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Abbreviations
FT3  Free-Triiodothyronine
FT4  Free-thyroxine
IQ  Intelligence Quotient
KI  Potassium-Iodide
RCT  Randomized-Controlled Trial
Tg  Thyroglobulin
TPO  Thyroperoxidase
TSH  Thyroid-Stimulating Hormone
UI  Urinary iodine
UIC  Urinary Iodine Concentration

1 Introduction

Iodine is an essential trace element required for the synthe-
sis of thyroid hormones [1, 2]. During pregnancy, a greater 
iodine intake is needed due to an increase in maternal thyroid 
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Abstract
Iodine	supplementation	during	pregnancy	in	areas	with	mild-moderate	deficiency	is	still	a	matter	of	debate.	The	present	
study aimed at systematically reviewing currently available evidences provided by meta-analyses with the aim to further 
clarify controversial aspects regarding the need of iodine supplementation in pregnancy as well as to provide guidance 
on	 clinical	 decision-making,	 even	 in	 areas	with	mild-moderate	 deficiency.	Medline,	Embase	 and	Cochrane	 search	 from	
1969 to 2022 were performed. For the purpose of this review, only studies containing meta-analytic data were selected. A 
total of 7 meta-analyses were retrieved. Four meta-analyses evaluated the relationship between iodine status during preg-
nancy and neonatal and maternal outcomes suggesting the existence of a U-shaped correlation between iodine status and 
several maternal and neonatal consequences, especially if iodine status is evaluated at the beginning of pregnancy. Three 
meta-analyses	 evaluating	 the	 results	 of	 intervention	 trials	 failed	 to	 provide	 straightforward	 conclusions	 on	 the	 benefits	
of	iodine	supplementation	in	pregnant	women	in	areas	with	mild-moderate	iodine	deficiency.	Although	evidence	coming	
from meta-analyses suggests a role of iodine status during pregnancy in determining maternal and child outcomes, results 
of	meta-analyses	of	 intervention	 trials	 are	 still	 controversial.	Several	 factors	 including,	degree	of	 iodine	deficiency,	 and	
pooling	 studies	 conducted	 in	 areas	with	different	 iodine	 intake,	may	 account	 for	 the	 lack	of	 benefits	 reported	by	meta-
analyses of intervention trials. More high-quality, randomized, controlled trials including information on timing, dose and 
regimen of iodine supplementation are needed to further elucidate this issue.

Keywords Iodine · Thyroid · Pregnancy · Hypothyroidism · Autoimmunity · Meta-analyses

Accepted: 29 September 2022
© The Author(s) 2022

Iodine status and supplementation in pregnancy: an overview of the 
evidence provided by meta-analyses

Laura Croce1,2  · Luca Chiovato1,2  · Massimo Tonacchera3  · Elena Petrosino1,2 · Maria Laura Tanda4  · 
Mariacarla Moleti5  · Flavia Magri1,2  · Antonella Olivieri6  · Elizabeth N. Pearce7  · Mario Rotondi1,2

1 3

http://orcid.org/0000-0001-7668-8276
http://orcid.org/0000-0001-7457-7353
http://orcid.org/0000-0001-5431-5823
http://orcid.org/0000-0001-7551-1751
http://orcid.org/0000-0002-8686-1615
http://orcid.org/0000-0003-4846-9847
http://orcid.org/0000-0002-7565-4370
http://orcid.org/0000-0003-3799-0354
http://orcid.org/0000-0001-6464-2334
http://crossmark.crossref.org/dialog/?doi=10.1007/s11154-022-09760-7&domain=pdf&date_stamp=2022-10-12


Reviews in Endocrine and Metabolic Disorders

hormone synthesis, iodine transfer to the fetus, and greater 
urinary	iodine	loss	due	to	an	increased	glomerular	filtration	
rate [3].	Severe	iodine	deficiency	and,	consequently,	 inad-
equate iodine availability for the fetus during pregnancy 
cause impaired thyroid hormone synthesis, resulting in an 
increased risk of maternal goiter, fetal goiter, growth retar-
dation and brain damage [4–6].

Even	 in	 countries	 where	 effective	 salt	 iodization	 pro-
grams are established, several studies indicate that pregnant 
and lactating women may be at high risk of having inad-
equate iodine levels [7, 8]. Since iodized salt may not be 
a	sufficient	source	of	iodine	to	meet	the	minimum	require-
ments of this vulnerable group, several international author-
ities recommend a daily supplement of 150 µg of iodine 
for pregnant and lactating women. While in countries with 
severe	iodine	deficiency	(defined	according	to	WHO,	by	a	
median Urinary Iodine Concentration in school-aged chil-
dren lower than 20 µg/L[9]) the implementation of iodine 
supplementation clearly improves clinical outcomes [10], 
studies	 in	 areas	 of	 moderate	 or	 mild	 deficiency	 (with	 a	
median UIC between 20 and 49 µg/L and between 50 and 
99 µg/L, respectively[9]), led to inconclusive results. Over-
all,	the	consequences	of	mild-to-moderate	iodine	deficiency	
during pregnancy on fetal development are less clear, since 
there is a great variability in the results of available studies. 
While some studies suggest that mild to moderate iodine 
deficiency	 could	 impair	 child	 neurodevelopment	 [11–16], 
other	 investigations	 failed	 to	 demonstrate	 negative	 effects	
[17, 18]. Similar discrepancies emerge when evaluating 
intervention trials [19].	Differences	in	results	between	trials	
may	be	due	 to	methodological	 differences	 (e.g.,	measure-
ment of iodine status, selected reference group, and avail-
able	data	on	confounders),	the	different	outcomes	taken	into	
account, the age at assessment of the neurodevelopmen-
tal outcome of interest, the timing of the iodine measure-
ments,	and	the	relative	severity	of	iodine	deficiency	in	the	
population.

Moreover, recent evidence suggests that excessive iodine 
intake could be detrimental both for maternal thyroid status 
or for pregnancy outcomes [18, 20–22].

Due to the relevant number of retrospective cohort stud-
ies	and	clinical	trials	on	the	effects	of	iodine	supplementa-
tion in pregnancy, several meta-analyses attempted to clarify 
the current state of art, but questions remain unanswered. 
The present study collected and systematically reviewed 
currently available data from meta-analyses with the aim to 
clarify controversial aspects regarding the multifaceted role 
of iodine in pregnancy as well as to provide guidance on 
clinical decision-making.

2 Materials and methods

A comprehensive narrative review was performed. We 
searched for relevant literature using Medline, Embase 
and Cochrane search and including the following terms: 
(“iodine“[MeSH Terms] OR (“iodine“[All Fields]) AND 
(“pregnancy”	 [MeSH	Terms]	OR	“pregnancy”[All	fields])	
AND (“Meta-analysis” [MeSH Terms] OR “Meta-analy-
sis”	[All	fields]).	Publications	from	1969	up	to	2022	were	
included. For the purpose of this review, only studies con-
taining meta-analytic data were selected. Nine meta-anal-
yses meeting the required selection criteria were found 
[23–31]. One study [31] was excluded due to the absence of 
meta-analytic data on pregnancy, and another one [30] was 
excluded due to the unrelated topic (risk related to exposure 
to iodine-rich contrast medium during pregnancy). In the 
final	 analysis	 seven	paper	were	 included	 (as	 illustrated	 in	
Fig. 1).

3 Relationship between iodine status and 
pregnancy or neonatal outcomes

In	 the	 last	 eight	 years,	 four	 different	 meta-analyses	 have	
evaluated relationships between iodine status during preg-
nancy and neonatal and maternal outcomes [23–26] and were 
selected for the purpose of the present review. Although the 
topic	of	these	four	studies	is	similar,	significant	differences	
both	in	the	evaluated	outcomes	as	well	as	in	the	classifica-
tion	of	iodine	status	account	for	striking	differences	in	the	
results obtained, as summarized in Table 1.

First,	the	four	different	studies	used	different	thresholds	
and measurement methods for urinary iodine concentration 
(UIC)	in	pregnant	women.	To	define	iodine	deficiency,	the	
2016 and the 2020 meta-analyses both by Nazeri et al. [23, 
24] evaluated Urinary Iodine Concentration (UIC) during 
pregnancy using the recommended WHO thresholds of 
UICs	lower	than	150	µg/L	to	define	iodine	deficiency.	The	
2016 meta-analysis also included lactating women, using 
less than 100 µg/L as an UIC threshold. The meta-analysis 
by Levie et al. [25] included three prospective cohort stud-
ies	in	which	maternal	iodine	status	was	defined	as	deficient	
if the UIC/creatinine was < 150 µg/g, optimal if it was 150 
to 500 µg/g, and excessive if it was > 500 µg/g. Finally, the 
meta-analysis by Wan et al. was limited to studies performed 
in China and it evaluated only the predictive value of having 
a UIC above or below 500 µg/L iodine for development of 
fetal and maternal adverse events [26].

A	second	important	difference	between	the	four	studies	
stems	 from	 different	 outcomes	 evaluated	 by	 each	 meta-
analysis. The 2016 meta-analysis by Nazeri et al., evaluated 
the associations between pregnancy and post-partum UIC 
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values and several neonatal outcomes, including neonatal 
TSH as assessed by heel punch and cord blood samples. 
The	2019	meta-analysis	by	Levie	et	al.	evaluated	offspring	
neurodevelopment assessed by verbal and non-verbal Intel-
ligence Quotient (IQ) testing at a median 1.5 to 8.6 years 
of age. The 2020 meta-analysis by Nazeri et al. considered 
growth parameters at birth, including birth weight, length, 
and head circumference. Lastly, the study by Wan et al. con-
sidered maternal TSH and anti-thyroperoxidase (TPO) and 
anti-thyroglobulin (Tg) antibody positivity as their main 
outcome.

These	differences	clearly	impact	the	conclusions	reached	
by	the	meta-analyses.	The	first	meta-analysis	by	Nazeri	et	al.	

demonstrated that while there was no correlation between 
maternal iodine status and neonatal TSH evaluated in heel 
blood	samples,	cord	blood	TSH	was	significantly	higher	in	
newborns	of	iodine-deficient	mothers	when	compared	with	
children of mothers with adequate iodine levels. The authors 
concluded that cord blood TSH was a more sensitive param-
eter for evaluating maternal iodine status when compared 
with heel blood TSH. The meta-analysis by Levie et al. 
showed a non-linear correlation between the maternal UI/
creatinine	ratio	and	mean	verbal	IQ	of	offspring,	while	no	
correlation	was	observed	with	non-verbal	IQ.	Stratification	
of data according to the timing of measurement of UI/creati-
nine ratio revealed that only values assessed before the 14th 

Author N. of included 
papers

Maternal/Neona-
tal outcomes

Evaluation of Iodine 
status

Results

Nazeri et 
al.[22]

11 on birth 
weight
7 on birth length
5 on head 
circumference

growth parame-
ters at birth (birth 
weight, birth 
length and head 
circumference)

Maternal UIC (< 150 
vs. > = 150 µg/L)

no	significant	association	
between maternal UIC and 
growth parameters at birth

Levie et 
al.[24]

3 prospective 
population-based 
birth
cohorts

nonverbal IQ, 
verbal IQ (evalu-
ated at 1.5 to 8 
years of age)

Maternal	UI/Creat	(defi-
ciency < 150 µg/g, nor-
mality 150 to 500 µg/g, 
excess ≥ 500 µg/g)

positive association of UI/
Creat with mean verbal IQ, 
up to 14 weeks of gestation

Nazeri et 
al.[23]

11 studies for 
heel blood
10 studies for 
cord blood

Neonatal TSH 
(heel or cord 
sampling)

Maternal UIC during 
pregnancy (< 150 µg/L 
for	iodine	deficiency.)
Maternal UIC in early 
postpartum (< 100 µg/L 
for	iodine	deficiency)

No correlation between 
maternal iodine status and 
neonatal heel blood TSH
Higher neonatal cord blood 
TSH	in	iodine	deficient	
mothers (both during preg-
nancy and post-partum)

Wan et 
al.[25]

5 studies in preg-
nant women

Maternal TPO Ab 
and Tg Ab positiv-
ity, Maternal TSH

Excess iodine status 
(UIC > = 500 µg/L) vs. 
normal (UIC < 500 µg/L)

Higher rates of TgAb and 
TPO Ab positivity in pregnant 
women with excess iodine. 
Higher TSH in pregnant 
women with excess iodine.

Table 1 Summary of meta-
analyzes regarding the relation-
ship between Iodine status and 
pregnancy or neonatal outcomes

Abbreviations: IQ -Intelligence 
Quotient; TPO Ab – Anti-Thy-
roperoxidase Antibodies; Tg Ab- 
Anti-Thyroglobulin Antibodies; 
TSH -Thyroid-Stimulating 
Hormone; UI -Urinary iodine, 
UIC -Urinary Iodine Concentra-
tion, UI/Creat - Urinary iodine/
creatinine ratio
WHO	definition	of	Iodine	
Status:	severe	iodine	deficiency	
UIC < 20 µg/L, moderate iodine 
deficiency	UIC	20–49	µg/L,	
mild	iodine	deficiency	UIC	
50–99 µg/L, excess iodine 
UIC > 500 µg/L

 

Fig. 1	 flow-chart	summarizing	
the systematic review research 
process
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birth, elevation of serum TPO antibodies during pregnancy 
and post-partum, and digestive intolerance for iodine. For 
newborns, the main outcomes were perinatal mortality, 
low birthweight, neonatal thyroid dysfunction and neo-
natal elevation of anti TPO antibodies. The meta-analysis 
showed that maternal iodine supplementation decreased the 
likelihood of postpartum hyperthyroidism/thyrotoxicosis by 
68%, although these data were derived from three low-qual-
ity trials. The only other maternal outcome for which a sta-
tistically	significant	difference	was	observed	was	digestive	
intolerance: pregnant women taking iodine supplementation 
were 15 times more likely to experience digestive discom-
fort, although these results came from a single trial in 76 
women,	again	with	very	 low-quality	evidence.	No	signifi-
cant	differences	between	iodine-supplemented	mothers	and	
placebo-treated ones could be found for any of the other 
outcomes.	As	for	 the	neonatal	outcomes,	a	non-significant	
trend towards a 34% reduction in neonatal mortality was 
observed in children of iodine-supplemented mothers, but it 
should be noted that all perinatal deaths occurred in a single 
trial	performed	in	a	severely	iodine	deficient	area.	For	all	the	
other	neonatal	outcomes,	no	statistically	significant	findings	
were found. The authors concluded that there were insuf-
ficient	data	to	reach	any	meaningful	conclusions	on	the	ben-
efits	and	harms	of	routine	iodine	supplementation	in	women	
before, during or after pregnancy, due to the low quality of 
available	 trials.	 The	 authors	 further	 specified	 that	 it	 may	
be unethical to compare iodine to placebo or no treatment 
in	severely	 iodine	deficient	settings	and	that	 trials	may	be	
unfeasible in settings where pregnant and lactating women 
commonly take iodine-containing prenatal supplements.

More recently, two other meta-analyses attempted to 
summarize	findings	of	randomized	clinical	 trials	of	 iodine	
supplementation, with similarly inconclusive results. The 
meta-analysis by Dineva et al., [29] aimed to evaluate the 
effects	 of	 iodine	 supplementation	 in	mildly-to-moderately	
deficient	 pregnant	women	 on	maternal	 and	 infant	 thyroid	
function and child cognition. Thirty-seven studies were 
included, although only three were eligible for the meta-
analysis.	A	 first	meta-analysis	 included	 two	Randomized-
Controlled Trials (RCTs) which administered 200–225 µg 
Iodine per	 day	 starting	 in	 the	first	 trimester,	 and	assessed	
maternal TSH and FT4 values in the second and third tri-
mesters [32, 33]. The iodine-supplemented women had 
lower TSH levels when compared with placebo-treated 
ones in both the second and the third trimester, while FT4 
was	significantly	lower	among	supplemented	women	only	
in the third trimester. Moreover, median Tg during both the 
second	and	the	third	trimester	was	significantly	lower	in	the	
iodine group than in the placebo group. However, the low 
quality of included studies rendered the results of this meta-
analysis non-generalizable.

gestational week were related to verbal IQ, with no associa-
tions when samples were obtained later in pregnancy. These 
data	highlight	that	the	events	of	the	first	weeks	of	pregnancy	
are essential in determining fetal brain development. These 
results are particularly relevant since the model employed 
was	adjusted	for	multiple	variables	that	are	known	to	influ-
ence neurodevelopment, including gestational age, child 
sex, maternal ethnicity/country of birth, maternal education, 
parity, maternal age, pre-pregnancy body mass index, and 
smoking during pregnancy. The 2020 meta-analysis by Naz-
eri et al. failed to show any association between UIC and 
growth parameters at birth (birth weight, birth length and 
head circumference). The analysis by Wan et al. showed that 
excessive iodine levels in pregnant women were associated 
with	a	 significant	 increase	 in	 the	 rate	of	anti-Tg	and	anti-
TPO antibody positivity. Moreover, TSH levels tended to 
be higher in women with UIC > 500 µg/L as compared to 
women with lower UIC levels.

4 Intervention trials with iodine 
supplementation in pregnant women

The abundance of observational data regarding the possible 
detrimental	 effects	 of	 maternal	 iodine	 deficiency	 on	 neu-
rological development prompted several investigators to 
design	prospective	randomized	trials	to	assess	the	benefits	
of iodine supplementation during pregnancy. Owing major 
discrepancies in the results provided by these trials, more 
recently, several meta-analyses have tried to draw more 
definitive	 conclusions	 (Table	 2). It should be noted that 
although several systematic reviews have been published, 
in many cases meta-analysis of studies of iodine supple-
mentation in pregnancy was not considered feasible due to 
heterogeneity of both study selection criteria and lack of 
controlled trials examining outcomes of interest.

The most comprehensive meta-analysis is represented by 
the 2017 Cochrane systematic review performed by Hard-
ing et al. [28],	which	was	specifically	aimed	at	assessing	the	
benefits	and	harms	of	 iodine	supplementation,	alone	or	 in	
combination with other vitamins and minerals, for women in 
the preconception, pregnancy or postpartum period on their 
and	 their	 children’s	outcomes.	The	final	analysis	 included	
eleven trials involving over 2,700 women. Since a high level 
of heterogeneity among trials was expected by the authors, 
due	to	differences	in	iodine	supplement	formulations,	doses,	
and duration or timing of interventions, the results were 
pooled	 using	 random-effects	 models	 and	 interpretation	
was very cautious. The authors considered a wide range of 
maternal and neonatal outcomes. For the mothers, the main 
outcomes were maternal hypothyroidism or hyperthyroid-
ism during pregnancy and the post-partum period, preterm 

1 3



Reviews in Endocrine and Metabolic Disorders

for iodine supplementation during pregnancy in areas with 
mild-to-moderate	iodine	deficiency.

Finally, another very recent meta-analysis by Nazeri et 
al. [27]	aimed	to	provide	comprehensive	data	on	the	effects	
of iodine supplementation in pregnancy, and to investi-
gate	 potential	 benefits	 for	 infant	 growth	 and	 neurocogni-
tive development. The meta-analytic portion of the paper 
included	five	RCTs	and	evaluated	only	child	outcomes	[32, 
34–37].	The	results	of	the	analysis	failed	to	show	any	differ-
ences in neonatal weight, length, and head circumference at 
birth, or in cognitive language or motor development during 
the	first	2	years	of	life	in	infants	between	the	iodine-supple-
mented and control groups.

As for child neurodevelopmental outcomes, the authors 
were able to perform a meta-analysis on only two RCTs 
that were comparable in study design, since they both 
administered iodine as potassium-iodide (KI) tablets in a 
similar dosage from early pregnancy until delivery, used a 
placebo as the control treatment, assessed child cognition 
using the same cognitive tool (Bayley scales), and children 
were tested at similar ages (1.5 or 2 y) [32, 34]. The analy-
sis	 showed	no	 effect	of	 iodine	 supplementation	 compared	
with placebo on child cognitive, language, or motor scores. 
It should be highlighted that one of the two trials consid-
ered by the authors was aborted earlier than planned due 
to funding withdrawal and was substantially underpowered 
[34].	 The	meta-analysis	 concluded	 that	 there	was	 insuffi-
cient good-quality evidence to support recommendations 

Author Evalua-
tion of iodine 
supplementation

N. 
included 
trials

Maternal/Neonatal Outcomes Results

Hard-
ing et 
al.[27]

injected or oral 
iodine supple-
mentation during 
preconception, 
pregnancy (PR) 
and postpartum 
(PP) vs. placebo/
no treatment

1 (PR) -3 
(PP)

maternal 
primary 
outcomes

Hypothy-
roidism (in 
pregnancy/post 
partum)

no	difference

2 Preterm birth no	difference
1 (PR) -3 
(PP)

Elevated 
TPOAb

no	difference

1 (PR) -3 
(PP)

Hyperthy-
roidism (in 
pregnancy/post 
partum)

68% reduction in postpartum 
hyperthyroidism,	no	differ-
ences in pregnancy

1 Digestive 
intolerance

digestive intolerance increased 
15 times compared to placebo

1 infant 
primary 
outcomes

Perinatal 
mortality

trend lower perinatal mortality, 
not	significant

2 Low birth-
weight 
(< 2500 g)

no	difference

1 Neonatal hypo-
thyroidism or 
elevated TSH

No	difference

1 Neonatal 
adverse	effect:	
elevated 
TPOAb

no	difference

Dineva 
et 
al.[28]

Supplementa-
tion vs. no 
supplementation 
in mildly-to-mod-
erately	deficient	
women (UIC: 
50–149 µg/L)

2 maternal thyroid func-
tion (TSH; FT4) during 
pregnancy (second and third 
trimester)

Lower TSH in second and third 
trimester in treated women. 
Lower FT4 only in third tri-
mester in treated women.

2 Children neurodevelopment 
(Bayley scores)

no	effect	of	iodine	supplemen-
tation compared with placebo 
on child cognitive, language, 
or motor scores.

Nazeri et 
al.[26]

Any supplementa-
tion vs. no supple-
mentation during 
pregnancy

5 Newborn weight No	difference
3 Newborn length No	difference
2 Newborn Head 

circumference
No	difference

3 Cognitive development No	difference
3 Language development No	difference
3 Motor development No	difference

Table 2 Summary of meta-ana-
lyzes regarding intervention trials 
with iodine supplementation in 
pregnant women

Abbreviations: TPO Ab – Anti-
Thyroperoxidase Antibodies; 
TSH -Thyroid-Stimulating 
Hormone; UIC -Urinary Iodine 
Concentration, FT4 - Free-
thyroxine
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As a second point, the available epidemiological studies 
and clinical trials are extremely variable in terms of study 
design.	 First,	 no	 standard	 definition	 of	 iodine	 deficiency	
during pregnancy is available, and the lack of a common 
nomenclature	makes	the	comparison	across	studies	difficult,	
if not impossible. Indeed, while on a population basis a UIC 
threshold of 150 mcg/L of is conventionally used, this value 
is not applicable to the individual due to extremely variable 
within-day	and	between-	day	UIC	levels,	reflecting	shifting	
hydration status and episodic iodine intake [41]. Even when 
UIC measurement is performed on 24 h urine collections 
its values are prone to collection and methodological errors 
[42]. Assessing iodine concentrations in cord blood, pla-
centa	or	amniotic	fluid	could	lead,	at	least	theoretically,	to	
a more precise assessment of the iodine status of the fetus. 
Indeed, while UIC is the results of both maternal and fetal 
iodine status, the direct assessment of iodine in cord blood 
and	amniotic	fluid	could	be	more	indicative	of	the	status	of	
the fetus only, due to the role of the placenta as a storage 
organ for iodine[43]. These data could show a more evident 
correlation	between	the	amount	of	iodine	that	is	effectively	
available for the developing fetus and the neurological 
development outcomes. The few available reports suggest 
that while cord blood iodine levels are closely related with 
maternal plasma iodine levels [44],	 amniotic	 fluid	 iodine	
levels are not correlated with cord blood iodine, with very 
wide inter-individual variations[45]. Also placental iodine 
levels have been proposed as a long-term biomarker of ges-
tational iodine load [46]. Unfortunately, these alternatives 
to UIC are all rather invasive and costly and no validation 
studies have been performed yet, making them not feasible 
for iodine status monitoring in pregnancy at least at the 
moment.

A further aspect stems from the timing of UIC assess-
ment. Indeed, UIC levels vary considerably during preg-
nancy,	with	 a	 transient	 increase	 in	UIC	 levels	 in	 the	 first	
trimester due to increased renal iodine clearance and 
reduced UIC in late pregnancy due to depletion of intra-
thyroidal iodine stores, as well as to the iodine shift from the 
maternal circulation to the growing fetal-placental unit [47]. 
The timing of UIC sampling can thus profoundly impact 
data interpretation.

Although some studies try to adjust for variations in glo-
merular	filtration	rate	using	the	UIC/creatinine	ratio,	this	is	
not universally used in epidemiological studies on iodine 
deficiency	[48]. Further inconsistencies derive from the fact 
that some studies have evaluated only maternal iodine sta-
tus, while other studies have also evaluated the iodine status 
of	the	offspring.

Substantial variability is also present in terms of the out-
comes evaluated in the various studies. While some studies 
have evaluated maternal outcomes (such as thyroid function 

5 Discussion

One hundred years have passed since the initiation of iodine 
supplementation in the United States and in Switzerland 
[38]. Over the past century, salt iodization has led to the suc-
cessful eradication of endemic cretinism and severe iodine 
deficiency	in	most	countries	all	over	the	world.	It	would	be	
expected that univocal evidence should support the role of 
iodine and iodine supplementation during pregnancy. Meta-
analyses are considered among the most valuable tools to 
inform decision-making in the context of evidence based 
medicine [39]. The fact that the meta-analyses published 
so far failed to provide a clear and unifying message, even 
if	much	 effort	was	put	 in	 the	 last	 years	 in	producing	 evi-
dence on this topic, is rather surprising. Indeed, while some 
correlation between iodine status and maternal or neonatal 
outcomes emerges from epidemiological meta-analyses, no 
effect	of	 iodine	 supplementation	 in	mildly	deficient	 coun-
tries is evidenced by meta-analyses of intervention trials. 
A direct consequence of this lack of congruence is that sur-
prisingly no clear consensus is available regarding the real 
advantages of iodine supplementation during pregnancy 
[40]. Some possible explanation can be envisaged for this 
lack of straightforward evidence.

The	first	and	most	important	problem	resides	in	the	fact	
that most studies are currently performed in countries which 
are	 only	mildly	 to	moderately	 iodine-deficient.	While	 the	
damage	 due	 to	 severe	 iodine	 deficiency	 is	 undoubtable,	
any	 neurological	 consequences	 of	 moderate	 iodine	 defi-
ciency are likely more subtle and the commonly used out-
comes	may	be	insensitive	to	small	differences.	The	lack	of	
observed	 effects	 after	 iodine	 supplementation	 in	 random-
ized clinical trials is probably due to the fact that the dif-
ferences between treated and non-treated subjects are rather 
small in populations where iodine is widespread (in iodized 
salt, in processed food and in prenatal multivitamins). On 
the other hand, performing placebo-controlled clinical trials 
in	countries	where	severe	iodine	deficiency	is	still	a	reality	
(where we could expect to observe more evident results) is 
not considered ethically acceptable [28]. Another factor that 
could further increase the discrepancies is that almost all of 
these	meta-analyses	mix	studies	conducted	in	iodine-suffi-
cient areas with studies conducted in mildly and moderately 
iodine-deficient	areas.	Only	the	meta-analysis	by	Nazeri	et	
al. [23] does not combine studies coming from areas with 
different	iodine	status.	This	mixing	could	be			responsible	for	
a	sort	of	“dilution	effect”.	In	other	words,	the	positive	effect	
of iodine supplementation, which is expected to be more 
evident	 in	moderately	 iodine-deficient	 areas,	 is	diluted	by	
the	minimal	effect	in	slightly	iodine-deficient	areas	and	by	
the	lack	of	any	effect	in	iodine-sufficient	areas.
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the early post-iodization increase in thyroid antibody posi-
tivity is usually transient and not clinically relevant, and the 
prevalence of overt thyroid dysfunction does not increase in 
the long-term. If the population median UIC does not exceed 
the threshold of 300 µg/L, commonly used for indicating 
iodine-excess, iodine supplementation appears to be safe, 
with	benefits	largely	outweighing	the	risk	of	an	increase	in	
thyroid autoimmunity[51].

In conclusion, the four meta-analyses, which have evalu-
ated epidemiological studies on iodine status, suggest that 
there is a probable correlation between iodine status and 
several maternal and neonatal outcomes. It is likely that 
a U-shaped relation exists between UIC and both the risk 
for maternal thyroid function alterations and children neu-
rological outcomes. Evaluating UIC at the beginning of 
pregnancy appears to be the most valuable strategy. On the 
other hand, even if it seems reasonable to state that iodine 
supplementation	during	pregnancy	might	be	beneficial,	the	
meta-analyses that took into account the results provided 
by intervention trials, failed to provide a straightforward 
conclusion.

However, it is important remembering that there is no 
controversy about the importance of preventing severe 
iodine	deficiency	in	pregnancy.	Although	performed	before	
the advent of modern clinical trial strategies, early supple-
mentation campaigns, as well as studies performed in the 
1960 and 1970 s conclusively demonstrated that iodine 
supplementation	in	severely	deficient	regions,	can	prevent	
cretinism [52]. The need and modalities of iodine supple-
mentation	during	pregnancy	 in	moderately	or	mildly	defi-
cient areas remains, instead, still a matter of debate.

To strengthen the evidence supporting iodine supple-
mentation in pregnancy, future trials will need to have the 
following characteristics i) a randomized-controlled study 
design ii)collection of precise information on timing, dosing 
and formulation of iodine supplementation iii) evaluation of 
the baseline iodine status of the included population, pos-
sibly using alternatives to UIC iv) inclusion of information 
on	possible	confounders	that	can	impact	the	offspring	neu-
rological outcomes (such as maternal education or exposure 
to environmental pollutants) v) follow-up information on 
children neurological development that extends beyond the 
neonatal period.

In	 the	 absence	 of	 definitive	 data	 coming	 from	 meta-
analyses, it should be reminded that the current ATA guide-
lines recommend to start low-dose iodine supplements, 
optimally 3 months prior to pregnancy in women living in 
regions	of	known	mild	to	moderate	iodine	deficiency	[53]. 
In light of the available evidence, a feasible approach would 
be to recommend to all pregnant women to regularly con-
sume iodized salt in their diet, adding an oral supplement of 
150 µg per day of iodine, in the form of potassium iodide, 

or obstetric complications), others also consider the neona-
tal ones (such as growth parameters, neurological alterations 
and	infant	thyroid	function).	In	assessing	offspring,	timing	
of	evaluation	has	differed	widely,	since	some	studies	assess	
outcomes at birth, while other studies include also evalua-
tions later in life. It is worth noting that the meta-analysis 
by Levie et al. the only one evaluating child outcomes at 
older ages, demonstrated a non-linear association between 
maternal urinary iodine and complex child neurological 
function,	i.e.	verbal	IQ.	This	finding	is	particularly	relevant	
since this is the only meta-analysis to date that has adjusted 
for multiple confounding factors that may impact neurologi-
cal development.

The timing of outcome evaluation plays an even more 
relevant role in the intervention trials. Indeed, it is highly 
probable	that	the	lack	of	any	observed	effect	in	existing	tri-
als	is	in	part	due	to	the	evaluation	of	neurological	effects	too	
early in the life of the studied children. The consequences 
of	moderate	iodine	deficiency	are	best	assessed	later	in	life	
(at least 5 years of age), when more advanced neurological 
skills can be assessed (such as language and mathematical 
abilities)[49], but many trials cannot follow patients for so 
many years. Another issue particularly relevant for inter-
vention trials is the timing of iodine supplementation. Most 
of the evaluated intervention trials started iodine supple-
mentation at varying times after the beginning of pregnancy, 
while only two small trials evaluated supplementation when 
initiated pre-conception. It is biologically plausible that pre-
conception	 supplementation	 is	more	 beneficial	 than	 start-
ing	 supplements	 during	 gestation,	 but	 more	 specifically	
designed trials are needed to assess this issue.

Finally, there is likely a relatively narrow window for 
optimal iodine status in pregnancy, with excess as well as 
inadequate	intakes	having	the	potential	 to	adversely	affect	
maternal thyroid function and child neurological develop-
ment. Indeed, it is probable that there is a U-shaped asso-
ciation between maternal iodine status and neurological 
consequences. This U-shaped association was demonstrated 
by	Levie	et	al.	regarding	neurological	outcomes	of	offspring.	
Also the meta-analysis of Wan et al. although limited to the 
evaluation of the risk related with excess iodine, indirectly 
supports the need for avoiding over-supplementation. The 
non-monotonic nature of the relationship between iodine 
status	and	clinical	outcomes	further	increases	the	difficulty	
in data interpretation, given the lack of a simple linear 
threshold	for	defining	iodine	deficiency.

The	reason	underlying	the	detrimental	effect	of	excessive	
iodine exposure during pregnancy on neurological outcomes 
could reside in the increase in the incidence of thyroid auto-
immunity that is sometimes observed after implementation 
of	 iodine-supplementation	 programs	 in	 iodine-deficient	
countries [50]. Nevertheless, it should be acknowledged that 

1 3



Reviews in Endocrine and Metabolic Disorders

7. Andersson M, Aeberli I, Wüst N, Piacenza AM, Bucher T, Hen-
schen I, et al. The Swiss iodized salt program provides adequate 
iodine for school children and pregnant women, but weaning 
infants not receiving iodine-containing complementary foods as 
well	as	their	mothers	are	iodine	deficient.	J	Clin	Endocrinol	Metab.	
2010;95(12):5217–24. https://doi.org/10.1210/jc.2010-0975.

8.	 Wong	EM,	Sullivan	KM,	Perrine	CG,	Rogers	LM,	Peña-Rosas	JP.	
Comparison of median urinary iodine concentration as an indica-
tor of iodine status among pregnant women, school-age children, 
and nonpregnant women. Food Nutr Bull. 2011;32(3):206–12. 
https://doi.org/10.1177/156482651103200304.

9.	 World	Health	Organization.	Assessment	of	iodine	deficiency	dis-
orders and monitoring their elimination: a guide for programme 
managers. Available at http://apps.who.int/iris/bitstream/han-
dle/10665/43781/9789241595827_eng.pdf (2007).

10.	 Chittimoju	 SB,	 Pearce	 EN.	 Iodine	Deficiency	 and	 Supplemen-
tation in Pregnancy. Clin Obstet Gynecol. 2019;62(2):330–8. 
https://doi.org/10.1097/GRF.0000000000000428.

11.	 Hynes	KL,	Otahal	P,	Hay	I,	Burgess	JR.	Mild	iodine	deficiency	
during pregnancy is associated with reduced educational out-
comes	in	the	offspring:	9-year	follow-up	of	the	gestational	iodine	
cohort.	 J	 Clin	 Endocrinol	 Metab.	 2013;98(5):1954–62.	 https://
doi.org/10.1210/jc.2012-4249.

12.	 van	Mil	NH,	Tiemeier	H,	Bongers-Schokking	JJ,	Ghassabian	A,	
Hofman A, Hooijkaas H, et al. Low urinary iodine excretion dur-
ing early pregnancy is associated with alterations in executive 
functioning	 in	 children.	 J	 Nutr.	 2012;142(12):2167–74.	 https://
doi.org/10.3945/jn.112.161950.

13. Abel MH, Caspersen IH, Meltzer HM, Haugen M, Brandlistuen 
RE, Aase H, et al. Suboptimal Maternal Iodine Intake Is Asso-
ciated with Impaired Child Neurodevelopment at 3 Years of 
Age	 in	 the	Norwegian	Mother	and	Child	Cohort	Study.	 J	Nutr.	
2017;147(7):1314–24. https://doi.org/10.3945/jn.117.250456.

14.	 Murcia	 M,	 Espada	 M,	 Julvez	 J,	 Llop	 S,	 Lopez-Espinosa	 MJ,	
Vioque	J,	et	al.	Iodine	intake	from	supplements	and	diet	during	
pregnancy and child cognitive and motor development: the INMA 
Mother	and	Child	Cohort	Study.	J	Epidemiol	Community	Health.	
2018;72(3):216–22. https://doi.org/10.1136/jech-2017-209830.

15. Abel MH, Ystrom E, Caspersen IH, Meltzer HM, Aase H, Torheim 
LE,	et	al.	Maternal	Iodine	Intake	and	Offspring	Attention-Deficit/
Hyperactivity Disorder: Results from a Large Prospective Cohort 
Study. Nutrients. 2017;9(11). https://doi.org/10.3390/nu9111239.

16.	 Hynes	 KL,	 Otahal	 P,	 Burgess	 JR,	 Oddy	WH,	 Hay	 I.	 Reduced	
Educational Outcomes Persist into Adolescence Following Mild 
Iodine	 Deficiency	 in	 Utero,	 Despite	 Adequacy	 in	 Childhood:	
15-Year Follow-Up of the Gestational Iodine Cohort Investigat-
ing Auditory Processing Speed and Working Memory. Nutrients. 
2017;9(12). https://doi.org/10.3390/nu9121354.

17.	 Ghassabian	 A,	 Steenweg-de	 Graaff	 J,	 Peeters	 RP,	 Ross	 HA,	
Jaddoe	 VW,	 Hofman	 A,	 et	 al.	 Maternal	 urinary	 iodine	 con-
centration in pregnancy and children’s cognition: results 
from	 a	 population-based	 birth	 cohort	 in	 an	 iodine-sufficient	
area.	 BMJ	 Open.	 2014;4(6):e005520.	 https://doi.org/10.1136/
bmjopen-2014-005520.

18.	 Murcia	 M,	 Rebagliato	 M,	 Iñiguez	 C,	 Lopez-Espinosa	 MJ,	
Estarlich	M,	Plaza	B,	et	al.	Effect	of	iodine	supplementation	dur-
ing pregnancy on infant neurodevelopment at 1 year of age. Am 
J	 Epidemiol.	 2011;173(7):804–12.	 https://doi.org/10.1093/aje/
kwq424.

19. Taylor PN, Vaidya B. Iodine supplementation in pregnancy - is 
it time? Clin Endocrinol (Oxf). 2016;85(1):10–4. https://doi.
org/10.1111/cen.13065.

20.	 Shi	X,	Han	C,	Li	C,	Mao	J,	Wang	W,	Xie	X,	et	al.	Optimal	and	
safe upper limits of iodine intake for early pregnancy in iodine-
sufficient	 regions:	 a	 cross-sectional	 study	 of	 7190	 pregnant	

which should ideally begin at least 3 months before concep-
tion. Special care should be given to women at higher risk of 
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