solution was 0.1M
Nal and the ionic strength adjuster used was 5M
NaN03.

Statistical analysis: ‘All the materials were ana-
lyzed by the Statistical Analysis System (SAS) pack-
age. The averages and standard deviations of all
results were calculated, while ANOVA and t-tests
were also obtained. A probability level of <0.05 was
regarded as significant. When there were statistically
significant differences, LSD and SNK tests were used.

RESULTS

In the current study, one subject among normal
controls and 9 patients with thyroid diseases had a
history of habitual ingestion of sea tangle or seaweed-
containing food supplements. Their average urinary
iodine excretion was 25 mg/L (ranging from 10.7
mg/L to 47.2 mg/L). Two of them were excluded for
estimation of usual dietary iodine intake because their
frequency of intake was irregular and couldn't identify
the iodine contents in these products.

The mean=+SD age of the patients and normal
subjects were 42113 and 43 & 12 years, respectively.
Among the 184 patients examined (16 males and 168
females), 17 had simple goiter, 42 had hyperchyroi-
dism (all of them were Graves’ diseases), 15 had
hypothyroidism, 15 had subacute thyroiditis in the
acute stage, 12 had painless thyroiditis, and 36 had
Hashimoto’s thyroiditis. In patients with Hashimoto’s
thyroiditis, 38.9% were hypothyroid and remainder
were euthyroid state.

Thirty-six had benign thyroid nodule, with 31
cases of single nodule and 5 cases of multiple nodule.
Eleven patients had thyroid cancer and all thyroid
malignancy were papillary carcinoma (Table 1).

The results of usual iodine intake of the subjects
are summarized in Table 2. The average usual dietary
iodine intake for patients with thyroid diseases was
estimated at 673.8 ug daily (range from 40.3 ug to
5,305.7 ug daily) and normal subjects at 468.9 ug
daily (range from 60.7 ug to 4,085.8 ug daily).
Forty-one patients with thyroid diseases (22.3%) had
a usual iodine intake level of more than 1,000 ug/day,
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Table 1. Etiology of Thyroid Diseases in 184 Subjects

No. of subjects

Males Females Total

Simple goiter 2 15 17
Hyperthyroidism 9 33 42
Hypothyroidism 2 13 15
Subacute thyroiditis 0 15 15
Painless thyroiditis 0 12 12
Hashimoto’s thyroiditis 3 33 36
Benign thyroid nodule 0 36 36
Thyroid cancer 0 11 11
Total 16 168 184

Table 2. Usual Dietary Iodine Intakes of Patients with
Thyroid Diseases and Normal Subjects

Iodine intake (ug/day)

Mean+=SD Range
Thyroid diseases 673.8£794.9*  40.3—5305.7
Simple goiter 443.51+470.4 76.7—1888.8
Hyperthyroidism 600.7£623.2 82.1—-31124
Hypothyroidism 600.8£697.5 102.3 —2541.3
Subacute thyroiditis 594.0+982.0 40.3—3519.5
Painless thyroiditis 633.31+562.6 143.9-1791.4

Hashimoto’s thyroiditis 623.5 +667.9 57.8—3296.0
Benign thyroid nodule 622.0%+694.5 51.4—2823.9
Thyroid cancer 1460.6+1044.81 141.4—3374.9
Normal subjects 468.91t481.9 60.7 —4085.8

Significantly different from normal subjects at * p=0.05,
*p=0.01.

and 15 of them (8.2%) above 2,000 ug/day. Among
the normal subjects, 19 (9.2%) had an iodine intake
level of more than 1,000 ug/day, and 4 (1.9%) were
above 2,000 ug/day. In particular, the subjects who
took seaweed-containing dietary supplements had a
high usual iodine intake of 402613475 ug/day.

On the other hand, only 2 patients with thyroid
diseases had a usual iodine intake level of less than
50 ug/day.

Among the patients with a diagnosis of thyroid
diseases, the usual iodine intake level of simple goiter
patients was the lowest (443.5+470.4 ug/day) and
it was highest in patients with thyroid cancer
(1,460.6 +1,044.8 ug/day). The patients with thyroid
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Table 3. Contribution of Food Sources to the Total
Iodine Intakes of Subjects

Normal Thyroid diseases
Food item (%*) Food item (%*)
1  Sea mustard (27.3) Sea tangle (35.8)
Sea tangle (24.5) Sea mustard (25.6)
3 Laver (14.6) Milk & dairy (11.0)
products
4 Milk & dairy (11.1) Fish 9.3)
products
5 Fish 9.0) Laver 8.5)
6  Beef (2.4) Egg (2.6)
7  Egg (2.0) Beef (2.3)

* % of total iodine intake.

Table 4. Urinary Iodine Excretion of Patients with
Thyroid Diseases and Normal Subjects

Urinary iodine excretion (mg/L)

Mean£SD Range
Thyroid diseases 4.33+5.70% 0.33—34.9
Simple goiter 2.88t1.69 1.26—6.43
Hyperthyroidism 4.90+7.48*% 1.01—34.9
Hypothyroidism 4.5713.97* 1.17—12.75
Subacute thyroiditis 4.6915.39* 0.93—17.45
Painless thyroiditis 3.46+3.42 0.75—10.65
Hashimoto’s thyroiditis 4.14+3.87* 0.33—15.50
Benign thyroid nodule 2.95%2.05 0.75—9.75
Thyroid cancer 6.18+4.777 1.10—14.35
Normal subjects 2.11£0.69 0.70—5.04

STigniﬁcantly different from normal subjects at * p=0.05,
p=0.01.

diseases had a significantly higher iodine intake than
normal subjects (p<0.05). However, only patients
with thyroid cancer had a significantly higher iodine
intake than normal subjects and other patients with
thyroid diseases (p<0.01). The majority of patients
with thyroid cancer (82%) had a history of habitual
ingestion of sea tangle soup or sea tangle powder as
food supplements.

The food sources of iodine intake in patients with
thyroid diseases were sea tangle, sea mustard, milk
& dairy products, and fish (Table 3). The sources of
dietary iodine were sea mustard, sea tangle, laver, and
milk & dairy products in normal subjects. The normal

subjects did not show any difference in major sources
of iodine intake. The ratio of seaweed to the total
iodine intake was 70% with thyroid diseases and 66%
with normal subjects.

We measured urinary iodine concentrations in spot
urine samples. The mean urinary iodine concentration
(S.D.) of patients and normal subjects were 4.33
(5.70) mg/L and 2.11 (0.69) mg/L. The urinary iodine
results are summarized in Table 4. The spot urinary
iodine concentration in patients with thyroid diseases
was significantly higher than in normal subjects (p <
0.05). The normal subjects and patients with simple
goiter, painless thyroiditis and thyroid nodule did not
show any significant difference in their urinary iodine
concentrations, but the patients with hyperthyroi-
dism, hypothyroidism, subacute thyroiditis, Hashi-
moto’s thyroiditis, and thyroid cancer had signifi-
cantly higher urinary iodine concentrations than nor-
mal subjects (p<0.05). The patients with benign
thyroid nodule and thyroid cancer showed significant
differences in both usual dietary iodine intake level
and urinary iodine excretion (p<0.01).

DISCUSSION

This study was performed to investigate the usual
dietary iodine intake over 1 year using a semi-
quantitative food frequency questionnaire in subjects
with and without thyroid diseases. The urinary iodine
excretion that reflects current iodine status was also
measured on the day subjects were interviewed.

It was noted that the dietary iodine intake and
urine iodine concentration in the study population
were considerably higher than that in other studies.””

The average usual dietary iodine intake was esti-
mated at 469 ug daily for subjects without thyroid
diseases and ranging from 440 ug to 1,460 ug daily
in patients with thyroid diseases. In the case of
normal subjects, this value was higher than the
amounts reported for Americans™ and Europeams,s’31
but it was comparable to that of the Japa\nese.az’33

A major source of dietary iodine intake of Korean
subjects was seaweed, such as sea tangle, sea mustard,
and laver. The iodine content of seaweed ranged from
3,570 to 179,060 ug/100 g.”

Our data indicated that the iodine intake of sub-
jects with and without thyroid diseases depended on
the amount of seaweed consumption. Konno et al.
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reported that there was considerable variation in the
prevalence of high urinary iodine excretion in the
Japanese, showing that the amount of kelp consump-
tion may vary among the areas studied.®

In this study, the subjects who used seaweed-
containing dietary supplements had a usual iodine
intake level above 4 mg/day. Occasionally, dietary
iodine intakes in the order of 1~10 mg/day have
been reported as a result of the consumption of
seaweed prcpclm:t:s.z'4 In most healthy subjects, iodine
intakes of ~1 mg/day are well tolerated. The upper
limit was set at 1 mg/day iodine, although negative
effects were indicated in individual subjects at lower
intakes.>* There is little information on the safety of
seaweed-based health supplements. This study sug-
gests that the habitual ingestion of seaweed-con-
taining dietary supplements in addition to dietary
iodine intake will have negative effects on thyroid
diseases in an iodine-sufficient region.

It is well known that excessive intake of iodine may
induce thyroid diseases.”®”'"'®*>% I China, endemic
goitre associated with excessive iodine intake has been
reported in numerous locations.”” Recent studies from
Hong Kong documented a high incidence of child-
hood Graves’ disease and it may be related to the
increase dietary iodine intake in children.*®

It has been reported that excessive iodine intake
may cause hypothyroidism in patients with under-
lying thyroid diseases such as chronic thyroiditis, as
well as in the absence of apparent underlying thyroid
disease, 511183839

In Laurberg et al’s study, the high prevalence rate
of subclinical hypothyroidism in Iceland could be
caused by the high iodine intake, and their major
source of iodine intake was iodine in dairy products
caused by feeding cattle with fish meal.® Konno et
al also reported that the prevalence of hypothyroidism
in iodine sufficient areas, e.g. Japan, may be asso-
ciated with the amount of iodine ingested, and that
hypothyroidism is more prevalent and marked in
subjects consuming further excessive amounts of
iodine.'® They suggested that an excessive intake of
iodine should be considered an etiology of hypo-
thyroidism in addition to chronic thyroiditis in these
areas.'® It was noted that thyroid function spontan-
eously returned‘ to ;ormal with only iodine restriction
in some cases. '

In Hashimoto’s thyroiditis, a high iodine intake
also correlated with an increase in thyroid dysfunc-
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tion. Iodine seems to be an important environmental
factor in the development of thyroid autoimmunity in
genetically susceptible individuals.> Therefore, iodine
appears to be an immune stimulant as well as a
substrate for the biosynthesis of thyroid hormone, and
greater exposure to iodine may increase autoimmune
thyroid disease.'®"

Postpartum thyroid dysfunction is characterized by
transient hyperthyroidism, followed by transient hy-
pothyroidism.* Iodine intake may also have an im-
pact on the severity of the thyroidtoxic and hypo-
thyroid phases of autoimmune postpartum thyroid-
itis.” In Korea, it is customary to serve large quan-
tities of seaweed soup to lactating mothers during
their lying-in period. Recently, Moon et al. reported
that the dietary iodine intake and the iodine content
of breast milk of Korean lactatin§ mothers were
much higher than in other countries.”’ However, little
information is available on the effects of the excessive
iodine intake during lactation on the development of
postpartum thyroiditis in Korea. Further studies on
postpartum thyroid function in our populations with
the consumption of seaweed soup may define the
precise role of iodine for the clinical expression of
autoimmune postpartum thyroiditis.

In the current study, all thyroid malignancy was
for cases of papillary carcinoma. Their usual iodine
intake and urinary iodine excretion were significantly
higher than other patients with thyroid diseases (p <
0.01).

A number of observations support the suggestion
that a high dietary intake of iodine may be associated
with a high frequency of papillary carcinoma.” Pa-
pillary carcinoma is the predominant type of thyroid
malignancy in areas with a naturally high iodine
intake and has also increased in frequency in iodine-
deficient areas since iodine prophyla:m's.4

The current study provides evidence of the relation
of papillary carcinoma to dietary iodine intake. But
the number of cases with clinically significant thyroid
tumors were relatively small. Further studies, there-
fore, are required to evaluate the patients with thyt-
oid cancer, in relation to their dietary iodine intake
in iodine sufficient area to cleatly define the etiology
of thyroid cancer.

There have been many reports on the beneficial
and negative effects of iodine prophylaxis in iodine-
deficient areas, with or without preexisting thyroid
diseases.”™ Several studies have reported the in-
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creased incidence of hyperthyrmdnsm and thyroiditis
following iodine prophylaxns ? Careful monitoring
of populations given iodine supplementation is es-
sential to be sure that adequate but not excessive
iodine intake is being maintained.”’

The differences in iodine intake levels may have a
considerable impact on the pattern of thyroid diseases
seen in an area. Laurberg et al. compased 68-yeas-old
subjects from Denmark (low iodine intake) and
Iceland (high iodine intake) and found that in the
region with low iodine intake, goitre and subclinical
hyperthyroidism were more common, whereas in Ice-
land there were more cases with subclinical hypo-
thyroidism.6

Accordingly, assessing the iodine status of the
entire population is important both in the aspect of
planning of care and in the prevention of thyroid
diseases.

This study provides information on the usual iodine
intake of patients of thyroid diseases in an iodine
sufficient area. Further studies are required to de-
termine the effects of the usual iodine intake on the
manifestation of thyroid disease and the prevalence
rate of various thyroid diseases in our population.
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