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Abstract The standard of salt iodine content in China has been
adjusted several times since implementation of the universal salt
iodization (USI) in 1995. The new standard of iodized salt con-
tent was adjusted from 35 + 15 to 30 £ 9 mg/kg in Henan
province in 2012. We aimed to determine whether the vulnera-
ble populations were iodine sufficient after the adjustment of salt
iodine content and to provide a guideline for the adjustment of
USI policy in China. Two cross-sectional surveys of iodine sta-
tus in vulnerable populations, including reproductive-age, preg-
nant and lactating women, infants <2 years, and children aged
810 years, were conducted in Henan province in 2013 and
2014. In 2013, the median urinary iodine concentration
(mUIC) of reproductive-age women was 200.1 pg/L and that
of school children aged 8—10 years was 221.0 pg/L. These
mUICs were considered as “more than adequate.” The mUICs
of reproductive-age women and school children in 2014 showed
a significant decline compared to the mUICs in 2013 (P=0.012
and P =0.001, respectively). The mUICs of the pregnant wom-
en were 204.2 ug/L in 2013 and 202.5 pg/L in 2014, which both
met the requirement level recommended by WHO. In 2013, the
mUIC of lactating women was 169.1 pg/L and that of infants
<2 years was 203.2 ug/L, which were significantly lower than
that of 2014 (P < 0.001 and P < 0.001, respectively). The lac-
tating women and infants in 2013 and 2014 were both regarded
as “iodine adequate.” lodine status of the vulnerable populations
is still adequate as a whole in Henan province after decreasing the
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salt iodine content. However, the mUIC of school children aged
810 years is slightly above the adequate level. To reduce the risk
of iodine excess in the general population and prevent the possi-
bility of iodine deficiency of the vulnerable population, it is nec-
essary to explore the appropriate level of iodized salt content.
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Introduction

Iodine deficiency disorders (IDDs) refer to a spectrum of adverse
effects of iodine deficiency on growth and development in
humans and animals [1, 2], including endemic goiter, cretinism,
spontaneous abortion, stillbirth, birth defects, and brain damage.
To eliminate IDDs, salt iodization is regarded as a safe and cost-
effective method because salt is consumed by most people at
constant levels and the cost of salt iodization is low [3].
Universal salt iodization (USI) was recommended by the World
Health Organization (WHO) in 1994, providing that all food for
humans and animals should be iodized by iodized salt. By 2006,
almost 120 countries have adopted salt iodization programs [4].
From 1990 to 2007, global household coverage rates with iodized
salt increased from 20 to 70 % [4]. The number of iodine-
deficient countries decreased from 110 in 1993 to 32 in 2011 [5].

The correlation between the level of iodine intake and the
incidence of thyroid disease is a U-shaped curve [6].
Insufficient or excess iodine intakes may increase the occur-
rence of thyroid disease. The introduction of USI may increase
the risk of iodine-induced hyperthyroidism, hypothyroidism,
autoimmune thyroiditis, etc. [7]. Therefore, an optimal level
of salt iodine is crucial both to prevent IDD and to avoid side
effects caused by iodine excess. The iodized salt level is 20—
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40 mg/kg recommended by WHO, 15-25 mg/kg in Germany,
20 mg/kg in Australia, and 25 mg/kg in Switzerland [8].

To prevent and control IDD, China adopted the USI policy in
1995. The USI policy has been successful and effective. In 2000,
the stage goal of IDD elimination was achieved in most prov-
inces of China. According to the national IDD surveillance data,
household coverage rates with iodized salt increased from 39.9
t0 95.3 %, and goiter rates of children aged 8—10 years decreased
from 20.4 to 2.5 % between 1995 and 2011, respectively [9].
However, iodine concentration of table salt was excessive, and
median urinary iodine content of children exceeded the adequate
range recommended by WHO (100200 pg/L) [10]. In fact, the
standard iodine content in table salt was adjusted several times
from 1995 to 2012. Initially, the standard salt iodine content only
included a lower limit (>20 mg/kg). In 1997, an upper limit
(<60 mg/kg) was included in the standard. The national IDD
survey in 1999 showed that median urinary iodine concentra-
tions (mUICs) in 14 provinces exceeded 300 ng/L and median
salt iodine concentrations of 24 provinces were above 40 mg/kg.
Based on these data, the iodine content in table salt was adjusted
from 20-60 mg/kg to 20-50 mg/kg in 2000. The recent national
survey in 2011 showed that iodine status in the general popula-
tion in China was still above the sufficient level. Therefore, a
new standard of salt iodine content (20, 25, or 30 + 30 % mg/kg)
has been implemented since 2012, and each province has select-
ed its own level of salt iodine content.

Henan province had significant numbers of individuals
with iodine deficiency. In the early 1950s, prevalence rates
of endemic goiter and cretinism had reached 50.0 and
11.0 % in some mountainous areas, respectively. Potassium
iodide pills, 0.66 % iodine tincture, kelp injections, and other
iodine-fortified supplements were used to prevent and control
IDD. It was not until 1970s that iodized salt was adopted as
the prophylaxis of IDD but only in some pilot counties. Before
introducing the USI policy, goiter rate was 17.8 % and mUIC
was 76.0 ng/L in children aged 7—14 years in Henan province,
based on provincial survey in 1994. In the latest national sur-
vey of 2011, the goiter rate decreased to 4.5 % and the mUIC
increased to 201 pg/L [11]. Therefore, we selected 30 £ 9 mg/
kg as the new iodized salt standard in Henan province in 2012.
Routine iodine nutritional surveys are usually conducted in
school children. Few studies have been done on high-risk
populations, for example, reproductive-age, pregnant and lac-
tating women, and infants [5]. To reflect the changes of iodine
status before and after the adjustment of salt iodine content, a
continuous surveillance of iodine status of five groups of vul-
nerable populations, including reproductive-age, pregnant and
lactating women, infants <2 years, and children aged 8—
10 years, was conducted in Henan province of China from
2011 to 2014. Based on surveys conducted in 2013 and
2014 in Henan province, this paper mainly describes iodine
status of vulnerable populations after the implementation of a
new standard of salt iodine content.
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Methods
Participants

Two cross-sectional surveys of iodine status in vulnerable popu-
lations were conducted in Henan province in 2013 and 2014. The
vulnerable populations included reproductive-age, pregnant and
lactating women, infants <2 years, and children aged 8—10 years
using a multistage sampling design for each survey. The sam-
pling method was detailed in our previous study [12]. For wom-
en and infants, a county was first selected from each city; sec-
ondly, a maternal and children’s hospital or obstetric clinic was
selected from each chosen county; finally, no less than 200 wom-
en or infants were selected from each chosen hospital or clinic.
For children aged 8-10, a county was also chosen in the first
stage; two or three primary schools (according to the school size)
were then selected from each chosen county, no less than 200
children were finally enrolled from each chosen school (Fig. 1).

All subjects were required to live in investigated regions for
more than 1 year. Those who had no health problems or thy-
roid diseases were enrolled. The water iodine content in each
of the investigated regions was less than 100 pg/L. All partic-
ipants, including women, infants, and children, were asked to
provide urine samples and socioeconomic information. In ad-
dition, mothers of infants provided feeding practices.

Measurement of Urinary lodine

The same measurement methods and equipments were used
for the two surveys. A 10-ml midstream urine sample was
collected from each participant in the morning according to
the instruction of a health care professional. The participants
were required to avoid consuming iodine-enriched foods be-
fore sampling. These samples were sealed in plastic bottle and
delivered to local CDC laboratories. Urinary iodine was mea-
sured by the acid digestion method (As3+-Ced+ catalytic
spectrophotometry) [13]. The external and internal quality
control of urinary iodine was provided by China National
CDC. The coefficient of variation for UIC was 2.0 % at
68.2+ 1.3 ug/L and 0.9 % at 193.0 + 10.0 pg/L.

Evaluation Criteria for Iodine Status in Vulnerable
Populations

The evaluation criteria of iodine status, as determined by UIC,
recommended by WHO is as follows: for reproductive-age
women and children, <100 png/L is deficient, 100—-199 ng/L
is adequate, 200-299 ug/L is more than adequate, and
>300 pg/L is excessive; for pregnant women, <150 pg/L is
deficient, 150-249 pg/L is adequate, 250-499 pg/L is more
than adequate, and >500 pg/L is excessive; for lactating wom-
en and infant <2 years, <100 pg/L is deficient and >100 pg/L
is adequate [14].
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Fig. 1 Flow diagram of the study design

Statistical Analysis

Data management and analyses were performed with EXCEL
and SPSS 17.0. Normally distributed data was expressed as
mean + SD. Group differences of normally distributed data
were tested by ¢ test and ANOVA. As UIC distribution was
non-normally distributed; it was expressed as median and in-
terquartile ranges. Median values of UIC were presented by
year and by type of vulnerable populations. Non-parametric
tests, including Mann-Whitney U test or Kruskal-Wallis H
test, were performed to compare group differences of UIC.
The level of significance was set at p < 0.05.

Ethics

The medical ethics committee of Henan provincial CDC ap-
proved the survey. Written informed consent was obtained
from all participants or parents of infants and children.

Results

Table 1 presents the characteristics and iodine status of five
groups of vulnerable populations in 2013 and 2014 survey. 66,
446 and 74,015 subjects were enrolled in 2013 and 2014 sur-
veys, respectively. Ages of reproductive-age, pregnant and
lactating women, and school children aged 8—10 years were

A final sample in 2014
n=74015
|
¥ v
A J v \
reproductive-age | | Pregnant Lactating Infants School children
women women women (0- 2 year) (8-10 year)
n=3623 n=46506 n=6566 n=13598 n=3581

not significantly different between 2013 and 2014 surveys.
Mean age of infants in 2014 was slightly less than infants in
2013 (p <0.01).

In 2013, the mUIC of reproductive-age women was
200.1 pug/L and that of school children aged 810 years was
221.0 pg/L. According to the WHO criterion for the general
population, they were considered as “more than adequate.”
The mUICs of the two groups in 2014 showed a significant
decline compared to the mUICs in 2013 (p = 0.012 and
p = 0.001, respectively). But the mUIC of school children
aged 8—10 years in 2014 was still greater than iodine sufficient
level recommended by WHO (100-199 pg/L). The mUICs of
pregnant women were 204.2 pug/L in 2013 and 202.5 pg/L in
2014, both of which met the requirement level recommended
by WHO (150-249 pg/L). The mUICs of lactating women
and infants <2 years in 2013 were 169.1 and 203.2 pg/L,
respectively, which were significantly less than those ob-
served in 2014 (174.8 and 217.9 pug/L; p < 0.001 and
p < 0.001, respectively). The lactating women and infants
were regarded as “adequate” in both 2013 and 2014.

The mUICs in the most vulnerable populations declined
from 2013 to 2014, after stratifying by urban and rural areas
(Fig. 2). Nevertheless, the mUICs of lactating women in 2013
were increased compared with lactating women in 2014, both
living in urban (p = 0.004) and rural areas (p < 0.001); infants
<2 years of age living in rural areas in 2013 had an increased
mUIC compared with 2014.
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Table 1  Sample size, age, sex ratio and iodine status of vulnerable populations in 2013 and 2014
Year  Vulnerable population Number Age (year) Male/female mUIC  Urinary iodine concentrations(pg/L, %)
— (nglL)
Mean SD <100 100-149 150-199 200-249 250-299 >300
2013 Reproductive-age women™ 3635 257 42 Allfemale 200.1 166 164 17.0 12.5 10.5 27.0
Pregnant women 40223 266 44 Allfemale 2042 131 17.0 18.4 15.9 16.0 19.6
Lactating women* 7431 27.0 4.6 All female 169.1 21.1 217 18.2 12.2 7.8 19.1
Infants (02 year)* 11,276 0.7 0.6 64504826 2032 13.6 177 17.8 14.8 14.6 21.5
School children (8-10 years)* 3881 91 0.7 2242/1639 2210 150 142 14.7 13.5 12.7 29.9
2014 Reproductive-age women 3623 25.8 4.0 All female 1950 165 165 18.9 15.2 11.0 22.0
Pregnant women 46,506 267 42 Allfemale 2025 105 175 21.0 19.0 15.3 16.7
Lactating women 6566 27.1 45 All female 1748 123 226 26.1 14.7 9.4 14.8
Infants (0-2 years) 13,598 0.5 04 8025/5573 2179 69 13.6 19.8 24.6 13.9 21.3
School children (8-10 years) 3721 9.1 08 2026/1696 204.8 123 162 19.8 16.0 11.2 24.6

Comparing 2 years of data, the mUICs of lactating women and infant <2 years in 2013 were significantly decreased compared to 2014 (p < 0.001 and
p <0.001, respectively), whereas the mUICs of reproductive-age women and school children aged 8—10 years in 2013 were significantly greater than

those of 2014 (p = 0.012 and 0.001, respectively)
mUIC median urinary iodine concentration
*Significant differences between groups: p < 0.05

Reproductive-age women living in urban areas had de-
creased mUICs than reproductive-age women living in rural
areas in both 2013 (p = 0.004) and 2014 (p = 0.329). There
were significant differences in mUICs of pregnant women
between urban and rural areas in both 2013 (p < 0.001) and
2014 (p < 0.001). However, the mUICs between urban and
rural lactating women were not significantly different in both
2013 (p=0.891) and 2014 (» = 0.638). The mUICs of school
children aged 8—10 years living in urban areas were
217.0 pg/L in 2013 and 187.0 pg/L in 2014, significantly
less than rural school children only in 2014 (p < 0.001).
In addition, the difference of mUIC between urban and
rural infants was opposite direction between 2013 and
2014 survey.

As shown in Table 2, the mUICs of pregnant women in the
second and third trimesters were stable between 2013 and 2014
(p>0.05). The mUICs of pregnant women in the first trimester
decreased significantly from 203.1 pg/L in 2013 to 191.4 pug/L
in 2014 (p < 0.001). The mUICs of pregnant women in the
third trimester were significantly greater than in the first and
second trimesters, both in 2013 and 2014 survey (p < 0.001).

As shown in Table 3, the mUICs of school children aged 8
and 9 years decreased significantly from 2013 to 2014
(p < 0.01), while the mUIC of children aged 10 years did
not change over the same period (p > 0.05). The mUIC of
school children failed to reach statistical significance in 2013
survey, whereas they were significantly different among the
three age groups in 2014 survey.
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Fig.2 Change in mUIC of the vulnerable populations from 2013 to 2014
stratified by urban and rural areas. In the urban area, the mUICs of
pregnant women, infant <2 years, and school children aged 8-10 in
2013 were significantly greater than that in 2014; however, the mUICs
of lactating women in 2013 were significantly less than that in 2014. In

@ Springer

the rural area, the mUICs of reproductive-age and pregnant women in
2013 were significantly greater than that in 2014; however, the lactating
women and infants <2 years of age in 2013 had a decreased mUIC
comparing to year 2014. mUIC median urinary iodine concentration.
*Significant differences between groups: p < 0.05
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Table 2 Gestational change in

mUIC of pregnant women in Trimester 2013 2014 Z P
2013 and 2014
N mUIC (ug/L) N mUIC (pg/L)
First trimester 7580 203.1 8538 191.4 -3.712 0.000*
Second trimester 21,534 202.6 26,902 201.0 —-1.414 0.157
Third trimester 9799 208.6 10,133 214.0 —1.947 0.051

mUIC median urinary iodine concentration

*Significant differences between groups: p < 0.05

2020 parents of infants <1 year provided information about
their feeding patterns. Figure 3 shows the differences in mUIC of
infants <1 year between different feeding patterns. About 67 %
of infants <1 year were being breast-fed, and their mUIC
(246.8 pg/L) was greater than formula-fed infants (194.3 pg/L)
(P<0.001) and mixed-fed infants (234.7 ug/L) (P <0.001). The
formula-feeding patterns included domestic formula milk,
imported formula milk, and home-prepared foods. There was
no significant difference in mUIC between the three groups.

Discussion

In 2012, the salt iodine content was adjusted from 35 £ 15 to
30 + 9 mg/kg in Henan province. Our data indicated that the
iodine status of pregnant women, lactating women, and infants
reached the recommended value in both 2013 and 2014 after
the implementation of a new standard of salt iodine content.
The mUICs of school children aged 8—10 years were above the
adequate level in both 2013 and 2014. The mUIC of
reproductive-age women in 2014 fell to the normal level
(100-199 ng/L). Compared with data before adjustment of salt
iodine content [12, 15], the mUICs in pregnant women, lactat-
ing women, infants, and school children increased slightly from
2011 to 2014. Nevertheless, the mUIC in reproductive-age
women decreased from 204.5 pg/L in 2011 to 195.0 pug/L in
2014. These results suggest that iodine status of vulnerable
populations did not noticeably decline as expected after

Table 3  Difference in mUIC of school children in 2013 and 2014
stratified by age

Age (year) 2013 2014 VA P
N mUIC (ug/ N mUIC (ng/
D) D
8 1167 234.0 946 207.3 —2.646 0.008*
9 1332 209.1 1400 195.9 —2.568 0.01*
10 1382 2233 1235 2143 —0.054 0.957

mUIC median urinary iodine concentration

*Significant differences between groups: p < 0.05

decreasing salt iodine content. The main reason for these values
is that the salt iodine content in Henan province decreased
slowly after implementation of new salt iodine content (the
median salt iodine contents were 28.6 mg/kg in 2011 and
26.8 mg/kg in 2014). Another reason is that iodized salt is
not the only source of dietary iodine. A similar study in
Zhejiang province of China found that the mUIC of school
children aged 8-10 years significantly decreased from
237.1 pg/L in 2011 to 174.3 pg/L in 2013, which was incon-
sistent with our results [16]. After adjustment of salt iodine
content in 2012, three levels were recommended to each prov-
ince to choose, 20, 25, or 30 + 30 % mg/kg, respectively. Our
province selected 30 + 30 % mg/kg as our new salt iodine
criterion, which was higher than that of Zhejiang province
(25 £30 % mg/kg). The choice may account for the difference.

Our findings showed that vulnerable populations, both in
urban and rural areas, were “iodine sufficient.” The UICs were
different among the five groups of vulnerable populations,
however. The mUICs of reproductive-age women and school
children aged 8-10 years in urban areas were decreased com-
pared with rural populations, whereas the mUICs of urban
pregnant women were greater than rural pregnant women.
Some urban residents are afraid of excess iodine intake and
prefer to purchase non-iodized salt [17]. During pregnancy,
urban women have greater opportunity to access high-protein
food and other nutritional supplements, and have more knowl-
edge about IDD than rural women, which may explain the
difference of mUIC between urban and rural pregnant women.

There are a few studies on gestational change of UIC, but
their results are conflicting [18-21]. Some studies reported
that the mUIC showed a decrease with increasing gestation,
while others showed an increase or steady change. The ob-
served differences are governed by the local level of water
iodine, sample size, overall iodine status, and thyroid physi-
ology [21, 22]. In the present study, we found that the mUICs
of pregnant women increased during gestation and was
greatest in the third trimester, both in the 2013 and 2014 sur-
veys. The gestational pattern of UIC is in accordance with
previous reports from the USA [23], Hong Kong [24], and
Iran [22]. During early gestation, increased concentrations of
serum thyroxine-binding globulin (TBG) and the stimulation
of thyrotropin (TSH) receptors by human chorionic
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Fig.3 Differences in mUIC of infants <1 years between different feeding
patterns. The numbers of infants <1 year receiving breast feeding,
formula feeding, and mixed-feeding were 1364, 200, and 456,
respectively. Among them, the artificial-feeding patterns included

gonadotropin (HCG) result in increasing thyroid hormone
production [25]. Deiodinase in the placenta enhances degra-
dation of thyroid hormone. Furthermore, increased renal io-
dine clearance and iodine shifting from mother to fetus tend to
decrease the circulating plasma iodine concentration. To com-
pensate for increased iodine demand and depletion of total
iodine stores during pregnancy, increased thyroidal iodine ex-
traction may explain increased UIC in late gestation [26].

Infant iodine status is dependent on many factors, including
feeding pattern, iodine level of formula and food, breast-milk
iodine content, and renal function for iodine clearance. In our
infants <1 year, the proportion being breast-fed was 67 %, and
their mUIC was significantly greater than those formula-fed or
mixed-fed. Infants receiving formula had greater UIC than
breast-fed infants [27]. These results are contrary to ours, partially
due to the greater mUIC in lactating women in this study. On the
other hand, we found that mUIC of infants receiving imported
formula was greater than infants receiving domestic formula and
home-prepared foods, although there was no significant differ-
ence. Chinese people are more likely to purchase imported for-
mula because they believe it is beneficial to their babies. Foreign
countries, in general, pay particular attention to iodine supple-
mentation of infant formula. For example, infant formula must be
fortified with iodine in the USA [28] and Europe [29].

Overall, iodine status of vulnerable populations is still ad-
equate in Henan province after decreasing salt iodine content.
However, the mUIC of school children aged 8—10 years is
slightly above the adequate level. To reduce the risk of iodine
excess in the general population and prevent the possibility of
iodine deficiency of the vulnerable population, it is necessary
to explore the appropriate level of iodized salt content.
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