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Iodine and thyroid hormones during pregnancy and postpartum

FAUSTINO R. PÉREZ-LÓPEZ
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Abstract
Iodine is a trace element essential for synthesis of the thyroid hormones, triiodothyronine and thyroxine. These hormones
play a vital role in the early growth and development stages of most organs, especially the brain. The World Health
Organization (WHO) has declared that, after famine, iodine deficiency is the most avoidable cause of cerebral lesions
including different degrees of mental retardation and cerebral paralysis. The main function of iodine in vertebrates is to
interact with the thyroid hormones. During pregnancy sufficient quantities of iodine are required to prevent the appearance
of hypothyroidism, trophoblastic and embryonic or fetal disorders, neonatal and maternal hypothyroidism, and permanent
sequelae in infants. Thyroid hormone receptors and iodothyronine deiodinases are present in placenta and central nervous
tissue of the fetus. A number of environmental factors influence the epidemiology of thyroid disorders, and even relatively
small abnormalities and differences in the level of iodine intake in a population have profound effects on the occurrence of
thyroid abnormalities. The prevalence of disorders related to iodine deficit during pregnancy and postpartum has increased.
Iodine supplementation is an effective measure in the case of pregnant and lactating women. However, it is not implemented
and the problem is still present even in societies with theoretically advanced health systems. During pregnancy and
postpartum, the WHO recommends iodine intake be increased to at least 200 mg/day. Side-effects provoked by iodine
supplementation are rare during pregnancy at the recommended doses.

Keywords: Iodine, thyroid hormones, triiodothyronine, thyroxine, fetal health, iodine deficit, pregnancy, fetal growth, brain
development

Introduction

Minerals and vitamins are micronutrients which have

a pivotal function throughout the many stages of a

woman’s life, particularly during pregnancy and

breastfeeding. The effect of improper nutrition is

influenced by gestational age, severity of deficiency, or

both. Among the trace elements necessary to aid

reproduction are iodine, iron, zinc and copper [1].

Iodine has played a significant role in animal evolu-

tion; Neanderthal man had physical features similar to

those of the present-day human with cretinism [2].

The ability of the thyroid gland to extract and use

iodine, and changes in the transportation capacity of

thyroid hormones, have been postulated as part of the

driving force of human evolution [3,4]. The first

references to goiter – a sign of iodine deficiency – in

Homo sapiens date back some 5000 years in China and

3000 years in India. Approximately 3500 years ago the

Chinese used seaweed to reduce the size of goiters. In

the 1830s, the Frenchman Boussingault first identi-

fied that the use of salt with iodine achieved a good

standard of health in people living in the mountainous

Andean regions, after observing the absence of goiter

in the lowlands of Colombia where a natural salt

obtained from the iodine-rich waters of an abandoned

mine was consumed. The use of iodine salt extended

throughout Europe, but administration of high doses

provoked the appearance of side-effects and its use

was discredited.

In its natural form, iodine can be found dissolved in

seawater and in marine plants, although it is also

found in some minerals and in soil. In vertebrates its

only clearly established function is the synthesis of

thyroid hormones. A deficiency of iodine provokes a

wide range of disorders (Figure 1) including endemic

goiter, hypothyroidism, cretinism, decreased fertility,

miscarriage, increased infant mortality and mental

retardation (Figure 2). Using figures from the

World Health Organization (WHO), the European
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Commission estimates that iodine deficiency puts 2.2

billion people at risk worldwide [5]1 . Steps taken to

control iodine deficiency have proved to be highly

cost-effective as national interventions. The United

Nations-sponsored Declaration for the Survival,

Protection and Development of Children maintains

that ‘every child has the right to an adequate supply of

iodine to ensure its normal development’ [6]. How-

ever, iodine deficiency at critical stages of develop-

ment in fetal life and early childhood remains the

world’s single most important and preventable cause

of mental retardation [5]. It is worrying that in spite

of the fact that iodine deficiency can be controlled

by taking simple measures, it continues to pose a

problem to public health at the beginning of the 21st

century, even in the supposedly more advanced

countries with a higher level of welfare. Despite its

health implications, many pregnant women still do

not receive the adequate supplement. Part of the

problem arises from the lack of an effective policy with

regard to the consumption of iodinated salt and part

from ignorance on the part of the health professionals

involved. This article reviews some recent scientific

evidence on the significance of iodine and the thyroid

hormones on fetal and maternal health.

Pathophysiology of iodine deficiency

Iodine is primarily obtained through the diet but

is also a component of some medications, such as

radiology contrast agents, iodophor cleansers and

amiodarone. It is present in the superficial layers of

soil and absorbed by crops grown on it. Its content in

food and water depends on several factors such as

geochemical conditions, altitude, fertilizers used,

rainfall and microbes in the soil [7,8]. Glaciations,

heavy snow and heavy rain leach away iodine from

the soil. This problem is further accelerated by

deforestation. The consumption of crops and plants

grown on iodine-deficient soils leads to iodine

deficiency in populations solely dependent on this

vegetation for their iodine requirements. Ocean

water contains amounts of iodine, and the great

quantity of iodine contained in seaweed could partly

explain the low prevalence of iodine insufficiency
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Figure 1. A pyramid showing that visible effects of iodine

deficiency – goiter and cretinism – occur in 1–10% of cases,

whereas the negative effects of iodine deficiency remain hidden in

90% of cases. Some childhood and adult brain damage, impair-

ment of intellectual function, and loss of energy may be the

expression of iodine deficiency and hypothyroidism.

Figure 2. ‘El Niño de Vallecas’ (oil on canvas, 107 cm6 83 cm; 1643–45), by Diego Rodrı́guez de Silva y Velázquez (detail shown on the

right). The subject is the dwarf Francisco Lezcano, who corresponded to a case of cretinism. During the 1630s and 1640s Velázquez painted

a series of portraits of the dwarfs at court, playmates of the royal children, for they interested him as character studies. Museo del Prado,

Madrid.
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among people who consume large quantities of sea

plants, such as the Japanese. Only people eating

specific species of sea fish and sea products like

seaweeds are more likely to be iodine-sufficient, but

these are not accessible to everyone. The bacterial

load of water, recurrent infections, and the ingestion

of goitrogens present in foods such as cabbage,

cassava, sweet potato and millet have also been

identified as other etiological factors for an insuffi-

cient use of iodine. In the Western world, precooked

dishes and fast foods do not guarantee the minimum

quantity of iodine necessary for everyday life.

The iodine in food is assimilated in the digestive

system; it then enters the bloodstream, and concen-

trates in the thyroid gland via an energy consumption

mechanism. The sodium/iodide symporter (NIS) is

an intrinsic plasma-membrane glycoprotein that

mediates active iodide transport into the thyroid

gland and into several extrathyroid tissues, in

particular the lactating mammary gland. The sym-

porter cotransports two sodium ions (Naþ) along

with one iodide ion (I7), with the transmembrane

sodium gradient serving as the driving force for

iodide uptake [9].

During pregnancy the renal clearance of iodine

increases significantly due to the higher glomerular

filtration rate [10]. The iodine loss in urine results in

a compensating increase in thyroidal iodine clearance

which can cause enlargement of the thyroid gland,

the so-called ‘pregnancy goiter’. Maternal thyroid

volume, measured by ultrasound, increases during

pregnancy in those regions where the iodine intake is

low (�50 mg). Nevertheless, in those areas replete

with iodine there is either no difference or only a

slight increase in goiter prevalence or ultrasound-

measured thyroid volume between pregnant and

non-pregnant women [11–14]. A second mechanism

for the reduction of iodine levels in the mother takes

place in the late stage of the pregnancy, as a con-

sequence of the transfer of maternal iodine to the

fetoplacental unit. Some days after the end of preg-

nancy, iodine elimination in urine returns to pre-

gestation values [14], possibly as a consequence of

the normalization of renal iodine clearance or the

disappearance of the placenta as well as the sub-

stances produced by this organ.

When the pregnant woman’s diet does not contain

a sufficient quantity of iodine, this can lead to

hypothyroidism and goiter. In those regions where

dietary iodine intake is borderline (50–100 mg/day), it

would be necessary to increase the iodine intake

during pregnancy and during the child’s first year of

life. During the 9 months of pregnancy, the thyroid

iodine reserves are reduced by approximately to 40%

and the thyroid enlargement is bigger with successive

pregnancies [14]. This thyroid ‘damage’ could partly

explain the preponderance of thyroidal disorders in

the female sex. It remains to be proved if protection

of the woman during the reproductive phenomenon –

including breastfeeding – could somehow neutralize

this aforementioned difference in terms of gender.

Perchlorate, nitrate and thiocyanate

Contaminants which alter the iodine metabolism in

living beings are present in water. The effect of

perchlorate has been known for a long time although

its clinical relevance was ignored. It is a competitive

inhibitor of the NIS that has been used as an oxidizer

in solid rocket fuels, in explosives, road flares

and pyrotechnics, and the chemical can also form

naturally in the atmosphere. Its presence is so

widespread that it has reached groundwater, drinking

water, and foods including milk, vegetables, fruit,

grains and forage crops [9,15]. In some regions of the

USA, commercialized milk and breast milk have high

levels of perchlorate. The perchlorate in cow’s milk

may be even higher in other countries than in the

USA [16]. It is surprising to note that the average

concentration in breast milk is five times higher than

in dairy milk [17].

Nitrate and thiocyanate are also antithyroid agents

acting at the NIS system level that might contribute to

iodine deficiency in pregnancy. Nitrates are found in

many food products, in green leafy vegetables, as a

preservative for meat and fish, or as a contaminant as

a consequence of the use of organic and mineral

fertilizers. They are also present in river water and

aquifers as a result of contamination from the afore-

mentioned fertilizers. Though no iodine deficiency

has been observed in people exposed to nitrate-

contaminated water, a thyroid hypertrophy has been

reported when the levels exceed 50 mg/l [18].

Thioglucosides found in certain plants, especially

in the Brassicaceae family (cabbage, Brussels sprouts,

cauliflower and broccoli), corn, apricots, cherries and

almonds, are hydrolyzed by glucosidades in the gut

and release free cyanide that is converted into

thiocyanate. In certain African regions where cassava

represents a major food staple, it has been associated

with thiocyanate overload, aggravation of iodine defi-

ciency during pregnancy and fetal hypothyroidism

[19]. The concern is that the thiocyanate could reach

newborn babies through breast milk or cow’s milk-

based formulas, and the iodine deficiency could get

worse during the first postnatal months. In Europe,

iodine deficiency has also been related to thiocyanate

in breastfeeding mothers who smoke [20].

Dioxins and polychlorinated biphenyls

Dioxin and dioxin-like substances are often bypro-

ducts of industrial processes that should be con-

sidered highly toxic. The major source of human

exposure is through the diet, since these substances

are concentrated in the fatty tissues of meat, poultry,
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pork and fish. Dioxin-like substances are also

absorbed by the organism in significant quantities

through smoking. Dioxins may alter thyroid func-

tion, especially during pregnancy [21,22]. In preg-

nant women exposed to polychlorinated biphenyl

congeners, maternal triiodothyronine (T3) levels are

low, thyroid-stimulating hormone (TSH) levels in

umbilical cord blood are high, and free T3 (fT3)

levels are decreased [23]. More significantly, expo-

sure in the uterus provokes a decrease in the

intellectual capacity of the child after several

years [24].

Iodine and thyroid hormones during

pregnancy and the postpartum period

Thyroglobulin (TG) is the protein of the thyroidal

matrix where the thyroid hormones are synthesized.

It is a molecule without hormonal peripheral effects,

which indicates thyroid gland activity. The thyroid

gland synthesizes and releases thyroxine (T4) and T3,

which are the only hormones that contain iodine in

vertebrates. In the thyroid follicular cells, four iodine

atoms are incorporated in each T4 molecule and

three in each T3 molecule. T4 is the main product of

the thyroid secretion, and its deiodination to T3 takes

place in the peripheral target cells. Both T4 and T3

are linked to TG, which provides a matrix for

their synthesis and a vehicle for their subsequent

storage in the gland. In maternal blood over 99% of

the thyroid hormones are transported attached to

three proteins: thyroxine-binding globulin (TBG),

transthyretin and albumin. TBG shows higher

affinity towards the thyroid hormones and in spite

of its low concentration is responsible for the larger

part of the transportation of T4 (68%) and T3 (80%)

[10,25]. The thyroid hormones can be released

quickly from the transportation binding proteins,

and consequently penetrate the target cells. The

production of thyroid hormones is controlled by

TSH, which is synthesized in the anterior pituitary

gland in response to TSH-releasing hormone (TRH)

secreted by the hypothalamus. Unbound or free T3

(fT3) and T4 (fT4) exert a negative feedback on the

synthesis and release of TSH and TRH in order to

maintain circulating thyroid hormone levels within

the required range (Figure 3).

For a long time it was thought that thyroid

hormones cross the cellular membrane of the target

cells through a simple diffusion process, owing to its

lipophilic properties. Currently, however, it is known

that cell incorporation involves a carrier-mediated

process. Two stereospecific binding sites for each of

T4 and T3 have been identified and detected in the

cell membrane of humans and other species. Cellular

uptake of T4 and T3 by the high-affinity sites

produces the translocation of thyroid hormones over

the plasma membrane through a process which

consumes energy and depends on temperature and

Naþ [11,16].

Several inorganic anion transporters and L-type

amino acid transporters have been identified which

facilitate translocation of the thyroid hormones from

the plasma through the cell membrane and to the

nucleus, where the specific receptors are located. The

monocarboxylate transporter 8 (MCT8) has been

characterized as the most specific and powerful T3

transporter found, emphasizing a significant role for
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Figure 3. Thyroid homeostasis during pregnancy (TBG, thyroxine-binding globulin; TSH, thyroid-stimulating hormone; T4, thyroxine;

T3, triiodothyronine; TG, thyroglobulin).4
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membrane transporters in the regulation of local T3

action [12]. Furthermore, the importance of the cell

membrane transport is supported by the discovery of

a genetic mutation associated to an X-linked mental

retardation syndrome characterized by neurological

defects and a high T3 without the skeletal and

intestinal symptoms of hypothyroidism [13,14].

The action of thyroid hormones is performed via

the thyroid hormone receptors (TRs), which belong

to the superfamily that also includes the steroid

hormone, vitamin D and retinoic acid receptors. In

humans, four main TR isoforms (a1, a2, b1 and b2)

have been described. TRs have a central DNA-

binding domain containing two zinc fingers, a

carboxy-terminal ligand-binding domain and a trans-

activation site, as well as an amino-terminal domain

with a poorly defined function [26]. They bind the

ligand, T3, with similar affinity and binding kinetics,

with Km values of 1–10 nM. T3–TR complexes then

bind to thyroid hormone response elements, which

are specific DNA sequences. The functional TRs thus

serve to promote or inhibit the transcription of

thyroid hormone-responsive genes [27].

In healthy people thyroid function parameters

vary depending on the individual, while the intra-

individual variability is maintained within narrow

margins [28]. This situation suggests that each sub-

ject has a determined thyroid adjustment according

to genetic and environmental factors. The hereditary

factors represent between *26% and 65% of the

variation in TSH, fT4 and fT3 out of the total varia-

tion among individuals [29,30]. Minimum altera-

tions of the bioavailable thyroid hormones can have

consequences that derive from a variety of clinical

situations related to hyper- and hypothyroidism,

subclinical hyper- and hypothyroidism, which can

be shown in endpoints such as atherosclerosis, bone

mineral density, obesity and heart rate [31].

Trophoblastic implantation and the placental

Na(þ)/I(7) symporter

Thyroid dysfunction and autoimmunity are prevalent

in infertile women. The presence of positive thyroid

peroxidase antibody is higher in infertile women than

controls, and women with endometriosis present the

highest prevalence of positive antibodies. Therefore,

thyroid autoimmunity is significantly more frequent

in infertile women than in healthy fertile controls

[32]. Thyroid hormones have also been linked to

miscarriage and maternal age. Recent studies have

shown an association between thyroid autoimmunity

and the risk of spontaneous abortion [33]. The

overall risk of miscarriage was 2.4%, with the risk

significantly higher among women over 35 years of

age. Women with mild thyroid dysfunction at early

gestation stages are frequently treated with T4 to

prevent obstetric complications, although there is no

randomized clinical study to support this practice.

Furthermore, it seems that thyroid antibodies in

euthyroid women do not influence the results

obtained with in vitro fertilization–embryo transfer

techniques [34]. However, in threatened abortion

with a live fetus, chorionic gonadotropin (hCG) was

higher in women who do not abort than in women

who miscarry, while serum fT4 levels were lower and

TSH higher in women with a negative outcome

compared with women with a normal evolution of

pregnancy [35].

During embryonic development, the trophoblast

is not an inert tissue but plays a pivotal role in the

regulation of iodine and thyroid hormone transfer

from the mother. The development of the human

placenta is a complex process that includes the

proliferation and invasion of extravillous trophoblasts

into the uterine decidua. The mechanism which

transforms the extravillous trophoblast from a pro-

liferative phenotype in cytotrophoblast columns into

an invasive phenotype within the uterine tissues and

spiral arteries is not well known, although it is

suspected that the cytokines and growth factors

produced locally are of great significance [36,37].

T3 acts synergistically together with epidermal

growth factor in the regulation of implantation

[38,39]. The trophoblastic tissue and the decidua

have a great nuclear capacity to link themselves to

radio-labeled T3, which is indicative that these tissues

are sensitive to the active thyroid hormone. Further-

more, TRs are found in both the syncytiotrophoblast

and the cytotrophoblast throughout the entire preg-

nancy [40].

The specific thyroid hormone transporter MCT8

is expressed in the placenta during all stages of

pregnancy in the villous cytotrophoblast and syncy-

tiotrophoblast [41], with a similar distribution to that

of type III iodothyronine deiodinase (D3) enzyme

which turns the prohormone T4 into active T3. Inade-

quate placental development will result in a limitation

of fetal intrauterine growth and in a gestational

pathology.

The placenta assumes the passage of iodide and

iodothyronines from mother to fetus, but the

molecular mechanisms of this transport are not

accurately known yet. Recently, transporters of the

NIS expression in placental tissue at different

gestational stages have been identified [42]. In the

first trimester, a heterogeneous NIS immunoreac-

tivity has been found in cytosyncytiotrophoblast

cells, with a range of NIS-positive cells from 5%

to 80%, in mesenchymal and endothelial cells

from 1% to 40%, in decidual cells from 5% to

40%, and in endometrial glands from 3% to 40%. At

the end of pregnancy, the results were very similar

for the different areas studied. Although a large

variation in NIS expression was observed from one

sample to another, NIS expression was produced
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predominantly in cytotrophoblast cells [43], suggest-

ing that it may actively transport iodide from the

villous syncytiotrophoblast layer, in contact with the

maternal blood, toward the fetus. Moreover, the NIS

expression appeared to be higher in cytotrophoblast

cells obtained from a first-trimester placenta than in

cells obtained from a term placenta.

Maternal thyroid hormones during pregnancy

The feedback mechanism of the hypothalamic–

pituitary–thyroid axis functions normally during

pregnancy if the iodine intake is of the required

amount, although modifications to regulate basal

TSH levels and modifications in response to this

hormone induced by different stimuli [44–47] should

also be considered. Several studies confirm that TG

increases from the first trimester of pregnancy and

later – particularly close to term – levels are even

higher. At present, it is not recognized that hCG

constitutes a stimulus to increase TG. Glinoer and

colleagues [48] propose that TG alterations might be

a biochemical marker to monitor the goitrogenic

stimulus due to iodine deficiency during pregnancy.

The total serum thyroid hormones T4 and T3

increase significantly during the first half of preg-

nancy. T4 increases sharply between 6 and 12 weeks;

then it experiences a slight increase reaching steadier

levels around halfway through the pregnancy. In the

case of T3 the increase is more gradual. T4 shows a

higher affinity toward TBG than T3. For that reason,

the changes in T4 have a higher parallelism with the

changes in TBG. T4 and T3 reach a plateau at the

beginning of the second trimester with values 30–

100% higher than before pregnancy [49,50]. The

main cause for the change in thyroid hormones is the

increase in TBG concentration, and to a lesser extent

the activity of placental D3 which turns T4 into

reverse T3 (rT3) and T3 into diiodothyronine (T2).

The growing need for T4 and T3 leads to an increase

in their production.

The affinities of the three transport proteins are not

altered during pregnancy; although TBG concentra-

tion is two or three times higher than that found in a

non-pregnant woman, the other two do not vary

significantly. TBG increases a few weeks after

conception and reaches a plateau in the middle of

pregnancy. The causes of this increase could be: (1)

an increase in hepatic synthesis due to the placenta

estrogenic stimulus; (2) an increase in trophoblastic

production; and (3) an estrogens-induced increase in

the proportion of TBG with a high content of sialic

acid, which confers an extended average life, ranging

from 15 min to 3 days in the case of the heavily

sialylated TBG [39,51]. A third of the circulating

TBG transports the T4 molecule in the non-pregnant

woman and the molar ratio of T4/TBG is 0.35–0.40.

During pregnancy the extrathyroid T4 pool is

increased in order to maintain homeostasis of the

free hormone concentration, so that at the beginning

of pregnancy the thyroid adjustment is continuous

and T4 and TBG levels constantly change. Conse-

quently, during the first months of pregnancy, an

adequate quantity of iodine is essential for the

success of the new hormonal thyroid balance [50].

Once the first half of the pregnancy has been

completed satisfactorily, thyroid hormone produc-

tion stabilizes and a balance in the iodine consump-

tion aimed at hormonal synthesis is achieved.

Results for fT4 and fT3 levels during pregnancy are

controversial, the differences have been attributed

to the measurement techniques [52] and to inter-

individual variations which may be more evident

during pregnancy than in non-pregnant women. At

the end of pregnancy the free thyroid hormone levels

are lower than or within the limits of the ones shown

by non-pregnant women [49,53]. Difficulties are

encountered in the study of free thyroid hormones

due to the precision of the methodologies used. Roti

and associates [52] have compared measurements of

free T4 and T3 obtained using ten different methods

and showed great variability of the results, although

the free hormone values were always lower in pre-

gnant women than in non-pregnant women. Using

those methods not modified by changes in the serum

levels of TBG and albumin, it is confirmed that at the

moment of birth fT4 levels are 10–15% lower than in

non-pregnant women and fT3 follows a similar

pattern. Nevertheless, in many pregnant women the

levels of free thyroid hormones are maintained within

the range of non-pregnant women [54].

During pregnancy, iodine deficiency produces

hypothyroxinemia which consequently causes (1)

thyroid stimulation through the feedback mechan-

isms of TSH, and (2) goitrogenesis in both mother

and fetus. In a pregnancy-serialized study, the

thyroid hormones of pregnant women from a region

with moderate iodine deficiency were compared with

those of women coming from an area with sufficient

iodine intake. T4 decreased significantly in the first

group compared with the second group between 29

and 36 weeks, and the TBG saturation and the iodine

urinary excretion were significantly lower in women

coming from the iodine-poor area. In both pregnant

groups, fT4 and T3 decreased and values of fT4 were

significantly lower in the group coming from the

iodine-poor area [55]. For this reason, it seems that

moderate iodine deficiency causes an imbalance in

maternal thyroid homeostasis, especially toward the

end of pregnancy, leading to isolated hypothyrox-

inemia suggestive of biochemical hypothyroidism.

The chemical structure of hCG and biological tests

suggest that it possesses the capacity to stimulate

thyroid cells, although some of the evidence is circum-

stantial. Both hCG and TSH belong to the same

family; they share the subunit a while the subunit

585

590

595

600

605

610

615

620

625

630

635

640

645

650

655

660

665

670

675

680

685

690

695

6 F. R. Pérez-López



b provides them with specificity [56]. Trophoblastic

tumors segregate hCG variants that might stimulate

the thyroid gland en masse. Nevertheless, it is not

known whether this extreme pathologic situation is

relevant in the physiology of a normal pregnancy.

In vitro studies offer conflicting results on thyroid cell

stimulation with hCG. In vivo, the most relevant

finding is that the increase of serum hCG temporarily

coincides with the increase of thyroid hormones and

the TSH decrease, indicating an inverse relationship

between both hormones [49,57]. The action of hCG

would hence ensure the contribution of an adequate

provision of maternal thyroid hormones to the fetus

at the stage of the pregnancy when fetal development,

and particularly cerebral organogenesis, exclusively

depend on the thyroid hormones provided by the

mother [58]. During pregnancy, hCG concentration

has been positively correlated to fT4 (r¼ 0.43) and

negatively to TSH (r¼70.42). Nevertheless,

hCG administration does not alter fT4 or TSH

concentration [59].

During the third trimester of pregnancy, urinary

iodine concentration and fT4 were significantly lower

in pregnant women than in non-pregnant ones, while

the average TG was significantly higher than in the

control group [60]. Three months after childbirth,

thyroid stimulation was at maximum as shown by the

significantly high levels of TSH and TG, and the

reduction of urinary iodine and serum T3 and fT4 in

comparison with controls. Nine months after child-

birth values were similar in both groups of women.

During the first postpartum months the decrease in

maternal iodine levels is due to iodine elimination

through breast milk, which contributes to maintain-

ing homeostasis in the newborn. Consequently, it

appears that the changes induced by pregnancy and

breastfeeding can be corrected in the mother

depending on the iodine levels in the diet. Never-

theless, these data should not give the impression

that the mother is able to cover the iodine needs; on

the contrary, they emphasize the need for iodine

supplements during pregnancy and breastfeeding.

The thyroid function of newborn babies in relation to

the maternal thyroid status in the same population

with a mild iodine deficit was studied, obtaining a

maternal blood sample during the third trimester

(32–39 weeks) and another sample right before

childbirth; blood was also obtained from the umbi-

lical cord at birth [61]. The average neonatal serum

concentrations of TSH, TG and fT4 were signifi-

cantly higher than the corresponding maternal

values. Conversely, the average maternal concentra-

tion of T3 was significantly higher than the neonatal

levels. The neonatal parameters did not differ

between vaginal childbirth and Cesarean section.

The fetal parameters showed significant correlations

between TSH and fT4 (r¼ 0.4), TG and T3

(r¼70.3), and TG and fT4 (r¼ 0.5). It can be

interpreted that, in areas with a mild iodine deficit,

fetuses are at the limit of decompensation as

demonstrated by the increase of TSH and TG.

Fetal thyroid hormones during pregnancy

Thyroid development begins in the 10–12th week of

gestation and is completed at the moment of birth;

fetal T4 is secreted from the 18–20th week onwards.

Contrary to what was previously thought, maternal

thyroid hormones reach the trophoblast and the

embryo; T4 has been measured in human celomic

fluid during the 4th week of gestation and was

detected in fetuses born without thyroid glands or

suffering from thyroid dysgenesia [62,63]. The study

of thyroid hormones in fetal blood in women under

14 weeks pregnant or between the 17th and 37th

week of gestation in normal fetuses who were not

affected by birth stress, showed that the T4 transfer

from mother to embryo is essential before the fetal

hypothalamic–pituitary–thyroid system becomes op-

erative [64]. This transfer is variable throughout

gestation [39,62] and a relationship has been found

between maternal and fetal levels during certain

gestational periods [65,66]. The fetal thyroid grows

between weeks 12 and 39 with the most pronounced

increase during the second trimester, when the

functional activity of the gland is more intense [67].

In the term gestation, the levels of TSH, TBG and

all iodothyronines, except T3, are higher than the

values in non-pregnant women. During the third

trimester, cord serum levels of fT4, TSH, rT3 and T4

sulfate (T4S) are higher than the corresponding

maternal values, while fetal levels of T4, T3 and

TBG are lower than the maternal ones [68]. The

cord serum T3 levels increase as the gestation

advances, although the values – even in term

gestation – are lower than those present in adults.

These relatively low levels in fetal blood do not

reflect the values present in the tissue which are high

due to the active transport of this hormone through

the cell membrane, the difference in fraction is linked

to proteins in the intracellular and extracellular areas

and mainly by local deiodination of iodothyronines

[69,70]. Cord serum T4 levels increase progressively

during pregnancy, confirming the results previously

obtained at different stages of pregnancy [71]. The

cause of the increase in total thyroid hormones is the

increase of TBG concentration and the production of

D3 in the placenta [50]. This enzyme is highly active

during fetal life and turns T4 into rT3, and T3 into

T2, in order to fulfill the demands of the blood-

stream. The increase in T4 and T3 concentration is

lower than expected with regard to the TBG

increase, resulting in a condition of ‘relative hy-

pothyroxinemia’ that is reflected by the decrease of

fT4 and by the progressive drop of the T4/TBG

quotient [53]. 2From the third trimester of pregnancy
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fetal levels of T4 and TBG increase and the T4/TBG

quotient remains stable, coinciding with the concept

that TBG maintains constant levels of fT4.

TSH has been detected in fetal serum from the

11th gestational week [69]. Fetal TSH increases from

week 15 until the end of the second trimester and

then remains stable, decreasing slightly at the end of

the pregnancy [68]. Levels of fetal rT3 increase

during the second trimester, reaching a peak at

gestation week 25–30, and decrease during the third

trimester and even further in the newborn after birth.

These changes are related to the decrease in inner-

ring deiodination of T4 to rT3 [72], which is of great

significance in increasing the formation of T3 after

delivery. Sulfation has remarkable effects on the

metabolism and homeostasis of iodothyronines.

Once T4 is transformed into T4S it cannot be turned

into the active hormone T3, and can only be

catabolized to rT3S. Furthermore, sulfation accel-

erates the inner-ring deiodination of T3 to T2 [73].

Consequently, sulfation plays a significant role in

regulating the amount of active thyroid hormone in

the target fetal tissue.

Iodine and thyroid hormones during postpartum

Iodine is necessary during the first few months of life

for neurological development and myelinization in

order to achieve optimum intellectual development.

Chan and co-workers [74] have studied the relation-

ship between iodine and thyroid function during the

first postpartum days (range of 3rd to 9th day) in 50

puerperal women and its relationship with the state

of the neonate. Twenty-nine women presented a

moderate iodine deficit (defined by urine iodine

concentration 550 mg/l) and the average urine

iodine content was 86.6 mg/g creatinine. The average

iodine content in maternal milk was 84 mg/l; its milk

concentration was significantly correlated to the

iodine concentration in urine per gram of creatinine

but it did not correlate with iodine in the urine

expressed in mg/l. The values for TSH in neonates

were significantly correlated to the high levels of

iodine in breast milk.

During lactation the mother must receive enough

iodine for the normal functionality of her thyroid

gland and to maintain an adequate iodine quantity in

her milk. It is estimated that some 114 mg iodine/day

are lost via breast milk. The Panel on Micronutrients

of the US Food and Nutrition Board [75] establishes

110 mg/day as a suitable intake for 0–6 month-old

babies and 130 mg/day for 7–12 month-old babies.

These proposals match the dose recommended by

WHO, the United Nations Children’s Fund (UNI-

CEF) and the International Council for the Control

of Iodine Deficiency Disorders (ICCIDD) [76]:

90 mg of iodine daily for infants between 0 and 59

months old.

Women who smoke have a lower quantity of iodine

in their milk, although the quantity in urine does not

differ between smokers and non-smokers [20], owing

to the presence of high levels of thiocyanate that

blocks the iodine transfer mechanisms. Despite the

fact that artificial milk usually contains iodine

quantities comparable to those in maternal milk,

the urine excretion of iodine in infants nurtured with

artificial milk indicates insufficient quantities or that

the iodine content is present in such a way that it

cannot be adequately absorbed [77].

The main cause of maternal postpartum thyroid

dysfunction is postpartum thyroiditis (PPT), which is

characterized by a brief phase of thyrotoxicity (1–3

months after delivery) followed by another longer

phase (3–8 months) of hypothyroidism that, in most

cases, ends up in a euthyroid situation [78] within the

first year. PPT prevalence is very variable (2–20%)

according to the diagnostic criteria and the metho-

dology used for its diagnosis [79]. In general,

symptoms belonging to both the thyrotoxic phase

and the hypothyroid phase are minor and unspecific.

Thus, many cases are not diagnosed. The symptoms

include the appearance of goiter some months after

delivery, emotional lability, depression, fatigue and/

or palpitations. The diagnosis can be established by

determining TSH and fT4. During the thyrotoxicity

phase the uptake of iodine or radioactive technetium

is low, which enables us to differentiate it from

puerperal Graves’ disease. Treatment is not required,

except in cases with intense symptoms – since the

hormones released are not due to a synthesis increase

but to glandular damage. In serious conditions, a

brief treatment with b-blockers is required. During

the hypothyroidism phase the symptoms are tempor-

ary and the consequences minimal, which means that

only certain intense cases require a substitute

treatment with T4.

Thyroid hormones and fetal brain

development

The organ most vulnerable to iodine and thyroid

hormone deficits is the central nervous system.

Iodine deficit may provoke permanent brain damage

without the clinical signs of goiter being evident.

The correction of a deficit has different con-

sequences depending on the time of the treatment’s

administration: the correction of an iodine deficit

during the second trimester reduces neurological

anomalies, increases cephalic size and improves the

development quotient. However, correction at later

stages of pregnancy does not improve the neuro-

logical development, although it tends to produce a

bigger cephalic circumference and the intelligence

quotient (IQ) development is larger than in that

infants whose mothers receive no iodine supple-

ment [80].
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Congenital hypothyroidism

Traditionally, research on the role of the thyroid

hormones in brain development has focused on the

postnatal phase and on identifying congenital hy-

pothyroidism, which is the final result of the

deficiency suffered throughout the pregnancy. Iodine

deficit during pregnancy produces an increase in

perinatal mortality and low birth weight which can be

prevented by iodated oil injections given in the latter

half of pregnancy or in other supplementary forms

[81]. The epidemiological studies suggest that hypo-

thyroxinemia, especially at the beginning of preg-

nancy, affects the neurological development of the

new human being in the long term. Full-scale clinical

studies have demonstrated a correlation between

maternal thyroid insufficiency during pregnancy and

a low intellectual quotient in the neonate [82,83].3
However, the seriousness and irreversibility of

neonatal lesions are not related to the degree of

iodine deficit but rather with the period when the

deficit is suffered. Maternal hypothyroxinemia dur-

ing the first gestational trimester limits the possibi-

lities of postnatal neurodevelopment [84,85]. The

most serious form of brain lesion corresponds to

neurological cretinism, but mild degrees of maternal

hypothyroxinemia also produce alterations in psy-

chomotor development [76,86,87].

The thyroid function of neonates at birth is

significantly related to the brain size and its devel-

opment during the first two years of life [88].

Screening programs for neonatal congenital hy-

pothyroidism indicate that it is present in approxi-

mately one case out of 3000 to 4000 live births [89].

Seventy-eight percent were found to have an IQ of

over 85 when congenital hypothyroidism was diag-

nosed within the first few months after birth, 19%

when it was diagnosed between 3 and 6 months, and

0% when the diagnosis was made 7 months after

birth. In a meta-analysis of seven studies [90], a

decrease of 6.3 IQ points was found among neonates

who suffered hypothyroidism during pregnancy in

comparison to the control group. Long-term seque-

lae of hypothyroidism also affect intellectual devel-

opment during adolescence. The affected children

show an average of 8.5 IQ points less than the control

group, with deficits in memory and in visuospatial

and motor abilities related to the seriousness of

congenital hypothyroidism and due to inadequate

treatment in their early childhood [91].

Thyroid hormones during early brain development

Maternal euthyroidism is a critical factor for fetal

brain development during the first 12–14 weeks of

pregnancy. The fetal brain expresses the nuclear

receptors for T3 from at least the 10th gestational

week and its concentration in the brain and other

tissues increases up to ten times during the second

gestational trimester [92]. The major effects of T4 act

on somatogenesis, neuronal differentiation and the

formation of the neuronal process especially in the

cerebral cortex, cochlea and basal ganglia; brain

growth and its differentiation become more signifi-

cant during the third trimester [80,93]. In pregnant

rats, insufficient thyroid hormone alters the migra-

tion of neurons in the cerebral cortex and hippo-

campus resulting in the presence of neurons in

abnormal brain areas of the neonate [94]. The results

prove that maternal hypothyroxinemia might affect

neonatal development as well as the cytoarchitecture

of the nervous tissue. If we extrapolate these results

to humans, they reinforce the argument that iodine

deficiency during pregnancy or even before concep-

tion should be prevented with the aim of guarantee-

ing optimum health. It seems that the importance of

an adequate iodine supplement during pregnancy

leaves no place for controversy.

Human fetal tissue is exposed to significant

quantities of maternal-origin T4 [69]. During the

greater part of the first trimester of pregnancy, there

are two cavities surrounding the embryo: the

amniotic sac that contains the embryo, and the

exocelomic cavity corresponding to the secondary

yolk sac which is directly connected to the fetal

digestive tract and the circulatory system. The

exocelomic space is where significant fetal–maternal

molecular exchanges take place, and it is a reservoir

of ultra-filtered fluid from the maternal serum with

nutrients and trophoblast products necessary for the

embryo. In the celomic fluid, the presence of T4 has

been found as early as the 6th gestational week [62].

At the end of the first trimester of pregnancy, the

exocelomic cavity is progressively obliterated by the

growing amniotic cavity containing the fetus, and

the maternal nutrients are transferred to the fetal

bloodstream via the placenta from the 12th gesta-

tional week onwards. Overcoming numerous meth-

odological difficulties, Calvo and colleagues [69]

studied the thyroid iodothyronines in the extraem-

bryonic cavities, maternal circulation and embryonic

tissue of euthyroid pregnant women. They demon-

strated that the concentrations of T4 and T3 in the

fetal compartment are 100 times lower than those

present in the maternal serum; however, in all

extraembryonic fluids the concentration of fT4 is a

third that of the mother’s. It is thought that maternal

hypothyroxinemia at the beginning of pregnancy

affects the quantity of fT4 available for the embryo

to transform into the active T3 hormone. This

possibility coincides perfectly with the evidence that

the fetal brain activity of D3 is higher than in the

adult brain [95]. Also, the low concentration of T3,

the high concentration of rT3 and the high molar rT3/

T4 ratio suggest that iodothyronines transferred

from the mother to the extraembryonic fluids are

930

935

940

945

950

955

960

965

970

975

980

985

990

995

1000

1005

1010

1015

1020

1025

1030

1035

1040

Pregnancy and postpartum iodine and thyroid hormones 9



submitted to the same process of inactivation as in

the most advanced phases of development [96].

T4 turns into the active hormone T3 in the glial

cells, astrocytes and tanycytes, although the target

cells are the neurons and the maturing oligodendro-

cytes. T3 acts via the specific thyroid receptors that

control myelinization, cellular differentiation, migra-

tion and signaling. Apart from the effects mediated

by receptors, in unbounded conditions the hormone

has effects on transcription repressors [97]. The main

isoforms of the TRs have been identified to be

present in the cerebral cortex from the 8th gestational

week, as well as a positive immunostaining being

found for TR expression in cerebellar pyramidal cells

and Purkinje cells at this time [94,97]. The receptors

appear to be occupied by thyroid hormones at

different physiological levels from the 9th gestational

week [98].3

Iodine supplements

The main procedure used to correct iodine defi-

ciency is universal salt iodination by adding iodide or

iodate to salt, with an iodine content varying from 7

to 100 mg per kg of salt. In the European Union a

common policy should be established to guarantee

compulsory salt iodination, although this is a difficult

matter due to the different culinary habits of the

people of each member country. Another alternative

would be to provide specific recommendations to

avoid the problem of subclinical hypothyroidism and

the low iodine levels found in a vast number of

Europeans.

In the USA, diet supplementation with iodine was

introduced in the first third of the 20th century to

prevent the appearance of goiter. This consisted of

adding 100 mg of potassium iodate per kilogram

of edible salt, which corresponds to a daily intake of

approximately 0.5 mg. Salt was selected as the

medium for iodine supplementation because its

intake is uniform across all socioeconomic strata

and throughout all seasons of the year. Supplementa-

tion is achieved using simple technology, and the

program is inexpensive. In other countries lower

doses are used to guarantee the prevention of

cretinism and goiter. For instance, in Switzerland,

15 mg/kg salt is used [99]. Another recommended

alternative is the administration of a massive annual

dose of slow-release iodinated oil.

The Norwegian population has been considered

iodine-replete for decades with an iodine intake

above the Recommended Dietary Allowance of

150 mg. Iodine intake has been studied in nationwide

dietary studies among children and adults. In adults,

the average iodine intake is 136 mg/day in women and

175 mg/day in men. Fifty-five percent of this intake

derives from milk, 20% from fish, and the iodine

contribution from drinking water is negligible [100].

In Finland, it appears that the iodine intake has

reached appropriate levels. Thus, actions aimed at

intensifying iodine prophylaxis are not being con-

sidered. For the last 20 years the intake has been

considered adequate, it is four to five greater than in

the mid-1950s, when endemic goiter was common.

In spite of the controlled deficiency situation, some

seasonal variations have been found in terms of the

ingested quantity in summer vs. winter [101].

In Germany, the iodine quantity ingested by

humans and animals has increased as shown by

studying the iodine content of human milk and cow’s

milk. Iodized salt was introduced in Germany in the

early 1980s. A nationwide study showed that iodine

levels among the population have improved since the

introduction of the supplementation. Buhling and

associates [102] studied the goiter volume in

pregnant German women by ultrasound and col-

lected serum and urine samples; 58% were taking

iodine supplements. The average iodine/creatinine

ratio was 181 mg/g and 20.4% of the women had a

ratio of between 50 and 100 mg/g, which corresponds

to WHO grade I iodine deficiency. The patients

taking iodine supplements had significantly higher

iodine/creatinine ratio and slightly lower serum TG

levels than non-supplemented patients. The preva-

lence of increased thyroid size indicates a prolonged

iodine deficit, while 20.4% of pregnant women suffer

from an iodine deficit which may be corrected with

an adequate supplement. In Spain, almost half of

pregnant women had iodine deficit; in 2004 the

Spanish Congress made recommendations to the

regional authorities to counteract the problems

related to iodine deficiency, particularly those suf-

fered during pregnancy and breastfeeding [103].

Unfortunately, iodine deficiency is still a public

health problem in Spain [104,105].

Different international bodies such as WHO,

UNICEF, ICCIDD and the European Commission

recommend a daily intake of 150 mg of iodine in non-

pregnant adults [5,76]. This quantity was established

based on studies on iodine accumulation and turn-

over, the necessary amount required to maintain

euthyroidism in athyreotics, the normal levels of T4,

and the iodine dose necessary to prevent the

appearance of goiter in the general population. The

American Thyroid Association recommends that

women should receive 150 mg iodine supplements

daily during pregnancy and lactation [106].

Many consumers prefer natural products to

improve their dietary content of micronutrients

instead of artificial compounds such as iodinated

salt. Seaweed is eaten in many countries, especially in

Japan, and it is making its way into the Western diet

due to its nutritive and medicinal properties. Never-

theless, the composition of seaweed varies depending

on the species and origin and it may even be

contaminated by heavy metals (mercury, lead) and
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radioactive isotopes. The seaweed Laminaria japonica

is rich in iodine content followed by the common

seaweed in the Western coast of Canada, Laminaria

setchellii [107]. The seaweeds Laminaria hyperborea

and Gracilaria verrucosa have high iodine content as a

mineral or an organic form, and have low levels in

heavy metals [108]. The use of G. verrucosa is more

effective than the use of L. hyperborea to increase the

bioavailable iodine in normal individuals with suffi-

cient iodine levels or with mild iodine deficiency.

It is estimated that the daily intake of 200 mg of

iodine prevents the appearance of goiter related to

pregnancy [109]. The US Institute of Medicine of

the National Academy of Sciences has determined an

Estimated Average Requirement (EAR) for a parti-

cular nutrient as the quantity which would be enough

for 50% of the population, the recommended daily

intake is then calculated from this value; for iodine

the EAR value is 160 mg/day and the recommended

daily dose is 220 mg/day [75].

Iodine supplements during pregnancy are consid-

ered secure, though there is the possibility that a high

iodine dose might suppress maternal thyroid func-

tion. Mahomed and Gulmezoglu [110], on behalf of

the Cochrane Foundation, assessed the effects of

iodine supplementation before and during pregnancy

in iodine-deficient areas. For this purpose, three trials

provided clinical outcomes; in two trials, the iodine

supplements were accompanied by a significant

reduction in the infant mortality rate. The iodine

supplements also reduced the prevalence of endemic

cretinism at the age of 4 years, and better psycho-

motor development was obtained between 4 and 25

months of age. Moreover, the benefits achieved were

not accompanied by any obvious side-effects.

In Germany, Bader and collaborators [111]

studied the iodine content in milk of lactating women

five days after delivery and in bulk samples of cow’s

milk to determine if the iodine increase in milk was

one of the reasons for an improved iodine supply.

The average iodine content of human milk was

169 mg/l and in cow’s milk 178 mg/l. The iodine

quantity in maternal milk was twice as high as the

levels in mothers in 1994 in the same area. In some

countries, based on limited available data, iodine

levels in breast milk may be significantly lower than

they were two decades ago due to the presence of

perchlorate and other contaminants. Therefore, the

recommended iodine intake for pregnant and

lactating women may need to be revised and

increased [17].

Risks of an excess of iodine

The generalized supply of iodine has been the cause

of criticism and alarm. The first studies that were

carried out on iodine supplementation were accom-

panied by an increase in hyperthyroidism cases which

began with weight loss, weakness, signs of heart

failure and nervousness, often with no increase in the

size of the thyroid gland or of the exophthalmos

[112]. This effect occurs almost exclusively in people

over the age of 50, thus it does not occur in people

who are at a reproductive age. It appears that this

problem affects the initial iodination in large popula-

tions and the prolonged deficit suffered by people of

a certain age, but this should not be an obstacle for

the overall eradication of the problem in a specific

community.

The normal thyroid gland adapts to the moderate

load of iodine through self-regulation. Numerous

studies have proved that iodine supplementation in

an iodine-deficient population causes an increase in

the number of diagnosed cases of hyperthyroidism

[113]. The effects of edible salt supplementation and

the appearance of hyperthyroidism 6 years later have

been especially high among people between aged 20–

39 years, and new cases are alleged to be of an

autoimmune nature [115]. Teng and co-workers

[115] studied China’s iodine supplementation, and

its effects over time on the iodine levels and

ultrasound characteristics of the thyroid gland in

both ‘mildly deficient’ populations and populations

with ‘more-than-adequate’ or ‘excessive’ levels of

iodine intake. They found that increased iodine

intake over time is linked to decreased thyroid

function, and they concluded that though iodine

supplements should be implemented to prevent and

treat iodine-deficiency disorders, excessive levels of

iodine do not appear to be safe. In the editorial that

accompanies the Chinese work, Utiger [116] points

out: ‘Levels that are more than adequate . . . or

excessive . . . do not appear to be safe.’

Final remarks

Adverse obstetric and neonatal outcomes have been

demonstrated in pregnant women who do not receive

sufficient quantities of iodine during pregnancy and

lactation. One of the consequences of maternal

iodine deficiency is subclinical hypothyrodism. This

causes alterations in the mechanisms of trophoblastic

implantation, in the transport of hormones and in

early embryonic development, when the iodinated

hormones from the mother play a crucial role in early

embryonic organogenesis, particularly related to the

central nervous system. Before fetal hormonal

synthesis starts, the transplacental passage of thyroid

hormones plays an essential part in fetal develop-

ment. Thyroid hormone receptors and iodothyronine

deiodinases are present in the placenta and in the

fetal central nervous tissue. The accumulated evi-

dence available suggests that both the professionals in

charge of assisting pregnant women and the affected

women should be informed that a suitable quantity of

iodine can improve perinatal outcome. This can be
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achieved with a diet based on products which are rich

in iodine and, if necessary, with a supplement. A

global health effort is required to obtain optimum

conditions at birth. The problem is universal and

affects both rich and poor.
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