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Abstract. Thyroid dysfunction is a significant public health
issue, affecting 5‑10 more women compared to men. The
estimated incidence is up to 12% and only for women the treat‑
ment rises up to 4.3 billion dollars annually. Thyroid pathology
can have a major impact on female fertility and it can only be
detected when preconception tests are performed. Untreated or
poorly treated hyperthyroidism in a mother can affect the fetal
development and pregnancy outcome. Between 0.1 and 0.4% of
the pregnancies are affected by clinical hyperthyroidism.
Thyroid dysfunction is associated with higher rates of pregnancy
loss. Hyperthyroidism can complicate fetal health problems
intrauterinely and in the neonatal period. The TSH receptor
is stimulated by TSH and HCG which has a similar structure.
This can lead to gestational thyrotoxicosis. Hyperthyroidism
can be treated with propylthiouracil or methimazole and in
selected cases, surgical treatment or radioactive iodine can be
chosen. In pregnancy, the most used treatment is represented by
propylthiouracil which can be used from the first trimester. The
aim of this review is to assess the current data regarding the
impact of thyroid dysfunction on pregnancy and to synthesize
the treatment options during pregnancy and lactation.
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1. Introduction
The abridged classification of thyroid diseases includes
thyroiditis (with normal thyroid function), hyperthyroidism
and hypothyroidism (1). Thyroiditis can be acute, subacute
(De Quervain's), chronic autoimmune (Hashimoto's disease)
or postpartum and silent thyroiditis (1). In hyperthyroidism the
function of the gland can be increased as in Basedow‑Graves
or not (thyrotoxicosis) as in excessive exogenous thyroid
hormones, which can mimic chemical pregnancy in the
first weeks of gestation (2,3). Pregnancy is a particular state
in a woman's life that occurs due to multiple hormonal and
metabolic changes occurring in this period. Although there is
controversy, it is considered that thyroid pathology during preg‑
nancy can be associated with fetal and maternal complications
including pregnancy loss, preterm delivery, pre‑eclampsia
and increased neonatal morbidity (4,5). Besides thyroid
dysfunction, other endocrine complications such as high blood
pressure, adrenal insufficiency, obesity, and diabetes mellitus
can severely complicate a pregnancy and modify the outcome
of the pregnancy which requires an important level of aware‑
ness for obstetricians and necessitates an interdisciplinary
team (6,7).
Pregnancy is a period full of hormonal changes. As the
estrogen increases, so do the TBG (thyroid binding globulin)
and T3 and T4 levels, the serum hCG increases continuously in
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the first trimester and stimulates the TSH receptors responsible
in decreasing the TSH levels (8). Thyroid stimulation is due to
the similar structure between hCG and TSH which is the cause
of decreased serum levels of TSH in pregnant women (9).
In addition, iodine availability is relatively reduced due to
the increased renal clearance, metabolic changes and fetal
intake (10). During this period the thyroid volume increases
from 10 to 40%.
A study that included 290 patients with normal pregnancy
analyzed the levels of TBG, TBPA, T4, free‑T4, T3 and
TSH (11). The results showed an increase in TBG levels until
24 weeks, an increase in T4 levels until 16 weeks, a decrease
in free‑T4 levels to a subnormal value until 20 weeks of
pregnancy, an increase in T3 levels until 14 weeks, and an
increase in TSH levels until the end of the pregnancy as well
as constant TBPA values (11). The normal values specific for
each trimester are shown in Table I but are varying (12‑14).
The incidence of thyroid pathology among pregnant women
varies. It is between 0.1 and 0.4% for hyperthyroidism and
between 2 and 3% for hypothyroidism (9). In the cases in which
thyroid antibodies are present there is a 5‑10% likelihood that
the mother will develop thyroid insufficiency in pregnancy (1).
The thyroid function evaluation in pregnancy allows iden‑
tification of women with a risk of developing thyroid disease or
for a woman that already has an alteration of thyroid function.
Although there is controversy regarding testing all pregnant
patients, the American Thyroid Association (2017) (15), the
American College of Obstetrics and Gynecologist (2020) (16)
and the European Thyroid Association recommend testing all
pregnant patients at high risk for thyroid dysfunction (17,18).
Previous findings have shown that thyroid function screening
for all pregnant patients does not provide significant differ‑
ences in the maternal and fetal outcome, but many authors
agree on the importance of universal screening in order to
identify women with thyroid dysfunction (5,19).
Women considered at risk for developing thyroid pathology
are patients >30 years, with type 1 diabetes, patients with autoim‑
mune disease, history of infertility, miscarriage or preterm birth,
high body mass index, iodine insufficiency or history of irradia‑
tion (19). In the same high‑risk category are women with thyroid
peroxidase antibodies or thyroglobulin antibodies present.
The management of thyroid dysfunction in pregnancy must
be balanced carefully. The medical treatment needed (such as
anti‑thyroid drugs) crosses the placenta and acts on the fetal
thyroid. It is important that the cut‑off values for thyroid
hormones are established and the advantages and disadvan‑
tages of the treatment are well presented, with avoidance of
under‑ or over‑treatment.
A literature review was performed using PUBMED and
COCHRANE databases with the terms ‘hyperthyroidism
and pregnancy’, ‘thyroid dysfunction during pregnancy’, and
‘thyroid dysfunction during lactation’. Current published litera‑
ture was selected and articles synthetized to the current trend
regarding the management of thyroid pathology in pregnancy
and the impact of medical treatment on pregnancy and lactation.
2. Clinical features of pregnant patients with hyperthyroidism
The symptomatology in hyperthyroidism includes nervousness,
dyspnea, tachycardia, cardiac systolic murmur or sweating (6).

These are hard to be correlated with thyroid dysfunction due
to their presence in many pregnant women. Patients presenting
with weight loss (without significant hyperemesis gravidarum),
goiter or ophtalmopathy can be correlated with Graves hyper‑
thyroidism (19). The TSH and FT4 dosage is necessary for
diagnosis and it must be correlated with the trimester of the
pregnancy (suppressed TSH, elevated FT4). If the patient did
not perform thyroid function evaluation in the preconception
period, the diagnosis was usually made in the first trimester.
Transient hyperthyroidism of hyperemesis gravidarum is
defined as transient hyperthyroidism that is limited to the first
trimester with the absence of thyroid autoimmunity (20). In
these cases, at the beginning of the second trimester the fT4
normalizes but the TSH level may remain low (21).
The physiological changes during pregnancy lead to fluctu‑
ating hormonal levels. The main hormone that rises in the first
weeks of pregnancy is represented by hCG (human chorionic
gonadotropin), which is similar to TSH (22,23). This competi‑
tion in stimulating the thyroid determines an elevation in free
T4 (24,25). In addition, the circulating estrogen increases and
leads to an increased thyroxine‑binding globulin (TBG) which
is also compensated with increased thyroid volume thereby
elevating free T4 (26,27). After the first trimester hCG levels
decline, the free T4 increases and TSH decreases (25,28). The
organism method to protect the fetus is represented by the
placental deiodinase type 3 (D3) expression in high amounts,
especially in the first trimester (29). D3 deactivates T4 and
converts it into a metabolically inactive compound. D3 and
deiodinase 2 (D2) are expressed by the brain in various
regions of the nervous system and contribute to its protec‑
tion (28). In addition, the placenta itself is an important barrier
which maintains the fetus euthyroid by regulating the thyroid
hormone transfer (30). The specific immunosuppression in
pregnancy leads to decreasing levels of antibody titers with
the progression of pregnancy, but after birth, the antibody
titers level increases, including TRAbs. This may lead to
postpartum thyroiditis and needs adequate treatment (27,31)
even if Graves disease was previously treated (surgery or
radioiodine ablation) (28).
These pathophysiological changes lead to the signs
and symptoms that are encountered in pregnant women
with thyroid dysfunction. Even if they are signs of normal
pregnancy, the hormonal dosage should be recommended and
detailed history must be obtained.
3. Fetal development in pregnancies with hyperthyroidism
Although it is not common, overt hyperthyroidism can put
both the mother and the fetus at risk. Due to the placental
passage of thyroid hormones the fetus can present hyperthy‑
roidism and 1‑5% of the neonates can develop hyperthyroidism
or Graves' disease. Fetal hyperthyroidism is associated with
tachycardia (≥160 beats/min), heart failure, hydrops, goiter and
prematurity (8).
If untreated, it is associated with low birth weight, prema‑
turity and eclampsia. Pregnant patients with hyperthyroidism
have a higher risk of infertility and miscarriage than those
with normal thyroid function (8). Previous findings corre‑
lated untreated Grave's disease with increased incidence of
birth defects compared to euthyroid patients (32). Due to the
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Table I. Normal values for thyroid hormones.
TSH (8)
Non‑pregnant (fertile period)
First trimester
Second trimester
Third trimester

Free T3 (9)

Free T4 (9)

0.5‑4.1 mU/l (8)
2.0‑7.0 pmol/l (9)
0.9‑1.7 ng/dl (9)
0.6‑3.4 mU/l (8)
1.54‑5.22 pmol/l (9)
0.95‑1.53 pmol/l (9)
0.37‑3.6 mU/l (8)
1.78‑5.29 pmol/l (9)
0.87‑1.45 pmol/l (9)
0.38‑4.0 mU/l (8)			

influence of hCG on maternal thyroid, gestational hyperthy‑
roidism must be considered and treatment before 18 weeks
of pregnancy should not be initiated due to the possibility of
normalized T4 levels in this period (31). After the exacerba‑
tion of symptoms in the first half of pregnancy when the TSH
receptors are overstimulated by hCG, in the second half of the
pregnancy the symptomatology improves and so the medical
treatment must be adjusted accordingly (33). In these patients
the aim is to keep fT4 levels at the upper normal range in order
to use the minimum dose of anti‑thyroid medication.
The risk for developing fetal hyperthyroidism is correlated
with maternal hormone values, especially the stimulating
antibodies in maternal‑fetal circulation (34). Previous findings
suggest that hyperthyroidism in neonates from mothers with
Graves' disease can be up to 5% (35). Fetal thyroid stimula‑
tion leads to fetal tachycardia, fetal goiter, prematurity, and
hydrops (8).
In these cases, fetal surveillance includes screening
ultrasound at 18‑22 weeks for fetal thyroid anatomy, signs
of growth restriction, hydrops, oligohydramnios or cardiac
rhythm anomalies, and regular hormonal dosage, especially
TRAb (29).
4. Treatment options in pregnancy
The medical treatment for hyperthyroidism is represented by
anti‑thyroid drugs. In pregnancy methimazole (MMI) and
propylthiouracil (PTU) are commonly used. Carbimazole can
be also used as it is metabolized to methimazole (36). The
main concern is that anti‑thyroids cross the placenta (17). Even
if it is unclear whether there is a significant difference between
PTU and MMI regarding crossing the placenta, there is a
strong recommendation that the lowest possible dose be used.
It is recommended that in the first trimester PTU is recom‑
mended while it appears that MMI can cross the placenta
more freely (37). In addition, PTU is bound tightly to serum
albumin, although there is evidence that the placental crossing
is not entirely dependent on protein transfer (38).
Even though hyperthyroidism itself can be associated
with increased risk of congenital anomalies (most frequently
cardiac or renal) (8), anti‑thyroid treatment can cause terato‑
genicity (37). Anomalies associated with this treatment are
represented by congenital aplasia cutis reported in old studies
(scalp defect due to MMI in the first trimester) (39), choanal
atresia, tracheo‑oesophageal fistula, gastrointestinal anomalies
in particular oesophageal atresia and patent vitellointestinal
duct, omphalocele, athelia/hypothelia, developmental delay,
hearing loss, and dysmorphic facial features (37). All these
anomalies form a specific phenotype that is seen in fetuses

TBG (10)
16‑24 µg/ml (10)
10‑40 µg/ml (10)
23‑46 µg/ml (10)
19‑49 µg/ml (10)

of mothers that received treatment with carbimazole. These
types of rare defects are not seen in patients with PTU treat‑
ment and so the recommendation is that this drug be used in
the first trimester (40). Both drugs are responsible for fetal
hypothyroidism and goiter; nevertheless, the maternal thyroid
hormone levels must be adjusted as they are more important
than the drug being used (37,41).
5. Thyroid dysfunction treatment in lactation period
WHO recommends breastfeeding up to 2 years and exclusive
breastfeeding in the first 6 months. Both hyperthyroidism and
hypothyroidism need adequate treatment in the post‑partum
period and probably long‑term treatment.
In hyperthyroidism the main indication is PTU. The
amount excreted in breast milk is 0.025%. In the case of MMI
the amount excreted in breast milk is equivalent to the maternal
levels of the drugs (42). Studies that evaluated thyroid function
of infants with MMI treatment have shown no difference from
infants of euthyroid mothers (36).
Breastfeeding is considered to be safe for patients with
PTU ≤300 mg/day or MMI 20‑30 mg/day and close moni‑
toring of fetal thyroid function (36).
Normal thyroid hormones levels are needed for normal
milk production and normal lactation. Breastfed infants
of mothers with thyroid dysfunction should be evaluated
for normal growth and development and normal thyroid
function.
6. Conclusion
The European Thyroid Association reported that the clinical
practice and recommendation are variable in Europe and
there is inconsistency in the treatment on pregnant women
or on those desiring pregnancy that present with hyper‑
thyroidism. The current recommendations (the American
Thyroid Association, the American Association of Clinical
Endocrinologists, the Endocrine society) are that PTU
should be used in the first trimester and be switched to MMI
from the second trimester. If the patient is under MMI,
they should transfer to PTU when pregnancy is confirmed.
The Endocrine Society recommends that, after changing
from PTU to MMI, the thyroid function should be tested at
2 weeks (43).
One particular case is represented by the thyroid storm
that can also occur in a pregnant patient and that can put the
mother and the baby at risk. The patient reported fever, tachy‑
cardia, hypertension and altered thinking. In this case, it is
recommended that women be admitted to the intensive care
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unit. The treatment is represented by fluid support, antipyretics
(Thylenol), and anti‑thyroid medication (30 mg MMI or 300 mg
PTU every 6 h). After the first hour, iodine supplementation is
necessary and also hydrocortisone to block the conversion of
T4 to T3 and beta blockers to control tachycardia (36).
With proper management, constant follow‑up and
well‑adjusted anti‑thyroid treatment the mother‑fetal outcome
should not be affected.
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