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REVIEW

Monitoring and effects of iodine deﬁciency in pregnancy: still an
unsolved problem?
EN Pearce
Iodine is required for the production of thyroid hormone. Thyroid hormone affects many metabolic processes in the body,
including maturation of the central nervous system. In early pregnancy, the fetus is dependent on maternal thyroid hormone for
normal brain development. If iodine deﬁciency leads to inadequate production of thyroid hormone during pregnancy, irreversible
brain damage can result in the fetus. Therefore, achieving adequate iodine nutrition during pregnancy is an important public health
objective. Although there have been tremendous gains over the last several decades in our understanding of the effects of iodine
deﬁciency in pregnancy and how to combat them, a number of questions remain about how best to monitor the iodine status of
pregnant populations, the effects of mild to moderate iodine deﬁciency on maternal and child outcomes, the safe upper limit of
daily iodine intake in pregnant women and the risks and beneﬁts of iodine supplementation for mildly iodine-deﬁcient pregnant
women.
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INTRODUCTION
Iodine is required for production of the thyroid hormones,
thyroxine (T4) and triiodothyronine (T3). Thyroid hormone affects
many metabolic processes in the body, including maturation of
the central nervous system. In early pregnancy, the fetus is
dependent on maternal thyroid hormone for normal brain
development.1,2 If iodine deﬁciency leads to inadequate
production of thyroid hormone during pregnancy, irreversible
brain damage can result in the fetus. Therefore, achieving
adequate iodine nutrition during pregnancy is an important
public health objective.
Dietary iodine requirements are higher in pregnancy than they
are for nonpregnant adults due to several major changes in
thyroid physiology. Early in pregnancy, maternal thyroid hormone
production increases by B50% in response to increased levels of
serum thyroxine-binding globulin (resulting from increased serum
estrogen levels), to stimulation of thyroid-stimulating hormone
(TSH) receptors by human chorionic gonadotropin and to
increased placental inner ring deiodinase activity enhancing the
degradation of T4 and T3 to inactive metabolites.3,4 In addition,
some maternal iodine and thyroid hormone are transferred to the
fetus. The fetal thyroid gland begins to develop by the 12th week
of gestation but cannot produce thyroid hormone until
approximately the 20th week of gestation. Before this time,
maternal thyroxine (T4) that can traverse the placenta in small
amounts, is essential for normal fetal development. Another
reason for increased iodine requirements in pregnancy is the
increase in maternal glomerular ﬁltration rate. As iodine is
passively excreted, increased renal glomerular ﬁltration results in
increased losses of ingested iodine.5
To meet the increased dietary iodine requirements during
pregnancy, the World Health Organization (WHO) recommends
B250 mg iodine intake daily for pregnant and lactating women.6

The United States Institute of Medicine’s recommended daily
allowance for iodine is 220 mg during pregnancy and 290 mg
during lactation, higher than the 150 mg daily recommended for
nonpregnant adults.7
Although there have been tremendous gains over the last
several decades in our understanding of the effects of iodine
deﬁciency in pregnancy and how to combat them, a number of
questions remain about how best to monitor the iodine status of
pregnant populations, the effects of mild to moderate iodine
deﬁciency on maternal and child outcomes, and the risks and
beneﬁts of iodine supplementation for mildly iodine-deﬁcient
pregnant women.

EFFECTS OF IODINE DEFICIENCY IN PREGNANCY
Both maternal and fetal hypothyroidism can result from severe
iodine deﬁciency in pregnancy. Severe iodine deﬁciency is
associated with adverse obstetric outcomes including prematurity,
spontaneous abortion and stillbirth.6 In addition, TSH stimulation
in iodine-deﬁcient pregnant women can lead to goiter.8,9
European studies examining changes in maternal thyroid
volume across pregnancy found that in iodine-sufﬁcient areas,
thyroid volume increases by 10–15% during pregnancy,10,11
although in areas with mild to moderate iodine deﬁciency
thyroid volume increases by about 25% over the course of
gestation.3,12
Based on animal models, even mild and transient maternal
hypothyroxinemia during pregnancy can disrupt neuronal migration in the fetus.1,13 Severe deﬁciency in circulating iodine,
therefore, is associated with adverse effects on the fetus
including congenital anomalies, decreased intelligence and
neurological cretinism (which includes spasticity, deaf mutism,
mental deﬁciency, and squint).14 Despite global efforts toward
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universal salt iodization, iodine deﬁciency remains the leading
preventable cause of mental retardation worldwide.15 Severe
maternal iodine deﬁciency has also been linked to more subtle
intellectual impairment in children. A 2005 meta-analysis of
Chinese studies found that IQ was, on average, 12.5 points
lower in iodine-deﬁcient children than in children with adequate
iodine intake.16
The effects of mild to moderate iodine deﬁciency are less well
understood than those of severe iodine deﬁciency. In a landmark
study, Haddow et al.17 assessed 7–9-year-old children of women
with mild second-trimester TSH elevations and found that
IQ scores averaged 7 points lower than that in the children of
matched euthyroid women. Pop et al.18 found that the
psychomotor scores of 10-month-old infants of women with ﬁrst
trimester hypothyroxinemia were lower than those of infants of
euthyroid women. Henrich et al.19 found that lower maternal
FT4 was associated with an increased risk of expressive language
delay at age 18 and 30 months in 3659 children. All of these
observational studies demonstrate the impact of even mild
maternal thyroid hypofunction on fetal neurodevelopment.
However, because most of these studies were conducted in
iodine-sufﬁcient areas, the thyroid hypofunction cannot be
directly attributed to iodine deﬁciency.
MONITORING FOR IODINE DEFICIENCY IN PREGNANCY
There are several accepted methods used for the monitoring of
population iodine sufﬁciency.14 The primary route of iodine
excretion is through the kidney,20 which accounts for 490% of
ingested iodine.21 Therefore, random spot urinary iodine
concentration measurements22 reﬂect recent dietary iodine
intake. However, thresholds for urinary iodine concentrations
have been identiﬁed for populations, but not for individuals, given
signiﬁcant day-to-day variation of individuals’ iodine intake.23,24
Optimal population iodine intake is deﬁned by median urinary
iodine concentrations 100–199 mg/l in nonpregnant women and
150–249 mg/l during pregnancy.6 The iodine status of school-aged
children has been used as a surrogate for iodine sufﬁciency of
overall populations. However, an analysis of recent surveys found
that 47% of the time, when regional surveys of school-aged
children or non-pregnant women demonstrated adequate iodine
intake, iodine intake was insufﬁcient in pregnant women.25 This
suggests that surveys may need to speciﬁcally target pregnant
women and other vulnerable populations.
Serum TSH and thyroglobulin levels increase over weeks to
months of iodine deﬁciency, though these concentrations often
remain in the normal range and are thus not a good measure of
mild iodine deﬁciency. Goiter size, assessed by palpation or
ultrasonography, may also be used to assess long-term iodine
sufﬁciency in populations. The WHO has established international
reference ranges for serum thyroglobulin and thyroid gland
volumes to be used in the monitoring of iodine deﬁciency in
school-aged children,26,27 but there are currently no guidelines for
monitoring of these parameters in pregnant populations.28
EFFECTS OF IODINE SUPPLEMENTATION IN PREGNANCY
The effectiveness of iodine supplementation for severely iodinedeﬁcient pregnant women is well established. A blinded, placebocontrolled clinical trial begun in the 1960s in Papua New Guinea
demonstrated that pre-conception supplementation of severely
iodine-deﬁcient women (median urinary iodine concentration
o20 mg/l) with iodinated oil eliminated the risk of cretinism and
improved offspring cognitive function and survival.29 These
ﬁndings have subsequently been replicated in many regions of
the world.30
The efﬁcacy of iodine supplementation for mildly to moderately
iodine-deﬁcient pregnant women has been less well studied. Six
European Journal of Clinical Nutrition (2013) 481 – 484

controlled trials of iodine supplementation in moderately iodine
deﬁcient pregnant European women have been published,
although doses and timing of iodine supplementation varied
and effects on child development were not assessed.31–36
Romano et al.31 examined the effects of supplementation with
120–180 mg per day iodine starting in the ﬁrst trimester of
pregnancy. In all, 17 Italian women (baseline median urinary
iodine concentration 37 mg/l) were randomized to treatment and
compared to with controls (urinary iodine concentration 31 mg/l).
In the untreated women, but not in the treated group, thyroid size
increased signiﬁcantly over the course of pregnancy; there were
no changes in maternal serum TSH. Pederson et al.32 treated 28
Danish women (median urinary iodine concentration 55 mg/l) with
200 mg per day of iodine starting at 17–18 weeks gestation.
Compared with 26 controls, the treated group had decreased
maternal thyroid volumes, maternal and cord blood thyroglobulin,
and maternal TSH, but there was no difference in maternal or cord
blood T3, T4 or free T4. In Belgium, Glinoer et al.33 randomized 180
women (median urinary iodine concentration 36) to treatment
with placebo, 100 mg/day of potassium iodide, or 100 mg day of
potassium iodide with L-T4, starting at a mean 14-week gestation.
Those treated with potassium iodide alone had decreased
maternal and neonatal thyroid volumes compared with controls,
decreased maternal TSH and thyroglobulin levels, and decreased
neonatal thyroglobulin. There was no observed effect on maternal
or cord blood T3, free T4 or T3/T4 ratio.
Liesenkotter et al.34 treated 38 German women (median urinary
iodine concentration 53 mg/g creatinine) with 300 mg potassium
iodide daily starting at 10–12 weeks gestation. Compared with
70 untreated women, there was a decrease in neonatal thyroid
volume, but no difference in maternal thyroid volume. There was
no effect of treatment on maternal TSH, T3, T4, free T4 or
thyroglobulin, and no effect on neonatal TSH. Nohr and
Laurberg35 assessed maternal and neonatal thyroid function at
delivery in 49 Danish women who had taken a multivitamin
containing 150 mg iodine daily compared with 95 women who had
not received iodine supplements. Maternal TSH was lower but
cord blood TSH was higher in the supplemented group; free T4
was higher in both supplemented mothers and infants, and serum
thyroglobulin was lower in the supplemented mothers and
infants. There were no observed effects on T3, T4, free T4 index
or thyroglobulin antibody levels. Antonangeli et al.36 randomized
86 Italian women (median urinary iodine concentration 74 mg/g
creatinine) to treatment with either 50 or 200 mg daily iodine
starting at week 10–16 of pregnancy. There were no signiﬁcant
differences in maternal TSH, FT4, thyroglobulin, free T3 or thyroid
volume between the groups.
Three uncontrolled and unrandomized Spanish studies have
examined the effects of iodine supplementation in moderately
iodine-deﬁcient pregnant women on neurocognitive outcomes in
offspring. Berbel et al.37 supplemented 92 women with 200 mg per
day of potassium iodide starting at 4–6 weeks gestation, 102
women starting at 12–14 weeks gestation and 151 women (mean
urinary iodine concentration 75 mg/l) only after delivery. Supplementation was continued in all women until the end of lactation.
At term, FT4 was higher in the two supplemented groups, whereas
serum TSH values did not differ. Neurocognitive testing was
carried out using the Brunet–Lézine scale in 44 selected children
at 18 months of age. Mean developmental quotients were higher
in children whose mothers were supplemented with iodine
starting in week 4–6 of pregnancy than in children of mothers
from the other two groups, and there was no signiﬁcant difference
between the developmental quotients of the children whose
mothers were supplemented starting at week 10–12 and those
who were supplemented only starting at delivery. Velasco et al.38
demonstrated that infants of Spanish mothers who had received
oral 300 mg potassium iodide supplements daily during pregnancy
and lactation had higher Bayley Psychomotor Development scores
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at 3–18 months of age than infants whose mothers did not receive
iodine supplements. Finally, Murcia et al.39and colleagues assessed
iodine intake from diet and supplements in pregnant women in
relation to maternal and neonatal thyroid function and infant
neurodevelopment. In contrast to the two previous studies, they
found decreased psychomotor development index scores in
children of the mothers who ingested 150 mg or more iodine
daily from supplements.
Two randomized controlled trials in areas of relatively mild iodine
deﬁciency have examined the effects of iodine supplementation on
neurocognition in school-aged children. Zimmermann et al.40
supplemented moderately iodine-deﬁcient 10–12-year-old Albanian
children with 400 mg iodine as iodized oil vs placebo and found that
at 24 weeks, iodine treatment had signiﬁcantly improved performance in four of seven neurocognitive tests. Gordon et al.41
randomized 10–13 year-old mildly iodine-deﬁcient New Zealand
children to a daily 150 mg iodine supplement vs placebo. After 28
weeks, the supplemented children had signiﬁcantly higher scores for
two of four cognitive subtests.
Randomized controlled clinical trials examining the effects of
iodine supplementation for mildly- to moderately iodine-deﬁcient
pregnant women are currently ongoing in Thailand and India, and
should provided much-needed data regarding both maternal
effects and effects on infant neurodevelopment.42
EFFECTS OF IODINE EXCESS IN PREGNANCY
The safe upper limit of iodine intake in pregnancy is uncertain.
Following exposure to high iodine levels, the synthesis of thyroid
hormone is normally transiently inhibited by a mechanism known
as the acute Wolff–Chaikoff effect.43 If high iodine exposure
persists, the thyroid is able to ‘escape’ from the acute Wolff–
Chaikoff effect within a few days.44 This is accomplished in part by
downregulating the expression of the sodium iodide symporter,
decreasing the transport of iodine into the thyroid.45 Although
most pregnant women can maintain normal thyroid function in
the setting of a large iodine load, women with subtle defects in
thyroid hormone synthesis, such as those with Hashimoto’s
thyroiditis, may be unable to escape from the acute Wolff–
Chaikoff effect and can develop iodine-induced hypothyroidism.
Although low-dose iodine supplementation is appropriate in
pregnant women with Hashimoto’s thyroiditis in order to ensure
that adequate iodine is transferred to the fetus, excessive iodine
exposure should be avoided in such women. In addition, the fetal
thyroid gland does not acquire the capacity to fully escape from
the acute Wolff–Chaikoff effect until B36 weeks gestation.46
Therefore, a maternal iodine load could potentially selectively
cause fetal hypothyroidism. We have recently reported neonatal
hypothyroidism in three infants of women ingesting 12.5 mg
iodine daily during gestation.47
The World Health Organization has proposed that an iodine
intake of 500 mg per day poses no excessive risk6 and the
European Food Safety Agency and the US Institute of Medicine
has recommended 600 mg/day and 1100 mg/day, respectively, as
the tolerable upper limit for iodine per day7,48 However, these
maximal values are based on limited data, and more studies are
needed to better deﬁne safe upper intake limits in pregnancy.
In general, it is felt that the beneﬁts of correcting iodine deﬁciency
far outweigh the risks of supplementation as long as
supplementation is not excessive.49
CONCLUSIONS
Overall, it is clear that repleting iodine in women in areas of severe
iodine deﬁciency improves obstetric and child outcomes. Iodine
supplementation of mildly- to moderately deﬁcient pregnant
women appears to consistently decrease maternal and neonatal
thyroid volumes and thyroglobulin levels. Effects on maternal
& 2013 Macmillan Publishers Limited

thyroid function have been mixed, with signiﬁcant maternal TSH
decreases with supplementation described in four of eight
published studies, and increases in maternal T4 or free T4 noted
in just two. In two of three uncontrolled studies where it was
assessed, neurodevelopmental outcomes were improved in
children whose mothers received iodine supplementation early
in pregnancy. The timing of supplementation is likely to be critical.
In the Velasco et al.38 study, 77% of women in the treatment
group began receiving iodine supplements before the 10th week
of gestation, and in Berbel et al.,37 the beneﬁcial effects of iodine
on offspring development appeared to be lost if supplementation
was started after the 10th week of pregnancy. Prospective,
controlled studies are needed to conﬁrm these results and
to better deﬁne optimal dosing strategies in moderately iodinedeﬁcient women.
In the US, where there are concerns about mild iodine
deﬁciency in at least a subset of pregnant women,50 the
American Thyroid Association has recommended that all women
receive dietary supplements containing 150 mg iodine daily during
pregnancy and lactation.51 The Endocrine Society has
recommended that all daily prenatal multivitamins include 150–
200 mg iodine.52 The World Health Organization has advocated
daily oral iodine supplements or annual iodized oil supplements
for pregnant women in regions, where only 20–90% of households use iodized salt.53 However, these recommendations have
not been widely adopted. At present, only 13–50% of pregnant
women in Europe receive iodine-containing supplements54 and
49% of the different prenatal multivitamin brands marketed in the
US contain no iodine.55
Ensuring that all at-risk women receive adequate iodine intake
starting pre-pregnancy or as early as possible in gestation, is an
important goal. Ideally, sufﬁcient iodine nutrition should be
assured by universal salt iodization programs, which would
eliminate the need for speciﬁc supplementation in pregnancy
and lactation. Adequate population iodine status has also been
achieved in some regions by the addition of iodine to breads or
other processed foods.15 However, even in regions where
adequate iodine intake has been achieved for the overall
population, as demonstrated by optimal median iodine
concentrations in school-aged children, pregnant women may
still be at risk of mild to moderate iodine deﬁciency. In such areas,
iodine supplementation is recommended for all women who are
pregnant or lactating. More research is needed on the effects of
iodine supplementation on mild to moderate iodine deﬁciency
especially, its effects on infant growth and neurodevelopment.
The development of an individual biomarker for iodine nutritional
status would provide a valuable tool for targeting iodine
supplementation in pregnancy. Finally, more studies are needed
to better determine safe upper intake limits for iodine in pregnant
and lactating women.
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