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Abstract

Children aged 3—6 years undergo a critical stage of growth and development and are irreversibly affected by their iodine
status. In order to reveal iodine status in preschool children, we detected iodine concentrations in urine samples from 1382
children aged 3—6 years based on a cross-sectional study. The median urinary iodine concentration (UIC) of children was
193.36 pg/L and was 336.96 pg/g-Cr corrected for creatinine. The study developed a link between dietary habits and iodine
status, revealing that regular calcium supplement (OR: 1.79, (95% CI: 1.03, 3.12)) increased deficiency risk, while moder-
ate seafood consumption (OR: 0.60, (95% CI: 0.38, 0.95)) decreased it. Additionally, modest intake of shellfish (OR: 0.58,
(95% CI: 0.33, 1.00)), vegetables (OR: 0.61, (95% CI: 0.38, 0.97)), and eggs (OR: 0.53, (95% CI: 0.30, 0.95)) was found
to protect against excess iodine. The findings underline the importance of balanced diets and various nutrients’ roles in

preschoolers’ iodine status.
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Introduction

Iodine, an essential trace element, holds paramount signifi-
cance in human growth and development. Both deficiency
and excess iodine pose substantial health risks. In prenatal
stages, iodine deficiency hampers fetal neurodevelopment
and escalates the probability of fetal miscarriage and stillbirth
(Black et al. 2013). During infancy and early childhood, it can
result in various Iodine Deficiency Disorders (IDD), including
endemic goiter and clinical or subclinical cretinism. Further-
more, inadequate iodine intake during childhood adversely
impacts physical and cognitive-behavioral development,
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leading to developmental delays (Zimmermann et al. 2008).
Conversely, excessive iodine may provoke hyperthyroidism,
hypothyroidism, goiter, and thyroid autoimmune diseases
(Farebrother et al. 2019).

Iodine deficiency (ID) continues to be a major global
public health problem, affecting approximately 29% of the
global population (Andersson et al. 2012; Delange 2002).
Mild iodine deficiency remains prevalent in around 30% of
Europe (Pearce et al. 2013), while developed countries like
the USA and Australia have experienced a recent decline in
iodine intake (Lee et al. 2010). The human body metabolizes
iodine in various forms, which are converted to iodide before
absorption in the intestine. Iodine uptake primarily relies on
dietary iodine intake rather than its chemical form. Consid-
ering the inadequacy of dietary sources to meet appropriate
iodine requirements in certain regions, including China, the
World Health Organization (WHO) recommends iodine for-
tification of table salt as a cost-effective measure to prevent
ID and related thyroid disorders in humans (World Health
Organization 2014). Post the implementation of the Univer-
sal Salt Iodization (USI) policy in China in 1995 (Sun et al.
2017), the coverage rate of iodized salt in Shanghai reached
an impressive 92.3% (Wang et al. 2019). This does not nec-
essarily rule out the possibility of iodine deficiency, while it
does indicate a high rate of utilization. Biennial monitoring

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-023-30942-6&domain=pdf
http://orcid.org/0000-0002-4778-6245

121824

Environmental Science and Pollution Research (2023) 30:121823-121833

of iodine status in school-age children has been the norm,
primarily measuring Urinary Iodine Concentration (UIC)
and Thyroid volume (Tvol) (Wu et al. 2012; Zimmermann
and Andersson 2021). However, comprehensive data con-
cerning the iodine intake of preschool children, especially
those between 3 and 6 years old, remains conspicuously
absent.

Hence, this epidemiological study was designed to fill
the research gap by conducting a stratified cluster sampling
on randomly selected children aged 3—6 years in Shanghai.
The study gathered urine samples and collected sociodemo-
graphic and dietary information to illuminate their iodine
status and pertinent influencing factors. This research rep-
resents the only large-scale epidemiological exploration of
iodine status in preschool children in China to date.

Materials and methods
Study population

In this cross-sectional investigation, we employed a multi-
stage stratified cluster random sampling strategy (Fig. 1), and
six districts in Shanghai were randomly selected as survey
sites, encompassing two central urban areas (Jing’an District
and Xuhui District), two peripheral urban areas (Yangpu
District and Pudong District), and two rural regions (Jiad-
ing District and Chongming District). The study spanned
five months, from October 2013 to February 2014, and the

Fig. 1 The multi-stage stratified
clustered random sampling
method applied in this study

participants between 3 and 6 years old are recruited from
the community. Eligibility criteria required a minimum of
two years of uninterrupted local residency, while children
diagnosed with thyroid diseases (such as endemic goiter,
hyperthyroidism, thyroiditis) or any other condition that
might influence UIC were excluded.

Sample size calculation

The samgle size was determined employing the formula n

B
— u, with a 95% confidence interval and p, = 1.96 was
adopted to ensure precision. As per our preceding work, the
median UIC among school-age children in Shanghai in 2012
was 151.0 pg/L. Assigning o to 150 pg/L and an allowable
error of 21 pg/L (relative error of approximately 14%), while
considering a missed follow-up rate of 15%, the projected
sample size is determined to be 1176. Additionally, consid-
ering the financial considerations associated with this pro-
gram, the final sample size has been established as 1382
children, ranging in age from 3 to 6 years.

=< K “Xﬂ) , wherein 6 represents allowable error, and 6 = x

Sample information collection

We collected random spot urine samples (mid-stream)
from the subjects, which were stored at low temperatures,
swiftly transported to the laboratory, dispensed into centri-
fuge tubes, and preserved at —80°C refrigerator. Height and
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weight measurements were meticulously taken by trained
personnel using a standard uniform protocol recommended
by WHO.

Using a standardized questionnaire, uniformly trained
personnel guided the subjects’ guardians to provide essential
details, including demographic characteristics and dietary
habits of the children. The demographic details incorporated
age, gender, outdoor activity duration, passive smoking,
education level of parents, and household economic status.
Passive smoking was defined as the primary caregiver of
the preschool child smoking at least one cigarette daily for
over six months.

Dietary information

Guardians were asked to recall the frequency of dietary intake
over the past three months using the Food Frequency Ques-
tionnaire (FFQ) from the National Nutrition Survey. FFQ
data included dietary supplementation (vitamin AD, calcium,
iron, zinc), with intake frequency divided into three catego-
ries (never, occasionally, frequently), seafood (marine fish
and shrimp) consumption, freshwater fish intake, shellfish
intake, puffed food consumption, meat and vegetable intake,
daily milk consumption, and daily egg intake, with various
assessment scales employed for each. Seafood consumption
was evaluated by three frequencies: occasional, moderate, and
excessive, where occasional consumption was defined as con-
suming marine fish or shellfish less than once a week, exces-
sive seafood intake was defined as consuming sea fish or shell-
fish more than six times a week, and moderate was defined as
consuming marine fish or shellfish one to six times a week.

Quality control

Urine samples were meticulously collected and dispensed
by trained personnel to safeguard against contamination.
The polyethylene terephthalate (PET) containers used for
collection and dispensing were physicochemical stable,
user-friendly, hermetically sealed, iodine-free, and capable
of enduring rapid reduction to ultra-low temperatures and
prolonged stable storage at low temperatures.

Quality assurance was ensured by testing control iodine
samples (two levels, low concentrations GBW(09108 and
high concentrations GBW09110), reagent blanks, and

sample blanks for each batch (60 samples). In this detection,
the measured values of control samples of iodine remained
within 5% of the specified criteria values. The correlation
coefficients (r) of the standard curve exceeded 0.999. Table 1
exhibited limits of detection (LOD), limits of quantification
(LOQ), and their detection rates for urinary iodine.

Assessment of urinary iodine and creatinine
concentrations

In alignment with the health standard WS/T107.2-2016 in
China, UIC was measured via inductively coupled plasma
mass spectrometry (Agilent ICP-MS/MS, model: 8900),
adhering to the standard addition method, and designating
tellurium (Te) as the internal standard. Urine samples were
transferred from the —80°C storage to a 4°C refrigerator
two days prior to the experiment, allowing the samples to
thaw until clear. The sample diluent was a 0.25% solution of
tetramethylammonium hydroxide. Ultrapure water with 18.2
MQ/cm was utilized throughout the procedure.

The WHO?’s criteria for evaluating iodine status in children
were adhered to. Accordingly, MUI <100 pg/L was defined
as iodine deficient (DI), MUI between 100 and 199 pg/L as
adequate iodine (AI), 200-299 pg/L as more than adequate
iodine (MAI), and MUI >300 pg/L as excessive iodine (EI).

The concentration of urinary creatinine was determined
using the oxidative enzyme method with a fully automatic
biochemical analyzer (Hitachi Diagnostics (Shanghai),
model: 7100). To each of the six colorimetric tubes, 2.0
mL of alkaline picric acid solution was added, mixed
thoroughly, and allowed to react at room temperature for
20-30 minutes. Upon the addition of 5 mL of ultrapure
water, the absorbance at a wavelength of 490 nm was
measured. The colorimetric analysis was completed within
0.5 hours, and the absorbance was measured thrice for each
concentration, with the mean value being taken. A standard
curve was plotted using the mean absorbance values as the
vertical coordinate and creatinine concentrations (g/L) as
the horizontal coordinate. Under identical conditions as
the standard curve, a volume of 0.5 mL of urine sample
was dispensed in an Eppendorf (EP) tube, with a blank
reagent as the control. The absorbance of the sample was
measured after thorough shaking and mixing to determine
the concentration of urinary creatinine.

Table 1 Limits of detection

s > Urine element r LOD (pg/L) ® LOQ (pg/L) b No. (%) <LOD
of iodine in urine in study a
populations (N =1382)
I 0.999 0.089 0.299 0(0.0)
I'iodine

#Limits of detection (LOD)
L imits of quantitation (LOQ)
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Statistical analysis

Continuous variables with normally distributed data were
represented as mean + standard deviation (SD), whereas
categorical variables were presented as frequency (percent).
For skewed distribution data, median (interquartile range)
denoted concentrated trends. UIC was expressed as median
(interquartile range). Variations in demographic character-
istics and dietary frequency among preschool children were
analyzed using the chi-square test, Mann-Whitney U test,
and Wilcoxon rank-sum test. Univariate and multivariate
logistic regression models were employed to investigate
the associations between dietary factors and iodine intake
in preschool children. Notably, covariates in the multivari-
ate logistic regression model were selected from the basic
characteristics of preschool children.

Statistical analyses were conducted in SPSS 24.0 (IBM,
Chicago, USA) and R 4.2.0 (Lucent Technologies, USA).
Two-sided tests were adopted in this study, and p value <
0.05 was regarded as statistically significant.

Results
Baseline characteristics

In this study, we recruited 1382 children aged 3-6 years in
Shanghai (Table 2), comprising 725 (52.5%) boys and 657
(47.5%) girls. The cohort included 497 (36.0%) children from
the central urban area, 412 (29.8%) children from peripheral
urban areas, and 473 (34.2%) children from rural regions. The
preschoolers had an average age of (57.99+12.60) months,
with an average height-for-age z-score (HAZ) of 0.47+1.39
and a weight-for-age z-score (WAZ) of 0.63+1.46, respec-
tively. Among the participants, 1005 (72.7%) preschool chil-
dren engaged in outdoor physical activities for 1-3 hours
daily, and the rate of exposure to passive smoking was 19.6%.
Furthermore, over 70% of the children’s parents had received
education at the high school level or above. Additionally, the
households of the preschool children exhibited favorable eco-
nomic status, with 831 (60.2%) families reporting an annual
income of 100,000 CNY or higher.

lodine status among preschool children

The median urinary iodine concentration (MUIC) in our study
cohort was 193.36 (interquartile range:130.84, 269.68) pg/L,
demonstrating adequate iodine intake. When corrected for cre-
atinine (Cr), MUIC presented at 336.96 pg/g-Cr (Table 3). In
Table 4, a detailed examination of age-dependent differences
did not yield statistically significant variations in urinary iodine
concentration (UIC) (p = 0.117). Interestingly, gender-wise dis-
tribution showed significantly a higher MUIC in boys compared

@ Springer

Table 2 Baseline characteristics of children aged 3-6 years

Variables Mean + SD/n (%) N
Age (m) 57.99+12.60 1382
Sex 1382
Boy 725 (52.5)
Girl 657 (47.5)
Height for age z-score (HAZ) 0.47+1.39 1382
Weight for age z-score (WAZ) 0.63+1.46 1382
Region 1382
Central urban area 497 (36.0)
Peripheral urban area 412 (29.8)
Rural area 473 (34.2)
Outdoor exercise time (h/day) 1382
<1 118 (8.5)
1-3 1005 (72.7)
>3 259 (18.7)
Passive smoking 1382
Yes 271 (19.6)
No 1111 (80.4)
Guardian education level 1382
Below junior high school 324 (23.5)
High /vocational school 758 (54.8)
College /bachelor 264 (19.1)
Master degree 36 (2.6)
Annual household income (10* CNYly) 1382
<3 61 (14.4)
3-10 490 (35.5)
10-25 493 (35.7)
>25 338 (24.5)

to girls (p < 0.001). Furthermore, discrepancies in UIC among
children from different townships were not statistically signifi-
cant (p = 0.058). Passive smoking appeared to associate with
higher MUIC levels (p = 0.009). Socioeconomic factors, such
as increasing annual family income, were positively associated
with the children’s iodine status, aligning it closer to the WHO
recommended optimal range (p = 0.023). Variations in iodine
intake were also observed with respect to the educational quali-
fications of the children’s parents (p = 0.043).

Our findings, benchmarked against WHO'’s criteria, identi-
fied 13.5% of our cohort as iodine deficient, with a majority
(68.6%) demonstrating MUIC in the range of 100-300 pg/L,
considered optimal. However, 17.9% of the children exhibited
excess iodine consumption (Table 5).

Dietary associations with iodine status in preschool
children

Our univariate logistic regression findings (Table S1) sug-
gest intriguing dietary correlations with iodine status among
preschool children. We observed that children receiving
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Tablg 3_ Urinary iodipe and Variable N Mean Geometric mean Min P25 P50 P75 Max

creatinine concentration of

preschoolers in Shanghai Urine iodine (pg/L) 1382 21324 182.24 13.19 130.84 19336 269.68  1331.90
Creatinine (g/L) 1382 0.61 1.45 2.26e-04 039  0.57 0.81 2.06
UI/Cr (pg/gCr) 1382 1438.31 350.90 77.69 257.98 336.96 446.75 870258.22

regular calcium (Ca) supplementation were at an augmented
risk of iodine deficiency, as indicated by an odds ratio (OR)
of 1.55 (95% confidence interval [CI]: 1.00-2.39), when
compared to their counterparts not receiving Ca supplemen-
tation. Conversely, moderate intake of seafood (OR: 0.64,
95% CI: 0.44-0.94) reduced the risk of iodine deficiency in
preschool children. Furthermore, a dietary intake of more
than two eggs per day demonstrated a protective effect
against iodine deficiency, evidenced by a reduced OR of 0.51
(95% CI: 0.27-0.98). Intriguingly, a weekly consumption of
1-6 times of puffed foods (OR: 0.70, 95% CI: 0.49-1.00)

Table 4 Differences in urinary iodine concentrations in preschool

children

Character MUI (pg/L) p value

Age (m) 0.117
36— 190.56 (125.37,272.93)

48— 186.00 (131.64,256.04)
60-72 201.47 (133.37,273.66)

Sex < 0.001
Boy 208.87 (141.79,279.59)

Girl 181.38 (123.52,249.50)

Region 0.059
Central urban area 189.30 (133.21,263.42)
Peripheral urban area 187.38 (124.87,257.02)

Rural area 204.61 (130.98,277.34)

Outdoor exercise time (h/d) 0.211
<1 196.79 (125.87,274.53)
1-3 190.15 (130.49,261.34)
>3 201.18 (131.93,287.48)

Passive smoking 0.009
Yes 211.27 (142.34,283.00)

No 189.03 (128.74,263.34)

Education level of parents 0.043
Below junior high school 194.14 (131.32,269.34)
High/vocational school 201.16 (131.56,274.17)
College/bachelor 178.14 (124.82,249.08)

Master degree 202.55 (140.18,257.67)
Annual household income (10* 0.023

CNY/y)

<3 200.66 (140.06,323.56)
3-10 203.14 (130.92,272.15)
10-25 195.35 (134.38,264.31)
>25 182.49 (124.02,256.47)

and more than six servings of sea fish and shrimp (OR: 0.61,
95% CI: 0.37-0.98) emerged as potential protective factors
against excess iodine intake. Moreover, daily consumption
of 50-100 g vegetables (OR: 0.62, 95% CI: 0.43-0.91) and
a single egg (OR: 0.46, 95% CI: 0.29-0.72) also appeared to
serve as protective elements against excessive iodine intake.
In contrast, a higher meat intake, quantified as more than 100
g per day, corresponded to an increased risk of excessive
iodine intake (OR: 1.54, 95% CI: 1.01-2.34).

Refer to Fig. 2 and Table S2, multivariate logistic results
reveal that routine calcium (Ca) supplementation indeed ele-
vates the risk of iodine deficiency (DI) in preschool children,
reflected by an odds ratio (OR) of 1.79 (95% CI: 1.03-3.12).
Conversely, moderate intake of seafood was found to reduce
the risk of iodine deficiency, with an OR of 0.60 and a 95%
CI ranging from 0.38 to 0.95. While dietary intake of staple
food, vegetables, meats, milk, and eggs do not significantly
influence the prevalence of iodine deficiency in this popula-
tion. Of particular interest, a substantially decreased risk of
excess iodine (EI) in preschool children was associated with
weekly consumption of shellfish 1-6 times (OR: 0.58, 95%
CI: 0.33-1.00), daily intake of 50-100 g of vegetables (OR:
0.61, 95% CI: 0.38-0.97), and the consumption of one egg
per day (OR: 0.53, 95% CI: 0.30-0.95).

These results underscore the role of diet as a modifi-
able determinant of iodine status, thereby meriting further
research into the potential benefits of diet-centric interven-
tions in managing iodine intake among preschool children.

The aforementioned analyses are adjusted for the fol-
lowing covariates: creatinine (continuous variable, g/L),
age (continuous variable, in months), sex (categorical vari-
able: boy, girl), region (categorical variable: central urban,
peripheral urban, rural), annual household income (meas-
ured in units of 10* CNY/year, categorical variable: <3,
3-10, 10-25, >25), education level of parents (categorical
variable: below junior high school, high/vocational school,
college/bachelor’s, master’s degree), passive smoking

Table 5 Iodine status grouping of preschool children in Shanghai

N Level of iodine intake, N(%)
DI Al MAI EI
Total 1382 187 (13.5) 526 (38.1) 422 (30.5) 247 (17.9)

DI deficient iodine, Al adequate iodine, MAI more than adequate
iodine, EI excess iodine
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Fig.2 Association between dietary factors and iodine status

(categorical variable: no, yes), and daily outdoor exercise
time (hours/day, categorical variable: <1, 1-3, >3). In the
presented results, an asterisk (*) denotes a significant cor-
relation between dietary habits and iodine status, with a p
value less than 0.05.

Discussion
lodine status of preschoolers

Our cross-sectional survey conducted in Shanghai in 2014
aimed to evaluate iodine status in preschool children aged
3-6 years and identify dietary factors that influence their
iodine intake. The study found that the iodine intake in
Shanghai children is adequate. Furthermore, children’s
iodine intake was strongly influenced by various dietary
factors, including dietary supplements, seafood, vegetables,
meat, milk, and eggs.

Our research indicated that the median urinary iodine con-
centration (MUIC) for preschool children in Shanghai in 2014
was 193.36 pg/L. Aligning with the guidelines suggested by the
WHO, iodine deficiency (DI) was observed in 13.5% of the chil-
dren, and iodine excess (EI) in 17.9%. For comparison, the 2014
iodine nutrition survey in Cambodia demonstrated that the MUIC
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for children aged 0-5 years was 72.0 pg/L, and 63.7% of pre-
school children exhibiting DI (Laillou et al. 2016). In contrast, a
Colombian survey from 2015 to 2016 revealed a MUIC of 365.0
pg/L for children aged 25 years, with DI found in only 8.1% of
children, but EI was present in a staggering 65.8% (Beer et al.
2021). In South Korea, similar data was observed as the MUIC
for children aged 2—7 years was 438.8 pg/L, with only 3.9% DI,
but an El rate of 66.4% (Lee et al. 2014). In Norway, the MUIC
for children aged 46 years was 132.0 pg/L, demonstrating ade-
quate iodine status with a DI rate of 29.4% (Nerhus et al. 2019).

In comparison with the iodine status of preschool children
in other Asian countries (Table 6), iodine status in Shanghai is
appropriate, with both iodine deficiency and excess rates falling
within a moderate range. The MUIC of preschool children in
Shanghai was similar to those in other regions of China (Shan
et al. 2021; Wang et al. 2019), with deficiency rates approxi-
mately matching those of Hebei and Zhejiang provinces,
whereas for excess rates it was slightly higher in Shanghai
than in these two regions.

International comparisons reveal varying situations (Censi
et al. 2020; Costa Leite et al. 2017; Fuse et al. 2022; Ghattas
etal. 2017; Huang et al. 2016; Cesar et al. 2020; Jayatissa et al.
2021; Khatiwada et al. 2016; Ovadia et al. 2017; Vanderpump
et al. 2011a). In Lebanon and Israel, the MUIC for school-age
children was significantly lower at 66.0 pg/L and 83.0 pg/L,
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Table 6 Comparison of urine iodine concentrations in published studies

Areas Age Sample size Sampling year MUIC (pg/L) DI rate (%) EI rate (%) Reference
Shanghai, China 3-6 1382 2013-2014 193.4 13.5 17.9 Current study
Cambodia 0-5 950 2014 72.0 63.7 4.6 (Laillou et al. 2016)
Colombia 2-5 6444 20152016 365.0 8.1 65.8 (Beer et al. 2021)
Korea 2-7 611 2010 438.8 3.9 66.4 (Lee et al. 2014)
Bergen, Norway 4-6 220 2015 132.00 29.1 4.1 (Nerhus et al. 2018)
Eastern Nepal 6-13 759 2013 274.7 12.6 / (Khatiwada et al. 2016)
Northern Portugal 5-12 2018 2015-2016 129.0 31.4 4.7 (Costa Leite et al. 2017)
Lebanon 6-10 1403 2013-2014 66.0 74.8 1.6 (Ghattas et al. 2017)
Israel 6-12 1023 2016 83.0 62.0 / (Ovadia et al. 2017)
Nauru 6-12 242 2015 142.0 35.7 / (Huang et al. 2016)
Spain 6-12 1110 2014 184.0 14.1 / (Mufioz-Serrano et al. 2014)
Japan 6-12 32025 2014-2019 269.0 8.3 >25.0 (Fuse et al. 2022)
Brazil 6-14 18864 2008-2009 and  276.7 10.1 44.2 (Cesar et al. 2020)
2013-2014
Sri Lanka 10-18 2507 2017 138.5 32.5 13.2 (Jayatissa et al. 2021)
UK 14-15 737 2009 80.1 68.8 <5.0 (Vanderpump et al. 2011a)
Veneto, Italy 11-16 747 2018-2019 111.0 443 / (Censi et al. 2020)
Shanghai, China 8-10 1234 2011 181.6 / / (Wang et al. 2019)
Hebei, China 6-17 1349 2016 180.9 16.2 6.7 (Shan et al. 2021)
Zhejiang, China 6-17 1311 2016 171.7 15.4 13.6 (Shan et al. 2021)
Guangxi, China 6-17 1148 2016 210.1 9.3 24.3 (Shan et al. 2021)

respectively, with iodine deficiency rates soaring up to 74.8%
and 62%. In stark contrast, developed countries such as Japan,
Spain, and Italy exhibit MUICs for school-age children within
the WHO recommended range and maintain lower iodine defi-
ciency rates.

In general, the iodine status of preschool children in Shanghai
aligns relatively well with WHO recommended ranges, and both
iodine deficiency and excess are rare, which underscores the
success of the Universal Salt Iodization (USI) initiative in China.

The World Health Organization (WHO) defines a
median urine iodine concentration (MUIC) of less than
100 pg/L as indicative of iodine deficiency (DI), but it is
highly likely to be an overestimation of DI rates. In our
study, we observed that urine iodine concentration (UIC),
assessed through spot retained urine samples, was highly
susceptible to dilution in children’s urine, causing its value
to be often inaccurate. Generally, urinary creatinine is a
measure of kidney function and muscle metabolism. The
concentration of urinary creatinine is often used to correct
for changes due to dilution or concentration of urine and
is therefore commonly used as a correction factor in urine
samples. The ratio of urinary iodine to urinary creatinine
(UI/Cr), widely accepted as a measure of iodine intake in
a single random urine sample, can minimize variations
caused by differences in urine volume and dilution of
subjects, and offer a superior reference value for portray-
ing iodine intake in populations with sound iodine status

(Soldin 2002). In children, especially growing children,
this adjustment is important because their muscle mass
and kidney function change as they grow. Therefore, we
opted for UI/Cr as a robust indicator to assess children’s
iodine status in children. Previous studies have also dem-
onstrated the efficacy of UI/Cr as a superior measure. They
jointly point out that UI/Cr, when adjusted for age and sex,
was significantly outperformed by other estimates in both
individual 24-hour iodine excretion estimates and popu-
lation surveys (Liu et al. 2022; Montenegro-Bethancourt
et al. 2015b; Perrine et al. 2014). Overall, correcting UIC
with urinary creatinine provides a more stable and reliable
indicator of iodine status in children (Montenegro-Bethan-
court et al. 2015a). Unfortunately, uniform corrected cri-
teria for evaluating iodine status are yet to be established.

Dietary influences on iodine status

Iodine, being a vital component for thyroid hormone synthe-
sis, is crucial for children’s rapid growth and development.
China has consistently implemented Universal Salt Iodiza-
tion (USI) since 1995, ensuring adequate iodine intake for
its population and subsequently being classified as iodine-
sufficient by the Iodine Global https://ign.org/. since 2015.

Primary dietary sources of iodine include fish and other
seafood (Hess and Pearce 2023). Due to the concentration
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of iodine from seawater by plants and animals in the ocean,
seafood contains high amounts of iodine (Carlsen et al.
2018), and seaweed, for example, is one of the most abun-
dant sources of dietary iodine. Inadequate intake of seafood,
which is positively correlated with iodine status, predisposes
to DI (Gostas et al. 2020; Krzepitko et al. 2015; Torres
et al. 2017). Given its geographical proximity to the ocean,
Shanghai’s abundant seafood contributes significantly to
iodine intake for preschool children.

Other foods as milk and eggs are also enriched in iodine
(Leung and Braverman 2014; Vanderpump et al. 2011b;
Witard et al. 2022; Zimmermann 2009) and represent vital
elements that shape iodine concentrations in human body
(Johner et al. 2013; von Oettingen et al. 2017). Eggs are
found to serve unique functions that agglutinate required
nutrients for early growth and development (Rottger et al.
2012) and are capable of supplying 15% of daily iodine
requirement for children in USA. Although a UK study indi-
cated that eggs were significantly linked to increased UIC
in school-aged children (Remer et al. 2006), another UK
adolescent study indicated an inverse relationship between
UIC and egg intake (Vanderpump et al. 2011b). Interest-
ingly, we discovered that eggs serve as a protective factor
against both iodine deficiency (DI) and iodine excess (EI)
in preschool children. It seems that dietary intake of eggs
allows children’s UIC to fluctuate within the optimal range
for organism, where the exact mechanism warrants further
investigation. In multiple national surveys, dairy products
emerge as major influencers of iodine status, with inadequate
intake leading to DI in humans (Haldimann et al. 2005; Lee
et al. 2016; Pearce et al. 2004; Qin et al. 2023; Sakai et al.
2022). In contrast, despite their significant iodine content,
our study found no substantial relationship between dairy
product consumption and iodine intake among preschool
children, possibly attributed to the diverse dietary structure
of the Chinese population and the less dominant role of
dairy products, while overseas children derive above 40%
of iodine intake from dairy products (Abt et al. 2018; Dineva
et al. 2021).

Furthermore, vegetables and meat, albeit containing
smaller amounts of iodine, contribute to iodine intake. The
iodine content in these foods is influenced by various factors
including soil environment, irrigation methods, fertilizers,
and animal species (Ershow et al. 2018). Variety of vegeta-
bles varies in iodine content. For instance, root vegetables
hardly contain iodine (Stravik et al. 2021), and Brassica
vegetables (broccoli, cabbage, cauliflower, kale, radish,
canola) carry trace concentrations of thiocyanate, a com-
petitive sodium/iodine transporter inhibitor, which may be
prone to facilitate goiter and provoke DI when consumed in
massive quantities (Felker et al. 2016; Leung et al. 2011).
With its northern subtropical monsoon climate, Shanghai
experiences ample rainfall and alkaline soils, which undergo
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abundant iodine content through intensive reductive leaching
and oxidative precipitation by long-term tillage, fertilization,
and irrigation.

Contrary to prior studies suggesting that the supplementa-
tion of micronutrients such as iron (Fe), zinc (Zn), and sele-
nium (Se) leads to an elevation in urinary iodine concentra-
tions (Eftekhari et al. 2006; Nazeri et al. 2018; Stravik et al.
2023; Stravik et al. 2021), our research findings indicate
that the supplementation of Fe and Zn had no discernible
impact on iodine intake among children aged 3-6 years, in
line with the observations made by O’Kane (O’Kane et al.
2018). Nevertheless, our study did reveal that regular cal-
cium (Ca) supplementation appeared to exacerbate iodine
loss in preschool children. The calcium pathway assumes
a crucial role in maintaining the normal functioning of the
thyroid, whereby the regulation of both iodine uptake and
elimination occurs via the Ca?*-dependent transient receptor
potential canonical 2 (TRPC2) and Anoctamin 1 pathways
(Lof et al. 2012; Viitanen et al. 2013). Increased intracel-
lular Ca®* concentration resulted in reduced iodine uptake
and heightened excretion of iodine ions within the thyroid
follicular lumen (Adu-Afarwuah et al. 2021). The above
are speculative reasons, and further investigation and more
detail on the underlying physiological mechanisms behind
these associations remain necessary.

Limitations of this study include the lack of detailed
information on iodized salt consumption in households
and potential recall bias, as a retrospective food frequency
method was employed. We also ignore iodine provided by
drinking water. Furthermore, as a cross-sectional study, it
only provides a snapshot of iodine status in 2014. It is worth
mentioning that we are currently conducting a follow-up
study to examine the current status of iodine intake in chil-
dren in Shanghai.

Despite these limitations, this study is the first large epi-
demiological survey to evaluate iodine status and its determi-
nants in Chinese preschool children aged 3—6. Our findings
provide a scientific basis for children’s growth and develop-
ment and offer valuable insights for the implementation of USI
policy. Additionally, it helps elucidate the variations in iodine
status due to differences in dietary structure between China
and other regions, suggesting that the “Chinese diet” structure
may contribute to optimal trace element requirements.

Conclusion

Following a decade of universal salt iodization (USI), this
cross-sectional study unveiled that the children aged 3—6 years
in Shanghai indicates suitable iodine intake, with minimal
prevalence of both iodine deficiency and excess, validating
the efficacy of the USI policy in China. In addition, the study
determined that iodine status was closely related to various
foods in the daily diet. These findings underscore the need for
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a balanced diet and the potential roles of different nutrients in
iodine metabolism among preschool children.
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