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Abstract Iodine is an essential nutrient for the synthesis of
thyroid hormones that are critical for brain development.
Iodine deficiencies were prevalent in China until the introduc-
tion of universal salt iodization (USI) in 1995. USI has been
considered as the world’s best achievements. This study aims
to assess children’s iodine nutrition and goiter status in Zhe-
jiang Province in order to provide reasonable suggestions to
the government for policy-making under the USI period. A
cross-sectional survey in Zhejiang Province was conducted to
children aged 8–10 years by stage cluster random sampling
method. Spot urine samples were collected and analyzed.
Thyroid ultrasonography examination was performed by spe-
cial trained technicians using a 7.5-MHz transducer. Fasting
venous blood samples were collected and analyzed for thyroid
functional status. The median urinary iodine concentration
was found to be 173.3 μg/L. The percentage of urine samples
with iodine concentration <100 μg/L, 100–300 μg/L, and
>300 μg/L was 15.5, 42.0, and 13.3 %, respectively. Goiter
prevalence rate with iodine concentration <100 μg/L, 100–
300 μg/L, and >300 μg/L was 6.8, 10.0, and 14.9 %, respec-
tively, with no significant difference. Children with goiter
have lower serum FT3 and T3 concentrations compared to
those without goiter (p<0.05). Conclusions: The median uri-
nary iodine concentration of children aged 8–10 years falls in
optimal iodine status as recommended by WHO/UNICEF/
ICCIDD. Maintaining USI at an appropriate level is an im-
portant part of preventing iodine deficiency disorders and
should always be based on routine monitoring urinary iodine
concentration by the province.
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Introduction

Iodine is an essential nutrient for the synthesis of thyroid
hormones that are critical for brain development. Iodine defi-
ciency is defined by theWorld Health Organization (WHO) as
a population median urinary iodine concentration that falls
below 100 μg/L [13]. Urinary iodine concentration does not
provide direct information on thyroid function, but it is a
reliable measure of exposure. Urinary iodine concentration
surveys are usually done in school-aged children because they
are a convenient population, easy to reach through school-
based surveys, and usually a representative of the general
population.

Iodine deficiencies were prevalent in China until the intro-
duction of universal salt iodization (USI) in 1995. USI has
been considered as the world’s best achievements because it
contributes significantly to the world’s disease and mortality
burden [2]. In the early 1980s, surveys identified 831,000
individuals with iodine deficiency disorders (IDD) manifest-
ing as goiter and an additional 134 individuals with typical
cretinism in Zhejiang Province [1]. USI proved to be very
effective; a provincial survey in 2000 found the virtual elim-
ination of IDD [1].

In 2011, household coverage of adequately iodized salt
(35±15 mg/kg) reached 97.2 % [1]. On the other hand,
excess iodine consumption may also have adverse public
health impacts [4, 14]. Careful monitoring of population io-
dine status is recommended according to the literatures. The
measurement of the urinary iodine concentration (UIC) is the
most commonly used index to assess iodine status in
schoolchildren. In addition, blood constituents such as thyro-
globulin antibodies (TGAb), thyroid peroxidase antibodies
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(TPOAb), free triiodothyronine (FT3), free thyroxine (FT4),
total triiodothyronine (T3), total thyroxine (T4), and thyroid-
stimulating hormone (TSH) can also be measured. Moderated
iodine deficiency lowers circulating T4 concentrations,
resulting in a subsequent rise in TSH [3, 12]. This paper aims
to compare children’s iodine nutrition and goiter status by age
and sex in Zhejiang Province in order to provide reasonable
suggestions to the government for policy-making under the
USI period.

Subjects and methods

This survey was a cross-sectional survey of a representative
sample of children aged 8–10 years in Zhejiang Province. The
study was approved by the Ethical Review Board of the
Zhejiang Provincial Center for Disease Control and Preven-
tion. Research protocols were approved by Zhejiang Provin-
cial Center for Disease Control and Prevention. All subjects
provided a written informed consent after the research proto-
cols were carefully explained to them.

A cluster sampling technique, probability proportional to
size sampling, in which the probability that a particular sam-
pling unit will be selected in the sample is proportional to the

population size of the sampling unit [14], was employed in the
present study. With county as the sampling unit, first, 22
counties were selected from 89 counties. One primary school
was then randomly selected from each county chosen. Finally,
about 20 schoolchildren aged 8–10 years from each school
were selected. The child’s sex and age were recorded. In-
formed written consent was obtained from parents or guard-
ians of the children.

Spot urine samples were collected and delivered to the
local Center for Disease Control and Prevention (CDC) labo-
ratory for measuring urinary iodine concentration. Urinary
iodine concentration was determined by the modified acid-
digestion method (method for determination of iodine in urine
by As3+−Ce4+catalytic spectrophotometry, WS/T 107–
2006, Ministry of Health of the People’s Republic of China).
Blood samples of 131 children were collected from a subset of
urban and rural children of two counties and stored at −80 °C
until measuring TGAb, TPOAb, FT3, FT4, T3, T4, and TSH.
These indexes were analyzed by chemiluminescent immuno-
assay (Abbott GmbH & Co. KG, Germany).

Height and weight were measured by child health nurses
using standardized procedures. Thyroid ultrasonography was
performed by a single operator using a 7.5-MHz transducer
with the child lying supine and the neck hyperextended. The

Table 1 Median urinary iodine concentration and distributions by age and sex in school-age children aged 8–10 years in Zhejiang Province, China

Number Median (range) (μg/L) <100 μg/L 100–300 μg/L >300 μg/L χ2 p value

N % N % N %

Age

8-year-old 140 169.1 (1,338.1) 26 18.6 86 61.4 28 20 1.523 0.823

9-year-old 160 168.7 (1,042.6) 39 24.4 92 57.5 29 18.1

10-year-old 151 192.3 (674.9) 34 22.4 90 59.2 28 18.4

Gender

Boys 225 174.3 (1,345.1) 46 20.4 133 59.1 46 20.4 1.073 0.585

Girls 226 171.8 (1,035.6) 53 23.5 134 59.3 39 17.3

Table 2 Comparison of goiter status according to urinary iodine concentration by age and sex in school-age children aged 8–10 years in Zhejiang
Province, China

Number <100 μg/L 100–300 μg/L >300 μg/L χ2 p value

N Goiter % N Goiter % N Goiter %

Age

8-year-old 121 23 2 8.7 76 8 10.7 24 5 21.7 2.092 0.351

9-year-old 145 35 1 3 88 8 9.3 22 3 13.6 2.031 0.154

10-year-old 134 32 3 9.4 79 8 10.1 23 2 9.1 0.029 0.986

Gender

Boys 193 42 1 2.5 118 15 12.7 34 2 6.1 5.099 0.078

Girls 207 48 5 10.4 124 9 7.3 35 8 23.5 6.259 0.044
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volume of each lobe was calculated by the formula V(ml)=
0.479×width×length×thickness. The thyroid volumes were
the sum of the volumes of the two lobes. In accordance with
the Chinese national criteria for thyroid measurement, goiter
was defined by age-specific thyroid volume. The upper limit
of thyroid volume for children aged 8, 9, and 10 years was 4.5,
5.0, and 6.0 ml, respectively. If the child’s thyroid volume
exceeded the relevant value, the child was judged as goitrous
[10].

Data processing and statistical analyses were performed
using spss13.0 software. All tests were two-sided and the level
of significance set at P<0.05. As continuous variables were
not normally distributed, they were described as median and
range. The difference between boys and girls were evaluated
by nonparametric test (Mann-Whitney test). In order to com-
pare blood constituents among different intervals of urinary
iodine concentration, we divided the urinary iodine concen-
tration into three intervals (<100 μg/L, 100–300 μg/L,
>300μg/L). The difference among different ages and different
urinary iodine concentration intervals was evaluated by non-
parametric test (Kruskal-Wallis H test).

Results

Iodine concentration in urine sample of children aged
8–10 years

A total of 460 children participated in the study, and 451 urine
samples were collected from children aged 8–10 years and
analyzed for iodine concentration. The median (range) urinary
iodine concentration found to be 173.3 (1,345.1)μg/L. The
percentage of urine samples with iodine concentration
<100 μg/L, 100–300 μg/L, and >300 μg/L was 15.5, 42.0,
and 13.3 %, respectively. There were no statistically signifi-
cant differences by age and sex (Table 1).

Goiter distribution of children aged 8–10 years

Of the 451 children whose urine samples were collected and
analyzed, 400 underwent ultrasonography (193 boys and 207
girls). Among the 400 children aged 8–10 years examined by
ultrasound, 40 were found to have goiter accounting for 10 %
of the group. The goiter prevalence rate with iodine concen-
tration <100 μg/L, 100–300 μg/L, and >300 μg/L was 6.8,
10.0, and 14.9 %, respectively, with no significant difference
(χ2=2.758, p=0.252). There were no statistically significant
differences by age (Table 2). In girls, the goiter prevalence rate
with iodine concentration <100 μg/L, 100–300 μg/L, and
>300 μg/L was 10.4, 7.3, and 23.5 %, respectively, with
significant difference (χ2=6.259, p=0.044). T
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Thyroid volume of children aged 8–10 years

Of the 451 children whose urine were collected and analyzed,
359 underwent ultrasonography as well as height and weight
measurement (170 boys and 189 girls). The median (range) of
thyroid volume for 8, 9, and 10-year-old children was 2.87
(7.29), 3.09 (12.5), and 3.75 (7.72), respectively. There were
significant differences on thyroid volume by different
urinary iodine concentration group in girls (chi-square=
8.270, p=0.016) (Table 3).

Blood constituents of children aged 8–10 years

Of the 451 children whose urine samples were analyzed,
131 underwent blood constituents’ analysis (69 boys
and 62 girls), and 120 underwent blood constituents’
analysis as well as ultrasonography. Among the 131
children aged 8–10 years, the median (range) of blood
FT3 of children with iodine concentration <100 μg/L,
100–300 μg/L, and >300 μg/L was 5.8 (3.2), 6.0 (5.0),
and 6.1 (3.2), respectively, with no significant difference
(chi-square=5.346, p=0.069). There were no statistically
significant differences among different urinary iodine
concentration on blood constituents (Table 4). Among
the 120 children aged 8–10 years, the median (range) of
blood FT3 and T3 concentration of children with goiter
was 6.2 (5.0) and 2.7 (2.8), respectively, with signifi-
cant difference (p<0.05) when compared to children
without goiter whose blood FT3 and T3 concentration
was 5.6 (3.4) and 2.2 (1.6), respectively. But there were
no statistically significant differences on TGAb, TPOAb,
FT4, T4, and TSH in children with or without goiter
(Table 4).

Discussion

Because more than 90 % of dietary iodine eventually appears
in the urine, the urinary iodine concentration is an excellent
biomarker of recent iodine intake [17]. Because of the large
intraindividual and interindividual variations in urinary iodine
concentration [8], a limitation of urinary iodine concentration
is that it can only be used to assess the iodine status of a
population, but not of the individual in that population. Based
on the result of the present study, the median urinary iodine
concentration of children aged 8–10 years was 173.3 μg/L,
which falls between 100 and 199 μg/L. According to WHO/
UNICEF/ICCIDD, children were in optimal iodine status.
Since 2009, China’s government has been considering lower-
ing the salt iodization standard from the then mandatory mean
of 35 mg/kg. In 2012, China’s government decided that while
USI remains mandatory, provinces may now iodize salt to a
median within the range of 20–30 mg/kg depending on io-
dized salt coverage and urinary iodine concentration [9].
Combined with this new public health policy and the result
of this study, it is urgent to monitor the urinary iodine con-
centration regularly to assess the iodine status and give sug-
gestion to the government for policy-making.

Goiter is a functional biomarker that can be applied to both
individuals and populations, but it is subjective. The goiter
prevalence rate with iodine concentration <100 μg/L, 100–
300 μg/L, and >300 μg/L was 6.8, 10.0, and 14.9 %, respec-
tively, with no significant difference (χ2=2.758, p=0.252).
This is consistent with the previous findings for both urinary
iodine concentrations and relative lack of correlation with
thyroid volume [5]. In fact, the goiters were previously exam-
ined by palpation, until the recent years when thyroid ultraso-
nography was performed. Thyroid ultrasonography examina-
tion has better resolving power. So, the thyroid ultrasonography

Table 4 Comparison of blood constituents according to urinary iodine concentration and goiter prevalence rate in school-age children aged 8–10 years
in Zhejiang Province, China

Number TGAb TPOAb FT3 FT4 T3 T4 TSH
Median (range) Median (range) Median (range) Median (range) Median (range) Median (range) Median (range)
(IU/L) (IU/L) (pmol/L) (pmol/L) (nmol/L) (nmol/L) (μIU/L)

Urine iodine concentration

<100 μg/L 37 12.2 (140.0) 10.1 (193.4) 5.8 (3.2) 19.1 (13.1) 2.6 (2.4) 128.4 (102.3) 2.5 (8.8)

100–300 μg/L 56 10.7 (150.0) 8.5 (236.6) 6.0 (5.0) 18.3 (14.1) 2.7 (2.8) 125.6 (122.8) 2.9 (7.2)

>300 μg/L 38 14.0 (201.0) 12.0 (34.3) 6.1 (3.2) 18.7 (9.5) 2.7 (2.1) 123.6 (129.5) 2.8 (6.4)

Chi-square 5.406 5.841 5.346 1.240 0.742 0.210 0.310

p 0.067 0.054 0.069 0.538 0.690 0.900 0.857

Goiter

Yes 16 12.1 (140.0) 10.0 (236.6) 6.2 (5.0) 18.8 (16.4) 2.7 (2.8) 127.1 (134.4) 2.7 (19.6)

No 104 12.6 (14.0) 14.2 (24.2) 5.6 (3.4) 18.6 (8.6) 2.2 (1.6) 122.5 (53.5) 2.3 (5.9)

Z −0.331 −1.245 −2.748 −0.301 −3.802 −1.783 −0.861
p 0.740 0.213 0.006 0.763 0.000 0.075 0.389
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examination may be an influencing factor for the goiter prev-
alence rate in this study. On the other hand, there had been three
times adjustments on standard salt iodine concentration since
1995. In year 2000, the standard salt iodine concentration was
35±15 mg/kg, and in year 2012, the standard salt iodine
concentration was adjusted to 20–30 mg/kg. This study was
carried out in year 2011 before the third adjustment on standard
salt iodine concentration. And the goiter rate reflects chronic
iodine deficiency or iodine overdose and will be inconsistent
with measurements of urinary iodine. Provided the goiter rate
in year 2011 and combined with the result of urinary iodine
concentration, the results of this study would provide sugges-
tions to the government for policy-making. We had revised the
discussion on this part on the manuscript. But in girls, both
goiter prevalence rate and thyroid volume with different iodine
concentration (<100 μg/L, 100–300 μg/L, >300 μg/L) have
significant differences. Limited by the sample size of this
current study, further studies on this topic should be carried
out to explore the difference.

Iodine deficiency has multiple adverse health effects, all
due to inadequate thyroid hormone production that are termed
the IDD. Given the role of thyroid hormones in the brain, a
lack of iodine in childhood could affect the developing brain.
A study of Mexican schoolchildren found that moderate io-
dine deficiency was associated with a 4.26 times higher risk of
low IQ [11]. An intervention study found that iodine supple-
mentation improved perceptual reasoning in mildly iodine-
deficient children and suggests that mild iodine deficiency
could prevent children from attaining their full intellectual
potential [6]. In this study, there were no statistically signifi-
cant differences among different urinary iodine concentration
on blood constituents including TGAb, TPOAb, FT3, FT4,
T3, T4, and TSH. The mean FT3 concentration of children in
this survey was similar to other study [7]. But children with
goiter have lower serum FT3 and T3 concentrations compared
to those without goiter. Iodine deficiency in certain geo-
graphical regions had been determined by goiter preva-
lence rate in the population [15]. Changes in goiter
prevalence lay behind changes in iodine nutrition status
after a salt iodization program has been initiated [16].
Goiter, when accurately assessed, remains an important
and sensitive long-term indicator of the success of an
iodine program. So, the finding of this study suggested
that the changes of serum FT3 and T3 may be the
biomarkers that lag behind urinary iodine concentration
but superior to goiter.

Conclusions

This study has comprehensively examined the iodine status of
a representative sample of 8–10-year-old children using a
wide range of blood constituents. The median urinary iodine

concentration of children aged 8–10 years falls in optimal
iodine status as recommended by WHO/UNICEF/ICCIDD,
but a part of children were mildly iodine-deficient or at risk of
adverse health consequences. Maintaining USI at an appro-
priate level is an important part of preventing IDDs and should
always be based on routine monitoring urinary iodine concen-
tration by the province. Studies on the impact and most
appropriated level of salt iodization should also be carried
out at the time the new local iodization policy will be put
forward.
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