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ABSTRACT
Iodine (I) is essential for normal thyroid function, and the majority

of subjects tolerate a wide range of dietary levels. However, a subset
of individuals upon exposure to normal or elevated levels of I develop
thyroid dysfunction and autoimmunity. In this double blind trial, we
evaluated efficacy and tolerability of low dose I in adults with eu-
thyroid, diffuse, endemic goiter. Sixty-two subjects were randomly
assigned I (0.2 mg/day) or placebo for 12 months. After termination
of therapy, both groups were followed for a further 6 months. Thyroid
sonography and determinations of thyroid-related hormones, urinary
I excretion per 24 h, and thyroid antibodies were carried out at base-
line and at 3, 6, 9, 12, 15, and 18 months. Markedly elevated urinary
I values were found during therapy in subjects receiving I (32 at
baseline vs. 213 mg/24 h at 12 months; P 5 0.0001) compared to
placebo (34 and 33 mg/24 h, respectively; P , 0.0001 vs. I). I sub-

stantially reduced thyroid volume (29 vs. 18 mL at 12 months; 238%;
P 5 0.0001), and at 18 months, the therapeutic effect was sustained.
In the placebo group, no significant changes were observed. High
microsomal and thyroglobulin autoantibody titers were present in 3
of 31 (9.7%) subjects receiving I, and I-induced hypo- and hyperthy-
roidism developed in 2 and 1, respectively. Fine needle biopsy re-
vealed marked lymphocytic infiltration in all 3 cases. After with-
drawal of I, thyroid dysfunctions spontaneously remitted, and
antibody titers as well as lymphocytic infiltration decreased mark-
edly. Follow-up of these 3 subjects for an additional 2 yr showed
normalization of antibody titers in 2. Thus, among subjects with
endemic goiter, low dose I successfully normalized thyroid volume and
body I supplementation; nevertheless, reversible I-induced thyroid
dysfunctions and autoimmunity were observed in nearly 10% of the
subjects. (J Clin Endocrinol Metab 82: 4049–4053, 1997)

IODINE (I) deficiency is a worldwide major health prob-
lem, with some 1 billion people at risk (1, 2). Its conse-

quences include goiter, irreversible mental retardation, and
decreased survival among children (3). The recommended
daily I intake is variable, depending on the age of the subjects.
In the United States, the average I intake is 250 mg/day and
may reach as much as 500 mg (4). In Europe, there is an
inverse relationship between urinary I and thyroid volume
in children, and goiter occurs as soon as the urinary I level
is below a critical threshold of 10 mg/dL (5). Thus, I is es-
sential for normal thyroid function, and fortunately, the ma-
jority of individuals tolerate a wide range of dietary levels.
However, a subset of individuals upon exposure to normal
or elevated levels of I develop thyroid dysfunction and au-
toimmunity (6).

Autoimmune thyroiditis is more prevalent in areas of ad-
equate I intake than in areas of I deficiency (7–9). Studies of
surgical pathology in areas of I deficiency have shown a
dramatic rise in lymphocytic infiltration after I prophylaxis
(10, 11) as well as increases in thyroid antibodies (12). A
significant number of patients treated with the I-containing
drug amiodarone develop thyroid dysfunction (13). Re-
cently, a single oral dose of 0.8 g I administered to goitrous
adults induced a TSH rise in 10 subjects and biochemical
hyperthyroidism in 3 (14). I-induced thyrotoxicosis in Zim-
babwe, a moderately I-deficient area, after the introduction

of an I prophylaxis program with I salt (0.03 g I/kg) was
reported (15), and introduction of I salt (148 parts/million I)
in a severe I-deficient area of Zaire resulted in frequent hy-
perthyroidism in 29 of 191 (15%) goitrous individuals (16).
On the other hand, I deficiency could be effectively treated
for 9 months with single oral I doses of only 0.047 and 0.118
g (17); furthermore, a single oral I dose of 0.24 g corrected I
deficiency in children for 6 months (18). Thus, there is an
optimal range of daily I dosage, above and below in which
the risk of various thyroid diseases increases. In this double
blind, placebo-controlled trial, we evaluated the efficacy and
tolerability of low dose I supplementation as well as its
influence on various thyroid-related parameters in young
adults with euthyroid, diffuse, endemic goiter.

Subjects and Methods

Consecutive subjects who attended the university endocrine out-
patient clinic with clinical symptoms of untreated endemic goiter were
recruited. Inclusion criteria were a diffuse goiter by palpation, a homo-
geneous pattern by ultrasound, euthyroidism, and negative personal as
well as family history of autoimmune thyroid disease. A computer-
generated randomization list (RAPROG program, HP 3000/70, Com-
piler library procedures RAND1) was used to assign each subject to
receive either potassium I or placebo. Sixty-two subjects were recruited
to give a 90% chance of finding a 30% difference between I and placebo
at the 5% level. The code was broken when 62 subjects had completed
the trial. Study protocol was approved by the ethics committee of the
Gutenberg University Hospital, and informed consent to enter the trial
was obtained from each subject. Thirty-one subjects [16 women and 15
men; mean age, 24 yr (range, 22–32 yr); mean weight, 70 kg (range, 52–90
kg); mean height, 175 cm (range, 163–190 cm)] were administered 0.2 mg
I/day, and 31 (16 women and 15 men; mean age, 24 yr (range, 20–31 yr);
mean weight, 70 kg (range, 53–88 kg); mean height, 173 cm (range,
163–192 cm)] each received placebo for 12 months. To observe the relapse
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rate, both groups were followed for another 6 months. Trial tablets were
prepared in identical numbered packages by staff not further involved
in the study (Merck, Darmstadt, Germany). All trial tablets looked the
same. During the study, the randomization code was not available to the
investigators. Thyroid ultrasound and measurements of thyroid-related
hormones and antibodies, thyroglobulin, and 24-h urinary I excretion
were performed at baseline and at 3, 6, 12, and 15 months. At 9 and 18
months, ultrasound was performed, and urinary I was determined.

Thyroid sonography (Sonoline SL linear scanner with a high reso-
lution 7.5-MHz transducer, Siemens, Erlangen, Germany) was per-
formed by one experienced investigator (G.K.) to keep interobserver
variance low. The length, width, and thickness of both thyroid lobes
were measured. The volume was estimated by multiplication of thick-
ness, width, length, and a corrective factor (0.479). A thyroid volume
exceeding 20 mL in women and 25 mL in men was considered a goiter
that should be treated (19).

TSH (baseline TSH, 0.3–4 mU/L; 30 min after iv administration of 200
mg TRH, 10 U/L; Antepan, Henning Berlin, Berlin, Germany), thyro-
globulin (,9 ng/mL), and thyroid hormones (total T4, 4–10 mg/dL; total
T3, 80–200 ng/mL; Boehringer Mannheim, Mannheim, Germany), thy-
roglobulin and thyroid microsomal (by enyzme-linked immunosorbent
assay, ,100 U/mL; Elias, Freiburg, Germany), as well as TSH receptor
(,9 U/L, by RRA; Brahms, Berlin, Germany) autoantibodies were mea-
sured using commercially available kits. All samples were analyzed in
duplicate in a single run. Three subjects were typed for human leukocyte

antigen (HLA) classes I and II by a standard microlymphocytotoxicity
technique.

Determination of urinary I excretion was performed by a modified
ceric arsenious acid wet ash method. Urine was digested with chloric
acid under mild conditions, and I was determined manually by its
catalytic role in the reduction of ceric ammonium sulfate in the presence
of arsenious acid (20).

All values are expressed as the median and range. Statistical analysis
was performed with x2 and Mann-Whitney tests. Wilcoxon matched
pairs, signed rank test was used to compare pretreatment findings with
results at review within each group.

Results

In contrast to placebo, markedly elevated urinary I values
were found during as well as after low dose I supplemen-
tation (12 months vs. baseline, P 5 0.0001; 12 months vs.
placebo, P , 0.0001; Table 1). Administration of I (cumulative
dose, 0.072 g) substantially reduced thyroid volume (P 5
0.0001). At 12 months, the median reduction in goiter size
was 38%, and the therapeutic effect was sustained at 18
months. Serum TSH and T3 remained stable in both groups;
in contrast, T4 levels increased during I administration (P 5

TABLE 1. Median (range) of thyroid-related parameters at baseline and at each visit during (12 months, therapy phase) as well as 15
and 18 months (follow-up) after starting placebo and low dose iodide (0.2 mg/day) supplementation therapy, respectively

Therapy phase (months) Follow-up (months)

0 3 6 9 12 15 18

Urinary iodine (mg/24 h)
Iodide 32 128 175 205 213 83 65

2–80 18–205 25–356 35–410 43–445 39–211 27–113

Placebo 34 27 18 38 33 40 42
6–99 11–75 3–69 15–90 10–78 16–85 10–88

Thyroid vol (mL)
Iodide 29 26 22 19.5 18 18 19

20–48 18–44 16–39 12–32 8–25 9–26 9–29

Placebo 26 24 27 28 25 24 27
20–43 21–43 19–45 19–47 18–41 20–42 19–45

Baseline TSH (mU/L)
Iodide 0.98 1.06 1.00 0.89 0.98

0.5–3.3 0.4–3.5 0.0–4.3 0.0–9.7 0.3–5.0

Placebo 1.11 1.23 1.47 1.09 1.33
0.5–4.7 0.8–3.8 0.5–3.3 0.4–2.1 0.4–3.3

Stimulated TSH (mU/L)
Iodide 8.16 7.86

3.3–19.6 0.0–57.9

Placebo 9.45 9.5
4.1–31.9 4.6–21.8

Total T4 (mg/dL)
Iodide 8.5 9.3 9.6 8.0 7.2

5.6–10.4 6.1–10.5 6.9–13.5 3.1–14.0 5.4–9.9

Placebo 9.3 9.0 9.0 7.7 7.0
6.5–14.8 6.9–14.9 6.9–14.2 5.6–13.3 5–13

Total T3 (ng/mL)
Iodide 129 149 153 117 113

94–187 87–178 119–206 78–283 88–169

Placebo 133 156 143 118 113
96–193 111–189 105–192 85–179 74–178

Thyroglobulin (ng/mL)
Iodide 58 35 23 43

1–166 0–90 0–31 0–72

Placebo 46 39 56 40
0–147 0–150 0–138 0–137

All values are expressed as the median and range of the values recorded. Total T4 (normal range), 4–10 mg/dL; total T3, 80–200 ng/mL; baseline
TSH, 0.3–4 mU/L; stimulated TSH, 30 min after TRH stimulation with 200 mg, iv: thyroglobulin, less than 9 ng/mL.
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0.005). Thyroglobulin levels strongly declined during I ther-
apy (P , 0.001) and increased again during the follow-up. In
contrast to placebo, high thyroglobulin and thyroid micro-
somal autoantibody titers were present in 3 (2 women and 1
man) of 31 subjects (9.7%) receiving I; I-induced hypothy-
roidism developed in 2, and hyperthyroidism developed in
1, respectively (Table 2). These 3 subjects suffered from mild,
nonspecific symptoms (e.g. tachycardia and weight loss in
the patient with I-induced hyperthyroidism). Only propran-
olol (40 mg, 4 times daily) was administered. Thyroid dys-
functions spontaneously remitted, and antibody titers mark-
edly decreased after withdrawal of I. Follow-up of these 3
patients for an additional 2 yr showed a decline in the an-
tibody titers in 2 of 3 subjects to upper normal values (Fig.
1). In 2 of 3 cases, thyroid size remained small, with hypo-
echogenicity in sonography. Compared with antibody-neg-
ative patients, the 3 patients did not differ in baseline char-
acteristics (e.g. age, thyroid volume, body weight, or levels of
thyroid-related hormones). These 3 patients remained neg-
ative for TSH receptor antibodies, and HLA typing was neg-
ative for B8 and DR3/5 loci.

Thyroid cytology

At 12 months, fine needle aspiration biopsy was per-
formed in the three antibody-positive cases. The cytological
pattern was characterized by the predominance of lymphoid
cells, chiefly consisting of lymphocytes. Follicular cells show-
ing evidence of hyperactivity were primarily found in fol-
licular formations. Colloid was scanty or entirely absent.
Aggregates of filamentous nuclear debris were a consistent
finding. Centroblasts intimately associated with macro-
phages and dendritic reticulum cells were also noted, and
varyingly abundant plasma cells were commonly encoun-
tered. Oxyphilic follicular cells demonstrating abundant,
grayish blue cytoplasm were also observed. In patient 2, the
aspirate contained foci of mononuclear histiocytes. At 24
months, lymphoplasmatic infiltration markedly decreased in
two of three subjects. In case 2, the aspirate revealed a per-

sistent moderate lymphocytic infiltrate, the presence of small
stromal fragments, and fibrocytes.

Discussion

This double blind study showed that supplementation
with I 0.2 mg/day substantially reduced the size of euthy-
roid, diffuse, endemic goiters, but in contrast to placebo,
reversible I-induced thyroid dysfunctions and autoimmu-
nity were observed in nearly 10% of the cases. Thus, even low
doses of I may significantly affect the immune system of
subjects with chronic I deficiency, and it is possible that
previous reports of thyroid dysfunction observed after di-
etary I supplementation (21, 22) were due to the effects of I
on the immune system.

Epidemiological data support an enhancing effect of in-
creasing I intake on thyroid autoimmunity (8, 9). For in-
stance, the prevalence of lymphocytic infiltration in the non-
tumorous portion of thyroidectomy specimens rose from
8–31% in the 5 yr after introduction of I prophylaxis in
Argentina (23), and an increase in thyroid antibodies was
found 3 months after the acute administration of iodized oil
to otherwise healthy people in Corfu, Greece, an area of
endemic goiter (12). Of 30 additional patients treated with I
(0.3 mg/day), 9 (30%) developed high thyroid antibody titers
when tested 6 months after starting treatment. Induction of
thyroid antibodies was dose dependent, as 12% of goitrous
patients receiving only 0.15 mg I/day became antibody pos-
itive (24). In a double blind trial over a period of 6 months,
we recently compared the effect of 0.5 mg I/day (cumulative
dose, 0.09 g), and 0.125 mg levothyroxine/day in subjects
with endemic goiter. Although both regimens were effective
at reducing thyroid volume, partly reversible I-induced thy-
roid dysfunctions and autoimmunity were observed in 6 of
31 (19%) subjects (25). In concordance with the report by
Koutras et al. (24), thyroid antibodies decreased markedly or
disappeared after withdrawal of I. In an autopsy study, as-
sociation between the presence of thyroid antibodies and
lymphocytic infiltration of the gland was demonstrated (26),

TABLE 2. Course of thyroid-related hormones in the three subjects with iodide-induced thyroid dysfunction and autoimmunity at
baseline and at each visit during (12 months) as well as 2 and 3 yr after starting low dose (0.2 mg/day) iodide supplementation therapy

Therapy phase (months) Follow-up (months)

0 3 6 9 12 15 18 24 36

Patient 1, male, 27 yr
Basal TSH (mU/L) 1.02 0.4 0.0 0.0 0.0 0.33 1.44 1.23 1.47
Stimulated TSH 7.64 0.0 4.9
Total T4 (mg/dL) 6.7 9.7 13.5 14 14 9.5 7.8 6.5 6.2
Total T3 (ng/mL) 143 178 206 296 283 154 125 135 121

Patient 2, female, 33 yr
Basal TSH (mU/L) 1.38 3.07 4.29 5.50 9.71 4.56 3.41 1.87 1.91
Stimulated TSH 8.6 57.9 34.3
Total T4 (mg/dL) 8.6 8.4 7.8 4.0 3.1 6.7 7.3 7.7 7.1
Total T3 (ng/mL) 112 147 145 95 78 116 129 126 140

Patient 3, female, 21 yr
Basal TSH (mU/L) 1.12 0.92 0.98 4.48 6.6 5.04 2.39 1.5 1.3
Stimulated TSH 7.3 32.8 27.6
Total T4 (mg/dL) 8.5 9.3 9.2 6.1 4.2 7.1 7.2 7.8 8.3
Total T3 (ng/mL) 143 135 126 108 101 115 116 129 167

Baseline TSH (normal range), 0.3–4 mU/L, stimulated TSH (30 min after iv administration of 0.2 g TRH), total T4 (4–10 mg/dL), and total
T3 (80–200 ng/mL) are shown.
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and histological features of 28 antibody-positive patients
with I-induced hypothyroidism included diffuse lympho-
cytic infiltration and thyroid follicles of reduced size (27).
Along with our cytological findings, stopping I intake led to
normalization of thyroid function, decreased antibody titer,
and disappearance of lymphocytic infiltration.

The clearest evidence for an effect of I has come from
observations in experimental autoimmune thyroiditis (28).
The main factors implicated in the stimulatory activity of I
are the consequence of increased iodination of thyroglobulin
(leading to specific increased immunogenicity) and/or non-
specific thyroid oxidative damage. Feeding of a high I diet to
NOD (nonobese diabetic) mice with activated thyroid glands
caused thyroid cell necrosis and autoimmunity, whereas an-
tioxidants reduced lymphocytic infiltration in obese strain
chickens (29). The response of murine T cell hybridoma to
thyroglobulin is also directly related to its I content (30). In
humans, I enhances in vitro IgG synthesis by peripheral blood
lymphocytes (31). At plasma concentrations within the phys-
iological range, I significantly increased both the number of
cells synthesizing IgG and the amount of IgG released into
the culture medium. Circulating thyroid antibodies are com-
mon in patients who develop hypothyroidism during ami-
odarone therapy (13), and this drug affects T cell function by
increasing the number of both helper and cytotoxic T lym-
phocytes (32). In vitro studies have shown that I significantly

inhibited interferon-a-induced expression of HLA class II
antigens in thyroid cells, suggesting that I may influence
antigen presentation (33). Furthermore, I together with in-
terferon-g increases the inducibility of the 72-kDa heat shock
protein in cultured human thyroid epithelial cells (34).

In contrast to our findings, small quantities of I (1.5 and 4.5
mg/day) administered to normal subjects who resided in
I-replete areas resulted in significant decreases in serum T4,
but not serum T3, concentrations. Serum TSH increased, as
did the TSH response to TRH. The smallest quantity of I that
did not affect thyroid function was 0.5 mg/day (35). In other
studies, however, this quantity of I enhanced the TSH re-
sponse to TRH (36), and in a few patients it also increased the
basal serum TSH concentration above normal (37). Thus, I
supplementation as low as 0.2–0.5 mg/day above the normal
diet in both I-sufficient and deficient areas might cause subtle
changes in thyroid function.

There are a number of studies of endemic goiter in which
various doses of I have been administered in various ways
with no evidence of induction of thyroid autoimmunity (14–
18). Furthermore, as thyroid autoantibodies transiently
emerged in three subjects taking I, results should be cau-
tiously interpreted. Although thyroid volume did not sig-
nificantly change during the observation period (18 months)
in the placebo group, there is no doubt that moderate I
supplementation is necessary. As thyroid autoimmunity is

FIG. 1. Course of urinary iodine excretion per 24 h (a), thyroid volume (b), thyroglobulin (c), and thyroid microsomal (d) autoantibodies (normal
range, ,100 U/mL) in the three subjects (patient 1, dashed line with circles; patient 2, black line with cubes; patient 3, gray line with triangles)
with iodide-induced thyroid dysfunctions and autoimmunity at baseline and at 3, 6, 9, 12, 15, 18, 24, and 36 months after starting low dose
I supplementation therapy (0.2 mg/day for 12 months).
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more prevalent in areas without endemic goiter, it seems that
this is the price to be paid for the prevention of I deficiency
disorders, whose devastating effects on the health of the
people and on medical expenditures are well known (1–3).
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