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Abstract

Sufficient iodine intake by pregnant and lactating women is crucial to their offspring’s cognitive development. The aim of the present study
was to explore the impact of iodised salt intake on the iodine status of pregnant and lactating women. Thirty towns were selected from 211
towns in the rural areas of Shijiazhuang city using probability proportionate to size sampling in this cross-sectional survey. In each selected
town, forty pregnant women and forty lactating women were randomly selected to contribute urine samples to determine iodine content.
The median urinary iodine content (UIC) of 1200 pregnant women in all was 146 (interquartile range (IQR) 88—239) pg/l. The median UIC
in the first, second and third trimesters were 166 IQR 92—276) pg/l, 145 (IQR 83-248) ug/l and 134 (IQR 79-221) pg/l, respectively. The
median UIC in the first trimester was significantly higher than that in the third trimester (P=0-04). The median UIC of 1200 lactating women
in all was 120 (IQR 66—195) ng/l. Their median UIC in every 4-week block was higher than the WHO criteria except in weeks 25-28 and
weeks 33—36 of lactation. Pregnant women’s median UIC did not correlate with median salt iodine (MSD (P=0-402); however, there was a
linear correlation between MSI and the lactating women’s median UIC (P=0-007). Iodised salt failed to provide adequate iodine to preg-
nant women possibly due to limited intake of iodised salt during pregnancy, though it was found to provide adequate iodine to lactating
women in the rural areas of Shijiazhuang city.
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Todine deficiency is currently the leading preventable cause of
mental retardation worldwide™. Insufficient thyroid hormone
is the main cause of iodine deficiency disorders (IDD). The
most notable effects of iodine deficiency are its impacts on
brain development, which mainly occur in wutero and in
2 leading to stunted intelligence in children. The
most extreme form of these impacts is cretinism which is

early life

caused by severe iodine deficiency®, but the subtler degrees
of brain damage and reduced cognitive capacity which affect
the entire population imply a severe public health crisis®. A
few studies have confirmed that even mild iodine deficiency
during pregnancy could result in cognitive deficits in the

offspring”®~”. The most critical period of brain development
of the human child is from the first trimester of pregnancy
to the third year after birth®®. Therefore, sufficient iodine
intake by pregnant and lactating women is crucial to their
offspring’s brain development. It is well acknowledged that
pregnant and lactating women are important target population
for the successful management of IDD.

The WHO recommends universal salt iodisation (USI) as the
main measure to supplement iodine to populations at risk of
iodine deficiency”. This strategy has been implemented
around the world and has achieved great success’'”.
However, due to the increased demand for iodine during

Abbreviations: CDC, Center for Disease Prevention and Control; IDD, iodine deficiency disorders; IQR, interquartile range; MSI, median salt iodine;
MWI, median water iodine; UIC, urinary iodine content; USI, universal salt iodisation.
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pregnancy™?

cated that while USI can provide adequate iodine for general
populations, it is not sufficient for pregnant women>~1®.
Given the convenience of conducting surveys using school
children, it is a conventional practice in China that the
median urinary iodine content (UIC) in children aged 8-10
years is used as the indicator to evaluate the iodine nutrition
status of the whole population including pregnant and lactat-
ing women. However, one study has suggested that children’s
median UIC does not sufficiently represent the iodine nutrition
of pregnant and lactating women, since the study found that
the median UIC in children aged 8-10 years was 50 pg/l
higher than that of pregnant women, and was 40 ng/l higher
than that of lactating women”. Hence, direct monitoring of
the iodine status of pregnant and lactating women is necessary
for ensuring healthier children.

Iodine deficiency is predominantly related to naturally
occurring low iodine content in underground water and
s0il®. The Chinese criterion for classification of a region as
iodine deficient is characterised by an iodine content in its
underground water below 10 pg/1. Shijiazhuang city, the capi-
tal of Hebei province, is located in the middle of the Hebei
plain. It administers five districts and eighteen counties and
has a population of over 10 million. Iodine deficiency
prevailed in the rural areas of this city in the past, with half
of the eighteen counties identified as endemic areas of IDD
in the early 1980s. A study conducted in 2009 in the city
indicated that the median UIC of children aged 8-10 years
reached 211 pg/l (which suggests more than adequate
iodine intake based on the WHO criteria) following the
implementation of USI for 14 years""®. However, the iodine
nutrition status of pregnant and lactating women in the city

a2

and lactation™ ', a number of studies have indi-

has not been investigated and remains unclear. The present
study was a comprehensive survey on the iodine status of
pregnant and lactating women conducted in thirty towns of
Shijiazhuang city, of Hebei province. Its aim was to examine
the effectiveness of iodised salt in supplementing iodine nutri-
tion in these two focus populations and to identify potential
problems if any in their iodine nutrition in order to facilitate
the most appropriate intervention measures in the future.

Materials and methods
Sampling method and data collection

Selection of towns and collection of urine and edible salt
samples. Probability proportional to size sampling is a com-
monly used design in multistage cluster sampling, in which
the probability of a particular sampling unit selected is pro-
portional to the population size of the sampling unit'®. It was
the probability proportional to size sampling design that was
employed in the present cross-sectional survey. If a salt iodisa-
tion programme has been implemented for some years, and if
goitre rates are likely to be about 5%, a relative precision of
30% may be adequate™ for a study. The design effect for this
cluster sampling was established at three. According to the
equation for calculating sample size, the total sample size for
this survey was about 1200"”. As the cluster was set at thirty,

the sample size for each cluster was forty. With township as
the sampling unit (cluster), thirty towns were selected first
from 211 towns. From each of the towns selected, forty pregnant
and forty lactating women were randomly selected according to
the registration of pregnancy and delivery in the township
hospital. Only healthy pregnant and lactating women without
thyroid-related diseases were included in the present study.
Their spot urine samples and edible salt samples were collected
at their residences.

Collection of drinking water samples. Since the drinking
water supply in the countryside of Shijiazhuang city was cen-
tralised (tap water), it was not necessary to collect samples
individually from every participant’s house. Based on previous
studies, it was found that the iodine content in the drinking
water in the rural area of Shijiazhuang city was low (most
samples were under 10 ug/D), and varied little. Hence, we
used the overall median water iodine (MWI) of the town to
represent the iodine content of the drinking water at a partici-
pant’s house. Therefore, in each selected town, drinking water
samples were collected at each village where the participants
lived. The number of drinking water samples collected
depended on the number of villages.

All samples were collected by well-trained endemic control
staff of the local county Center for Disease Prevention and
Control (CDC). The samples were kept below 4°C, and then
transported to the IDD laboratory of Shijiazhuang Municipal
CDC for iodine content determination. This laboratory is
accredited by the National IDD Reference Laboratory for
iodine detection in water, salt and urine.

The survey was approved by the Shijiazhuang Municipal
Bureau of Science and Technology. Written consent for collec-
tion of urine, drinking water and salt samples were obtained
from the participants involved. The survey was conducted
in September 2012.

Laboratory measurement and data analysis

lodine in urine samples. The iodine content of urine samples
was measured by the method of Sandell-Kolthoff reaction in
the Shijiazhuang municipal CDC laboratory®”. Urinary iodine
values from populations are generally not normally distribu-
ted, hence the median rather than the mean is recommended
as the measure of central tendency by the WHO. The WHO-
recommended median UIC for pregnant women is between
150 and 250 pg/l, and for lactating women, above 100 ug/1"?.

lodine in edible salt and drinking water samples. The
iodine content of salt was determined quantitatively using a
titration method in Shijiazhuang municipal CDC laboratory".
According to the latest provincial document (2012) for iodine
concentration in iodised salt, the adequate iodine content is
set at 18—50 mg/kg. Todised salt with iodine content that falls
within this range is classified as qualified, and salt with iodine
content outside this range is classified as unqualified. According
to the national criteria for iodised salt, the rate of adequate
iodisation at the household level should be more than 90 %,

The iodine content in drinking water was determined by
the method of arsenic—cerium oxidation—reduction spectro-
photometry in Shijiazhuang municipal CDC laboratory®®.
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Based on the Chinese national criterion for classification of
iodine deficiency areas, drinking water with iodine content
less than 10 pg/l is classified as iodine deficient®?.

Data processing and statistical analysis. Data processing
and statistical analyses were performed using statistical soft-
ware packages Epi-Info™ 2002 (CDC) and SPSS version 13.0
(SPSS, Inc.). Since the distributions of iodine in edible salt,
drinking water and urine were not normal, the median was
employed to describe their central tendency. The interquartile
range (IQR, 25-75 %) was applied to describe their variations.
The differences in pregnant women’s median UIC among
three trimesters was tested using the Kruskal-Wallis test.
The Mann—Whitney test was employed to test the differences
in median UIC between any two of the three trimesters. The
changes in pregnant women’s UIC across every 4-week
period from conception was analysed by LOESS (locally
weighted scatterplot smoothing) analysis. The one-sample
Kolmogorov—Smirnov test was employed to examine the dis-
tribution of pregnant and lactating women’s median UIC and
median salt iodine (MSD. The association between the preg-
nant and lactating women’s median UIC and MSI was analysed
using linear correlation. The above two items of analysis were
performed on the cluster median. A linear regression model
was developed after identifying variables that had a significant

linear correlation. Finally, the R? value for the linear
regression model was used to present the contribution that
the independent variable makes to the wvariability in the
dependent variable.

Results
lodine content in drinking water and edible salt

A total of 478 drinking water samples were collected from the
residences of pregnant women in the thirty rural town areas of
Shijiazhuang city. The overall MWI was found to be 5pg/l,
with an overall IQR of 4-8ug/l. A total of 501 drinking
water samples were collected from the residences of lactating
women in the thirty towns. The overall MWI was 4 ng/l, with
an IQR of 3—7 pg/l. The MWI in each of the thirty towns in
rural areas of Shijiazhuang city for both groups of women is
provided in Table 1.

A total of 1200 edible salt samples were collected from the
residences of each sample of pregnant and lactating women in
the thirty rural town areas of Shijiazhuang city. The overall MSI
for pregnant and lactating women in the thirty towns was
27-2mg/kg with an IQR of 23:5-31-7mg/kg and 279 mg/kg
with an IQR of 24-7-31-0mg/kg, respectively. The MSI for
pregnant and lactating women in the thirty towns varied

Table 1. lodine content in drinking water at the residences of pregnant and lactating women in thirty towns in the

rural areas of Shijiazhuang city, September 2012
(Medians and interquartile ranges (IQR, 25—75 %))

Pregnant Lactating

Town Water samples MWI (pg/l) IQR (ng/l) Water samples MWI (ng/l) IQR (pg/l)
Zhengding 12 8 14 6 3-10
Tianchang 19 2 16 3 2-5
Ciyu 14 8 4-12 17 7 4-11
Yanchuan 23 6 5-10 19 6 4-9
Xiulin 9 2 13 3 2-6
Lingshou 16 7 5-11 21 8 6-10
Gaoyi 13 6 4-9 11 5 3-8
Gangnan 21 5 2-8 23 4 2-7
Nanliu 17 3 1-7 19 4 2-9
Beisu 15 5 2-10 12 6 3-9
Wentang 20 6 1-8 16 5 2-7
Yuanshi 11 5 3-6 17 5 3-8
Xiaojue 17 3 1-5 20 4 2-8
Xinji 14 4 3-9 18 5 3-8
Gaocheng 10 3 2-5 13 3 2-6
Dahe 18 2 1-3 21 3 2-5
Yian 15 3 2-7 12 4 2-8
Jinzhou 12 5 4-9 16 4 3-8
Zhaowei 16 4 3-7 1 5 3-9
Koutou 22 5 4-7 17 5 4-10
Chengzhai 19 4 2-8 22 4 3-7
Zhaozhou 14 7 6—11 19 6 4-9
Shahe 18 8 7-9 13 7 6-10
Xingguo 11 5 4-9 19 4 3-7
Zhangleng 17 5 3-7 12 6 5-11
Xinji 13 4 2-6 14 5 3-9
Tianzhuang 16 5 2-9 16 6 3-11
Yuanshi 23 5 3-6 20 4 3-8
Shenze 15 6 3-11 19 8 4-10
Lianzhou 18 4 1-8 21 5 3-9
Total 478 5 3-8 501 4 3-7

MWI, median water iodine.
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Table 2. lodine content in iodised salt at the residences of the pregnant
and lactating women in thirty towns in the rural area of Shijiazhuang
city, September 2012

(Medians and interquartile ranges (IQR, 25-75 %))

Pregnant Lactating
MSI IQR MSI IQR

Town (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Zhengding 28-9 27-3-32-4 29.7 28-3—-31-3
Tianchang 25.6 24.1-271 251 20-9-29-3
Ciyu 26-1 22.9-29.9 25.7 21-3-281
Yanchuan 30-2 24.6-33:6 33:5 32:1-36-5
Xiulin 29-4 27-2-33-1 28-6 25.4-32-4
Lingshou 31.2 23-5-33-6 28-9 27-3—-29-7
Gaoyi 26-5 22.9-32.0 277 25.4-30-0
Gangnan 26-9 22.9-29-3 281 25.2-30-4
Nanliu 30-6 23-4-33-2 28-9 27-3—-31-2
Beisu 25-4 22.1-26-5 277 24.3-31-5
Wentang 238 20-0-26-9 27-8 25-4-311
Yuanyi 28-4 27-6-30-0 231 21.5-24.4
Xiaojue 24.7 23.9-27-4 236 21.0-26-9
Xinji 31.0 26-0-35-5 339 31.0-35-6
Gaocheng 239 22.9-251 26-8 26-1-27-9
Dahe 32:6 29.8-35-1 29-3 25.0-32-5
Yian 26-3 24.2-32-4 30-5 28-8—-32-6
Jinzhou 277 22-4-31-8 26-5 25-8-27-9
Zhaowei 25.8 23-4-29-0 271 24.0-33-5
Koutou 26-9 22-6-31-8 23-8 22-4-26-7
Chengzhai 271 20-9-31-9 23:5 21.9-25-6
Zhaozhou 234 20-9-24-6 279 25.7-28-8
Shahe 25-3 20-9-29-6 28-6 23-2-331
Xingguo 26-1 22-5-30-9 28-4 25.7-29-2
Zhangleng 326 32.6-36-4 294 27-1-31-3
Xinji 29.3 25.6-31-2 26-8 25-8—28-8
Tianzhuang 26-7 22.2-29-6 24.6 22.2-27-0
Yuanshi 26-8 24.1-29-6 30-5 22-4-31-3
Shenze 307 27-4-35-8 32:6 31.7-36-2
Lianzhou 26-2 24.9-28-3 30-1 25.2-33:1
Total 27-2 23-5-31.7 279 24.7-31-0

MSI, median salt iodine.

from 23-4 to 32-6mg/kg and 231 to 33-9mg/kg, respectively.
The overall rate of adequately iodised salt in the thirty
towns was 95-8%. The MSI for both groups in each of the
thirty rural town areas of Shijiazhuang city is shown in Table 2.

lodine content in urine samples of pregnant women

A total of 1200 urine samples from pregnant women were
collected and measured for iodine content, with the median
UIC being 146 (IQR 88-239) ug/l. The percentages of urine
samples with iodine content <150, 150-250, >250pg/l
were 51:6% (619/1200), 23-0% (276/1200) and 25-4% (305/
1200), respectively.

The median UIC of pregnant women in the first, second and
third trimesters were 166 (IQR 92-276) pg/l, 145 (IQR 83—
248) ng/l and 134 (IQR 79-221) pg/l, respectively. There
was no statistically significant difference among the median
UIC across trimesters (Kruskal-Wallis test, y*= 433,
P=0-12). Nevertheless, pairwise comparisons of median UIC
between any two of the three trimesters, found that the
pregnant women’s median UIC in the first trimester was
significantly higher than that in the third trimester

(Mann—Whitney test, U= 18265, P=0:04). The median
UIC of pregnant women in each trimester and the IQR are
listed in Table 3.

In order to explore the monthly changes of pregnant
women’s median UIC during pregnancy, their median UIC
for every 4 weeks starting from conception was analysed by
LOESS analysis. The obtained smoothed line was slightly
curved, lower in the middle and higher at both ends. The
LOESS analysis is displayed in Fig. 1.

lodine content in urine samples of lactating women

A total of 1200 urine samples of lactating women whose breast-
feeding duration ranged from 1 to 80 weeks were collected
and measured for iodine content, with the median UIC being
120 QR 66—195) png/l. The percentages of urine samples with
iodine content above and below 100 pg/1 (the WHO’s threshold
of adequate iodine intake for lactating women) were 59-1%
(709/1200) and 40-9 % (491/1200), respectively.

Lactating women’s median UIC for every 4 weeks starting
from the 1st week to the 88th week of lactation were calcu-
lated and are displayed in Fig. 2. Because of insufficient
urine samples (less than thirty samples, which is suggested
by WHO"? as sufficient sample size for evaluating the
iodine nutrition status in a given population) collected for
every 4-week block after week 41, lactating women’s
median UIC was calculated in the intervals during which the
numbers of urine samples exceeded thirty, i.e. weeks 41-46,
weeks 47-53, weeks 54-61 and weeks 62-88. Lactating
women’s median UIC for every 4-week period in the first
year of lactation (53 weeks) was higher than the WHO-
recommended criterion (100 wg/) except for weeks 25-28
and weeks 33—30. The median UIC in weeks 1-4 was remark-
ably higher than those in the rest, reaching 187 pwg/l. The
median UIC appeared to rise after week 47 of lactation. It
rose from 131 wg/l during weeks 47-53 to 147 wg/l during
weeks 54-61. However, it fell back to 129 g/l during
weeks 62-88.
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Fig. 1. Smooth line relationship of pregnant women’s urinary iodine during
every 4 weeks of pregnancy (LOESS analysis).
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Table 3. Median urinary iodine content (UIC) of pregnant women in three trimesters in thirty towns in Shijiazhuang City,

September 2012

T1 (=13 weeks) T2 (14—-26 weeks) T3 (=27 weeks) Total Mann—Whitney U P
n 164 557 479 1200 T1 v. T2: 23395 0-28
UIC (ng/l) 166 145 134 146 T1v. T3: 18265 0-04*
IQR (ng/l) 92-276 83-248 79-221 88-239 T2 v. T3: 72462 0-41

TH1, first trimester; T2, second trimester; T3, third trimester; IQR, interquartile range (25—75 %).

Correlation between pregnant and lactating women's
median urinary iodine content and median salt iodine

The one-sample Kolmogorov—Smirnov test found that the
pregnant and lactating women’s median UIC and MSI in the
thirty towns were all normally distributed (the pregnant
women’s median UIC: Z= 0:818, P=0-516; MSI: Z= 0917,
P=0.370 and the lactating women’s median UIC: Z = 0:805,
P=0-536; MSI: Z = 0-529, P=0. 942). Hence, the relationships
between the pregnant and lactating women’s median UIC and
MSI in the thirty towns were analysed by linear regression.
The linear regression analysis found that the pregnant
women’s median UIC did not correlate with MSI (F = 0-725,
P=0-402); however, the lactating women’s median UIC was
significantly  linearly correlated with MSI (F= 8513,
P=0-007). The R? for MSI in the model was 0-233, indicating
that approximately 23:3% of the variability in lactating
women’s median UIC was associated with the variability in
the MSI in the thirty towns. Scatter plots of median UIC and
MSI of pregnant and lactating women in the thirty towns of
Shijiazhuang city are provided in Figs. 3 and 4.

Discussion

The MWT in the thirty towns in the present study was less than
10 pg/1, reconfirming the low iodine content in water in the
rural areas of Shijiazhuang city. This low level implies that
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iodine consumption through water is not sufficient in this
target community to meet dietary iodine needs. However, fol-
lowing the implementation of USI for 18 years, the coverage of
adequately iodised salt in the thirty towns was above 90 %,
and the MSI was about 30 mg/kg, meeting the standards stipu-
lated in the National Criteria for Elimination of Iodine
Deficiency Disorders®®. Under the current USI, the iodine
nutrition of the general population (not including pregnant
and lactating women) has met the WHO criteria in the rural
areas of Shijiazhuang city™®. However, according to the find-
ings presented here, iodine intake for pregnant and lactating
women in these rural areas is insufficient.

The median UIC of pregnant women in the first, second and
third trimesters were 166, 145 and 134 pg/l, respectively.
When compared with the WHO's criteria, these results indicate
no evidence of iodine deficiency in the first trimester of preg-
nancy, but possible iodine deficiency in the second and third
trimesters. The median UIC in pregnant women decreased
gradually from the first trimester onward, and their results
indicate the borderline range, based on the UIC criteria
derived from the WHO’s recommended daily allowance
during pregnancy. This finding is in accordance with the find-
ings of previous studies which reported that the pregnant
women’s median UIC decreased as pregnancy advanced in
mild iodine deficiency areas®>2%,

The pregnant women’s median UIC was found to be the
highest in the first trimester, which could be accounted for
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Fig. 2. Lactating women’s median urinary iodine content (UIC) in every 4 weeks in thirty towns of Shijiazhuang City, Hebei Province, China, September 2012.
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Fig. 3. Scatter plot of pregnant women’s median urinary iodine content and
median salt iodine content. (A colour version of this figure can be found
online at http://www.journals.cambridge.org/bjn).

by the following factors. During the last month of the first
trimester, pregnant women are more likely to recover from
morning sickness, and eat more food than usual. They are
also usually advised during their regular antenatal check-up
to take more seafood containing high iodine content.
Moreover, increased renal glomerular filtration caused by
pregnancy can contribute to more iodine excretion in the
urine®”. These three points may be the key contributors to
the highest median UIC during the first trimester observed in
the present study.

In iodine deficient regions, as pregnancy advances, iodine
stored in the thyroid is gradually depleted*?, as was indicated
by the gradual decrease of the pregnant women’s median UIC
during the second half of the second trimester and the third
trimester in the present study. This has potentially serious
implications in iodine deficient regions where starting iodine
consumption is lower. Another possible factor playing some
role in iodine deficiency could be the reduced ingestion of
iodised salt. In general, starting from the second trimester, to
avoid pregnancy-related complications like oedema and
hypertension, pregnant women are advised to reduce their
edible salt intake, and hence their iodine intake too was prob-
ably reduced in the present study. The finding that pregnant
women’s median UIC did not correlate with the MSI in their
households could be attributed to the reduction of ingestion
of iodised salt. However, such speculations are based on
limited information about the pregnant women’s iodised salt
intake obtained during the field survey, with no formal
survey of diet, and hence confirmation of these speculations
requires well-designed objective studies on women’s diet
and iodine intake during gestation and lactation.

Based on LOESSS analysis of pregnant women’s UIC for
every 4 weeks, a lightly curved smooth line was established,
which indicated that there was no substantial monthly
change in pregnant women’s median UIC. However, it is
better to conduct a cohort study to clarify the monthly changes
of pregnant women’s median UIC.

In Hebei province, iodised salt is the key means to sup-
plement iodine in iodine deficient populations, including
pregnant and lactating women. No other special iodine sup-
plement is offered to these particular populations. They are

only encouraged to ingest more seafood, like seaweed, to
get more iodine. Therefore, iodised salt plays an important
role in pregnant women’s iodine nutrition. Previous studies
have illustrated that the iodine nutrition of the general popu-
lation except for the pregnant group has reached a more than
adequate level under the current universal iodised salt
programme in China. For example, the median UIC in children
aged 8-10 years old is a little over 200 g/l in Hebei
province'®*”. However, the present study observes that the
current iodised salt programme may fail to provide sufficient
iodine to the pregnant women in the rural areas of Shijiaz-
huang city. Perhaps, due to the limited iodised salt consump-
tion during pregnancy or inadequate iodine content in the
iodised salt, it could not provide sufficient iodine supplemen-
tation to the pregnant women in the present study area; this is
a finding that has also been observed elsewhere in the
world®371® The Chinese cooking habit of deep-frying
edible salt could also destroy the iodine content, and lead to
some iodine loss in the cooking process. The kind of salt
used by commercial food manufacturers (e.g. of soya sauce,
pickles, etc.) also deserves to be considered as a reason
why the USI strategy may not provide sufficient iodine to
pregnant women. Reports from China suggest that commercial
food manufacturers do not typically use iodised salt, despite
the legislation of ‘universal’. The iodine contents of foods
taken by these pregnant women and of the salt ingredient
of the most commonly used commercial food products,
which were outside the scope of the present survey, can be
taken up for further research studies.

The Chinese family planning policy forbids more than a
child for a couple. Consequently many women who are expect-
ing their second or third child tend to hide their pregnancy. Itisa
major limitation that such pregnant women could not be
included in the present study, as the selection of the sample
was confined to pregnancies registered at the town hospital.

A clear finding is that pregnant women of the sample of the
present study area do not receive sufficient iodine in the
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Fig. 4. Positive correlation between lactating women’s median urinary iodine
and median salt iodine in thirty towns of Shijiazhuang city, Hebei Province,

China, September 2012. (A colour version of this figure can be found online
at http://www.journals.cambridge.org/bjn).
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second and third trimesters of their pregnancy; it would be
reasonable to presume that the same is true of the entire
population of the study area. In response, the following poten-
tial corrective measures could be implemented to address this
issue. Firstly, we need to increase the iodine content in the
iodised salt, but the beneficial effects of this step depend on
the whims and quantities of its consumption. Secondly,
iodine loss through deep-frying of iodised salt could be mini-
mised through awareness campaigns. The third measure,
which is popular in many parts of the world">?, is to provide
extra iodine for pregnant women using supplements, such as
multiple micronutrient tablets containing iodine. However,
world-wide experience of the advocacy of iodine-containing
supplements is still poor, as high coverage rates of prenatal
supplements have not been achieved even in resource-rich
countries. Given the high variation of urinary iodine, it is not
practical to identify the degree of iodine deficiency in individual
cases of women before supplementation. Hence, this measure
should be implemented with caution.

The overall median UIC in lactating women was a little
higher than the WHO-recommended level, suggesting that
there was no iodine deficiency during lactation in the rural
areas of Shijiazhuang city. However, given that over 40% of
lactating women’s UIC was below 100 ng/l, and the median
UIC was less than 100 pg/l during some weeks (e.g. 25-28
and 33-306), some lactating women could be at risk of mild
iodine deficiency, and breastfeeding babies may not be getting
enough iodine from their mothers’ milk. The highest median
UIC was found in the first 4 weeks of lactation. This could
be explained by the extra dermal iodine exposure from disin-
fectants during labour in the hospital.

Given the extremely low iodine content in drinking water, it
is not considered a significant contributor to the pregnant and
lactating women’s iodine nutrition. Hence, no further analysis
of MWI was undertaken. Only the correlation between MSI
and the pregnant and lactating women’s median UIC was
analysed in the present study. The lactating women’s median
UIC was linearly correlated with the MSI in their households.
This suggests that iodised salt had successfully supplemented
iodine in the lactating women, and was an effective means
to provide iodine. However, given that the overall median
UIC in the lactating women was relatively low, and that the
UIC was lower than the WHO criterion during certain
lactation periods, it is reasonable to suggest that extra iodine
supplementation might be necessary for lactating mothers too.

Conclusions

Owing to the implemention of USI, the iodine nutrition of the
general population in the rural areas of Shijiazhuang city is at a
healthy level, and this is indicated by the median UIC of chil-
dren aged 8-10 years. However, the iodine nutrition of preg-
nant and lactating women, which is critical for children’s
cognitive development, had not been previously examined.
The present study was an extensive survey on the iodine nutri-
tion status of these target populations in the rural areas of
Shijiazhuang city, undertaken for the first time in Hebei
province. The findings of the study suggest that the current

USI programme provides adequate iodine for lactating
women, but may have failed to provide adequate iodine sup-
plementation to pregnant women, possibly due to the influence
of limited iodised salt intake during pregnancy. As an alternative
corrective measure, supplementing the diet with a multiple
micronutrient pill containing iodine should be carefully
considered for both pregnant and lactating women, in order to
address the needs of the 1000 critical days of a child in which
changes can be made to improve growth and brain development.
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