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Abstract

Objective: To investigate the effect of different levels of iodine intake on the prevalence of hyper-
thyroidism and the impact of universal salt iodization on the incidence of hyperthyroidism.
Design: A comparative cross-sectional and longitudinal survey was conducted in three areas with
borderline iodine deficiency, mild iodine excess (previously mild iodine deficiency) and severe iodine
excess. Universal salt iodization had been introduced 3 years previously except in the area with
borderline iodine deficiency.
Methods: In total 16 287 inhabitants from three areas answered a questionnaire concerning the his-
tory of thyroid disease. Among them 3761 unselected subjects received further investigations includ-
ing thyroid function, thyroid autoantibodies, thyroid ultrasonography and urinary iodine excretion.
Results: Among areas with median urinary iodine excretion of 103mg/l, 375mg/l and 615mg/l ðP ,
0:05Þ; the prevalence of hyperthyroidism did not differ significantly (1.6%, 2% and 1.2%). The preva-
lence of subclinical hyperthyroidism was higher in areas with borderline iodine deficiency and mild
iodine excess than in the area with severe excess iodine intake (3.7%, 3.9% and 1.1%,
P , 0:001). The prevalence of Graves’ disease and its proportion in hyperthyroidism did not differ
among areas. The incidence of hyperthyroidism did not significantly increase after the introduction
of universal salt iodization.
Conclusion: Different iodine intakes under a certain range do not affect the prevalence and type of
hyperthyroidism. Subclinical hyperthyroidism is more prevalent in the iodine deficient area than in
the severe iodine excessive area. In the area with mild iodine deficiency, the introduction of universal
salt iodization may not be accompanied by an increased incidence of hyperthyroidism.
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Introduction

Iodine deficiency is a worldwide health problem and is a
leading cause of mental retardation in childhood, cre-
tinism and endemic goiter. These are the main manifest-
ations of iodine deficiency disorders (IDD) (1). The
recommendation of the World Health Organization
(WHO), the United Nations Children’s Fund (UNICEF)
and the International Council for Control of Iodine
Deficiency Disorders (ICCIDD), is that adequate iodine
intake be between 100 and 199mg/l based on
median urinary iodine excretion in school-aged chil-
dren (2). Universal salt iodization (USI) has been
agreed to be an effective means of eliminating iodine
deficiency (3). However, after the increment in iodine
intake, an increased incidence of hyperthyroidism due
to the occurrence of iodine-induced hyperthyroidism
(IIH) was observed in many previously iodine-deficient
areas (4–6). To investigate the effect of different

iodine intakes on the prevalence of hyperthyroidism
and the impact of USI on the incidence of hyperthyroid-
ism, we performed a comparative cross-sectional and
longitudinal survey in areas with borderline iodine
deficiency, mild iodine excess, and severe iodine
excess. Our study is characterized as a large-scale and
population-based study with unified research methods
and diagnostic criteria. Thus, we could avoid the bias
in analyzing the difference in the prevalence and
types of hyperthyroidism attributed to the different
iodine intakes.

Subjects and methods

Research areas and subjects

Panshan, Zhangwu and Huanghua were chosen as the
research areas as, according to the records of local
endemic institutes, the historical status of iodine
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nutrition was borderline iodine deficiency, mild iodine
deficiency and long-term iodine excess respectively.
Panshan was a longstanding iodine-deficient area
because the inhabitants took self-made salt with a
low iodine content. At the end of 1995, the median
urinary iodine excretion (MUI) of school-aged children
was 86mg/l. Zhangwu was a mild iodine-deficient area
before 1996. Huanghua has been an area with iodine
excess for over 20 years because of the high iodine con-
tent in the water. USI has been introduced in Zhangwu
and Huanghua since 1996.

All the inhabitants living in the research areas, 4343
from Panshan, 7714 from Zhangwu and 4230 from
Huanghua answered a questionnaire concerning the
history and medication of thyroid disease. Among
them 1103, 1584 and 1074 unselected subjects from
the three areas received further examinations. Demo-
graphic characteristics of both the questioned inhabi-
tants and the examined subjects did not differ
significantly among areas (Table 1). All subjects were
older than 14 years and had lived in the areas of inter-
est for over 10 years.

Thyroid function and autoantibodies tests

Blood samples were obtained from all subjects during
the time interval 0800–1200 h. Sera were separated
and stored at 220 8C until analyses. Serum thyrotropin
(TSH), thyroid peroxidase antibody (TPOAb), and thyro-
globulin antibody (TGAb) were measured by an
immunochemiluminescent assay (IMMULITE, DPC,
Los Angeles, CA, USA) in all examined subjects. The
detection limit of the TSH assay was 0.002 mU/l. The
intra-assay coefficient of variation (CV) was 1.95–
6.66%; the interassay CV was 4.18%. The reference
range for serum TSH was 0.3 –4.8 mU/l corresponding
to the 2.5th and 97.5th percentiles in 2503 normal
subjects (no previous thyroid disease, no goiter and
nodules at ultrasound, TPOAb negative (below
35 IU/l) and TGAb negative (below 40 IU/l)). For sub-
jects with TSH values outside the reference range,
serum free thyroxine (FT4) and serum free tri-iodo-
thyronine (FT3) concentrations were tested (IMMULITE,

DPC). The reference ranges of FT4 and FT3 were 10.3–
24.5 pmol/l and 2.3 –6.3 pmol/l according to the stan-
dards provided by the manufacturer. The intra-assay
and interassay coefficients of variation were 4.65%
and 5.16% for FT4, and 5.89% and 7.28% for FT3.
For those with a TSH value below 0.3 mU/l, serum
thyrotropin receptor antibody (TRAb) concentrations
were measured (125I RRA Kit, Diasorin, Stillwater,
MN, USA), and the reference range of serum TRAb
was ,2 U/l (taking the 95th percentile of values
from 156 normal participants as the upper limit).

Urinary iodine excretion

Fasting urine samples were collected from all subjects
and measured for iodine excretion by the method
based on the Sandell –Kolthoff reaction (7). The inter-
assay and intra-assay coefficients of variation were
2.1% and 3.1% respectively. The detection limit was
5mg/l and the recovery rate was more than 95%. Urinary
iodine excretion in schoolchildren was also measured.

Thyroid ultrasound

Thyroid ultrasound examination was performed in sub-
jects by a portable instrument (SA600, Medison, Seoul,
Korea) with a 7.5 MHz linear transducer. Thyroid
volume was calculated with the formula: width £
length £ thickness £ 0.479 for each lobe (8). Goiter
was diagnosed in adults if the thyroid volume was
over 25.6 ml ðmeanþ 2 s:d:Þ in males and 19.4 ml
ðmeanþ 2 s:d:Þ in females.

Diagnostic criteria

Overt hyperthyroidism was diagnosed if serum TSH
,0.3 mU/l and FT4 .24.5 pmol/l or FT3

.6.3 pmol/l. Subclinical hyperthyroidism was diag-
nosed if serum TSH ,0.3 mU/l with normal FT4 and
FT3. Graves’ disease was diagnosed if (i) there was
overt hyperthyroidism, (ii) TRAb .2 IU/l or TPOAb
.100 IU/l, and (iii) there was a diffuse goiter or
normal thyroid under ultrasonography. Toxic nodular
goiter was diagnosed if (i) there was overt hyperthyroid-
ism, (ii) nodular goiter was seen under ultrasono-
graphy, (iii) TRAb ,2 U/l and TPOAb ,100 IU/l.

Statistics

Data processing was performed with SAS software version
6.12. Non-parametric statistics were used to analyze
urinary iodine excretion (Kruskal–Wallis). Comparison
between frequencies was performed by Chi-square
analysis. The level of significance was set to 5%.

Table 1 Characteristics of inhabitants and subjects in Panshan,
Zhangwu and Huanghua.

Characteristics Panshan Zhangwu Huanghua

Questioned inhabitants (n ) 4343 7714 4230
Gender ratio (male/female) 1.05 1.07 0.98
Mean age (years) 39.98 39.95 37.96
Range of age (years) 14–101 14–96 14–91

Examined subjects (n ) 1103 1584 1074
Gender ratio (male/female) 0.35 0.31 0.34
Mean age (years) 36.18 39.78 36.97
Range of age (years) 14–88 14–95 14–79
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Results

Status of iodine nutrition

The MUI of subjects in Panshan, Zhangwu and
Huanghua were 103mg/l, 375mg/l and 615mg/l
respectively ðP , 0:05Þ; which indicated borderline
iodine deficiency, mild iodine excess and severe iodine
excess in the three areas (Fig. 1). In school-aged chil-
dren, the MUI was 84mg/l in Panshan, 243mg/l in
Zhangwu and 651mg/l in Huanghua. No subjects
were found taking drugs containing iodine during
the period of the investigation. The iodine content of the
self-made salt in Panshan was ,3.4 mg/kg, and the
average iodine concentration of iodized salt was
54 mg/kg in Zhangwu and 23 mg/kg in Huanghua.
In Huanghua, the iodine concentration of water was
remarkably high (174.7 –260.5mg/l).

Prevalence of hyperthyroidism and
subclinical hyperthyroidism

The prevalence of previously diagnosed hyperthyroid-
ism acquired from the questionnaires did not differ sig-
nificantly among areas (0.87% in Panshan, 0.42% in
Zhangwu and 0.62% in Huanghua). The prevalence
of hyperthyroidism, subclinical hyperthyroidism and
Graves’ disease is shown in Table 2. No significant
differences in the prevalence of hyperthyroidism and

Graves’ disease were found among areas. Compared
with Huanghua, the prevalence of subclinical
hyperthyroidism detected by biochemical screening
was significantly higher in Panshan and Zhangwu
but did not differ significantly from each other.

Types of hyperthyroidism and features of
subclinical hyperthyroidism

Graves’ disease was the main type of hyperthyroidism
and its proportion of the cases with hyperthyroidism
was similar among the areas (Fig. 2). The prevalence
of thyroid autoantibody (TAA) in subjects with
hyperthyroidism did not differ between areas, but it
was significantly higher in subjects with subclinical
hyperthyroidism in Huanghua compared with those
in Panshan and Zhangwu (Table 3). No subjects took
thyroid hormone. No pregnant women or patients
with severe illness participated in the survey.

Prevalence of goiter

Goiter was found in 29%, 8.4% and 8.9% of school-
aged children in Panshan, Zhangwu and Huanghua
respectively ðP , 0:001Þ: The prevalence of diffuse
goiter in subjects without known thyroid disease dif-
fered significantly between areas (18.2% in Panshan,
12.6% in Zhangwu and 4.2% in Huanghua,
P , 0:001). For nodular goiter, no significant differ-
ences were found (3.4%, 3.3% and 2.5% respectively).
Goiter was more prevalent in subjects with subclinical
hyperthyroidism but without known thyroid disease
than in subjects with normal TSH and without
known thyroid disease in current and previous
iodine-deficient areas (36.6% vs 19.6% in Panshan,
P ¼ 0:009; 31.1% vs 15.7% in Zhangwu, P ,
0.001). However, in Huanghua with severe iodine
excess, no significant difference was found (8.3% vs
4.5%).

Variation in the incidence of hyperthyroidism
after USI

In Zhangwu and Huanghua, iodized salt was available
at the beginning of 1996. The number of patients with

Figure 1 Distribution (as a percentage) of different levels of
urinary iodine excretion in the subjects in Panshan, Zhangwu and
Huanghua. Median urinary iodine excretion in Panshan, Zhangwu
and Huanghua was 103mg/l, 375mg/l and 615mg/l respectively
ðP , 0:05Þ:

Table 2 The prevalence of hyperthyroidism, subclinical hyperthyroidism, Graves’ disease in examined
subjects of Panshan, Zhangwu and Huanghua.

Panshan Zhangwu Huanghua
ðn ¼ 1103Þ ðn ¼ 1584Þ ðn ¼ 1074Þ

Group n % n % n %

Overt hyperthyroidism 18 1.6 32 2 13 1.2
Subclinical hyperthyroidism 41 3.7* 62 3.9* 12 1.1
Graves’ disease 15 1.36 20 1.26 12 1.1

*P , 0:001 vs Huanghua.
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diagnosed hyperthyroidism was collected in the period
between 1991 and 1999 in the three areas in order
to calculate the average incidence of hyperthyroidism
in 1991 –1995 (before USI) and in 1996 –1999 (after
USI). The incidence of hyperthyroidism increased
significantly in Panshan (80.6/100 000 vs 27.6/
100 000, P , 0:05), and insignificantly in Zhangwu
(35.6/100 000 vs 23.4/100 000) and in Huanghua
(37/100 000 vs 35/100 000) after the introduction of
USI (Fig. 3).

Discussion

To investigate the effect of different iodine intakes on the
prevalence of hyperthyroidism and the impact of univer-
sal salt iodization on the incidence of hyperthyroidism,
we performed a comparative cross-sectional and longi-
tudinal survey in three areas with median urinary
iodine excretion of 103mg/l, 375mg/l and 615mg/l.
The survey was conducted in the general population
and the three areas were comparable in terms of demo-
graphic and health characteristics except for the signifi-
cant difference in urinary iodine excretion.

The prevalence of hyperthyroidism did not differ sig-
nificantly between the three areas with remarkably
different urinary iodine excretion. It has been demon-
strated in a survey from Denmark that the incidence
of hyperthyroidism is markedly higher in an iodine-
deficient area (urinary iodine excretion between 40–
70mg/l) than in an iodine-excessive area (urinary
iodine excretion around 300mg/l) due to the higher
incidence and proportion of toxic nodular goiter in
the iodine-deficient area (9). In our study, the degree
of iodine deficiency in Panshan was only at the border-
line level. Compared with the figures of a survey from
Italy, the frequency of nodular goiter was remarkably
low (10). Therefore, as a secondary cause of hyperthy-
roidism, non-autoimmune factors did not significantly
change the prevalence of hyperthyroidism in Panshan.

Figure 2 The proportion of different causes
of hyperthyroidism in Panshan, Zhangwu and
Huanghua with borderline iodine deficiency,
mild iodine excess and severe iodine excess
respectively. No significant difference
between areas was found in the proportion of
Graves’ disease in the subjects with
hyperthyroidism.

Table 3 The prevalence of thyroid autoantibodies in overt hyperthyroidism and subclinical hyperthyroidism.

Panshan Zhangwu Huanghua

Group n % n % n %

Overt hyperthyroidism n = 18 n = 32 n = 13
TPOAb 11 61.1 16 50 10 76.9
TGAb 6 33.3 10 31.3 6 46.2
TRAb 10 55.6 10 31.3 7 53.8

Subclinical hyperthyroidism n = 41 n = 62 n = 12
TPOAB 8 19.5* 9 14.5* 6 50
TRAb 5 12.2** 4 6.5** 9 75
Any kind of autoantibody 16 39** 15 24.2** 11 91.7

*P , 0:05 vs Huanghua, **P , 0:001 vs Huanghua.

Figure 3 Comparison of the average incidence of diagnosed
hyperthyroidism in 1991–1995 (before USI) and in 1996–1999
(after USI). A significant increase was found in Panshan
ðP , 0:05Þ:
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We found that USI did not affect the incidence of
hyperthyroidism in areas with mild iodine deficiency.
It is well established that iodine supplementation to
an iodine-deficient population may be accompanied
by an increase in the incidence of hyperthyroidism
(4 –6). The main cause is due to the occurrence of
IIH elicited by uncontrolled hormone synthesis in thy-
roid autonomous tissues developed during the period
of low iodine intake. The increase is associated with a
rapid correction due to the recent excessive increment
in iodine intake (,2 years) and the duration as well
as the severity of the previous iodine deficiency (11,
12). The discrepancy in our survey may relate to the
fact that Zhangwu was previously a mildly iodine-
deficient area. The prevalence of nodular goiter in
Zhangwu was similar to that in Panshan but was
lower than that from areas with moderate iodine
deficiency (10). It has also been demonstrated that
the decrease in goiter takes time to be achieved after
the increment in iodine intake (13, 14). Thus, we
inferred that the important cause of thyroid autonomy,
i.e. nodular goiter as the main biological basis of IIH
was relatively rare in this area before USI. In addition,
the significant increased incidence of hyperthyroidism
found in Panshan with borderline iodine deficiency
but without the influence of USI, suggested that the
increment in iodine intake is not the only cause leading
to an increase of hyperthyroidism (15, 16).

Graves’ disease is the main cause of hyperthyroidism
in the general population and its frequency is not
associated with iodine intake when the urinary iodine
excretion in the population reaches the borderline of
adequate level. Our results parallel the findings from
Denmark that Graves’ disease was the dominant type
of hyperthyroidism in the area with excessive iodine
intake (9). However, the similar prevalence of Graves’
disease independent of the iodine intake was not in
agreement with the findings from Austria (6). Other
findings in our study demonstrated that the higher
prevalence of hypothyroidism due to autoimmune thy-
roiditis (Hashimoto disease and atrophy thyroiditis) was
closely related with the increase in iodine intake
although no difference was found in the prevalence of
thyroid autoantibodies in the general population
among the three areas (17).

Subclinical hyperthyroidism was more prevalent and
was partly related to thyroid autonomy in the areas
with current and previous iodine deficiency. It is estab-
lished that thyroid autonomy due to long-term iodine
deficiency may lead to hyperfunction, which was one
of the causes of subclinical hyperthyroidism (18, 19).
The autonomous tissues may appear as multiple areas
either encapsulated or diffuse (18). In Panshan and
Zhangwu, the frequency of goiter in subjects with sub-
clinical hyperthyroidism was significantly higher than
that in subjects with normal TSH. Our findings are in
agreement with the findings that thyroid enlargement
and macronodular thyroid structure were found to be

more prevalent in subjects with suppressed TSH than
in subjects with normal TSH in the areas with mild
and moderate iodine deficiency (20).

On the other hand, the frequency of goiter in subjects
with subclinical hyperthyroidism was similar between
subjects with subclinical hyperthyroidism and subjects
with normal TSH. But the significantly higher preva-
lence of TAA in subjects with subclinical hyperthyroid-
ism in Huanghua suggests that subclinical
hyperthyroidism may relate to thyroid autoimmunity
in an area with severe iodine excess. This is in accord-
ance with the results of a study from Japan with recog-
nized excessive iodine intake (21).

In conclusion, different iodine intakes under a cer-
tain range (MUI 100 –600mg/l) do not affect the preva-
lence and type of hyperthyroidism. Subclinical
hyperthyroidism was more prevalent and was related
to thyroid autonomy in the areas with current and pre-
vious iodine deficiency. In the area with mild iodine
deficiency, the introduction of universal salt iodization
may not be accompanied with an increase in the inci-
dence of hyperthyroidism.
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