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Abstract

The objective of the present study was to explore the effects of maternal iodine excess during pregnancy on infants’ neu-
rodevelopment and physical development. A total of 143 mother—child pairs were enrolled in this cohort study. Maternal
blood samples were collected during the obstetric examination. A mother—child questionnaire survey was conducted, and
infants’ blood samples were collected during the newborn physical examination. Infants’ single-spot urine samples were
collected, and intellectual, motor, and physical development were assessed at 2 months of age. The median (IQR) maternal
serum iodine concentrations (SICs) in the first, second, and third trimesters of pregnancy were 91.2 (74.4, 102.2) pg/L, 81.2
(70.6, 94.8) pg/L, and 82.0 (68.9, 100.3) pg/L, respectively. In the first trimester of pregnancy, infants’ psychomotor devel-
opmental index (PDI), body mass index (BMI) and weight-for-length Z score (WLZ) were higher with maternal suitable
SIC (40~92 pg/L) than with maternal excess SIC (P <0.05). Infants’ PDI, BMI, weight-for-age Z score (WAZ) and WLZ
were negatively correlated with maternal SIC (P < 0.05). Maternal excess SIC had a slightly negative effect on infants” MDI
(OR=1.304, P=0.035,95% CI=1.019~1.668), PDI (OR=1.124, P=0.001, 95% CI=1.052~1.200) and BMI (OR =0.790,
P=0.005, 95% CI=0.669~0.933). In the third trimester, infants’ length-for-age Z score (LAZ) was higher with maternal
high SIC (> 92 pg/L) (P=0.015), and maternal SIC was positively correlated with infants’ urine iodine concentration (UIC)
(P=0.026). Maternal iodine excess in the first trimester had a slightly negative effect on infants’ intellectual, motor, and
physical development. In the third trimester, maternal iodine excess only may have a positive impact on infants’ height.
Additionally, maternal iodine status was closely related to infants’ iodine status.
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Introduction

Iodine is an essential nutrient for the synthesis of thyroid
hormone, which supports healthy metabolism and affects
normal growth and development in humans [1]. It is crucial
for brain development during specific time windows, as it
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influences neurogenesis, neuronal and glial cell differentia-
tion, myelination, neuronal migration, and synaptogenesis
[2]. Maternal need for iodine increases substantially dur-
ing pregnancy [3]. Although iodine is important, excessive
iodine is harmful to health. Massive intake of iodine triggers
a defense mechanism in the thyroid gland, called the Wolff—
Chaikoff effect, which inhibits the active transport mecha-
nism of iodine and affects the synthesis of thyroid hormones
[4]. Maternal iodine deficiency or excess during pregnancy
has adverse effects on infants’ neurodevelopment [5].

At present, severe iodine deficiency during pregnancy has
been found to cause serious body and nerve damage to the
fetus, such as endemic cretinism [6, 7]. Some studies found
that even mild or moderate iodine deficiency in pregnant
women also increased the risk of poor offspring develop-
ment with respect to verbal intelligence quotient, reading
accuracy and comprehension [8-11]. However, iodine excess
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in pregnant women needs equal attention. In a population
study, excessive maternal iodine load may cause hypothy-
roidism (Wolff—Chaikoff effect) and may affect fetal thyroid
development, leading to neonatal hypothyroidism [12]. A
study conducted in Rio de Janeiro indicated that urinary
iodine concentration (UIC) >250 pg/L was an independ-
ent risk factor for gestational diabetes and hypertension in
pregnant women [13]. However, good evidence on offspring
neurodevelopment and physical development is limited. A
large-sample study suggested that a maternal high urinary
iodine/creatinine ratio (UI/Cr) during pregnancy was associ-
ated with a smaller area of total gray matter volume among
offspring and revealed potential nonlinear associations
between maternal iodine excretion during pregnancy and
offspring brain morphology [14].

Most studies of iodine excess have been animal experi-
ments. When female rats are exposed to high iodine during
pregnancy, their offspring show deficits in mild learning
and spatial memory, which may be related to changes in
the protein expression of brain-derived neurological factor
(BDNF) and neuroendocrine-specific protein A (NSP-A) in
the hippocampus [15]. A metabolomics study found that if
mother rats had excessive iodine during pregnancy, the hip-
pocampus of their offspring would be affected due to mild
metabolic changes, which would affect the learning and
memory ability of their offspring [16]. It is worth noting
that after the dose conversion between humans and animals
[17], it was found that the intake dose of the high iodine
model constructed in animal research is far higher than the
maximum dose of iodine tolerable in adults. Therefore, there
are some limitations in directly extrapolating the conclusions
to human research.

In addition, previous population studies mainly used the
UIC or UI/Cr to reflect the iodine status, but UIC can be
affected by many factors, such as diet and fluid; furthermore,
although UI/Cr reduces the variation due to hydration, cre-
atinine excretion can also be affected by differences in age,
muscle mass, ethnicity, and protein intake between individu-
als [18]. Currently, few studies have focused on serum iodine
concentration (SIC). SIC is an important biomarker of iodine
metabolism. The serum iodine level in the human body is
relatively stable, and the excess iodine is excreted by the
kidney, which is a relatively stable indicator reflecting the
long-term iodine status [18]. Maternal SIC is basically not
affected by the recent fluctuation of dietary iodine intake
because of iodine consumption during pregnancy [19]. A
Chinese study found that SIC is more stable than UIC and
has a significantly higher correlation with thyroid-related
hormone levels [20]. Hlucny et al. designed experiments to
determine whether a titration diet (which used known quanti-
ties of iodized salt) was reflected in the 24 h UIC and serum
iodine biomarkers of iodine status and found that SIC may
be more indicative of long-term (or typical) iodine status
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and 24 h UIC was sensitive to changes in short-term dietary
intake [21]. Jin et al. also showed that the iodine level in the
external environment has a strong influence on UIC, but the
SIC only changes slightly. Compared with sensitive UIC,
SIC can better reflect the stable state of individual iodine
status [18].

In summary, there is a lack of relevant follow-up obser-
vational studies on the effects of maternal iodine excess
during pregnancy on infants in terms of iodine status and
intellectual, motor and physical development. This study
aimed to explore the effects and hopes to provide evidence
to improve infant neurodevelopment and physical develop-
ment and guide iodine intake in pregnant women.

Subjects and Methods
Study Design and Participants

This prospective cohort study was conducted in a large
hospital in Harbin, Heilongjiang Province, China, starting
in December 2020. The national iodine deficiency disease
surveillance data show that in recent years, the coverage
rate of iodized salt in this area is more than 95%, the con-
sumption rate of qualified iodized salt is more than 90%, the
median urine iodine of pregnant women is within the range
of 150 ~249 pg/L, and the median urine iodine of children
is within the range of 100 ~ 300 pg/L. Pregnant women who
underwent physical examination during pregnancy (first-tri-
mester: 0~ 13 weeks, second-trimester: 14 ~27 weeks, third-
trimester: 28 ~40 weeks) in the Department of Obstetrics
were recruited as candidates. The inclusion criteria included
at least 18 years old, singleton pregnancy, no communica-
tion barriers, and no intake of iodine-rich food 3 days before
sampling. We excluded pregnant women with clinical/sub-
clinical hyperthyroidism, clinical/subclinical hypothyroid-
ism, thyroid peroxidase antibody (TPOADb), and/or thy-
roglobulin antibody (TGADb) positivity, treatment for thyroid
diseases (e.g., radiotherapy), and visible or palpable goiter.
The participants’ fasting blood samples were collected at
physical examination.

Newborns who were born in this hospital and exam-
ined in the neonatal department were recruited as infant
participants. Infants with premature birth (gestational
age <37 weeks at birth), low birth weight (<2500 g), or
major organic diseases caused by other reasons (severe vis-
ual, auditory, and central nervous system disorders) were
excluded. A mother and infant questionnaire survey was
conducted in the parents, and infants’ fasting blood sam-
ples were also collected on the day of newborn physical
examination (on the 42nd day after delivery). Single-spot
urine samples were collected (through disposable special
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urine collection bags for infants), and intellectual, motor,
and physical development were assessed at 2 months of age.

Questionnaire Investigation

The questionnaire included seven parts: (1) the basic infor-
mation of parents, including educational attainment; (2)
details of maternal physique and fertility, including delivery
age; (3) the infant’s birth situation, including the infant’s
sex, neonatal thyroid stimulating hormone (TSH) level; (4)
personal history of pregnant mothers, such as passive smok-
ing exposure in pregnancy; (5) maternal iodine intake and
prenatal education, including consumption of iodized salt
and iodine-containing supplements during pregnancy; (6)
maternal healthy lifestyle factors, including sleep quality and
exercise during pregnancy; and (7) the physical growth and
feeding of infants, including their weight, head circumfer-
ence and body length, were measured at 2 months of age.
The questionnaire survey was conducted face-to-face by a
trained epidemiological investigator who was blinded to the
SIC results of the pregnant women.

Neurodevelopment Assessment

At the age of 2 months, the intellectual and motor develop-
ment of infants were assessed through the CDCC infant men-
tal development scale [22], including mental developmental
scale (121 items) and psycho-motor developmental scale
(61 items). The average test age was 2.05 +0.10 months in
our study. The mental developmental scale assesses per-
ceptual acuity, attention discrimination ability and ability
to respond to the outside world. The psychomotor devel-
opmental scale reflects an infant’s motor coordination and
skill-behavior ability. The total number of items passed by
infants was recorded to obtain the original score, which was
then converted into the developmental index by correcting
the infants’ age. The scale assesses infants’ overall intellec-
tual and motor level through the mental developmental index
(MDI) and psycho-motor developmental index (PDI), with
high reliability and validity. The reliability coefficient of this
scale varies from 0.82 to 0.98. The calculation formula of the
two development indices is 100 + (x-mean)/SD X 16 (x is the
original scale score, mean and SD are the mean and stand-
ard deviation of total scale score in the corresponding age
group). The judgment criteria of the above two indices are
as follows: > 130 points are very excellent, 120 ~ 129 points
are excellent, 110~ 119 points are upper middle (smart),
90 ~ 109 points are medium, 80 ~ 89 points are lower mid-
dle (dull), 70 ~79 points are critical state, and <69 points are
intellectual defects or motor dysfunction. Cognitive func-
tion was assessed by specially trained personnel who were
blinded to the participant study group.

Physical Development Assessment

The body mass index (BMI) of infants was categorized as
follows: 13.7 ~17.8 kg/m? indicated normal physical devel-
opment, < 13.7 kg/m? indicated emaciation, 17.8 ~19.4 kg/
m? indicated overweight tendency, and > 19.4 kg/m? indi-
cated overweight. The length-for-age Z score (LAZ) was
categorized as follows: —2 ~2 indicated infants’ body length
was in the normal range, —3 ~ —2 indicated slight growth
retardation, < — 3 indicated severe growth retardation, 2 ~3
indicated that infants grew more rapidly, and > 3 indicated
tall; The weight-for-age Z score (WAZ) was categorized
as follows: — 1 ~2 indicated infants’ body weight was in
the normal range, — 2~ — 1 indicated slightly malnour-
ished, — 3 ~ — 2 indicated moderately malnourished, < —3
indicated severely malnourished, > 2 indicated overweight
or obesity. The head circumference-for-age Z score (HCZ)
was categorized as follows: —2 ~2 indicated that infants’
cranial development was normal, < —2 indicated micro-
cephaly, > 2 indicated macrocephaly. The weight-for-length
Z score (WLZ) was categorized as follows: — 1 ~1 indi-
cated that infants had normal body shape,—2~ —1 indi-
cated lean, — 3 ~ — 2 indicated emaciated, < — 3 indicated
severely emaciated, 1 ~2 indicated overweight, 2 ~3 indi-
cated obese, > 3 indicated severely obese [23].

Biochemical Evaluation

The SIC was measured by arsenic and cerium catalytic spec-
trophotometry (WS/T 572-2017). Referring to the reference
range of adult serum iodine metabolism recommended by
the Mayo Clinic (42 ~92 pg/L) [24], pregnant women were
divided into a suitable SIC group (40~992 pg/L) and a high
SIC group (>92 pg/L), which were referred to as the SI
group and HI group, respectively. UIC was also measured
by arsenic and cerium catalytic spectrophotometry (WS/T
107.1-2016). Creatinine in urine was measured by a spec-
trophotometric method (WS/T 97-1996). The urinary iodine
(UI) of infants was assessed by the iodine nutrition standard
recommended by WHO/UNICEF/ICCIDD for the general
population (including children); the median urinary iodine
concentration (MUIC) is 100 ~299 pg/L [25]. Our study
reduced the intraindividual variation in daily urine volume
by measuring urinary creatinine concentration [26]. Because
there were no clear boundary values in infants’ SCI and Ul/
Cr, the lowest quartile was selected as the classification
standard.

Statistical Analysis
Mother—child pairs were established. We calculated that to

have 80% power (1-P) to detect a 5-score difference on the
infant intellectual and motor development index of the infant
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mental development scale from the Children’s Developmen-
tal Center of China (CDCC) between groups at 2 months
of age, with a standard difference of 7 and a significance
level (o) of 0.05 (two-sided). The data were divided into
two groups, anticipating a loss to follow-up of no more than
10%, and at least 69 mother—child pairs should be enrolled
in the study. The study initially assembled 154 pairs, but 11
infants were lost to follow-up after 2 months. Finally, 143
mother—child pairs were enrolled in this study.

Normally distributed data are described as the
mean + standard deviation, and nonnormally distributed
data are described as the median (interquartile range). The
categorical data were described as percentages. Normally
distributed data were compared between groups by analysis
of variance, and nonnormally distributed data were com-
pared by Mann—Whitney U test. Pearson XZ was used to
test for comparison counting data between groups. Ques-
tionnaires with missing data> 15% were deleted, and the
excluded samples and lost follow-up samples were compared
with the followed-up samples in population characteristics
according to the same statistical method described above.
Spearman rank correlation analysis was performed to test
the correlation between maternal SIC and infants’ iodine
status and various development indicators. The factors with
statistically significant differences from any developmen-
tal index in the population characteristic information were
regarded as confounding factors by single factor logistic
regression. Confounders included infants’ gestational age,
maternal prenatal education, average sleep time, frequency
of staying up until 12 o’clock, intake of iodine-containing
supplements and weekly exercise time during pregnancy,
and binary logistic regression analysis was used for multi-
variate analysis to eliminate the influence of confounders.
We used a model to adjust for potential confounders. Infants’
intellectual or motor development reached the standard when
their MDI or PDI reached 90 points. Because there were
only three infants with MDI below 90 points, MDI took 110
points as the dividing point. BMI was set at 17.8 kg/m? as
the dividing point to study the effect of maternal SIC on
infant overweight.

All statistical analyses were performed with SPSS 24.0
software, and P <0.05 (two-tailed) was considered statisti-
cally significant. WHO-Anthro 3.2.2 software was used to
calculate the Z score of infant physical development.

Results
Characteristics of the Mother-Child Cohort
A total of 143 mother—child pairs were enrolled in this study.

The characteristics of the mother—child pairs are shown in
Table 1. No pregnant women smoked cigarettes or drank
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alcohol during pregnancy, and neonatal TSH values were all
within the normal clinical range (TSH < 10 mIU/L).

As shown in Table 1, a significant difference existed
in infant gender between the group with SIC in the range
of 40~92 pg/L and the group with SIC>92 pg/L in the
first trimester of pregnancy (P=0.002), and a difference
existed in mother’s postpartum depression between the
group with SIC in the range of 40~92 pg/L and the group
with SIC>92 pg/L in the second trimester of pregnancy
(P=0.049). The rest of the maternal and infant character-
istics between these two groups were not significantly dif-
ferent. In addition, the survey information of infants who
assessed intellectual, motor, and physical development at
2 months old was compared with that of infants who did
not receive evaluation (lost follow-up samples), and there
was no significant difference between the two groups (data
not shown).

Biochemical Evaluation Results of Pregnant Women
and Infants

The median (IQR) maternal SIC in the first, second, and
third trimester of pregnancy was 91.2 (74.4, 102.2) ng/L,
81.2 (70.6, 94.8) pg/L, and 82.0 (68.9, 100.3) pg/L,
respectively.

The infants’ SIC was mainly concentrated in the range
of 50~ 150 pg/L, and the median (IQR) was 125.8 (102.4,
139.3) pg/L. The median (IQR) of infants” UIC was 189.3
(138.5, 270.1) pg/L. A total of 13.2% (n=12) of infants’
UIC was lower than 100 pg/L, 2.2% (n=2) of infants’ UIC
was lower than 50 pg/L, and 17.6% (n=16) of infants’ UIC
was higher than 300 pg/L. The median (IQR) of UI/Cr was
1793.6 (1186.2, 2691.6) pg/g, and 87.9% (n=_80) of infants
were concentrated in the range of 0~4000 pg/g.

Neurodevelopment and Physical Assessment
Results of Infants

The median (IQR) MDI in 2-month-old infants was 101
(96,106), 97.9% (n=140) of infants reached the standard
level (index >90) of intellectual development, and 2.1%
(n=73) of infants were rated as lower-middle level. The
median (IQR) PDI score was 96 (89, 97). A total of 49.7%
(n=71) of infants did not reach the average motor level
(medium level), and 0.7% (n=1) of infants were in the criti-
cal state of motor development. The median (IQR) infant
BMI was 16.7 (15.6, 17.4). A total of 83.9% (n=120) of
infants had normal physical development, 2.1% (n=3) of
infants were thin, 10.5% (n=15) of infants had a tendency to
be overweight, and 3.5% (n=>5) of infants were overweight.
For LAZ, the median (IQR) was 0.8 (—0.1, 1.3), 91.6%
(n=131) of infants were in the normal range, and 8.4%
(n=12) of infants grew more rapidly. For WAZ, the median
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Table 3 Correlation analysis between maternal SIC and infants’ development and iodine metabolism indexes [r]

Index MDI PDI BMI LAZ WAZ HCZ WLZ SIC UIC Ul/Cr
Maternal SICI ~ —0.209  —0.634"  —0.537" 0012  -0411" -0.181 -0472" -0.048 -0.161  —0.283
Maternal SIC2  0.144 0.058 0.123 —0.045 0.086 —0.161 0.148 —-0.111 0.111 0.040
Maternal SIC3 0.034 0.079 -0.017 0.138 0.094 —0.061 —0.046 -0.022 0.271" 0.048

"P<0.001, "P<0.05

Maternal SIC1 SIC in first trimester, Maternal SIC2 SIC in second trimester, Maternal SIC3 SIC in third trimester, MDI mental developmental
index, PDI psycho-motor developmental index, BMI body mass index, LAZ length-for-age Z-score, WAZ weight-for-age Z-score, HCZ head cir-
cumference-for-age Z-score, WLZ weight-for-length Z-score, SIC serum iodine concentration, UIC urinary iodine concentration, UI/Cr urinary

iodine creatinine ratio

(IQR) was 0.6 (—=0.1, 1.2), 93.0% (n=133) of infants were
in the normal range, 4.2% (n=6) of infants were slightly or
moderately malnourished, and 2.8% (n=4) of infants were
overweight. For HCZ, the median (IQR) was 0.1 (—-0.4,0.7),
96.5% (n=138) of infants had normal cranial development,
and 3.5% (n=35) of infants had microcephaly or macro-
cephaly. For WLZ, the median (IQR) was 0.2 (—0.5, 0.7),
69.9% (n=100) of infants had normal body shape, 14.0%
(n=20) of infants were lean or emaciated (recent malnutri-
tion), 16.1% (n=23) of infants were overweight or obese.

Comparison of Infants’ lodine Status
and Development Between Different Maternal SIC
Groups

As shown in Table 2, in the first trimester of pregnancy, the
infants’ PDI, BMI, and WLZ of the SI group were higher
than those of the HI group, and the differences were statisti-
cally significant (Ppp;=0.001, Pgpq=0.003, Py, ,=0.021).
In the third trimester of pregnancy, infants’ LAZ in the HI
group was higher than that in the SI group, and the differ-
ence was significant (P=0.015).

Relationship Between Maternal SIC and Infants’
lodine Status and Development

As shown in Table 3, in the first trimester of pregnancy,
infants’ PDI (r= —0.634, P<0.001), BMI (r= —-0.537,
P <0.001), WAZ (r=-0.411, P=0.002) and WLZ
(r=-0.472, P<0.001) were negatively correlated with
maternal SIC. The SIC of pregnant women in the third tri-
mester of pregnancy was positively correlated with infants’
UIC (r=0.271, P=0.026).

Effects of Maternal SIC on Infants’ lodine Status
and Development

Binary logistic regression was first used to test the influ-

ence of infants’ UIC, SIC, and UI/Cr on their own intel-
lectual, motor, and physical development. No significant
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difference was found in the results (data not shown). The
single-factor logistic regression results are shown in
Table 4. Table 5 shows the effects of maternal SIC dur-
ing pregnancy on infants’ iodine status and development
before and after adjustment for potential confounders.
Confounders included infants’ gestational age, mater-
nal prenatal education, average sleep time, frequency of
staying up until 12 o’clock, intake of iodine-containing
supplements and weekly exercise time during pregnancy.
The results showed that the maternal SIC was high in
the first trimester of pregnancy, the risk of infants’ PDI
below the medium level slightly increased (OR=1.122,
P<0.001,95% CI=1.055~1.193), and the risk of infants’
BMI reaching overweight tendency slightly decreased
(OR=0.847, P=0.001, 95% CI=0.768 ~0.934). After
controlling for confounders, these differences in results
were still significant (ORpp;=1.124, Ppp=0.001, 95%
Clpp;=1.052~1.200; ORgp;=0.790, Py =0.005, 95%
Clgp=0.669 ~0.933), and the risk of infants” MDI below
the upper middle level slightly increased (OR =1.304,
P=0.035, 95% CI=1.019 ~ 1.668). In addition, in the
third trimester of pregnancy, after controlling for con-
founders, the effect of maternal SIC on infants’ LAZ
was significantly different (OR=1.019, P=0.049, 95%
CI=1.000~1.039), but the OR was between 1.0 and
1.1, so it was considered that there was no association in
essence.

Discussion

In this study, we explored the effects of maternal high SIC
on infants’ iodine status and development when mater-
nal thyroid function was normal. This is the first study
to explore the effects of maternal SIC excess during the
three periods of pregnancy on infants in terms of iodine
status, neurodevelopment, and physical development. The
results mainly suggested that maternal excessive SIC in
the first trimester of pregnancy slightly increased the risk
that infants’ MDI was lower than the upper middle level,
increased the risk that infants’ PDI was lower than the



A Cohort Study on the Effects of Maternal High Serum lodine Status During Pregnancy on Infants. .. 141

Table 4 Analysis on the influencing factors of iodine metabolism index and developmental outcome in infants

Factors MDI  PDI BMI LAZ WAZ HCZ WLZ UIC UI/Cr  SIC
Wald x> Wald x> Wald x> Wald x> Wald x> Wald x> Wald x> Wald x> Wald x> Wald x>

Gestational age at birth (week) 6.546"  0.398 1.090 0.691 4.030"  0.623 0.715 0.063 0.021 0.636

Prenatal education 0.256 5.119°  0.409 1.520 0.007  0.886 1.448 2.269 0.786 0.142

Maternal average sleep time (h) 1.220 4.994"  1.245 0.016 8.912° 0.001 3.252 0.278 1.090 0.283

Maternal intake of iodine supplements 1.838 1.339 4.686"  1.142 0.150  0.526 1.024 0.515 0.601 0.185

Maternal frequency of staying up until 1.660 0.111 0.708 0.531 11.528° 0.818 1.442 1.662 3.980°  0.432
12 o’clock (per month)

Maternal exercise time (min/week) 0.145 2.173 0.028 0.236 4.285"  0.050 1.651 0.756 0.074 3.930"

“P <0.05 Only statistically significant indexes were shown in the table

Prenatal education: yes, no; Maternal intake of iodine supplements: yes, no;

MDI mental developmental index, PDI psycho-motor developmental index, BMI body mass index, LAZ length-for-age Z-score, WAZ weight-for-
age Z-score, HCZ head circumference-for-age Z-score, WLZ weight-for-length Z-score, UIC urinary iodine concentration, UI/Cr urinary iodine
creatinine ratio, S/C serum iodine concentration

Dependent variable assignment: MDI:>110=0,<110=1; PDI:>90=0,<90=1; BMI:<17.8=0,>17.8=1; LAZ:-2~2=0, else=1;
WAZ:—1~2=0, else=1; HCZ:—2~2=0, else=1; WLZ:—1~1=0, else=1; UIC:>100=0,<100=1; Ul/Cr:>1186.2=0,<1186.2=1;
SIC:>102.4=0,<102.4=1

medium level, and slightly reduced the risk that infants’
BMI had a tendency to be overweight. In addition, in the
third trimester of pregnancy, maternal SIC was positively
related to infants’ UIC at 2 months of age.

The median (IQR) infant SIC on the 42nd day after deliv-
ery was 125.8 (102.4, 139.3) pg/L, mainly concentrated in
the range of 50~ 150 pg/L. Kazi et al. [27] collected blood
samples of newborns from the umbilical artery and umbili-
cal vein after delivery, and the SIC of newborns born to
mothers with normal thyroid function was 76.5 +9.7 pg/L.
A Japanese study also determined the SIC of newborns (the
first 4-7 postnatal), and the iodine level in the serum of
newborns born to mothers with normal thyroid function

was 10.8 +2.8 pg/dL [28]. Our result was slightly higher
than the findings of these previous studies. This difference
may be due to the proper implementation of the iodized salt
popularization policy. Although these pregnant women con-
sumed more iodine than women in the nonpregnant period,
their reserve of iodine was relatively rich, and iodine was
transported from the mother’s blood into the fetus through
placental passage [29], so infants’ SIC was higher. The total
median UIC of 2-month-old infants was 189.3 pg/L, higher
than 100 pg/L. The iodine intake of the infant population was
sufficient according to the WHO standard [25]. The median
(IQR) of 2-month-old infants’ UI/Cr was 1793.6 (1186.2,
2691.6) pg/g. At present, there is no recognized reference

Table 5 Risk of unsatisfactory outcomes in infants according to maternal SIC, unadjusted and adjusted for potential confounders

Index Model 1 Model 2
i Exp(B) 95%CI P value i Exp(B) 95% CI P value

First trimester

MDI 0.048 1.049 0.989~1.113 0.111 0.265 1.304 1.019~1.668 0.035

PDI 0.115 1.122 1.055~1.193 0.001 0.117 1.124 1.052~1.200 0.001

BMI —0.166 0.847 0.768~0.934 0.001 -0.236 0.790 0.669~0.933 0.005
Third trimester

LAZ 0.016 1.016 0.999~1.034 0.073 0.019 1.019 1.000~1.039 0.049

Only statistically significant indexes were shown in the table

MDI mental developmental index, PDI psycho-motor developmental index, BMI body mass index, LAZ length-for-age Z-score
Using continuous variables for statistics: maternal SIC

Model 1: unadjusted

Model 2: adjusted for infants’ gestational age, maternal prenatal education, average sleep time, frequency of staying up until 12 o’clock, intake of
iodine-containing supplements and weekly exercise time during pregnancy

Dependent variable assignment: MDI: > 110=0,<110=1; PDI: >90=0,<90=1; BMI: <17.8=0,>17.8=1; LAZ: —2~2=0, else=1
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range standard for UI/Cr in infants. In the study of Tachibana
et al., 48 infants with an average age of 3.1 +2.2 years had
a total UI/Cr of 3930 (182 ~50,000) pg/g [30], which was
higher than the result of our study. The reasons may be the
differences in sample size, age span, and dietary structure.

Our results showed that maternal excessive SIC in the
first trimester of pregnancy slightly increased the risk of
infants’ MDI less than 110 points and the risk of infants’ PDI
less than 90 points. A large sample study in Spain found that
maternal consumption of 150 pg/day or more of iodine from
supplements during pregnancy (the highest dose group) was
related to a 1.5-fold increase in the odds of a psychomotor
score less than 85 and to a 1.7-fold increase in the odds of
a mental score less than 85 of infants at 1 year old [31].
Mulder’s study including 990 mother—child indicated that
maternal high UI/Cr during pregnancy was associated with
smaller total gray matter volume of their offspring at age
10 years [14]. These results were consistent with our results.
However, a study in Japan showed that there were no cor-
relations between children’s developmental test results (at 3,
6, 9, and 12 months after birth) and UIC at a single spot dur-
ing early pregnancy (7-15 weeks gestation) in their mothers
[32]. This may be because they defined individual iodine
status using single spot urine samples and did not take into
account variations in iodine excretion.

Iodine is an important component of thyroid hormones,
including thyroxine (T4) and triiodothyronine (T3) [33]. In
the first 3 months of pregnancy, the fetal thyroid is not yet
mature, and brain development depends on the T4 provided
by the mother, which is transformed by deiodinase to provide
T3 for the developing fetal brain [34]. Therefore, the iodine
intake of pregnant women in the first trimester of pregnancy
is quite significant for fetal brain development. When the
body ingests excessive iodine that will cause a temporary
reduction in thyroid hormone synthesis through a mecha-
nism called the acute Wolff—Chaikoff effect, and an increase
in iodine load will decrease the activity of deiodinase in
the thyroid gland and may also reduce the synthesis of thy-
roid hormone [35]. We speculated that the Wolff—Chaikoff
effect may be triggered by mothers’ excessive iodine intake
in the first trimester and then affect offspring intellectual
and motor development. Undoubtedly, the mechanism of the
effect of maternal iodine excess on infants’ neurodevelop-
ment is complex and multiple. The mechanism needs to be
further studied.

Our results also found that maternal high SIC in the first
trimester of pregnancy reduced the risk of infants’ BMI
reaching an overweight tendency. The infants’ BMI of the
SI group in the first trimester was higher than that of the HI
group (P=0.003), and the medians of the two groups were
within the normal range. Maintaining the adequate level of
maternal SIC in the first trimester of pregnancy promoted
the physical growth of the fetus, the fetus was healthier than
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that of insufficient iodine [36], and there was no risk of other
maldevelopment. This can also be proven by the results of
correlation analysis: the maternal SIC in the first trimester
was negatively correlated with infants’ WAZ and WLZ. In
addition, there was a positive correlation between maternal
SIC in the third trimester and infants’ UIC at 2 months of
age, which may be because in the third trimester of preg-
nancy, part of the available iodine in the mother’s circulation
may enter the fetal placental unit, and the placenta trans-
ports iodine to the fetal circulation through the transfer of
maternal iodine and maternal thyroxine deiodination, but the
degree of iodine transmission from the mother to the fetus
is not clear [37]. Infants’ LAZ in the HI group was higher
than that in the SI group (P=0.015) in the third trimester
of pregnancy, but logistic analysis showed that there was no
correlation between them. To date, there has been no similar
research, and the results and specific mechanism need to be
further discussed.

Our study has some strengths. First, we enrolled pregnant
women with normal thyroid function to explore whether
maternal intake of excessive iodine but normal thyroid
function would affect infants’ development. Second, we
used SIC to define maternal individual iodine status in
pregnancy. Although it was not necessarily optimal, it was
more stable than single spot urine samples. We examined
maternal iodine status in three periods of pregnancy. Third,
we determined infants’ iodine status, including UIC, UI/Cr,
and SIC, and excluded the possibility of postpartum effects
of differences in the infants’ iodine status on intellectual and
motor development. Fourth, we chose a follow-up time of
2 months, which can measure intellectual and motor devel-
opment at the earliest, to avoid the influence of acquired
education and the external environment as much as possible.
After all, it was difficult to find all potential confounders in
older children.

This study also has some limitations. First, it was dif-
ficult to collect blood samples of the same pregnant woman
in three periods of pregnancy, as well as infants’ urine and
blood samples. Second, there was no intelligence quotient
(IQ) test for parents, but our study investigated the edu-
cational qualifications of parents. Third, because infants’
intellectual and motor development were assessed earlier,
whether it could predict the IQ of adulthood remains to be
explored.

In conclusion, maternal excess SIC in different stages
of pregnancy had different effects on infant development.
Our results indicated that maternal iodine excess in the first
trimester of pregnancy slightly negatively affected infants’
intellectual and motor development and slightly hindered
infants’ physical growth, even if maternal thyroid function
was normal. In the third trimester of pregnancy, maternal
iodine excess only may have a positive impact on infants’
height, and maternal iodine status was closely related to
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infants’ iodine status. Therefore, it is urgent to monitor
maternal iodine status throughout pregnancy. In addition,
there is an imperative need for recognized and clear stand-
ards for the reference range of SIC in pregnant women and
infants, as well as the reference range of infants’ UI/Cr. The
mechanism of the effects of maternal iodine status with
normal thyroid function on infants’ development deserves
further study.
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