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Abstract 

Objective  We aimed to evaluate goiter prevalence and iodine nutritional status in areas with high 
levels of water iodine; to monitor the prevalence of iodine deficiency disorders (IDD) in areas at high risk 
of IDD; and to compare the prevalence of goiter and urine iodine (UI) concentrations between children 
living in the two areas. 

Methods  Based on surveillance from 2012-2014, we analyzed the concentration of UI and prevalence 
of goiter in 8-10-year-old children from 12 high-risk IDD provinces, and from 8 provinces and 
municipalities with excessive water iodine. We calculated goiter prevalence for each UI level according 
to World Health Organization (WHO) standards and constructed predictive prevalence curves. 

Results  The goiter prevalence and median UI of children from areas with high water iodine were not 
optimal, being above the WHO standards (5% and 100-199 µg/L, respectively), whereas those in 
high-risk areas fell within the standard. UI and goiter prevalence exhibited a U-shaped relationship in 
high-risk endemic areas and a parabolic relationship in areas of iodine excess. 

Conclusion  Iodine surplus in high-iodine areas leads to high goiter prevalence and UI. However, in 
high-risk areas, UI was optimal and goiter prevalence met the national criteria for IDD elimination. 
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INTRODUCTION 

odine plays an important role in the synthesis 
of thyroid hormones. Lack of iodine causes 
goiter and thyroid dysfunction, and is the 

main preventable cause of mental retardation. 
Pregnant and lactating women, and young children 
are particularly susceptible to iodine deficiency, 
which may cause intellectual impairment, and 
increase pregnancy loss and infant mortality. Surveys 

in some countries have shown that pregnant women 
are iodine deficient, despite iodine sufficiency in 
school children[1-2]. Iodine deficiency disorders (IDD) 
have long been a significant public health problem in 
China. The introduction of mandatory universal salt 
iodization (USI) by the Chinese government in 1994 
led to enormous progress, and the program is now a 
model for similar programs in many other countries. 
While the prevalence of IDD has decreased 
nationally, there have been cases of iodine excess. 

I 
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Excess iodine intake may result in thyroid diseases, 
such as nodular goiter, hyperthyroidism, and 
Hashimoto’s thyroiditis[3-4]. Excess iodine in drinking 
water has caused endemic goiter and thyroidal 
dysfunction in vulnerable populations within some 
provinces and municipalities of China. Shen et al. 
mapped the geographic distribution of excess iodine 
in the drinking water in China in 2011[5]. To 
understand the current situation regarding national 
prevention and control of IDD in high-risk endemic 
areas and to evaluate the prevalence of goiter and 
iodine nutritional status in areas with elevated levels 
of water iodine, the Endemic Disease Center of China 
implemented the ‘High-Risk Endemic Survey’ and 
‘High Water Iodine Survey’ from 2012-2014. Herein, 
we present the survey results.  

MATERIALS AND METHODS 

Survey Scope and Sampling Methods 

The ‘High-Risk Endemic Survey’ investigated 
counties with historical cretinism and counties with 
low iodized-salt coverage rates (< 80% in the year of 
investigation). Two primary schools were randomly 
selected from 3 towns in each survey county. We 
obtained information from 40 children aged 8-10 
years in each primary school selected. In total, we 
included 9052 children from 42 counties in Fujian, 
Guangdong, Guangxi, Hainan, Hebei, Jiangxi, Ningxia, 
Tibet, Xinjiang, and Zhejiang; 8646 children from 36 
counties in Fujian, Guangdong, Guangxi, Hainan, 
Qinghai, Tibet, Xinjiang, and Zhejiang; and 7973 
children from 32 counties in Fujian, Guangdong, 
Guangxi, Henan, Qinghai, Xinjiang, and Zhejiang from 
2012 to 2014.  

For the ‘High Water Iodine Survey’, children 
were enrolled from 8 provinces and municipalities 
(Anhui, Hebei, Henan, Jiangsu, Shandong, Shanxi, 
Shaanxi, and Tianjin) with excessive iodine (> 150 
µg/L) in the drinking water. The number of these 
counties was half the total number of counties with 
high iodine concentrations in the water. Each village 
was analyzed as a unit. One-hundred children aged 
8-10 years were selected to undergo 
ultrasonographic examination for goiter, and 30 of 
those children were randomly selected for urine 
iodine (UI) detection. In total, 4893 children from 63 
villages in 2012, 5120 children from 76 monitoring 
points in 2013, and 5185 children from 68 
monitoring points in 2014, were enrolled in our 
study. 

Thyroid Ultrasonography 

Thyroid volume was determined by 
ultrasonography performed by experienced 
examiners working in the provincial and municipal 
centers for disease control, using a 7.5-MHz 
transducer. We measured the length (l), width (w), 
and depth (d) of each thyroid lobe and calculated its 
volume by using the following formula: V (mL) = 
0.479 × d × w × l (mm) × 0.001. Thyroid gland volume 
was calculated as the sum of the volume of both 
lobes. Normal volumes for children aged 8, 9, and 10 
years are less than 4.5, 5.0, and 6.0 mL, respectively, 
according to the Chinese national standard[6]. 

Urine Sample Collection and Analysis 

Mid-stream spot urine samples were collected in 
dry, clean plastic tubes, tightly sealed, and stored in 
a refrigerator at 4 °C. UI measurements were 
performed within one month of sample collection, 
using the national standard method of China's 
Ministry of Health[7]. External reference samples 
were provided by the National Laboratory of Iodine 
Deficient Disorders in China. Assessment of iodine 
nutrition status was based on median urinary iodine 
(MUI) concentrations for school-aged children, and 
samples were assessed as insufficient (MUI < 100 
µg/L), adequate (MUI 100-199 µg/L), 
more-than-adequate (MUI 200-299 µg/L), or 
excessive (MUI > 300 µg/L)[8]. 

Water Sample Collection and Analysis 

We collected 5 water samples from villages 
without central water supplies (east, south, west, 
north, and middle), and 2 tap water samples from 
villages with a central supply. The National 
Laboratory of Iodine Deficiency Disorders Reference 
testing method was used to measure iodine levels in 
the water samples[9]. We only collected water 
samples from areas with excessive water iodine. 

Statistical Methods 

We used SPSS release 13.0 (Stats Data Mining Co. 
Ltd. Beijing, China) for statistical analyses. The 
Shapiro-Wilk method was used to test the normality 
of data distribution. UI values were not normally 
distributed. Therefore, these variables were 
assessed by Kruskal-Wallis one-way analysis of 
variance (ANOVA) in groups, and pairwise 
comparisons were performed using the 
Mann-Whitney rank sum test. Pearson’s χ2 test was 
used to compare disease prevalence. P < 0.05 was 
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to the thyroid gland. From 2003-2011, the number of 
countries with common iodine deficiency, based on 
UI level, decreased from 54 to 32[12]. Over the last 2 
decades, there was a major effort in China to 
introduce salt iodization as a safe, sustainable, and 
cost-effective strategy to ensure sufficient intake of 
iodine in iodine-deficient areas. For example, a 
survey in 2007 in high-risk areas identified 40 
counties as high risk, found 249 new cases of 
cretinism, and estimated the prevalence of goiter to 
be > 5%. Subsequently, central government and local 
governments implemented iodized-salt subsidies for 
high-risk groups in Qinghai, Xinjiang, and Tibet, 

which significantly increased iodized-salt coverage. 
By the end of 2010, 28 provinces and 97.7% of 
counties in China had eliminated IDD. 

Although UI data cannot provide direct 
information to evaluate thyroid function, both low 
and high UI values suggest a higher risk of 
developing thyroid disorders. Data from our 
research showed the UI of school children measured 
above 100 µg/L in high-risk provinces, indicating 
that-except for children in Guangdong (92.4 µg/L) in 
2013-most children had sufficient iodine intake. The 
UI level in high-risk areas was close to 80-150 µg/day, 
which is the adult dietary requirement, according to 

 

 
Figure 1. The relationship between median urine iodine concentration and the prevalence of goiter in 
children from high-risk IDD areas, over a 3-year period. We divided the UI levels  into 6 groups: < 20, 
20-49.9, 50-99.9, 100-199.9, 200-299, and > 300 µg/L. Goiter prevalence initially decreased, but 
subsequently increased with increasing median urine iodine concentrations, forming a U-shaped curve. 

 

 

Figure 2. The relationship between median urine iodine concentration and the prevalence of goiter in 
children from areas with high iodine levels in 2005 and 2012-2014. We divided the UI levels into 6 
groups: < 20, 20-49.9, 50-99.9, 100-199.9, 200-299, and > 300 µg/L. Goiter prevalence increased with 
increases in median urine iodine concentration, forming a parabolic curve. 
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the 2011 WHO recommendations[13]. In our study, 
the goiter prevalence for each UI level from 
2012-2014 high-risk surveys was much lower than 
that reported in 2010 by Liu in the high-risk survey[14]. 
Other reports have also shown that goiter 
prevalence in Jiangsu and Zhejiang provinces 
decreased with routine salt iodization, and that 
thyroid volume decreased along with UI 
increases[15-16]. China's IDD control and prevention 
programs have indeed made enormous progress. 

Iodide goiter occurs at all ages. Wolff reviewed 
iodide goiter and the pharmacologic effects of 
excess iodide in 1969[17]. Newborns presented with 
goiter due to placental transfer of iodine from 
mothers being treated with iodides. Adult iodide 
goiter was found mostly in patients treated with 
drugs containing iodine, and a large subset of people 
experienced endemic iodide goiter. The first report 
of excess water iodine-induced goiter in China was 
of high goiter prevalence among fishermen in 
Hebei[18]. In 2005, an investigation identified high 
water iodine in 109 counties in 9 provinces. These 
areas of iodine excess mostly lie in the flood plains of 
the Yellow River, and are often ‘embedded’ in areas 
with inadequate or deficient water levels of iodine. A 
survey from 2011-2012 defined water iodine levels 
exceeding 150 µg/L as being excessive and showed 
that iodine excess in women living in areas with 
excessive water iodine increased the occurrence of 
thyroid disease[19]. A study by Du et al. showed that 
thyroid nodules and subclinical hypothyroidism were 
more likely to occur in areas with excess iodine 
intake[20]. In our ‘High Iodine Survey’, the prevalence 
of goiter for each UI level in 2012 and 2013 were 
much lower than that reported by Liu et al. in the 
2005 iodine excess survey. The survey conducted in 
2005 found a goiter prevalence of  11.6% in the 
300-500 µg/L UI group, 13.7% in the 500-800 µg/L UI 
group, 16.9% in the 800-1000 µg/L UI group , 17.8% 

in the ≥ 1000 µg/L UI group[14] in areas with high 
iodine level in drinking water (Figure 2). The 
government stopped the sale of iodized salt in these 
areas in 2009, which contributed to the declining of 
goiter rate. Nevertheless, there were still provinces 
(Anhui, Hebei, Henan, Shandong, Shanxi, and Tianjin) 
where goiter prevalence was > 5%. According to the 
WHO/UNICEF/ICCIDD criteria, goiter prevalence 
exceeding 5% may pose a threat to public health[8]. 
Further, UI values from 300-500 µg/L accounted for 
29.4%, 29.1%, and 23.0%, UI values from 500-1000 
µg/L accounted for 31.3%, 28.2%, and 25.3%, and UI 
values > 1000 µg/L accounted for 9.6%, 7.5%, and 

11.5% of measurements for each of the respective 3 
years. As many children with high UI levels live in 
areas with excessive iodine, the increased risk of 
adverse health consequences cannot be ignored. 

With respect to thyroid gland pathology, 
excessive iodine intake increasing the synthesis of 
thyroid hormone (T4) and altering antigenicity of 
thyroglobulin, which led to colloid retention in 
follicles and flattened thyroid follicular epithelial 
cells[21-22]. Therefore, a follicular colloid retention 
goiter is a typical pathological finding in thyroid 
glands exposed to high levels of iodine. Animal 
experiments also found marked accumulation of 
peroxisome and secondary lysosomes in 
iodine-treated NOD.H-2h4 mice, their thyroid 
epithelial cells exhibited apoptosis and necrosis, 
while lymphocytic infiltration and damage of thyroid 
follicles were also observed, the oxidative injury to 
the thyroid epithelial cells induced by iodine excess 
might be a prerequisite for the development of 
autoimmune thyroiditis[23]. In general, people living 
in areas with endemic goiter and chronic iodine 
deficiency are at high risk of developing 
follicular thyroid cancer, whereas chronic 
excessive iodine intake may increase the risk of 
papillary thyroid cancer[24]. 

In an epidemiological study on the adverse 
health consequences of high urine iodine, Teng et al. 
compared thyroid disease development in 2 Chinese 
populations exposed to different iodine levels 
(Rongxing, MUI 261 µg/L; Chengshan, MUI 145 µg/L) 
and showed that the prevalence of subclinical 
hypothyroidism, anti-thyroid peroxidase antibody 
(TPOAb) positivity, and anti-thyroglobulin antibody 
(TgAb) positivity were significantly higher in patients 
in Rongxing than in Chengshan[25]. Another study 
showed an MUI of 331.33 μg/L for patients with 
benign thyroid nodules and 466.23 μg/L for patients 
with papillary thyroid cancer, both of which were 
higher than the control group (MUI 174.30 μg/L). 
Additionally, a strong association was demonstrated 
between high UI and thyroid nodules, papillary 
thyroid cancer, and aggressive cancer features, 
suggesting that high UI is a risk factor for thyroid 
cancer[26]. In addition, Song et al. found a U-shaped 
relationship between UI concentration and the 
prevalence of thyroid nodules in the general 
population of Shanghai; the risk of thyroid nodules 
increased at UI concentrations < 140 µg/L and > 400 
µg/L[27]. Because high iodine intake may lead to 
iodine-induced thyroid disorders in susceptible 
groups with the introduction of iodized salt, China 
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implemented new standards for salt iodization to 
prevent potential side effects in March 2012. The 
national standards of salt iodine content have been 
changed from 35 ± 15 mg/kg to (20-30) ± 30% mg/kg, 
both lowering the iodine content in the salt and 
narrowing the range of iodine content allowed. The 
median iodine content in household iodized salt 
dropped from 42.3 mg/kg in 1999 to 30.5 mg/kg in 
2011 and to 25.0 mg/kg in 2014. This led to a 
significant decrease in the MUI concentration and 
median thyroid volume of children improved the 
symmetry of the thyroid volume distribution[28]

. 
In 1978, researchers observed iodine-induced 

goiter caused by drinking deep-well water in China. 
The fact that both iodine deficiency and excess can 
cause goiter suggests a relationship between iodine 
nutritional status and goiter prevalence. Our results 
are similar to those of Yu Zhi Heng in 1984, who 
proposed the ‘U-curve’ relationship between UI and 
goiter prevalence, and revealed that goiter 
prevalence was lowest when urinary iodine 
concentrations measured 50-400 µg/g creatinine[29]. 
The ‘classification of areas with high water iodine 
and the endemic areas of iodine excess goiter’ 
classified areas with water iodine concentrations > 
150 µg/L as high iodine water areas[10]. That criterion 
is now under revision, and high iodine water areas 
will be used to describe areas with concentrations > 
100 µg/L, with levels of 50-100 µg/L being regarded 
as optimal[30]. In 2010, Liu tested and enriched the 
theory of the U-curve relationship between UI and 
goiter prevalence[14]. In our study, we also found that 
the U-shaped relationship varied in different areas. 
In addition, we found a parabolic relationship 
between goiter prevalence and UI in areas with high 
iodine. Among residents in high-risk areas, the 
prevalence of goiter was higher in people with low 
UI concentrations who suffered from iodine 
deficiency; the high UI concentration subgroup, who 
suffered from excessive iodine, developed iodine 
excess goiters. However, in high iodine areas, those 
in the low UI concentration subgroup, people escape 
from iodine-excess-induced goiter for low iodine 
intake in a few of population, formulated the low 
goiter prevalence at the head of the curve; after the 
peak of the curve, as the UI concentration increases 
so the thyroid volume decreases, with the thyroid 
gland gradually becoming atrophic, formulated the 
lower goiter rate at the tail of the curve. Hence, 
most goiters in high iodine areas were induced by 
iodine excess rather than iodine deficiency. 

There were several limitations in our study. For 

instance, the investigation points in each province 
varied in each of the 3 years. The high water iodine 
survey did not cover all villages with high iodine 
concentrations. The UI and water iodine were 
measured by the local Center for Disease Control 
and Prevention. All data concerning thyroid goiter 
was in relation to diffuse goiters, not nodular goiters. 
Despite these limitations, this investigation of areas 
with high water iodine and areas at high risk for 
iodine deficiency could provide scientific evidence to 
prevent goiter in different areas. 

The exemplary USI program will continue to 
scientifically supply sufficient iodine to vulnerable 
populations in China. Meanwhile, the government 
will also continue to stop the sale of iodized salt in 
areas of iodine excess, to provide water with 
appropriate concentrations of iodine, and monitor 
goiter occurrence and iodine concentrations in the 
drinking water every year. 
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