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Objective: To assess the iodine nutrition and thyroid function of pregnant women, lactating women and infants
residing in areas where the Universal Salt Todization program is in place. Methods: Pregnant women, lactating
women and infants were selected randomly in the regions where iodized salt coverage rate is more than 90%
since 2000. Urine iodine levels of pregnant woman, lactating woman and infants, milk iodine of lactating woman,
thyroid-stimulating hormone (TSH) and free T4 of women were tested respectively. Results: Median Urinary lo-
dine (MUI) of infants, three groups of pregnant women (first, second and third trimester) and two groups lactat-
ing women (breastfeeding less than or more than six months) were 233, 174, 180, 147, 126 and 145 ng/L, re-
spectively. Median milk iodine of lactating women was 163 pg/L. Percentage of milk iodine < 150 pg/L of early
lactating women was 40% less than that of late lactating women (p < 0.01).There was a positive correlation be-
tween urine iodine of infants and milk iodine of lactating women (r = 0.526, p = 0.000). T4 of two women were
above or below the reference range. Total 15.4% women’s TSH were abnormal. Most of these women’s urinary
iodine were lower than 150 pg/L. Conclusion: Iodine status of most of the target population for Universal Salt
Iodization program is adequate, but iodine deficiency still existed in some. To assure every new life’s brain not
be damaged by iodine deficiency, iodine status of targeted populations should be monitored and supplements

provided according to the monitoring outcomes.
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INTRODUCTION

Iodine deficiency (ID) has multiple adverse effects on
growth and development in humans. Those are collec-
tively termed the iodine deficiency disorders (IDD) and
are one of the most important and common human dis-
eases. "2 Pregnant and lactating women and infants are
most susceptible to iodine deficiency disorders. In the
pregnant and lactating woman, iodine deficiency is re-
lated to disorders that affect mothers and fetuses: in-
creased early and late miscarriage, intellectual disability,
endemic cretinism, neonatal hypothyroidism, neonatal
hyperthyroitropenemia, increased perinatal and infant
mortality, and growth retardation. During the period of
brain development, even mild iodine deficiency can cause
damage. In order to protect the intelligence of those at
risk, pregnant, lactating women and infants less than two
years old are the targeted in iodine deficiency disorders
(IDD) prevention and control.

Iodine is one of the essential trace elements for in-
fant’s growth and development. Currently the whole
world is still facing a threat of iodine deficient disease.
Iodine deficiency causes maternal hypothyroxinemia,
which affects pregnant women even in apparently iodine-

sufficient areas, and often goes unnoticed because L-
thyroxine (T4) levels remain within the normal range, and
thyroid-stimulating hormone (TSH) is not increased.
Even a mild hypothyroxinemia during pregnancy in-
creases the risk of neurodevelopmental abnormalities, and
experimental data clearly demonstrate that it damages the
cortical cytoarchitecture of the fetal brain. * Iodine status
of breastfed infants depends on the concentration of io-
dine in breast milk. The activities of sodium/iodine sym-
porter and 5’- deiodinase in mammary glands increases
the concentration and activity of iodine in breast milk.
Hence, the iodine status of breastfed infants is better than
that of formula fed infants. However, the iodine concen-
tration in human milk varies widely due to environmental,
pharmacological and maternal physical factors,

Corresponding Author: Dr. Yanling Wang, Gansu center for
diseases control and prevention, Duanjiatan 371, Lanzhou
Gansu 73020, PR China

Tel: +86-931-4678766; fax; Fax: +86-931-4695985

Email: wylxiao@126.com

Manuscript received 6 October 2008. Initial review completed 5
March 2009. Revision accepted 6 March 2009.



Y Wang, Z Zhang, P Ge, Y Wang and S Wang 35

and this change poses an important effect on infant’s
growth and development.

Fortification of salt with iodine has been recognized as
the most effective and cost-efficient strategy to prevent
iodine deficiency disorders. Universal salt iodization was
carried out in 1995 in China. The initial iodization level
was set at 50 mg/kg (50 ppm), later reduced in 2000 to 35
ppm after national monitoring by urinary iodine concen-
tration showed this intake to be excessive, the medians of
urinary iodine of schoolchildren, at provincial level, were
over 300 pg/L in 18 and 14 provinces in 1997 and 1999,
respectively. ** It is important to know if iodine status of
pregnant women, lactating women and infants can be
determined and to know the status of women’s thyroid
function at present iodine salt concentration.

MATERIALS AND METHODS
Subjects
Yongjin County was selected as study site where iodized
salt coverage rate is more than 90% since 2000. Yongjin
County located in Gansu province is one of the iodine
deficient regions in China. More than 90% of the drinking
water has a iodine content of less than 10 pg/L in Gansu.
Gansu province was classified in 1995 as having a severe
level of IDD according to the WHO/UNICEF/ICCIDD
criteria with a total goiter rate in school children of 38.7%
and median urinary iodine level of 120 pg/L. After ten
years of Universal Salt lodization (USI), the total goiter
rate in school children was 13.5%, median urinary iodine
level was 192pg/L and qualified iodized salt consumption
rate was 88.9%. The urban sites of Yongjin County were
divided into five geographic locations (east, south, west,
north and center). In each location, one community was
identified and ten samples of each group were selected
randomly (three groups of pregnant women, first, second
and third trimester, and two groups lactating women,
breastfeeding less than and more than six months, and
their infants). All women included in study were de-
manded residing in Yongjin city for more than five years.
A total of 125 healthy pregnant women (first, second and
third trimester), 100 healthy lactating women and their 61
healthy infants (0-1 yr) who had no previous history of
thyroid disease or medications that affect thyroid status,
were sequentially admitted into the study. These subjects
were asked to provide casual samples of urine for iodine
analyses. Pregnant and lactating women provided samples
of serum for free T4 and TSH analyses, and at the same
time lactating women provided samples of breast milk for
iodine analyses. Because only some women provided
urinary, breast milk or blood samples, the number of uri-
nary, breast milk and blood samples differed from the
total number of subjects.

The study was approved by the local institutional eth-
ics committee. Before the study, the study was explained
to the women and consents were obtained.

Measurement

Casual urine samples were collected from the above five
groups of people and in bottles tightly sealed and refrig-
erated at 4°C until laboratory analysis. Iodine in urine
was measured by the National standard method of
China’s Ministry of Health °, based on the catalytic effect

of iodine on the reaction between cerium IV and arsenic
III, adapted from the general Sandell-Kolthoff technique
recommended by ICCIDD. ' The WHO/ UNI-
CEF/ICCIDD established, for a given population (includ-
ing lactating women), that the median urinary iodine con-
centrations (UICs) must be 100-199 pg/L in clinically
healthy subjects and 150-249 pg/L in clinically healthy
pregnant women. ° Breast milk iodine was measured by
similar adaptations after appropriate digestion > '°. Non-
fasting bloods were obtained from five groups of women.
Serum was prepared by centrifugation within 2h of blood
collection and frozen at -20°C until analysis of thyroid
hormones. T4 and TSH were measured by chemilumines-
cent immunoassay (CLIA). The Reference range for T4
was 0.65-2.3 ng/dL and TSH was 044.0 JdlU/mIL

Statistical methods

Statistical analysis was performed using SPSS for Win-
dows (Version 10.0). Non-parametric analyses (chi-
square tests and median tests) were used for comparisons
among groups. Pearson test was used for correlation
analysis of urinary iodine concentrations, milk iodine
concentrations of lactating women, and urinary iodine
concentrations of infants.

RESULTS

Urinary iodine concentration

Infants

The median urinary iodine (MUI) of infants was 233ug/L
which reached the MUI criterion recommended by
WHO/UNICEF/ICCIDD (1)(Table 1).

Pregnant women

Urinary iodine medians of pregnant women in the first,
second, third trimesters were 174 pg/L, 180 pg/L and 147
pg/L respectively. That of all pregnant women was 169
pg/L (Tables 2). With the exception of pregnant women
in the third trimester (147 pg/L), the urinary iodine medi-
ans of pregnant women in the first and second trimesters
were in the 150-249 pg/L range defined as optimal by

Table 1. Urinary iodine values of infants

Median urinary iodine ~ Frequency distribution (%)

N concentration
(ug/L) <100 100-199.9 200-299.9 > 300
9.8 27.9 21.3 41.0
61 233 6) (17)  (13)  (25)

Figures in parentheses are the number of infants

Table 2. Urinary iodine values of pregnant women during
each trimester of pregnancy

Trimester Median uri- Samples .
Total  nary iodine . Samples with
of preg- .~ with UIC
nancy samples concentration <50 pg/L UIC > 150 pg/L
(ng/l)
First 30 174 3.3(1) 56.7% (17)
Second 47 180 43(2) 63.8% (30)
Third 48 147 824 47.9% (23)
All 125 169 5.6(7) 56.0% (70)

Figures in parentheses are the number of pregnant women.
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Table 3. Urinary iodine values of lactating women

. . Samples Samples with
Laeaine - Toul | Mell iU < Uics
50 pg/L pg/L

Breastfeeding
Less than six 48 126 14.6(7) 33.3%(16)
months
Breastfeeding
more than six 52 145 11.5(6) 46.2% (24)
months
All 100 136 13.0 (13)  40.0% (40)

Figures in parentheses are the numbers of lactating women.

Table 4. Median iodine content in breast milk of lactating
women (ug/L)

Table 5. Comparison of iodine concentrations in breast
milk and urine of lactating women.

Breast Median Breast milk Breast milk
milk urinary  jodine more iodine less
Lactating lodine  iodine than urinary than urinary
women median concentra- iodine con- iodine con-
(ng/L) tion centration  centration
(pg/L) (%) (%)
Breastfeeding
less thansix 47 240 126 80.90% 19.10%
months
Breastfeeding
more than six 47 122 145 48.90% 51.10%
months

iodine content in milk

Lactating n Median (pg/L)

women <100 pg/L. <150 pg/L
Breastfeeding
Less thansix 49 240 (47.33-875) 10.2%(5) 24.5%**(12)
months
Breastfeeding
more than six 48  122(16.48-391) 25.0%(12) 64.6%**(31)
months
All 97 163 (16.48-875) 17.5%(17) 44.3% (43)
#% <001
WHO/UNICEF/ICCIDD.(1)

Lactating women

The median urinary iodine concentration in two groups of
lactating women were 126 pg/L and 145 pg/L respec-
tively (Table3), which reached the MUI criterion (> 100
ng/L) recommended by WHO/UNICEF/ICCIDD. ® The
frequency distribution of urinary iodine of lactating
women is shown in Figure 1.

lodine concentrations in human milk

Table 4 shows iodine values in breast milk of lactating
women. The breast milk iodine median of 163 pg/L in all
lactating women was within the optimal range of 100-200
ng/L. "1 The breast milk iodine medians was 240pg/L
in the women lactating for less than 6 months and was
122 pg/L in the women lactating longer than 6 month.
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The percentage of breast milk iodine < 150 pg/L of
women lactating for less than 6 months was 40% less
than that of women lactating for longer than 6 months (p
< 0.01). Breast milk iodine excretion significantly de-
creased in women lactating of longer than 6 months. Al-
though iodine is concentrated by the mammary gland,
17.5% of all lactating women had low iodine concentra-
tions (< 100 pg/L) in their breast milk.

Comparing iodine concentrations in breast milk and
urine of lactating women.

Of women breastfeeding less than six months, 809% had
higher breast milk iodine concentrations than urinary io-
dine concentrations, while 48.9% of women breastfeeding
more than six months had breast milk iodine concentra-
tions higher than urinary iodine concentrations (p < 0.01).
That showed that iodine concentrations in mammary
glands during early lactation was greater than what was
found when a women had been lactating for longer than 6
months (Table 5).

Relationship among urinary iodine concentrations and
breast milk iodine concentrations in lactating women
and urinary iodine concentrations in infants

We found a positive correlation between the urinary io-
dine concentrations in infants and the breast milk iodine
concentrations of lactating women, (r = 0.526, p < 0.01).
There were no correlation relationships among urinary
iodine concentrations of lactating women, breast milk

150— 200— 300—

M Breastfeeding Less than six months
OBreastfeeding more than six months

Fig 1. Frequency distribution of urinary iodine of lactating women
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Fig 2. A positive correlation between the milk iodine concentrations of lactating women and the urinary iodine concentrations of their

infants by scatter plot (no. =57 sites).

Table 6. Thyroid-stimulating hormone and free T4 in pregnant and lactating women

Women Total samples T(SEUH;;(E?H Abnormal TSH (%) T?ﬂ;i?j%“ Abnormal T4 (%)
Pregnant (first Trimester) 30 (0.411i5-§,557) 0(0) (1'0(1);?1 60) 0(0)
Pregnant (second Trimester) 47 (0.317.-989. 70) 14.9% (7) 038 4}1 40) 0(0)
Pregnant (third Trimester) 50 (©. 125.?61.96) 22% (11) (0.9;;1 50) 0(0)
Lactating women (< 6 months) 49 (<O.(1)6727-§.53) 14.3% (7) (0.82}1.60) 0(0)
Lactating women (> 6 months) 52 (<0f)'0620_5>75) 19.2% (10) (0.3;;20) 3.8% (2)
All 228 (<0'01(,)g§_g>75) 15.4% (35) (0‘3;;20) 0.9% (2)

Table7. Relationship between urinary iodine and thyroid
function of women

TSH (pIU/mL) T4 (ng/dL)
Groups N . Abnormal . Abnormal
Median (%) Median (%)
<150 ug/L 114 195 64.7%(22) 1.1 50%(1)
>[50 ug/L 110 2.01  353%(12) 1.1 50%(1)
All 224 1.98  100% (34) 1.1 100%(2)

iodine concentrations of lactating women and urinary
iodine concentrations of their infants. Figure 2 shows
positive correlation between urinary iodine concentrations
in infants and breast milk iodine concentrations of lactat-
ing women by scatter plot.

TSH and FT4 concentrations

The reference range of T4 was 0.65-2.3 ng/dL and that of
TSH was 0440 pIU/mL. TSH concentrations of 15.4% of
all women were above or below the reference range,
among that 11% of TSH were > 4.0 ulU/mL. Only one
woman had T4 concentrations above the reference range
and one was below the reference range (Table 6).

Relationship between urinary iodine and thyroid func-
tion

The women were divided into two groups (lower and
higher urinary iodine groups) according to the urinary
iodine cut-off of 150 pg/L. The percentage of TSH out-
side the normal range was 64.7% in women with regard
to urinary iodine < 150 pg/L and 35.3% in women with
urinary iodine > 150 pg/L. The percentage of TSH outside
the normal range in women with lower urinary iodine was
higher than that in women with higher urinary iodine,
which indicated that women with lower urinary iodine
concentrations may have a higher risk of developing thy-
roid function disorders than those with higher urinary
iodine concentrations (Tables 7).

DISCUSSION

Iodine deficiency is the most important preventable cause
of mental retardation worldwide. The most critical period
for brain development is from the second trimester of
pregnancy to the third year after birth. '*'* Normal levels
of thyroid hormones are required for optimal develop-
ment of the brain. To prevent iodine deficiency disorders,
the WHO/UNICEF/ICCIDD established that the median
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UICs must be 100-199 pg/L in clinically healthy subjects
and 150-249 pg/L in clinically healthy pregnant women
for a given population. " '° According to the results of
urinary iodine median in the current study population, it
is indicated that pregnant women, lactating women and
infants are within the range of optimal iodine status. But
iodine deficiency still existed in some samples like third
trimester pregnant women. These outcome are consistent
with results from other studies which showed even in
areas with adequate iodide intake, a significant proportion
of pregnant women have UICs below the recommended
level. 17,18, 19

Infants mainly obtain iodine from the breast milk es-
pecially within six month after birth. This study showed a
positive correlation between iodine in urine of infants and
breast milk, which indicated that the infants’ iodine status
is affected by the mother’s iodine status. In addition, the
activities of sodium/iodine symporter and 5’- deiodinase
increases the activity and concentration of iodine in
mammary glands. Hence, the iodine status of breastfed
infants is better than that of formula fed infants. The ad-
vantages of beast-feeding are indisputable. However, the
iodine concentration in human milk varies widely due to
environmental, pharmacological and maternal physical
factors, and this change has a significant effect on infant
growth and development. This study found a significant
decrease in milk iodine from women breastfeeding for
more than six months. Even with an effective universal
salt iodization program, some lactating women still had
low iodine concentrations (< 100 pg/L) in their breast
milk.

Thyroid hormone is important for growth and devel-
opment especially for the brain during the fetal period and
the first years of life. Brain development of infants has a
obvious relationship with their mother’s thyroid function
and special attention will be paid to the role of thyroid
hormone in the relationship between the mother and the
fetus. Some study showed that relative hypothyroxinemia
in the first trimester is a potential risk for neurodevelop-
ment of child. ***'Studies by Man et al. and by Haddow
et al, were carried out in pregnant women from the USA
and showed respectively, the central nervous system(CNS)
deficits in children born to mothers with low circulating
T4 during pregnancy, and with increased TSH at mid-
gestation. T4 in three groups of pregnant women were
within the reference range. Total 15.4% women’s TSH
were abnormal, among that 11% was above the high
value of reference range. Most of these women had uri-
nary iodine concentrations lower than 150pug/L. This indi-
cated that TSH is more sensitive to low iodine status than
T4 and a low iodine status increases the risk of thyroid
function disorders.

Optimal iodine intake is necessary to fully realize the
human intellectual capabilities in a community. Previous
studies have shown that not only pregnant women in io-
dine-deficient regions ****** but also those residing in
iodine-sufficient areas '” '™ ' may suffer from iodine de-
ficiency. Supplementation with iodine during pregnancy
results in increased FT4, decreased T3 to T4 ratios, de-
creased circulating Tg, and decreased thyroid volume,
both in the mother and the newborn, without adverse ef-
fects™. In this study, we found that an effective iodized

salt program can bring iodine sufficiency to most of the
targeted population. But iodine deficiency still existed in
some and further supplements such as taking iodine oil or
eating more food with rich iodine are required. To pre-
vent damage to both the mother and the newborn as a
result of iodine deficiency, more attention should be paid
to the target population. Monitoring of both iodized salt
and iodine intake should be done to ensure that an opti-
mal state of iodine status is reached and sustained.
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