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Abstract
Purpose  To review the literature on thyroid function and thyroid disorders during pregnancy.
Methods  A detailed literature research on MEDLINE, Cochrane library, EMBASE, NLH, ClinicalTrials.gov, and Google 
Scholar databases was done up to January 2018 with restriction to English language about articles regarding thyroid diseases 
and pregnancy.
Results  Thyroid hormone deficiencies are known to be detrimental for the development of the fetus. In particular, the func-
tion of the central nervous system might be impaired, causing low intelligence quotient, and mental retardation. Overt and 
subclinical dysfunctions of the thyroid disease should be treated appropriately in pregnancy, aiming to maintain euthyroidism. 
Thyroxine (T4) replacement therapy should reduce thyrotropin (TSH) concentration to the recently suggested fixed upper 
limits of 2.5 mU/l (first and second trimester) and 3.0 mU/l (third trimester). Overt hyperthyroidism during pregnancy is 
relatively uncommon but needs prompt treatment due to the increased risk of preterm delivery, congenital malformations, 
and fetal death. The use of antithyroid drug (methimazole, propylthiouracil, carbimazole) is the first choice for treating overt 
hyperthyroidism, although they are not free of side effects. Subclinical hyperthyroidism tends to be asymptomatic and no 
pharmacological treatment is usually needed. Gestational transient hyperthyroidism is a self-limited non-autoimmune form 
of hyperthyroidism with negative antibody against TSH receptors, that is related to hCG-induced thyroid hormone secretion. 
The vast majority of these patients does not require antithyroid therapy, although administration of low doses of β-blocker 
may by useful in very symptomatic patients.
Conclusions  Normal maternal thyroid function is essential in pregnancy to avoid adverse maternal and fetal outcomes.

Keywords  Thyroid disease · Pregnancy · Hypothyroidism · Hyperthyroidism · Adverse fetal outcome

Introduction

Thyroid disorders are common in the general population [1] 
and have been associated with cardiovascular disease [2, 3], 
metabolic syndrome [4], and mood disorders [5, 6]. Normal 
thyroid function is essential in pregnancy to avoid complica-
tions in gestation and to ensure delivery of a normal baby. 
Thyroid diseases, after diabetes, are the commonest endo-
crine disorders during pregnancy. Low thyroid hormone 
levels during pregnancy can have detrimental effect on the 

development of the fetal central nervous system, and pre-
dispose to preterm delivery (RR 1.35) and increased risk of 
miscarriage (RR 1.90) [7].

Although hyperthyroidism in pregnancy is much less 
common than hypothyroidism, maternal, fetal and neonatal 
complications such as eclampsia, small for gestational age, 
prematurity and low birth weight are significantly increased 
in uncontrolled disease [8, 9]. A correct management of 
these thyroid disorders should focus on the mother as well 
as the fetus and should require a multidisciplinary approach 
to avoid maternal, fetal, and neonatal complications. Phar-
macological therapy should be tailored to single pregnant 
woman to keep thyroid hormone levels within the pregnant 
reference range.

The aim of this review is to discuss what is known about 
the interplay between thyroid diseases and pregnancy and 
the available evidences on the management of the different 
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thyroid alterations in pregnancy as well as on existing guide-
lines on this field for a more rational management of these 
disorders during pregnancy.

Methods of search strategy

A detailed literature research on MEDLINE, Cochrane 
library, EMBASE, NLH, ClinicalTrials.gov, and Google 
Scholar databases was done up to January 2018 with restric-
tion to English language about articles regarding thyroid 
disorders and pregnancy and most recent treatment options. 
The keywords used for this review were: “subclinical hypo-
thyroidism”, “subclinical hyperthyroidism”, “hypothyroid-
ism”, “hyperthyroidism”, “thyroid disorders”, “pregnancy”, 
and “fetal development”. Original articles, reviews, and 
meta-analysis were included. Three authors (A. D., G. C. 
and G. D.) selected the studies independently on the basis 
of the inclusion criteria. Disagreements among authors as 
to the studies to include were solved by discussion. In cases 
of duplication, the study with the most recent data was 
included. In case of cohort studies with multiple publica-
tions, the last dataset on efficacy was used.

Maternal thyroid hormones across pregnancy

The main thyroid hormones in humans are thyroxine (T4) 
and 3,5,3′-triiodo-l-thyronine (T3). The synthesis and secre-
tion of these hormones are finely regulated by the thyroid-
stimulating hormone (TSH) axis whose activity is negatively 
regulated by thyroid hormones. The most abundantly thyroid 
hormone secreted by the thyroid gland is T4 whereas about 
10% of circulating T3 is directly produced by the thyroid. 
T4 is considered to be a reservoir for the production of T3, 
since the majority of T3, which is considered to be the bio-
logical active form of thyroid hormones, is produced by T4 
conversion by type 1 iodothyronine deiodinases (D), which 
is distributed in every all tissues [10]. Both deiodinase 2 
(D2) and deiodinase 3 (D3) are expressed in the brain. D3 
inactivates T4 by converting it into reverse T3, a metaboli-
cally inactive compound, and converts T3 to diiodothyro-
nine (T2) whereas D2 functions to convert T4–T3. D2 is 
primarily expressed in glial cells of various regions of the 
central nervous system (CNS) and plays an important role 
in its development and function. In particular, type 3 deio-
dinase is expressed in high amounts in the placenta, where 
it protects the fetus from toxic levels of thyroid hormones 
by converting T4 to biologically inactive reverse T3 in the 
periphery [11, 12]. One of the most important physiological 
mechanisms to keep the fetus euthyroid is the presence of 
uteroplacental barrier, which transfers thyroid hormone from 
the mother to the fetus [13].

The complex actions of thyroid hormones are initiated by 
the intracellular binding of T3 to nuclear receptor where they 
cause alterations in gene expression. This nuclear genomic 
effect of thyroid hormones is exerted by either inducing 
or repressing the expression of target genes [14]. Thyroid 
hormones also affect cell function through a non-genomic 
action, which is independent of nuclear receptor. This action 
is exerted at the cellular membrane with the generation of 
second intracellular second messengers, such as calcium 
and cyclic adenosine monophosphate (cAMP) [14]. Both 
mechanisms are physiologically important in regulating 
cell differentiation and function. Thus, thyroid hormones 
play an important role in the regulation of many physiologic 
processes such as heart rate [15], blood pressure and arte-
rial stiffening [16, 17], lipid metabolism and atherosclerosis 
[18–21], and neural development [22].

Various physiological changes that occur across the nor-
mal pregnancy increase the demands of the maternal thyroid 
gland [23]. In the pregnant women there is an increase in T4 
and T3 production in response to the estrogen-stimulated 
rise in the thyroid hormone transport protein, thyroxine-
binding globulin (TBG). This thyroid hormone increases 
plateau at 12–14 weeks of pregnancy until a new steady state 
is reached [23]. Also in the first trimester, there is a transient 
inhibition of TSH that coincides with peak human chorionic 
gonadotropin (hCG) concentration [24]. Due to the structural 
homology between TSH and hCG molecule, hCG exerts a 
stimulatory effect on thyroid hormone synthesis and secre-
tion by binding to the TSH receptor on thyrocytes, which 
results in lowering TSH levels during the first trimester of 
pregnancy via the negative feed-back system [23]. Starting 
from the early weeks of gestation, there is a progressive 
decrease of free-T4 during pregnancy (Fig. 1). Moreover, a 
large plasma volume, and thus altered distribution of thyroid 
hormones, increased thyroid hormone metabolism, together 
with increased renal clearance of iodide are responsible for 
higher thyroid hormone requirements in pregnancy. Given 
that the fetus thyroid gland starts function after the first tri-
mester, this hormonal milieu ensures a proper amount of 
thyroid hormones delivery to the fetus at a critical time of 
neurological development. In fact, the most important mater-
nal thyroid hormone for the fetus is T4, because T4 crosses 
the placental barrier and achieves the fetus. The consequent 
fetal consumption of maternal thyroid hormone, together 
with increasing concentration of TBG, increasing urinary 
iodide clearance and increasing thyroid hormone degrada-
tion by placental D3, necessitates an increase in maternal 
thyroid hormone secretion to ensure adequate fetal thyroid 
hormone availability. Such a new physiological demand 
requires an adequate iodine intake by pregnant women that 
when not fulfilled can alter thyroid gland function, causing 
thyroid hormone deficiency.
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Thyroid function‑dependent fetal development

During embryogenesis, thyroid hormones are of critical 
importance in the normal development of the fetus and of the 
human central nervous system [25]. How abnormal thyroid 
hormone levels during a pregnancy may influence the fetal 
development has been studied for decades [26]. Although 
the fetal thyroid in humans can synthesize thyroid hormones 
by the 10–12 weeks of gestation [27], it is not until midges-
tation that important amounts of thyroid hormone are pro-
duced by the fetal thyroid gland (Fig. 2). Hence, maternal 
hypothyroxinemia during the first trimester of gestation 
can have deleterious effects on fetal development, which is 
largely dependent on maternal T4.

The adverse effects of abnormal maternal thyroid func-
tion in pregnancy have been well documented in states of 
severe iodine deficiency [28], where neurological and myx-
edematous cretinism are disorders of profound mental and 
physical disability. Thyroid hormones influence brain devel-
opment through modifications in the expression of a host of 
genes that are involved in coordinated and timely regulation 
of many different development processes like cell prolif-
eration, neurogenesis, cell migration differentiation, synap-
togenesis and myelinisation, as well as modifications in the 
neurochemical environment in the brain [29].

The functional consequence of maternal dysfunction, par-
ticularly during the first trimester of pregnancy, on the fetal 
brain development in humans has mainly been studied from 
neuropsychological testing of altered offspring neurode-
velopment. Subtle alterations in cognitive function, intel-
ligence quotient, developmental delays in infancy, emotional 
problems, or hyperactivity/inattention have been described, 
although not univocally reported [30–40]. An increased risk 
for the offspring to develop autism has also been associ-
ated with maternal hypothyroxinemia [41]. More recently 

Fig. 1   Variations of thyroid hormones and β hCG across pregnancy. 
Modified from Glinoer [23]

Fig. 2   Development of central 
nervous system and thyroid 
function
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morphological changes in the brain of children exposed to 
abnormal thyroid function in pregnancy have been evalu-
ated with magnetic resonance scans. Some studies reported 
abnormal cortical morphology with smaller volume of the 
hippocampus and abnormal development of corpus callosum 
[42–44], although no association between maternal hypo-
thyroxinemia and offspring brain morphology was found in 
another report [36].

Collectively, the data clearly demonstrated that the mater-
nal low T4 levels during the first trimester of pregnancy are 
likely correlated with the risk of developing adverse fetal 
outcomes. Early diagnosis and correct management of thy-
roid dysfunction in pregnancy is essential to avoid adverse 
maternal and fetal complications.

Iodine during pregnancy

In early gestation, maternal thyroid hormone production 
normally increases by approximately 50% in response to 
the increased metabolic demands of the fetal–maternal 
unit. This increased thyroid hormone demand necessarily 
requires an adequate iodine supply that is mainly obtained 
from the diet or with supplemental iodine. Moreover, when 
fetal thyroid hormone production physiologically increases 
during the second half of pregnancy, there is an additional 
maternal iodine requirement because iodine readily crosses 
the placental barrier.

Iodide is rapidly and fully absorbed through the stomach 
and duodenum and then transported through the circulation 
where it is taken up by the thyroid in different amounts, 
depending on the functional state of the thyroid and the 
iodine supply, or it is renally excreted. The latter represents 
the primary route of iodine excretion, which accounts for 
more than 90% of ingested iodine [45]. Iodide metabolism 
rapidly changes during early pregnancy, because the glo-
merular filtration rate of iodide increases by 30–0% [46], 
thereby further decreasing the circulating pool of plasma 
iodine [47, 48]. Iodine nutrition in pregnancy and lactation 
is reflected by a decline in urinary iodine excretion. The 
inability to compensate for the augmented iodine demand in 
pregnancy causes the development of maternal goiter due to 
TSH stimulation. For these reasons, dietary iodine require-
ments are higher in pregnant women than in non-pregnant 
individuals.

Insufficient iodide levels during pregnancy result in 
severe neurologic and psychological deficit in children 
as well as endemic goiter, intrauterine growth retardation 
(IUGR), increased pregnancy loss and infant mortality 
[48–50]. Adequate urinary iodine concentrations in preg-
nancy are>150 mcg/L while daily dietary iodine intake 
should be >200 μg [51]. The World Health Organization 
recommends that pregnant (and lactating) women should 
have an iodine intake of 250 mcg per day, which is 100 

mcg above that recommended for non-pregnant women. In 
iodine-deficient areas, maternal iodine supplementation with 
iodized salt have demonstrated reduction in the rates of fetal 
death, endemic cretinism, and decreased thyroid volume as 
well as improvements in infants’ neurocognitive functions 
[48].

Thyroid disease in pregnancy. Diagnosis and management 
of hypothyroidism, subclinical hypothyroidism, gestational 
hypothyroxinemia.

Hypothyroidism

The prevalence of overt maternal hypothyroidism (elevated 
TSH concentration of 10 mU/l or greater, with free T4 below 
the reference value) [52] in pregnancy is estimated to be 
between 0.3% and 1.5 in different studies [24, 34, 53–55]. 
Its commonest cause is autoimmune thyroiditis, but is often 
pre-existent, previous surgery, or radioactive iodine treat-
ment for thyroid cancer, goiter or hyperthyroidism being the 
most frequent clinical conditions. Untreated hypothyroidism 
has been associated with an increased incidence of adverse 
fetal and maternal complications in pregnant women. These 
include preterm birth, perinatal death, pre-eclampsia and 
placental abruption [56]. Adverse effects on neuropsycho-
logical development or intelligence quotient have also been 
associated with untreated hypothyroidism [57, 58]. Since 
the placental transfer of maternal T4 is crucial for optimal 
fetal development, levo-thyroxine therapy should be initi-
ated as soon as possible targeting TSH level to the recom-
mended values, particularly during the first trimester of 
pregnancy [59]. The levo-thyroxine requirements usually 
plateau from 16–18 weeks of gestation until delivery [58]. 
Euthyroid patients with pre-existing hypothyroidism will 
need increments of levo-thyroxine dose by approximately 
25–50% owing to the estrogen-induced rise in TBG plasma 
concentration. Pregnant women with adequately controlled 
hypothyroidism are expected not to have an increased risk 
of pregnancy complications when compared with women 
without thyroid disease. As far as we know, no randomized 
controlled trial of T4 substitutive therapy for overt hypothy-
roidism in pregnant women has been conducted for ethical 
reasons.

Subclinical hypothyroidism (SCH)

The frequency of subclinical hypothyroidism, biochemi-
cally defined as an elevated TSH but a normal free T4, 
which tends to be asymptomatic, is more prevalent, with a 
prevalence of 3.5–18%, depending on the TSH values used 
[60, 61]. The most frequent causes of subclinical hypo-
thyroidism are chronic lymphocytic thyroiditis, and inad-
equate levo-thyroxine supplementation, poor adherence, 
drug interactions, or inadequate monitoring of treatment. 
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Although in the last two decades evidences have accumu-
lated on the possible negative consequences of maternal 
subclinical hypothyroidism on child development, there 
is no consensus about the definition of this clinical entity, 
as well as how and when to treat subclinical hypothyroid-
ism during pregnancy. References range for serum TSH 
has always been derived from the sera of non-pregnant 
healthy individuals. Association of American Clinical 
Endocrinologists (AACE), American Thyroid Associa-
tion (ATA), Endocrine Society Guidelines (ESG), fixed 
TSH upper limits of 2.5 mU/l (first and second trimester) 
and 3.0 mU/l for the third trimester [62–64]. The use of 
this new threshold, probably resulting in overdiagnosis, 
or subclinical hypothyroidism, showed that between 8 and 
28% of pregnant patients have a TSH concentration above 
these fixed cutoffs [65–67].

Lowering TSH to <2.5 mU/l has been recommended not 
only to pregnant women, but also for women planning to 
become pregnant [52]. Although the adoption of population-
based reference ranges would best define gestational thyroid 
diseases, when these reference ranges are unavailable, recent 
ATA guidelines advocate the use of a fixed upper limit of the 
non-pregnancy upper limit minus 0.5 mU/l [59]. Subclini-
cal hypothyroidism during pregnancy has been associated 
with significant increased risk of placental abruption, early 
pregnancy loss, neonatal death and pre-eclampsia [68, 69]. 
Neurodevelopmental deficit in offspring has been described 
in some studies, but not in others [33, 35, 70]. Data on the 
effects of treatment for subclinical hypothyroidism are scarce 
and not univocal. The ATA recommended the treatment of 
women with subclinical hypothyroidism who have elevated 
titres of thyroperoxidase antibodies (TPOAb), whereas ETA 
and the Endocrine Society recommended T4 treatment in all 
pregnant women with subclinical hypothyroidism, regard-
less of TPOAb titres [52, 62, 64]. Additional studies showed 
that T4 replacement in women who were TPOAb-positive 
decreased the risk of miscarriage or premature delivery [8, 
71].

The reported data demonstrated that the benefit of T4 
therapy in reducing the risk of preterm delivery was mainly 
present in patients with TSH levels > 4.0 mU/l [72], since 
lack of association with altered pregnancy outcomes was 
demonstrated with variation in thyroid parameters within 
the normal (non-pregnant) range during the first trimester 
of pregnancy [73]. Thus, despite the well-defined biochemi-
cal guidelines on treatment of overt hypothyroid pregnant 
women, there is no general consensus on whether to treat 
SCH women with positive or negative thyroid antibodies.

The TSH threshold for the definition of SCH is also 
controversial. Recently a higher cutoff value of > 4 U/l 
has been proposed by ATA. According to the ATA sug-
gestion, T4 replacement could decrease adverse pregnancy 
outcomes using the newly recommended cutoff, while no 

beneficial effect was observed in women with TSH cut-point 
of 2.5–4 U/l [72].

In conclusion, the still accepted general consensus is to 
treat pregnant women with subclinical hypothyroidism with 
T4 to achieve a TSH level within the trimester-specific range 
[74, 75] although the biochemical definition of this clinical 
condition in pregnancy is still debated.

Thyroid autoimmunity

TPOAb, together with anti-thyroglobulin antibodies (TGAb), 
are markers of thyroid autoimmunity and often co-exist with 
other autoimmune disorders [76–78]. Despite a genetic and 
environmental predisposition being documented [79–84], its 
etiology is largely unknown. Autoimmune thyroid disease 
can cause hypothyroidism [85] and other diseases such as 
thyroid cancer, although the latter is still debatable [86]. 
Further, it has been considered as important risk factors for 
thyroid dysfunction during pregnancy, as pregnant women 
who are antibody-positive have a higher risk of thyroid dys-
function than women who are TPOAb-negative [65, 87, 88]. 
A beneficial effect of T4 treatment on the risk of prema-
ture delivery or miscarriage has been reported in pregnant 
women [8], particularly in women with TSH levels > 4U/l 
[74]. The mechanisms through which antithyroid antibodies 
might increase the risk of adverse pregnant outcomes are 
not clear. Since TPOAb is a biochemical marker of chronic 
lymphocytic thyroiditis, pregnant women who are antibody-
positive may have a higher risk of thyroid dysfunction and 
adverse pregnancy outcomes. In keeping with this hypoth-
esis, pregnant women who are TPOAb-negative have a lower 
risk of adverse pregnancy outcomes than pregnant women 
who are TPOAb-positive with TSH levels > 4U/l [89–91].

A beneficial effect of T4 replacement therapy on preg-
nancy outcome in TPOAb-positive women with TSH > 4U/l, 
or > 2.5U/l has been recently confirmed [72, 92]. A recent 
meta-analysis demonstrated that subclinical hypothyroidism 
is a risk factor for miscarriage in women before 20 weeks of 
pregnancy [7]. The authors recommend early treatments to 
avoid adverse pregnancy outcomes, although a limitation of 
the study was the different subclinical hypothyroidism diag-
nostic criteria of the included study in that review. A dose-
dependent relationship between TPOAb and thyroid function 
on premature delivery risk was recently reported [93].

Isolated maternal hypothyroxinemia

Isolated maternal hypothyroxinemia (IH) refers to a lower 
serum-free T4 level that is less than 10% or < 5th percentile 
of the reference in the presence of normal TSH values (< 
2.5 mU/l), and negative TPOAb [94]. Initially, hypothyrox-
inemia was considered a condition of mild iodine deficiency, 
but hypothyroxinemia also occurs in iodine-sufficient area 
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and does not tend to increase following iodine supplemen-
tation [95, 96]. Thus, not only iodine deficiency but other 
pathophysiological mechanisms are likely involved in the 
development of hypothyroxinemia. Potential risk factors 
include modification for the TBG affinity for T4, increased 
placental D3 activity, and placental angiogenic factors 
that have been associated with maternal thyroid function 
and hCG-mediated free T4 stimulation [97]. Moreover, the 
coexistence of thyroid autoimmunity has been reported to 
impair the thyroidal response to hCG [98], whereas the 
thyroid response to hCG in women with hypothyroxinemia 
without thyroid autoimmunity was similar to that in euthy-
roid women [98], suggesting that the condition of hypothy-
roxinemia was not due to a shortage of thyroid hormone 
availability.

Overweight might also represent an additional risk factor 
for hypothyroxinemia in pregnancy [99]. Women who are 
overweight have a three-to-sixfold higher risk of hypothy-
roxinemia [100]. Also, additional studies showed that free 
T4 is negatively correlated with body weight during preg-
nancy [101, 102]. How overweight may be linked with hypo-
thyroxinemia during a pregnancy is not clear. One hypoth-
esis is that obesity stimulates peripheral deiodinase activity 
resulting in an increased conversion of free T4-free T3 as 
an adaptation process to increase energy expenditure. While 
adverse pregnancy outcomes have been clearly demonstrated 
in pregnant women with hypothyroidism, data on the con-
sequence of IH on the maternal-fetal unit are not clear and 
inconsistent [103, 104]. An increased risk of breech presen-
tation at birth has been reported by some authors [99, 105] 
but not in other reports [106, 107].

Hypothroxinemia may be associated with an increased 
risk of maternal body mass index (BMI), a susceptibility 
to develop gestational diabetes and macrosomia although 
the latter may be related to the higher BMI and gestational 
diabetes [99]. No benefit in preventing delayed neuropsy-
chological development was reported by treating pregnant 
women with IH [99]. ATA guidelines did not recommend T4 
treatment of gestational hypothyroxinemia, while Endocrine 
Society guidelines leave it to the discretion of the physician 
[52, 64]. Nevertheless, T4 therapy in isolated hypothyrox-
inemia detected in the first trimester (but not in the second 
and third trimester) was considered by European Thyroid 
Association [108]. The prevalence of hypothyroxinemia 
during the first trimester of pregnancy has been reported to 
be 2–8.7%, although wide differences exist among recent 
studies. The biochemical diagnostic criteria used are likely 
the main cause of these discrepancies. Hypothyroxinemia 
has been considered as either 10th, 5th, or 2.5th lowest per-
centile of free T4 with negative or positive thyroid autoim-
munity. Another confound variable is the iodine status of 
different populations that has been studied, together with 
the lack of recommended cutoff values for diagnosis due to 

important differences between the available assay for free 
T4. Reference ranges provided by the manufacturers have 
been established using sera of non-pregnant women. In preg-
nant women, the results obtained with automated, non-sepa-
ration assays of free T4 poorly correlate with those obtained 
by reference method, in which free T4 has been isolated by 
ultrafiltration or equilibrium dialysis before analysis.

Therefore, additional studies are required to standardize 
these variables, since the available data do not suggest that 
hypothyroxinemia may be a laboratory phenomenon due to 
limited accuracy of free T4 assays in pregnancy [109].

Hyperthyroidism

Maternal hyperthyroidism is defined as suppressed TSH 
serum level in the presence of high levels of free T4 and/ or 
free T3. Overt hyperthyroidism during pregnancy is rela-
tively uncommon, occurring in 0.1–0.5% of all pregnancy 
[24]. The differential diagnosis of thyrotoxicosis in preg-
nancy is similar to that of non-pregnant women: autoim-
mune thyroid disorders (Graves’ disease, Hashitoxicosis), 
toxic adenoma or multinodular goiter, transient thyrotoxi-
cosis (subacute thyroiditis, silent thyroiditis), and, rarely, a 
pituitary secreting TSH.

The most common cause of hyperthyroidism in preg-
nancy is autoimmune Graves’ disease, with circulating TSH 
receptor antibodies (TRAbs) stimulating the TSH receptor 
of the thyroid gland. The disease usually exacerbates within 
the first trimester and tends to improve thereafter [110]. The 
immune-tolerant state of pregnancy is associated over time 
with a decrease in TRAb titers and in severity as gestation 
progresses, but it tends to recur following delivery [23, 24, 
111]. Features suggestive of Graves’ disease include the 
presence of ofthalmopathy, TRAb positivity, a family his-
tory of autoimmune thyroid disease as well as a pre-exist-
ing Graves’ disease. The disease often presents with clear 
symptoms such as palpitations, severe tachycardia, anxiety, 
tremor, and is associated with clear biochemical abnormal-
ity such as suppressed TSH levels with high free T4 or free 
T3, or both, concentrations. The consequences of untreated 
or inadequately treated hyperthyroidism can be observed in 
both mother and fetus [112]. Adverse fetal and maternal out-
comes associated with untreated maternal hyperthyroidism 
include preterm delivery, IUGR, congenital malformations, 
fetal death and fetal thyrotoxicosis [113]. During pregnancy, 
there is a transfer of thyroid-stimulating immunoglobulins 
from the mother to the fetus inducing the activation of 
the TSH receptor that promotes thyroid hormones secre-
tion and a thyrotoxicosis in utero that remains postnatally 
[114–117]. Hyperthyroidism in the neonate is rare, usually 
transient, and remits with clearance of maternal TRAbs in 
the first 3 months of life [118]. Cardiac failure and thyroid 
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storm can also occur in pregnant women with uncontrolled 
hyperthyroidism.

Classical treatment of hyperthyroidism includes the 
use of antithyroid drugs, surgery or thyroid ablation with 
I131, the latter being absolutely contraindicated in pregnant 
patients. When radioiodine therapy has been applied to non-
pregnant women, it is advisable to avoid conception for at 
least 6 months, although this is an empiric recommendation.

The use of antithyroid drugs, namely methimazole, car-
bimazole, which is a drug to methimazole, and propylthi-
ouracil, has been the standard of care for decades. These 
compounds block thyroid hormone synthesis, cross the 
placenta to a varying degree [119], and can have, although 
rare, adverse effects on the fetus and the fetal thyroid gland, 
particularly when used during early pregnancy The use of 
methimazole or carbimazole may be associated with agranu-
locytosis and a risk of birth defects such as aplasia cutis, 
facial dysmorphism, omphalocele and choanal atresia [120, 
121]. Methimazole exposure in early pregnancy was asso-
ciated with birth defects in 4.1% of newborns (p = 0.002 
vs control) [122]. The use of propylthiouracil during preg-
nancy is predominantly associated with maternal liver injury 
as well as with an increased risk of cysts, hydronephrosis 
and preauricular sinuses [120, 121]. The available evi-
dences indicate that the use of propylthiouracil during early 
pregnancy is likely associated with a slightly lower risk of 
adverse reactions or outcomes compared with methimazole.

Because available evidence suggests that methimazole 
may be associated with congenital anomalies, propylthioura-
cil should be used as a first-line drug, if available, especially 
during first-trimester organogenesis [123]. Methimazole 
may be prescribed if propylthiouracil is not available, or 
if a patient cannot tolerate or has an adverse response to 
propylthiouracil. For overt hyperthyroidism due to Graves’ 
disease or thyroid nodules, antithyroid drug therapy should 
be either initiated (for those with new diagnoses) or adjusted 
(for those with a prior history) to maintain the maternal thy-
roid hormone levels for free T4 in the upper non-pregnant 
reference range, as this minimizes the risk of hypothyroid-
ism to the fetus [123]. A surgical approach should be con-
sidered in pregnant women with overt hyperthyroidism who 
have severe adverse reactions to antithyroid drug or when 
high doses of these compounds are required to achieve an 
optimal control of the disease.

Thyroid storm is a rare medical emergency, character-
ized by high levels of thyroid hormones leading to extreme 
hypermetabolic state. Cardiac arrhythmias, stupor, unex-
plained fever, altered mental status, confusion, together 
with a high risk of maternal heart failure are usual clinical 
pictures. The pharmacological treatment is similar to that of 
non-pregnant women and requires a multiple pharmacologi-
cal approach, including high doses of PTU, iodide and cor-
ticosteroid therapy, as well as general supportive care. Beta 

adrenergic blockers are also used to block sympatho-adren-
ergic hyperactivity. Propranolol has been widely employed: 
the drug passes the placental barrier with low risk of adverse 
fetal outcomes. Propranolol has also been demonstrated to 
reduce circulating T3 levels through a reduction of T4 deio-
dination [124].

Subclinical hyperthyroidism

Subclinical hyperthyroidism, biochemically defined as a 
reduced TSH but a normal free T4, usually represents a 
subclinical form of Graves’s disease or uninodular or mul-
tinodular goiter. These clinical conditions probably persist 
throughout the pregnancy and tend to be asymptomatic. The 
prevalence is about 1.7% and is usually not associated with 
adverse pregnancy or neonatal outcomes [125]. No pharma-
cological treatment is usually needed, although the theoreti-
cal benefit of lowering thyroid hormones with antithyroid 
compounds has not been demonstrated.

Gestational transient thyrotoxicosis

Gestational transient thyrotoxicosis is a self-limited non-
autoimmune form of hyperthyroidism with negative 
TRAbs. It is related to the physiological elevation of hCG. 
The homology between the β subunit of the hCG and TSH 
molecules cross-reacts with the TSH receptor and induces 
thyroid hormone secretion. This condition is usually limited 
to the first half of pregnancy, and is associated with a high 
free T4 and a TSH that is in the low-to-normal range for 
pregnancy or is frequently undetectable. As many as 2.4% 
of women may be affected by this entity during pregnancy 
[23]. It is suggested that hCG may have a causative role in 
hyperemesis gravidarum, characterized by excessive nau-
sea and vomiting, which causes dehydration, ketonuria, and 
a 5% weight loss. The temporal relationship between the 
level of hCG peak and the severity of vomiting supports this 
hypothesis. Thus, hyperemesis gravidarum may be consid-
ered a mild form of gestational hyperthyroidism, as TSH was 
found suppressed to below 0.2 mU/l in 60% of women with 
hyperemesis compared with only 9% of pregnant women 
without symptoms [126]. However, the exact mechanism for 
how elevated level of hCG causes hyperemesis is unclear. 
The vast majority of these patients do not require antithy-
roid drug therapy, but the administration of low doses of 
β-blocker may be useful in very symptomatic patients.
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Conclusions and take home messages

•	 Early diagnosis and management of thyroid diseases in 
pregnancy are essential to avoid severe maternal and fetal 
clinical complications.

•	 Low hormone levels during pregnancy can have detri-
mental effects on the development of the fetus, particu-
larly on the central nervous system.

•	 Adequate iodine intake is needed for thyroid hormone 
synthesis and normal neurodevelopment of the fetus.

•	 Studies of maternal iodine supplementation in iodine-
deficient areas have demonstrated reductions in endemic 
cretinism, rates of fetal death, and improvement of 
infants’ cognitive function.

•	 Levo-thyroxine requirements in hypothyroid pregnant 
women increase early in gestation, and T4 doses should 
target a TSH of 2.5 U/l or less in the first trimester and 
less than 3.0 U/l in the second and third trimester.

•	 Subclinical hypothyroidism is often treated with T4, 
although it has not been proven beyond doubt that it 
improves fetal outcomes.

•	 Gestational transient hyperthyroidism as well as subclini-
cal hyperthyroidism do not usually require treatment.

•	 Overt hyperthyroidism in pregnancy is much less com-
mon than hypothyroidism. Antithyroid drugs, particu-
larly propylthiouracil, are recommended in the first tri-
mester of pregnancy.
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