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Abstract

Objective: The current systematic review aimed to provide comprehensive data on the effects of iodine
supplementation in pregnancy and investigate its potential benefits on infant growth parameters and neurocognitive
development using meta-analysis.

Methods: A systematic review was conducted on trials published from January 1989 to December 2019 by searching
MEDLINE, Web of Science, the Cochrane Library, Scopus, and Google Scholar. For most maternal and neonatal
outcomes, a narrative synthesis of the data was performed. For birth anthropometric measurements and infant
neurocognitive outcomes, the pooled standardized mean differences (SMDs) with 95% Cls were estimated using
fixed/random effect models.

Results: Fourteen trials were eligible for inclusion in the systematic review, of which five trials were included in the
meta-analysis. Although the findings of different thyroid parameters are inconclusive, more consistent evidence
showed that iodine supplementation could prevent the increase in thyroglobulin concentration during pregnancy. In
the meta-analysis, no differences were found in weight (=0.11 (95% Cl: —0.23 to 0.01)), length (—0.06 (95% CI: —0.21

to 0.09)), and head circumference (0.26 (95% Cl: —0.35 to 0.88)) at birth, or in cognitive (0.07 (95% Cl: —0.07 to 0.20)),
language (0.06 (95% Cl: —0.22 to 0.35)), and motor (0.07 (95% Cl: —0.06 to 0.21)) development during the first 2 years of
life in infants between the iodine-supplemented and control groups.

Conclusion: lodine supplementation during pregnancy can improve the iodine status in pregnant women and their
offspring; however, according to our meta-analysis, there was no evidence of improved growth or neurodevelopmental
outcomes in infants of iodine-supplemented mothers.
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Introduction

Iodine, an essential component of thyroid hormones, pregnancy, the need for iodine increases significantly from
plays a key role in the overall growth of the body and 150 pg/day in non-pregnant adult women to 250 pg/day
development of the CNS of the fetus and infant (1). During  because of increased thyroid hormone synthesis, iodine
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transfer to the fetus, and increased excretion of iodine
through urine (2, 3). Therefore, inadequate iodine intake
during this critical period results in impaired thyroid
hormone synthesis, subsequent growth retardation, and
irreversible brain damage (4, 5, 6).

In countries with effective salt iodization programs,
although school children attain sufficient iodine status,
abundant evidence indicates that pregnant women and
lactating mothers have inadequate levels of iodine (7, 8,
9). Iodized salt may not always be a sufficient source of
iodine to meet the minimum requirements of the most
vulnerable groups (i.e. pregnant and lactating women
and infants). Therefore, leading international health
authorities, such as the American Thyroid Association (10),
the Endocrine Society (11), and the American Academy of
Pediatrics (12), recommend that pregnant and lactating
women or those who are planning for pregnancy should
take supplements containing 150 pg of iodine to prevent
deficiency. The correction of severe iodine deficiency
through iodine supplementation or food fortification
programs results in improved clinical outcomes (13).
However, results of studies conducted on the impacts
of iodine supplementation in mildly to-moderately
iodine-deficient pregnant women are inconsistent (14).
Observational cohorts reported significant positive
consequences (both health and economic) of correcting
iodine deficiency in pregnant women. Meanwhile,
the findings of clinical trials are controversial (15).
Still, there are debates regarding the benefits of iodine
supplementation, alone or in combination with other
vitamins and minerals, in women before conception or
during pregnancy.

Although supplementation is generally
considered a safe intervention for pregnant women, some
observational studies report that it might have risks. For
instance, a cohort study conducted in Spain showed lower
psychomotor development in infants whose mothers
received > 150 pg/day of iodine supplements (16, 17).
Another study on pregnant women who received excessive
iodine reported an increased risk of developing thyroid
disorders in both mothers and neonates (18). However,
only few clinical trials have investigated the adverse
effect(s) of iodine supplementation during pregnancy. It is
still uncertain whether the recommended dose of iodine
supplementation is safe for pregnant women living in
iodine-sufficient areas.

There are several reviews on iodine supplementation
for pregnant women or during the postpartum period.
However, most are narrative synthesis of the findings of
observational studies or systematic reviews of clinical

iodine
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trials with a focus on one or more clinical outcome (s),
which cannot provide strong evidence or comprehensive
data on long-term effects of
supplementation during pregnancy. Therefore, this study,
which is a systematic review of trials, aimed to provide a
comprehensive overview of evidence regarding the effects
of iodine supplementation in pregnant women and their
offspring and investigate its potential benefits on infant
growth parameters and neurocognitive development
using meta-analysis.

short- and iodine

Methods

The current study followed the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
guidelines (19).

Search strategy

All articles published from January 1989 to December
2019 were systematically searched using the MEDLINE/
PubMed (National Library of Medicine), Web of Science
citation indexing service (produced by the Institute for
Scientific Information), Cochrane Library (Cochrane
Database of Systematic Reviews, Cochrane Central Register
of Controlled Trials (CENTRAL), Cochrane Methodology
Register), and Scopus databases, and Google and Google
Scholar search engines. Details of the search strategy
are presented in Supplementary data (see section on
supplementary materials given at the end of this article).
To collate additional evidence, we conducted a manual
search using the reference lists of original articles and
relevant reviews. All searched articles were entered into
EndNote to merge retrieved citations, discard duplicates,
and simplify the review process.

Study selection and data extraction

The titles and abstracts of studies were screened by
two independent investigators (PN and MS) to exclude
irrelevant studies. The full texts of remaining studies
were retrieved, and relevant articles were identified.
The inclusion criteria were as follows: human studies;
healthy pregnant women as participants; randomized-
controlled trials or quasi-randomized trials, which
investigated the effects of iodine supplementation
during pregnancy; administration of iodine supplements
to participants, regardless of the iodine status of the
study population, iodine compound, dose, frequency or
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duration, and including an appropriate control group,
which comprised participants receiving a significantly
lower dose of supplements, placebo, or no supplements;
urinary iodine concentration (UIC), thyroid hormones
and volume, pregnancy or neonatal complications,
or growth parameters or neurocognitive development
were determined. The exclusion criteria were as follows:
animal studies, non-English articles, pregnant women
with thyroid disorders as study sample, and any
duplicate publications or incomplete articles. The PICOS

(participants, interventions, comparisons, outcomes,
study design) criteria are shown in Table 1.
Two investigators (PN and MS) independently

extracted the trial data using standardized forms specially
developed for the current review. Any disagreements were
resolved through discussion or consulted with a third
investigator (FA). The following data were extracted: first
author, year of publication, country or location of the
study, sample size (i.e. the number of pregnant women),
baseline iodine status according to the population median
UIC, and iodine supplementation (initiation, type, dose,
and duration). The investigated outcomes were maternal
and neonatal iodine status, different thyroid parameters,
and clinical complications and growth parameters at birth
and infant neurocognitive development following iodine
supplementation.

Risk of bias assessment

The Cochrane Collaboration tool was used to assess the
risk of bias of each included trial (20). The following
criteria were considered: (i) random sequence generation,
(ii) allocation concealment, (iii) blinding of participants
and personnel, (iv) blinding of outcome assessment,
(v) incomplete outcome data, (vi) selective outcome
reporting, and (vii) other possible sources of bias. Studies
were judged as low, high, or unclear risk of bias for each
item separately.

Table 1 PICOS criteria for inclusion of trials.

Population Healthy pregnant women and their infants
Intervention  lodine supplementation
Comparison  lodine group(s) vs control group(s)
Outcomes - lodine status

- Different thyroid parameters

- Growth status

- Neurocognitive development

- Pregnancy or neonatal complications
Study design  Randomized or quasi-randomized

controlled trials
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Statistical analysis

A narrative synthesis of the data was performed for most
maternal and neonatal outcomes because of substantial
clinical and statistical heterogeneity among trials included
in the systematic review. Moreover, a meta-analysis on
qualified trials was also performed to assess the effects
of iodine supplementation on birth growth parameters
and infant neurocognitive development during the first
2 years of life. We calculated the mean values and s.p. of
birth weight, length and head circumference as well as
cognition, language, and motor scores of infants using the
median, lower and upper interquartile range (IQR), range,
or 95% CI if the mean and s.p. were not directly reported.
The effects of the intervention were measured using
the standardized mean difference (SMD) estimations.
Pooled-SMDs and 95% ClIs were calculated for all effect
sizes and weighted according to the sample size of the
individual studies, using fixed/random effect models
based on the absence/presence of heterogeneity. Statistical
heterogeneity was also evaluated using Q Cochrane and
the P index. Publication bias tests were not conducted
(n < 10). Analyses were performed using Stata software,
version 12.0 (Stata Corp).

Results

Study selection and characteristics

The literature search and study selection process are
shown in Fig. 1. Of 385 potential studies identified during
the initial search, 35 appeared relevant and, therefore,
were fully assessed for inclusion. After exclusion of studies
that they investigated the effect of multiple micronutrient
supplementation other than iodine (n = 8) or were not
randomized or quasi-randomized controlled
(n = 13), 14 were eligible for the systematic review. The
general characteristics of the included trials are described
in Table 2. The included trials were conducted in Africa
(Ghana) (21), Asia (Bangladesh, India, and Thailand) (22,
23), Europe (Belgium, Denmark, France, Germany, Spain,
and Italy) (24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34), and
the southwest Pacific Ocean (Australia) (35). Based on
data reported by the Iodine Global Network in 2017 (36),
the following countries were faced with iodine sufficiency
before the implementation of the intervention: Ghana
(2011), Bangladesh (2011-12), India (2014-15), Thailand
(2012), France (2006-07), Spain (2011-12), and Australia
(2011-12). The sample size in the included trials ranged
from 35 to 1159 participants. The median of the maternal

trials
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385 titles and abstracts
automatically retrieved from
electronic search
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\ 4
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350 titles and abstracts were excluded:

e 125 irrelevant

e 79 no human data

¢ 33 language other than English
e 30 without abstract

e 89 review articles

35 full text papers assessed for
eligibility

v

94

\4

21 full-text papers excluded due to:

e 8 no iodine supplementation
e 13 notatrial

14 papers included in the
systematic review

v

!

Maternal outcomes following iodine
supplementation during pregnancy:

14 iodine status

12 thyroid hormones

8 thyroid gland volume

5 pregnancy complications

Neonatal and infant outcomes following
iodine supplementation during pregnancy:

6 iodine status

8 thyroid hormones

3 thyroid gland volume

5 growth parameters

5 neurocognitive development
3 neonatal complications

5 papers were eligible for meta-analysis

!

5 papers on growth parameters
at birth

Figure 1

!

3 papers on neurocognitive
development during infancy

Flow chart of trials selection for the present systematic review and meta-analysis.
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UIC varied from 36 to 137 pg/L before the intervention.
Based on the median UIC of 150 pg/L as the indicator of
iodine status during pregnancy, all pregnant women were
iodine -deficient. In most trials, iodine supplementation
was administered during the first trimester of pregnancy
as potassium iodide (KI) preparations (n = 9) (22, 24,
26, 27, 29, 31, 33, 34, 35), iodine-containing vitamin
preparations (n = 4) (21, 23, 28, 30), or iodized salt (n = 1)
(32). Moreand thyroid gland size, respectied from 50 to
300 pg.

Fourteen trials investigated the effects of iodine
supplementation on maternal iodine status (21, 22,
23, 24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35); 12 on
different thyroid parameters, such as thyroid-stimulating
hormone (TSH), thyroxine (T4), free thyroxine (FT4),
triiodothyronine (T3), free triiodothyronine (FT3),
thyroglobulin (Tg), and thyroid peroxidase antibody
(TPO-ADb) (22, 24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35); and
eight on the size of the thyroid gland during pregnancy
(22, 24, 26, 27, 29, 31, 32, 33). Of these, six (22, 26, 27, 29,
31, 34), eight (22, 26, 27, 28, 31, 33, 34, 35), and three (27,
31, 33) trials also collected data on neonatal iodine status,
thyroid hormones (mainly TSH), and thyroid gland size,
respectively (Table 3). In five trials, the effects of iodine
supplementation on birth growth parameters (22, 28, 33,
34, 35) (Table 4) and child neurocognitive development
(22, 25, 33, 34, 35) (Table 5) were investigated, and five
(22, 28, 33, 34, 35) and three (22, 25, 395) trials were eligible
for inclusion in the meta-analysis, respectively. Five trials
reported the frequency of the clinical complications in
pregnant women and their neonates following iodine
supplementation during pregnancy (22, 26, 34, 35)
(Table 6). The scoring of the risk of bias assessment is
shown in Table 7. The overall quality of the included
studies was poor, with only 34 of 98 items judged to be at
low risk of bias. Risk of bias was highest for the blinding (9
trials) and the incomplete outcome data (5 trials) domains.

Maternal iodine status and different thyroid
parameters following iodine supplementation
during pregnancy

As indicated in Table 3, in most included trials,
maternal UIC consistently increased following iodine
supplementation during pregnancy, except for a trial
conducted in Bangladesh that reported daily consumption
of lipid-based nutrient supplement (containing 250 pg
iodine) did not result in improved UIC (23). However,
findings of the effects of iodine supplementation on TSH
were inconsistent. Of the 12 trials, 4 reported a rise in

lodine supplementation during 184:1 97
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TSH levels within the normal range during pregnancy in
the control groups, whereas 5 trials found no change in
women who received iodine supplements. Only in two
trials, TSH concentration tended to be lower in the iodine
supplement group, than in the control group. Most trials
reported no significant change in maternal T4, FT4, T3,
or FT3 concentrations between the iodine-supplemented
and control groups. Of the ten trials that collected
information on Tg during pregnancy, six reported a lower
concentration of Tg in women taking iodine supplements,
than in those of the control group. Two trials collected
data on the marker of thyroid autoimmunity during
pregnancy; none of these showed statistically significant
differences in TPO-Ab positivity between intervention and
control groups. Among the eight trials that investigated
the effects of iodine supplementation on thyroid gland
size during pregnancy, four found no significant difference
between women who received iodized salt only and who
received 200 or 300 pg KI daily or between those who
received 50 vs 300 pg of iodine daily. Out of the eight
trials, four reported that the thyroid gland size in women
in the iodine-supplemented group was smaller than that
of women in the control group.

Neonatal and infant outcomes following iodine
supplementation during pregnancy

lodine status and thyroid parameters

The effects of maternal iodine supplementation on
neonatal UIC and thyroid parameters are shown in Table
3. In nearly all trials (5 of 6), significant improvement in
the UIC of infants whose mothers were supplemented
with iodine during pregnancy was observed. However,
most trials (7 of 8) did not find any significant difference
in neonatal TSH between the intervention and control
groups. None of the trials reported any effects of iodine
supplementation on neonatal T4, FT4, T3, or FT3
concentrations. Of the four trials that assessed Tg in the
cord blood sample of newborns, two found a significant
increase of Tg concentration in neonates born to mothers
receiving placebo or who did not take iodine supplements.
In two of three trials that reported this outcome, infants
of supplemented mothers had a smaller thyroid gland size
than infants of non-supplemented mothers.

Growth parameters at birth

Five trials investigated the impact of maternal iodine
supplementation on the growth parameters of neonates
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pregnancy

Table 4 Effects of iodine supplementation during pregnancy on neonatal growth parameters at birth.

Anthropometric measures at birth

Reference

lodine supplementation Weight Length HC Other
(22) 200 pg Kl vs PL ND ND ND Length for age z-score: ND
(35) 150 pg Kl vs PL ND ND ND Placenta weight: ND
(33) 300 and 200 pg Kl vs I-salt ND NA NA NA
(28) I- enriched MV vs MV without | linlgroup linlgroup NA NA
(34) 300 pg Kl vs CO ND NA NA NA

CO,control; I-salt, iodised salt; K, potassium iodide; MV, multivitamin; NA, not assessed; ND, no differences between groups; PL, placebo.

(Table 4). Among them, the study conducted by
et al. (28) showed a lower birth weight
and shorter length in newborns whose mothers took
iodine supplements during pregnancy. None of the trials
reported a positive impact of iodine supplementation on
neonatal anthropometric indices, including birth weight,
length, head circumference, or placental weight. The
pooled-SMDs and 95% ClIs for birth weight, length, and
head circumference between the iodine-supplemented
and control groups are shown in Fig. 2A, B and C. As
there was no significant heterogeneity among the
included studies in terms of birth weight (P = 0.062) or
length (P =0.116), the fixed-effect model was used. There
were no significant differences in birth weight (-0.11
(95% CI: -0.23 to 0.01)), length (-0.06 (95% CI: —0.21
to 0.09)), or head circumference (0.26 (95% CI. —-0.35
to 0.88)) of infants between iodine-supplemented and
control groups.

Hiéronimus

Neurocognitive development

Table 5 shows neurocognitive development in infants
and children following iodine supplementation during
pregnancy. In three of five trials, infants aged 12-24
months were examined for the three key developmental
functions using the Bayley Scales of Infant Development
Third edition tool. The pooled-SMDs and 95% Cls for
cognition, language, and motor functions in infants
whose mothers received iodine supplementation during
pregnancy, compared with those whose mothers did
not receive supplementation are provided in Fig. 3A, B
and C. There was no significant heterogeneity among
included studies in terms of cognitive (P = 0.285) or motor
(P = 0.751) functions; therefore, the fixed-effect model
was used. No differences were observed in cognitive
(0.07 (95% CI: -0.07 to 0.20)), language (0.06 (95% CI:
—-0.22 to 0.35)), or motor (0.07 (95% CI: —-0.06 to 0.21))

Table 5 Effects of iodine supplementation during pregnancy on neurocognitive development of infants and children.

Neurocognitive development

Reference lodine supplementation

Infants,n Age Scale Outcomes Main effect(s)
(22) 200 pg Klvs PL 832 6 week NBAS Newborn development NS
399 1 year BSID-IIl  Cognitive, language, and NS, except | expressive

430 2 years

330 5-6 years

(25) I-enriched MV vs MV 44 2 years BSID-III
without |

(35) 150 pg Kl vs PL 53 18 months BSID-III

(33) 300 and 200 pg Kl vs 111 6-18 months BSID-IlI
|-salt

(34) 300 pg Kl vs CO 194 3-18 months BSID-I

BSID-IlI

motor development
Cognitive, language, and
motor development

language score at
1 year in iodine group

WPPSI-IlIl Verbal and performance IQ, NS

performance speed
quotient, and full scale 1Q

Cognitive, language, and NS
motor development
Cogpnitive, language, and NS

motor development
Mental and psychomotor NS
development indices, and
behavior rating scale
Mental and psychomotor
development indices, and
behavior rating scale

1 scores on psychomotor
development index and
behavior rating scale in
iodine group

BSID, Bayley scales of infant development; CO, control; 1Q, intelligence quotient; I-salt, iodised salt; KI, potassium iodide; MV, multivitamin; NBAS,
neonatal behavioral assessment scale; NS,no significant improvements were observed following iodine supplementation. PL, placebo, WPPSI, Wechsler

preschool and primary scale of intelligence.
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ND
ND

Blighted ovum

v

200 pg Klvs PL

(22)

v

Stillbirth, CS, post-term

150 pg Kl vs PL

(35)

induction, GDM, PIH,

pre-eclampsia
Induced abortion

ND
ND

v

|-enriched MV vs MV without |

300 pg Klvs CO

(28)

(34)

CO, control; CS, cesarean section; GDM, gestational diabetes mellitus; G, gastrointestinal; IU, intrauterine; Kl, potassium iodide; MV, multivitamin; NA, not assessed; ND, No differences between

groups; PIH, pregnancy induce hypertension; PL, placebo.
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development in infants of both groups. Only one trial
conducted by Gowachirapant et al. (22) investigated the
effect of iodine supplementation in pregnant women on
the neurodevelopment of children aged 5-6 years using
the Wechsler Preschool and Primary Scale of Intelligence
Third Edition tool. The authors reported that children of
mothers who received iodine had similar scores in verbal
and performance IQ to those that whose mothers did not
receive iodine.

Maternal and neonatal clinical complications
following iodine supplementation
during pregnancy

As presented in Table 6, of the 14 trials included in the
systematic review, 5 reported clinical complications,
such as gastrointestinal side effects, gestational diabetes
mellitus,  pregnancy-induced  hypertension, and
preeclampsia, increased hospital admission, abortion,
stillbirth, intrauterine death, cesarean section, and post-
term induction following the iodine supplementation in
pregnant women. Complications observed in neonates
included premature, low birth weight, admission to
neonatal intensive care unit, and death. Notably, the
frequency of the aforementioned outcomes in pregnant
women and neonates did not differ between the two
groups for various doses of iodine supplementation.

Discussion

The present systematic review, which comprehensively
assessed the potential effects of iodine supplementation
during pregnancy indicated improvement of iodine status
in pregnant women and neonates in most of the trials.
Although the findings of different thyroid parameters
are inconclusive, more consistent evidence reported that
iodine supplementation could prevent the increase in
Tg concentration during pregnancy. A meta-analysis of
available studies showed that iodine supplementation
had no beneficial effects on weight, length, or head
circumference at birth, and on cognitive, language, or
motor development during the first 2 years of life.

Few studies have investigated the benefits of iodine
supplementation before pregnancy. In Spain, pregnant
women who consumed iodized salt for at least 1 year
before pregnancy had significantly higher urinary iodine
levels and smaller thyroid gland size in the 3rd trimester
than women who received 200 or 300 pg iodine during
pregnancy (33). Similarly, in Australia, urinary iodine
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Table 7 Risk of bias assessment for the included trials in the systematic review.
Selection bias
Random sequence Allocation Performance Detection Attrition Reporting Other

Reference generation concealment bias’ bias? bias? bias* bias® Total®
(26) L L L L H L u 5/7
(21) L L H L H H u 3/7
(22) L L L L L u u 5/7
(23) u L H L H L u 3/7
(35) L L H u H L u 3/7
(33) L u H L u u H 2/7
(28) L H H u H L L 3/7
(34) H u H L u u u 177
(24) u u H L u u H 177
(30) u u L u u u H 177
(29) H H u L u u u 177
(27) u u L L u u u 2/7
(31) u u H L L u u 2/7
(32) u u H L L u u 2/7

'Blinding of participants and personnel; 2Blinding of outcome assessors; 3Incomplete outcome data; “Selective reporting; >Anything else, ideally

pre-specified; ®Low on risk of bias.
H, high risk of bias; L, low risk of bias; U, unclear risk of bias.

levels in women who started iodine supplementation
before conception did not decline throughout gestation
period and were within the optimal range, compared
with those who started supplementations following
pregnancy confirmation (37). These findings suggest
that iodine supplementation during preconception
provides satisfactory iodine status and improves thyroid
storage during the pregnancy, with the need for thyroid
hormones increasing substantially. In our systematic
review, no significant changes were observed in maternal
and neonatal thyroid parameters (i.e. T4, FT4, T3, or FT3)
following iodine supplementation during pregnancy.
However, there was more consistent evidence regarding
higher Tg concentration in non-supplemented women,
which reflected thyroid stress to produce adequate thyroid
hormone in response to limited iodine supply (22, 26,
27, 28, 30, 31). These observations agree with those of a
previous meta-analysis, which found no difference in the
likelihood of maternal or neonatal thyroid dysfunction
between pregnant received
supplementation and those in the control group (38).
There is a large body of evidence indicating that
severe iodine deficiency during pregnancy may lead to
adverse effects on birth weight or fetal growth, and iodine
repletion through the administration of iodized oil or salt
significantly improves birth outcomes (39). However, there
is no definitive evidence that iodine repletion in pregnant
women improves growth outcomes. In a meta-analysis
performed by Farebrother et al. iodine supplementation
to treat severe iodine deficiency in pregnant women, on
average, resulted in a 200 g increase in weight and 0.4

women who iodine

cm greater head circumference at birth in infants born
to supplemented women than those born to women in
the control group, but no effect was found in mildly to
moderately iodine-deficient pregnant women (40). In
our meta-analysis, regardless of the degree of maternal
iodine deficiency, there were no differences in birth
weight, length, or head circumference between infants
born to women who received iodine supplementation
during pregnancy and those born to non-supplemented
women. In line with the findings of the current study, in
a recent systematic review and meta-analysis conducted
by Nazeri et al., anthropometric measurements at birth
were not associated with maternal iodine status during
pregnancy (41). However, regarding the lack of trials
on this issue, the interpretation of our results may be
challenging.

Data on the benefits of iodine supplementation
during pregnancy for child neurocognitive development
are still inconclusive. For instance, a study conducted by
Velasco et al. showed a positive effect on psychomotor
scores that was observed in children of mothers who
received 300 pg iodine starting 10 weeks before the
gestation when compared with the control group (34).
Gowachirapant et al. did not report any beneficial
effects but reported some indications of negative effects
on the neurodevelopment of children following iodine
supplementation 14 weeks before the gestation (22).
This discrepancy may be explained by the fact that the
effect of iodine on the neurocognitive development of
children varies at different stages of pregnancy. In a recent
meta-analysis on individual-participants data from three
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A Iodine group Control group
First author (year) SMD (95% CI) N, mean (SD) N, mean (SD) Weight (%)

Velasco I et al. (2009) ] . 0.21(-0.09, 0.52) 133, 3340 (360) 61,3250 (540) 15.90

Hiéronimus S et al. (207T2) -0.44 (-0.88, 0.00) 32,3160 (402) 54,3420 (680) 7.51

Santiago P et al. (2013) -0.40 (-0.82,0.02) 55,3170 (510) 38, 3360 (420) 8.42

Santiago P et al. (2013) -0.32 (-0.77,0.14) 38,3160 (790) 38,3360 (420) 7.17

Zhou ST et al. (2015) 0.20 (-0.31,0.72) 29,3325 (475) 29,3204 (689) 5.51

1
|
1
'
I
'
'
|
T
I
1
'
L
'
'
1
'
1
|
|
|
T
1
|
f

Gowachirapant S ef al. (2017) T -0.11 (-0.28, 0.05) 286, 2980 (440) 296, 3030 (440) 55.49
Overall (I-squared = 52.4%, P =0.062) Q -0.11(-0.23,0.01) 573 516 100.00
i
i
T . T
-1 0 1

Iodine group Control group

First author (year) SMD (95% CI) N, mean (SD) N, mean (SD) Weight (%)
Hiéronimus S ef al (2012) i 0.50 (-0.94,-0.06) 32,48(2) 54,49 (2) 11.64
Zhou SJ et al. (2015) i 0.00 (-0.51,0.51) 29,49 (2) 29,49 (3) 8.65
Gowachirapant S ef al. (2017) _"°_ 0.00 (-0.17,0.17) 261,49 (2) 274,49 (2) 79.72
Overall (I-squared = 53.6%, P=0.116) <Et> -0.06 (-0.21,0.09) 322 357 100.00
T : T
-1 0 1
C Iodine group Control group
First author (year) SMD (95% CI) N, mean (SD) N, mean (SD) Weight (%)

Zhou ST et al. (2015) 0.63(0.10, 1.16) 29,35 (1) 29,34(2) 4181

Gowachirapant S et al. (2017) 0.00 (:0.16,0.16)  287,34(2)  281,34(2) 58.19

Overall (I-squared = 80.1%, P = 0.025) <:> 026(-035,0.88) 316 310 100.00

NOTE: Weights are from random effects analysis

-1

(=}

Figure 2

Standardized mean difference and 95% confidence interval and the pooled estimates for weight (A), length (B), and head
circumference (C) at birth in the iodine-supplemented group compared with the control group. Open diamonds represent the
pooled estimates for anthropometric measures at birth. The solid diamonds represent the point estimate of each study
(horizontal lines represent 95% Cls) and the size of squares is proportional to the percentage weight of each study. The I? values
refer to the statistical heterogeneity of combined studies. SMD, standardized mean difference. A full color version of this figure is
available at https://doi.org/10.1530/EJE-20-0927.
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A Todine group Control group
First author (year) SMD (95% CI) N, mean (SD) N, mean (SD) Weight (%)

Brucker-Davis F et al. (2015) 0.00 (-0.60, 0.60) 19,110 (14) 25,110 (14) 4.99

Zhou SJ et al. (2015) 029 (-0.83,0.25)  27,99(12) 26,102 (8) 6.06

Gowachirapant S et al. (2017) 0.20 (-0.01,0.41)  181,45(5) 180, 44 (5) 41.54
Gowachirapant S er al. (2017) 0.00 (-0.19, 0.19) 208, 63 (5) 202, 63 (6) 47.41

Overall (I-squared =20.9%, P = 0.285) 0.07 (-0.07, 0.20) 435 433 100.00

ot

Iodine group Control group
B First author (year) SMD (95% CI) N, mean (SD) N, mean (SD) Weight (%)

Brucker-Davis F et al. (2015) 0.33(-0.27,0.93) 19,104 (12) 25,100(12) 14.41

Zhou SJ et al. (2015) -0.08 (-0.62, 0.46) 27,97 (12) 26,98 (12) 16.54

Gowachirapant S ez al. (2017) -0.17 (-0.37,0.04) 181,29 (6)  178,30(6)  34.22

Gowachirapant S et al. (2017) 0.25(0.05,0.45) 203,55(8) 196,53 (8) 34.84

Overall (I-squared = 67.5%, P = 0.026) <

0.06 (-0.22, 0.35) 430 425 100.00

NOTE: Weights are from random effects analysis

T
-1

Iodine group Control group

C First author (year) SMD (95% CI) N, mean (SD) N, mean (SD) Weight (%)

Brucker-Davis F ef al. (2015) 0.00 (-0.60,0.60)  19,110(7)  25,110(10)  5.06

Zhou ST et al. (2015) 0.19(-035,0.73)  27,94(11)  26,92(10)  6.18

Gowachirapant S et al. (2017) I 0.14 (-0.06, 0.35) 180, 74 (7) 178,73 (7) 41.81

Gowachirapant S ef al. (2017) 0.00 (-0.20,020) 202,96 (8)  199,96(7)  46.95

'
'
Overall (I-squared =0.0%, P =0.751) < ' 0.07 (-0.06, 0.21) 428 428 100.00
1
'
'
I
'
'
'
'
0

Figure 3

Standardized mean difference and 95% confidence interval and the pooled estimates for cognitive (A), language (B), and motor (C)
development during infancy in the iodine-supplemented group compared with the control group. Open diamonds represent the
pooled estimates for neurodevelopment outcomes during infancy. The solid diamonds represent the point estimate of each study
(horizontal lines represent 95% Cls) and the size of squares is proportional to the percentage weight of each study. The 12 values
refer to the statistical heterogeneity of combined studies. SMD, standardized mean difference. A full color version of this figure is
available at https://doi.org/10.1530/EJE-20-0927.
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cohorts, lower maternal iodine status during pregnancy
was associated with lower child verbal IQ up until the start
of the 2nd trimester (42). However, in this meta-analysis,
iodine supplementation of mildly iodine-deficient
pregnant women had no clear benefit on neurocognitive
outcomes during infancy, which may be attributed to the
physiological adaption of pregnant women to low intake
of iodine to maintain fetal thyroid hormones at a normal
level for in utero development.

The main strengths of this study were considering a
broad range of outcomes of pregnant women and their
neonates, and conducting meta-analysis on birth growth
status and neurocognitive development in infants.
However, given the limited number of available studies,
the research team could not conduct a subgroup-analysis
based on the degree of iodine deficiency at baseline. This
limitation also made us unable to perform statistical tests
for publication bias because if less than ten studies are
included, the power of the test is low.

Conclusion

A systematic review of trials conducted over the past 3
decades indicated that iodine supplementation during
pregnancy could improve iodine status in pregnant
women and their neonates; however, the impact of
iodine administration on maternal and neonatal
thyroid parameters is not clear. According to our meta-
analysis, there was no evidence of improved growth or
neurodevelopmental outcomes in infants of iodine-
supplemented mothers. The lack of beneficial effects of
iodine supplements can be attributed to many factors: i)
late administration of iodine supplementation, given the
increasing evidence on the importance of preconception
supplementation, (ii) the physiologic response to iodine
repletion, which may be different depending upon the
degree of iodine deficiency before treatment, and (iii) as
evidence resulted from trials is not sufficient, drawing
definitive conclusions may be difficult, particularly
when considering trials on infant/child growth status
and neurocognitive  development. = Well-designed
randomized controlled trials with special emphasis on
the aforementioned points are warranted. Also, more data
are needed to determine optimal and safe upper limits of
iodine supplementation in pregnant women and assess
the potential risks of chronic high iodine intake during
pregnancy.

lodine supplementation during
pregnancy
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