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Abstract The median urinary iodine concentration
(UIC) of school-aged children has been commonly
used as a surrogate to assess iodine status of a popu-
lation including pregnant women. However, pregnant
women have higher iodine requirements than children
due to increased production of thyroid hormones. The
aim of the study was to evaluate the iodine status of
pregnant women and children as well as their house-
hold salt iodine concentration (SIC) in Quzhou, Zhe-
jiang Province, China. Eligible pregnant women and
children from all six counties of Quzhou in 2021 were
recruited into the study. They were asked to com-
plete a socio-demographic questionnaire and provide
both a spot urine and a household table salt sample
for the determination of UIC and SIC. A total of 629
pregnant women (mean age and gestation weeks of
29.6 years and 21.6 weeks, respectively) and 1273
school-aged children (mean age of 9 years and 49.8%
of them were females) were included in the study.
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The overall median UIC of pregnant women and chil-
dren in our sample was 127 (82, 193) ng/L and 222
(147, 327) pg/L, respectively, indicating sufficient
iodine status in children but a risk of mild-to-mod-
erate iodine deficiency in pregnant women. Distribu-
tion of iodine nutrition in children varied significantly
according to their sex and age (P<0.05). The rate
of adequately household iodised salt samples (18—
33 mg/kg) provided by pregnant women and children
was 92.4% and 90.6%, respectively. In conclusion, our
results indicated a risk of insufficient iodine status in
pregnant population of China, but iodine sufficiency
in school-aged children. Our data also suggested that
median UIC of children may not be used as a surro-
gate to assess iodine status in pregnant women.
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Introduction

Iodine is needed by the thyroid gland for thyroid hor-
mone synthesis. Inadequate iodine intake can result
in a decrease of thyroid hormone production, and
cause significant adverse health effects (i.e., iodine
deficiency disorders (IDD)), especially in pregnant
women and children (Hatch-McChesney & Lieber-
man, 2022). Iodine deficiency has been reported to
affect about one-third of the world’s populations (Ma
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& Skeaff, 2017). lodine deficiency during pregnancy
has been reported to be associated with increased
risks of congenital hypothyroidism, neonatal hypo-
thyroidism and neuropsychomotor retardation (Toloza
et al., 2020). In a meta-analysis with 37 studies of
12,291 Chinese children, children exposed to iodine
deficiency (with a median urinary iodine concentra-
tion (UIC) of <100 pg/L) were demonstrated to have
12.5 IQ points lower than children living in iodine
sufficient regions (with a median UIC of > 100 ug/L)
(Qian et al., 2005).

One of the most commonly used and recom-
mended biochemical methods by the WHO/UNICEF/
ICCIDD to assess population iodine status is UIC,
which is determined from the spot urine samples (Ma
& Skeaff, 2017; Watts et al., 2020). The collection of
urine samples is preferable in the field than other bio-
chemical methods that involve the collection of blood
samples such as thyroid-stimulating hormone (TSH)
(except in neonates) and thyroid hormones when
assessing population iodine status. This is because it
is non-invasive and easier for individuals to provide
(Huang et al., 2018). In addition, UIC reflects the
recent iodine status in populations because most of
the ingested iodine (>90%) is excreted in the urine of
iodine replete individuals over 24-48 h (Ma & Skeaff,
2017). However, UIC is associated with high intra-
and inter-individual variations (Ma et al., 2018).

In the 1980s, IDDs were identified as a severe pub-
lic health in China because it affected approximately
425 million individuals and 15% of children were
diagnosed with mild mental impairment (Endemic
Disease Control Department, 1989; Lou et al., 2020;
Sun et al., 2017). For example, Zhejiang, an eastern
coastal province in China with low soil and water
iodine concentrations, had approximately 12 million
individuals who were at risk of IDD and 32.6% of
children were diagnosed for goitre before the imple-
mentation of mandatory universal salt iodisation
(USI) policy in 1995 (Huang et al., 2006). In 2010,
the elimination of IDD was reported to be achieved
in all provinces of China (Sun et al., 2017). However,
following the increased iodine intake resulting from
the USI policy, some regions in China were reported
to have excessive iodine intake, which has raised
another public health concern (Liu et al., 2020).
Therefore, in 2012, the SIC of table salt in Zheji-
ang province was decreased from 35 mg/kg (range:
20-50 mg/kg) to 25 mg/kg (range: 18-33 mg/kg) to
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prevent individuals from consuming too much iodine
through table salt (Yu et al., 2020).

Although Zhejiang province has now been catego-
rised as iodine sufficient and met the goal of elimi-
nating IDD since 2011 based on the median UIC of
school-aged children, it remains unclear if the median
UIC of school-aged children could be used as a sur-
rogate to monitor iodine status in pregnant women in
Zhejiang (Sun et al., 2017). In addition, some previ-
ous studies in China have reported the emergence of
mild iodine deficiency in pregnant women where the
regions are considered iodine sufficient based on the
median UIC of children (Wang et al., 2017, 2018a,
2018b, 2019; Yu et al., 2020; Zhou et al., 2019,
2020). One of the possible reasons is that pregnant
women have higher iodine requirements (i.e., the rec-
ommended iodine intake of 250 pg/day) to ensure the
increased production of thyroid hormones and renal
iodine clearance (Andersson et al., 2007). As a result,
they are vulnerable to iodine deficiency (Brough,
2021).

The aim of this study was to assess iodine status of
pregnant women and school-aged children as well as
their household salt iodine concentration in Zhejiang
province, China as part of our ongoing IDD monitor-
ing programme.

Materials and methods

The cross-sectional study was carried out in Quzhou
(with~2.5 million people), Zhejiang Province, China
in 2021 (Fig. 1). Local pregnant women and school-
aged children were recruited from all six counties
(cities and districts) of Quzhou, with each county
selecting one township from the directions of east,
south, northwest, and central, resulting in a total of
30 townships being chosen using a stratified prob-
ability-proportionate-to-size  (PPS) cluster design
based on the estimated prevalence of iodine defi-
ciency in these population groups (Yu et al., 2020).
Pregnant women were invited to participate in the
study if they aged > 18 years and lived in Quzhou for
more than 1 year. Children were eligible for the study
if they were aged between 8 and 10 years, lived in
Quzhou for more than 1 year and had parental con-
sent. Pregnant women and children were excluded if
they (pregnant women and the parents of children)
were unable to provide informed consent. The study



Environ Geochem Health (2024) 46:204

Page3of 11 204

0 170 340 680 1,020
- — — 0

Cionc—iy
~7Huzhougiaying >
VN vy

S 3. VA ,,4) ; st ¢
~, Jinhua -j) \.,‘\!,\‘f
/7 Taizhou T .

.
At

ZHEJIANG PROVINCE

1,360

Fig. 1 The sample locations in Quzhou, Zhejiang Province, and China

had been approved by the Quzhou Centre for Disease
Control and Prevention (reference no. 2021/5/4) and
performed according to the Declaration of Helsinki.
Informed consent was obtained from all pregnant
women and the parents of school-aged children prior
to the study enrolment.

Socio-demographic data collection

Pregnant women and children were interviewed by
the investigators to obtain their sociodemographic
data. Pregnant women were asked to provide their
age, current residency, gestation weeks and history of
thyroid disease. In addition, they were asked if they
used iodised salt at home.

Assessment of iodine status

Pregnant women and children were asked to col-
lect a 10 mL non-fasting spot urine sample using a
urine container with screw cap. The urine contain-
ers were manufactured to be sterile, tested for iodine
contamination and intended for single use only. All
urine samples were stored at —20 °C until analysis
using the spectrophotometry method with ammonium

persulphate digestion (WS/T 107.1-2016) in Quzhou
Center for Disease Control and Prevention (Yu et al.,
2020).

Since iodine status cannot be assessed in individu-
als but only as groups, the UIC cut-offs used to assess
iodine status are population-based. The UIC cut-offs
based the WHO/UNICEF/ICCIDD criteria for deter-
mining iodine status during pregnancy in a group of
pregnant women are as follows: severe-to-moderate
iodine deficiency (median UIC of <100 pg/L), mild
iodine deficiency (median UIC of 100-149 png/L),
sufficient iodine status (median UIC of 150-249
pg/L), more than adequate iodine status (median
UIC of 250-499 pg/L) and excessive iodine status
(median UIC of>500 pg/L) categories (Anders-
son et al., 2007; Xiao et al., 2018). On the other
hand, the median UIC cut-offs for assessing iodine
status in a group of school-aged children are as fol-
lows: severe iodine deficiency (median UIC of <20
pg/L), moderate iodine deficiency (median UIC of
20-49 pg/L), mild iodine deficiency (median UIC of
50-99 pg/L), sufficient iodine status (median UIC of
100-299 pg/L), and excessive iodine status (median
UIC of >300 pg/L (WHO/UNICEF/IGD 2007; Zim-
mermann et al., 2013). For the purpose of conducting
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a detailed analysis of UIC in this study, the single cat-
egory of median UIC in children within the range of
100-299 ng/L (indicative of sufficient iodine status),
as suggested by Zimmermann et al., is divided into
two categories: adequate iodine status (median UIC
of 100-199 pg/L) and more than adequate (median
UIC of 200-299 pg/L) (WHO/UNICEF/IGD 2007;;
Zimmermann et al., 2013).

Quality control samples containing known con-
centrations of iodine were included in the same run
for the measurement of UIC, with a recovery of
97-110%. The assay internal validity was assessed
using internal pooled urine sample included in each
of batch of the urine sample analysis (n=20). Anal-
ysis of the internal pooled urine sample provided a
mean =+ standard deviation (SD) UIC of 138 +4 pg/L
(CV=4.5%; n=51).

Assessment of salt iodine concentration (SIC)

All women and children were asked to provide a
household table salt sample. The household table
salt iodine concentration (SIC) was measured by an
electronic titrator according to the iodometric titra-
tion method with thiosulphate (GB/T 13,025.7-2012)
(Yu et al., 2020). The SIC were classified into four
different groups: non-iodised (<5 mg/kg), inad-
equately iodised (5-17.9 mg/kg), adequately iodised
(18-33 mg/kg), and excessively iodised (>33 mg/kg)
(Mao et al., 2018; Yu et al., 2020).

All laboratory analyses and calibration of the
equipment were performed according to the manufac-
turers’ procedures.

Statistical analysis

Statistical analysis was conducted using IBM SPSS
version 27 (IBM Corp., Armonk, NY). Values in text
are presented as mean+SD for normally distributed
variables or median (25th, 75th percentiles) (IQR) for
non-normally distributed variables. Chi-square tests
were employed to compare the proportions. General
linear model (GLM) multivariate analysis was used
to determine the differences in quantitative variables.
Correlations between variables were assessed using
Spearman correlations. A P-value <0.05 was consid-
ered statistically significant.
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Results

A total of 629 pregnant women and 1273 school-
aged children were included in the final sample size
(Table 1). The mean age of pregnant women and chil-
dren was 29.6+4.9 and 9.0+0.8 years, respectively.
The mean gestation week for the pregnant women
was 21.6 +£9.6 weeks. There were 36.2% of pregnant
women in second trimester, followed by third trimes-
ter (32.3) and first trimester (31.5%). More than half
of the children were males (50.2%). In terms of age
distribution among the children, the three age groups
(8, 9, and 10 years old) show similarity in their per-
centage representation (33.4%, 33.3%, and 33.3%,
respectively).

The overall median UIC (IQR) of pregnant women
was 127 (82, 193) pg/L, which was indicative of mild
iodine deficiency (median UIC of 100-149 pg/L)
(Andersson et al., 2007) (Table 2). On the other hand,
the overall median UIC of children was 222 (147,
327) pg/L, indicating more than adequate iodine
status (i.e., median UIC of 200-299 ug/L) (WHO/
UNICEF/IGD 2007) (Table 3).

Table 1 Characteristics of pregnant women and children in
the study®

Values
Pregnant women
n 629
Age (yrs) 29.6+£4.9
Gestational age (wks) 21.6+9.6
Trimester of pregnancy, n (%)
Ist 198 (31.5)
2nd 228 (36.2)
3rd 203 (32.3)
Children
n 1273
Sex, n (%)
Female 634 (49.8)
Male 639 (50.2)
Age (yrs) 9.0+£0.8
Age distribution (yrs), n (%)
8 425 (33.4)
9 424 (33.3)
10 424 (33.3)

n, number; wks, weeks; yrs, years
*Mean + SD (all such values)
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Table 2 Categorisation of

D Trimesters (n=629) P-value
iodine status of pregnant
women by trimester of 1st (n=198) 2nd (n=228) 3rd (n=203)
pregnancy™”
Median UIC (pg/L) 136 (97, 200) 120 (76, 196) 124 (75, 189) 0.145
UIC (ug/L), n (%)
<50 11 (5.6) 16 (7.0) 17 (8.4) 0.551
50-99 44 (22.2) 67 (29.4) 62 (30.5)
100-149 60 (30.8) 57 (25.0) 52 (25.6)
150-249 61 (30.8) 62 (27.2) 45 (22.2)
UIC, urinary fodine 250-499 19 (9.6) 23 (10.1) 24 (11.8)
concentration; SIC, salt 2500 3(L5) 3(L3) 3(L5)
iodine concentration SIC (ppm) 23.2+6.1 23.6+5.7 23.1+6.3 0.605
aMedian (25th, 75th SIC (mg/kg), n (%)
percentiles) (all such 18 13 (6.6) 13 (5.7) 15(7.4) 0.750
:alues) 18-33 182 (91.9) 214 (93.9) 185 (91.1)
Mean + 5D (all such >33 3(1.5) 1(0.4) 3 (1.5)
values)

Table 3 Categorisation of iodine status of children by sex*®

Males (n=639) Females P-value
(n=634)
Median UIC 228 (152, 345)" 218 (136,306)  0.020
(ng/L)
UIC (ug/L), n (%)
<20 1(0.2) 11 (1.7) 0.002
20-49 11 (1.7 26 (4.1)
50-99 53 (8.3) 62 (9.8)
100-199 200 (31.3) 182 (28.7)
200-299 173 (27.1) 184 (29.0)
>300 201 (31.5) 169 (26.7)
SIC (ppm) 22.2+6.2° 229+5.6 0.030
SIC (mg/kg), n (%)
<18 67 (10.5) 47 (7.4) 0.095
18-33 568 (88.9) 585 (92.3)
>33 4 (0.6) 2(0.3)

Bold values indicate that a P-value < 0.05 is statistically sig-
nificant

UIC, urinary iodine concentration; SIC, salt iodine concentra-
tion
“Median (25th, 75th percentiles) (all such values)

®Mean + SD (all such values)

The coverage of iodised salt was 100% in both
pregnant women and children. The overall mean
household SIC for pregnant women and children was
23.3+6.0 mg/kg and 22.6+5.9 mg/kg, respectively,
suggesting that the household salt samples used were
adequately iodised. There were 92.4% of pregnant

women and 90.6% of children who used adequately
iodised salt in their households. The mean SIC of the
household salt samples provided by female children
was significantly higher than that of male children
(22.9+5.6 mg/kg vs. 22.2+6.2 mg/kg) (P=0.030).
The household SIC was not associated with the
median UIC of children and pregnant women (all
P>0.05).

Iodine status of pregnant women by trimester of
pregnancy

The median UIC of pregnant women in the first tri-
mester was 136 pg/L, which was slightly higher than
those in second and third trimesters (120 and 124
pg/L, respectively) (Table 2). However, the median
UIC of pregnant women did not differ among the tri-
mesters (P=0.145).

Figure 2 shows the UIC distribution among differ-
ent trimesters of pregnancy. There was no difference
in the UIC distribution of pregnant women among the
trimesters (P=0.551). No association was reported
between median UIC of pregnant women and gesta-
tional week.

Iodine status of children
The median UIC of male children was higher than

female children (228 vs. 218 pg/L) (P=0.020)
(Table 3). Female children were found to have a
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Fig. 2 Distribution of UIC among different trimesters of pregnancy. The red horizontal dashed line indicates the median UIC cut-off

value for pregnant women

higher risk of inadequate iodine intake than male
children (P=0.002).

Figure 3 shows the UIC distribution among
school-aged children. Children aged 10 years had a
higher median UIC than those aged 8 years (241 vs.
206 pg/L) (P=0.001), but there was no difference in
median UIC for children aged 9 years (224 pg/L) with
those aged 8 years and 10 years (P =0.235 and 0.206,
respectively) (Table 4). Children aged 8 and 9 years
were more likely to have sufficient iodine status than
those aged 10 years (P=0.001). There was no associ-
ation for the categorisation of the household SIC with
sex and age group of children (all P>0.05).

Discussion

Iodine status of school-aged children has been rec-
ommended to represent iodine status of a popula-
tion because of the easier access to this population
group and they are presumed to be eating the same
household foods as adults (WHO/UNICEF/IGD
2007). Therefore, the median UIC of school-aged
children has been used to represent the iodine status
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of all population groups including pregnant women
in majority of the national iodine deficiency disor-
ders (IDD) surveys (Jiang et al., 2019; Ma & Skeaff,
2017). One of the possible reasons why this assump-
tion is used might be that the studies on iodine sta-
tus on pregnant women both at national and inter-
national levels are limited in the past (Pearce et al.,
2016). It is also assumed that in regions where the
implementation of universal salt iodisation has been
more than 2 years and median UIC of children is con-
sidered iodine sufficient, all population group in the
regions would meet the iodine requirement (Dold
et al., 2018). As a result, the median UIC of children
from the same region may have been used to reflect
iodine status of pregnant women (Pearce et al., 2016).
However, there have been increasing studies that
suggested that this assumption may not be valid for
pregnant women (Ategbo et al., 2008; Gowachirapant
et al., 2009; Hess et al., 2017; Kuay et al., 2021; Zim-
mermann et al., 2005).

In our study, the median UIC in our school-aged
children was 222 pg/L, indicating a risk of more-
than-adequate iodine intake (WHO/UNICEF/IGD
2007). However, the UIC categories of ‘adequate
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Table 4 Categorisation of

i > Age distribution for children (n=1273) P-value

iodine status of children by

age distribution®” 8 (n=425) 9 (n=424) 10 (n=424)
Median UIC (ug/L) 206 (135, 291) 224 (153, 322) 241 (156, 358) 0.002
UIC (ug/L), n (%)
<20 7(1.6) 2(0.5) 3(0.7) 0.001
20-49 14 (3.3) 12 (2.8) 11 (2.6)

Bold values indicate 50-99 41 (9.6) 27 (6.4) 47 (11.1)

that a P-value < 0.05 is 100-199 141 33.2) 141 33.3) 100 (23.6)

statistically significant

UIC, urinary iodine 200-299 127 (29.9) 125 (29.5) 105 (24.8)

concentration: SIC, salt >300 95 (22.4) 117 (27.6) 158 (37.3)

iodine concentration SIC (ppm) 22.8+6.1 227453 222+6.2 0.265

*Median (25th, 75th SIC (mg/kg), n (%)

percentiles) (all such <18 34 (8.0) 36 (8.5) 44 (10.4) 0.128

:alues) 18-33 388 (91.3) 385 (90.8) 380 (89.6)

Mean+SD (all such >33 3(0.7) 3(0.7) 0 (0.0)
values)

iodine status’ and ‘more than adequate’ have been
suggested to be merged for forming a new single
category of sufficient iodine status (median UIC of
100-299 pg/L). This is because the ‘more than ade-
quate’ category is not associated with adverse effects
on thyroid function in children (Zimmermann et al.,
2013). Therefore, based on the median UIC of our
school-aged children, our region would be classified

as iodine sufficient (Zimmermann et al., 2013). In
sharp contrast, the median UIC of 127 pg/L in our
pregnant women in the same region indicated a risk of
mild iodine deficiency (WHO/UNICEF/IGD 2007).
Our findings suggested that the median UIC of chil-
dren may not be used to accurately reflect the iodine
status of pregnant women from the same region.
One possible reason may be due to the differences in
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urine volumes. Under the similar iodine intake con-
sumption, children with smaller daily urine volumes
would be more likely to have higher median UIC than
pregnant women with higher urine volumes (Beck-
ford et al., 2020; Gowachirapant et al., 2009). Similar
findings have also been reported in other regions of
China including Zhejiang and Shanghai (Lou et al.,
2020; Wang et al., 2018a). Our results were also con-
sistent with other findings reported in other countries
including India, Malaysia, Niger, Switzerland, Thai-
land (Ategbo et al., 2008; Gowachirapant et al., 2009;
Hess et al., 2017; Kuay et al., 2021; Zimmermann
et al., 2005). On the other hand, it is possible that
these children did not have excessive iodine intake.
The single UIC value was high which could be due
to the food they ate the day before the urine sample
collection.

Our study reported the pregnant women were
at risk of iodine deficiency. There have been sev-
eral possible reasons that might contributed to these
findings. Following the introduction of new provin-
cial standard for the household iodised salt (25 mg/
kg, with a range of 18-33 mg/kg), iodine deficiency
has been reported in pregnant women in some prov-
inces including Zhejiang, Jiangsu and Fujian (Lin
et al., 2021; Wang et al., 2018b; Yu et al., 2020; Zhou
et al., 2019, 2020). Other factors such as increasing
availability of non-iodised salt in the market and the
perception that iodine intake from fish and seafood
products is sufficient to meet the iodine requirements
for individuals living in coastal cities may have con-
tributed to lower iodine intake in pregnant women
(Zhang et al., 2023). In addition, women might have
reduced the use of iodised salt during pregnancy
because of the perception that the use of iodised salt
is attributed to the rising incidence of thyroid diseases
(Shaikh et al., 2022).

Our study also found that about one-third of
children had a risk of excessive iodine status
(=300 pg/L). One of the possible reasons may be due
to the high consumption of salt by in the Chinese pop-
ulation (~ 11 g/day) (Tan et al., 2022). Therefore, chil-
dren may also consume high levels of salt since their
meals are typically prepared by their parents who live
in the same households (Mahmood et al., 2021). The
issue of excessive iodine in children should be noted,
as it can lead to the development of iodine-induced
hypothyroidism due to a failure to escape the Wolff-
Chaikoff effects (Lee et al., 2023).
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Strengths of our study included the use of a large,
population-based sample in the region. lodine sta-
tus assessment of pregnant women and children by
spot urine samples was coupled with the assessment
of household SIC. In addition, household salt sam-
ples were obtained from the households of pregnant
women and children, which allowed further analysis
of the relationships for the use of iodised salt with
iodine status of pregnant women and children. One
limitation of our study was that no measurement of
thyroid function and thyroglobulin (Tg) was per-
formed on pregnant women and children because
Tg has been reported to a more sensitive biomarker
of iodine status (Ma & Skeaff, 2014, 2017). Tg con-
centrations increases in iodine deficient individuals
than those who are iodine sufficient (Ma & Skeaff,
2014; Ma et al., 2016). Dietary assessment was not
performed on pregnant women and children in this
study. Since children spent most of their time in
school, future studies should consider investigating
the effect of iodine in school meal on the iodine status
of school-aged children. Although no urinary creati-
nine measurement was included, we acknowledged
that hydration status may have a large impact on the
perceived iodine status in a population. Future stud-
ies should consider measuring biomarkers of hydra-
tion status such as 24-h urine volume for allowing a
more accurate assessment of iodine status in these
populations.

Conclusions

Our findings indicated that the median UIC in
school-aged children may not be a sensitive surro-
gate to monitor and evaluate iodine status in pregnant
women. This is because the median UIC of children
may underestimate the prevalence of iodine defi-
ciency in pregnant women as demonstrated in our
study. Therefore, the assessment of iodine status in
populations should not only based on the median UIC
of children, but also include the monitoring of iodine
status in pregnant women. Our findings need to be
confirmed in other populations with varying dietary
iodine intake. In addition, our results also underline
the need for an ongoing monitoring of iodine status in
pregnant women and children from different regions
within Zhejiang Province.
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