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Preface

Pregnancy is a critical time for women, during which large physiological changes
occur. Today, it has been found that the effects of fetal programming extend beyond
fetal development, and thus, impaired prenatal programming has a profound effect
on the emergence of the majority of chronic diseases that threaten human life.

Thyroid disorders are one of the most common endocrine abnormalities during
pregnancy. Over the last two decades, the link between maternal thyroid dysfunc-
tion during pregnancy and adverse pregnancy outcomes, as well as the long-term
health consequences, has been a subject of considerable interest. Given the impor-
tance of thyroid hormones for normal pregnancy and fetal development, under-
standing changes in thyroid function and the consequences of thyroid disease during
pregnancy is very crucial. Overt thyroid disorders are linked to a variety of short-
and long-term adverse impacts on maternal and fetal health. The majority of these
complications can be avoided when diagnosed and treated early enough. Whether
maternal subclinical hypothyroidism has adverse effects on pregnancy or the subse-
quent neuropsychological development of their offspring still remains uncertain.

For the purpose of authoring this book, we made a concerted effort to enlist
the contribution of experts in the field of thyroid and pregnancy. In this regard, we
wish to express our deep gratitude to Dr. Fatemeh Mahboobifard for having been
the administrative manager of this book. Her role was designed to invite and get
approval from expert scholars in the field of thyroid and pregnancy, implement reg-
ular project-in-progress administrative activities, and provide project updates on our
behalf to reduce our workload. In addition, we are highly grateful to Ms. Smitha
Diveshan, as the Project Coordinator of this book, who made the manuscript devel-
opment process more efficient.

We hope that the information in this book will be helpful for physicians in the
diagnosis and effective management of thyroid disease in pregnant women in order
to promote the health of the mother, fetus, and infant.

Tehran, Iran Fereidoun Azizi
Fahimeh Ramezani Tehrani
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Thyroid Function in Pregnancy

Alessandro Delitala, Margherita Maioli, Francesco Dessole,
Marco Petrillo, and Giampiero Capobianco

Normal Thyroid, Anatomy, Physiology

In normal adults the entire gland is 67 cm wide and 3—4 cm long and its weight
ranges between 15 and 25 g. The isthmus usually is 20 mm wide and cross the tra-
chea between the first and second rings. The gland is usually asymmetrical, with the
right lobe larger than the left. The thyroid is enclosed by a thin connective capsule
which penetrates the parenchyma to produce incomplete lobulation. The gland is
highly vascularized by an arteriolar network which enters into the parenchyma,
where capillaries are fenestrated and are localized in the interfollicular connective
tissue. Both sympathetic and parasympathetic fibers innervate the gland in close
proximity of capillaries and the follicular cells, where they regulate blood flow and,
possibly, thyrocyte function. Peptidergic fibers are also present within the gland,
regulating follicular cell function via a paracrine mechanism [1].

Anatomic variants are mainly represented by the presence of an accessory lobe
(pyramidal lobe) which derives from the caudal part of the thyroglossal duct. Other
rare variants include the absence of the isthmus or of an entire lobe. Another rare
condition is the presence of a lingual thyroid in the posterior part of the tongue
which is caused by a persistent part of the thyroglossal duct. The basic structure of
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the thyroid consists of spheroidal structures called follicles of varying size that con-
tain colloid produced by the follicular cells. Follicles are composed of a single layer
of epithelial cells surrounding a closed cavity filled with colloid, which is a concen-
trated solution of thyroglobulin (TG). They represent the morpho-functional unit of
the thyroid gland [2]. The luminar surfaces of follicular cells protrude into the fol-
licular lumen and are characterized by the presence of numerous microvilli and
pseudopods that greatly increase the surface area in contact with colloid. Thyrotropin
(TSH) receptors and Na+/I— symporter (NIS) are located in the basal domain. The
rough endoplasmic reticulum and the Golgi apparatus are the dominant organelles
in the cells [3]. Several vesicles are also present in the apical and subapical part of
the cytoplasm. Smaller vesicles contain newly synthesized TG which, through a
fusion with the apical membrane of the cell, where iodination occurs, is delivered
into the follicle lumen. Larger vesicles (colloid droplets) contain iodinated TG
which is reabsorbed from the follicular lumen through a macropinocytosis mecha-
nism. This aspect of thyroid cell function is greatly stimulated by TSH [4]. The
major regulators of biosynthesis and secretion process of thyroid hormones are the
action of TSH, which controls most of the steps within thyroid cells, and the amount
of iodide available for hormone synthesis. TSH, a glycoprotein hormone, is synthe-
sized and secreted by pituitary thyrotrophs in the anterior pituitary gland, which are
controlled by hypothalamic thyrotropin-releasing hormone (TRH) and other neu-
rotransmitters and/or neuromodulators. TRH is tripeptide produced by hypotha-
lamic neurons and transported in the median eminence of the hypothalamus, where
it is released into hypophyseal portal vessels to reach and directly stimulate synthe-
sis and secretion of TSH [5]. Hypothalamic lesions and hypothalamic-pituitary dis-
connection cause decreased TRH release and central hypothyroidism [6]. TSH
controls thyroid function upon its interaction with the G protein-coupled TSH
receptor, with predominantly stimulation of cyclic adenosine monophosphate
(cAMP) and, in high concentrations, of inositol 1,4,5-triphosphate and diacylglyc-
erol. The physiologic roles of TSH on the thyroid gland are complex. TSH stimu-
lates multiple steps of hormone synthesis, including iodine uptake, organification,
TG synthesis, as well synthesis and secretion of thyroid hormones from the gland.
Moreover, TSH can induce hypertrophy and hyperplasia of thyrocytes in various
clinical conditions [7]. The other major component of the hypothalamic-pituitary-
thyroid unit is the inhibitory role of circulating thyroid hormones. This negative
feedback control of thyroid hormones is exerted on thyrotrophs, via local intrapitu-
itary conversion of thyroxine (T4) to triiodothyronine (T3), but it is also exerted, to
a lesser extent, on TRH-producing neurons of the hypothalamus [8].

Other regulators of TSH secretion are represented by classical neurotransmitters
and neuropeptides. In humans many data support an inhibitory role of dopamine on
TSH secretion. This inhibition is probably mediated through a pituitary and/or
median eminence site of action, since dopamine antagonists that do not cross the
blood-brain barrier stimulate TSH secretion in humans. A small stimulatory effect
of adrenergic pathways has been also suggested. Other modulators of TSH secretion
in humans are endogenous opioids and somatostatin, the latter having an inhibi-
tory action.
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Transport of iodide across the thyroid cell membrane is linked to transport of
sodium. This cotransport of Na* and I~ involves Na*-K*-ATPase which serves as a
driving force by maintaining the Na* ion gradient [9, 10]. TG is a large dimeric
protein with a molecular weight of 660 kDa. TG contains iodine in its native state:
about 30% of TG’s iodine is in T4 and T3, the rest being in the precursors monoiodo-
thyronine (MIT) or diiodothyronine (DIT). TG is synthesized in endoplasmic retic-
ulum, and then, properly folded and partly glycosylated, moves to the Golgi for
further attachment of carbohydrates [11-13]. From the Golgi, glycosylated TG
moves to the apical membrane, where it is iodinated. In the apical membrane thyro-
peroxidase (TPO) is the enzyme that catalyzes both the iodination of TG and the
consequent formation of thyroid hormones.

Iodide, the form in which iodine enters the thyroid gland, must first be oxidized
to a high oxidation state before being an effective iodinating agent. Hydrogen perox-
ide is sufficiently potent to oxidize I— and it represents the substrate for TPO activity.
H,O, generation requires reduced nicotinamide-dinucleotide phosphate (NADPH).
TSH stimulates NADPH oxidase activity and H,O, production [14]. The degree of
TG iodination directly depends on the amount of available iodine. When the iodine
supply is low, less T4 is synthesized and secreted. The pituitary increases TSH secre-
tion which stimulates thyroid hormone synthesis, thus producing more T3 relative to
T4, since T3 requires one less atom of iodine per iodothyronine molecule. The next
step in thyroid hormone synthesis is the coupling of two DIT residues to form T4 and
one DIT and one MIT to form T3, a process which is regulated by TPO. Thyroid
hormones are stored in the follicular lumen as colloid, which forms a storage depot
of thyroid hormones. When required, stored TG comes back from the follicular
lumen into the cells, where, after passing through enzymatic digestive systems, free
hormones are delivered to the basal membrane and secreted into the circulation.

The major 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 biological active form of thyroid hormones, is produced by T4 conversion by
type 1 iodothyronine deiodinases (D1), which is distributed in all tissues [15]. Both
deiodinase 2 (D2) and deiodinase 3 (D3) are expressed in the brain. D3 inactivates
T4 by converting it into reverse T3, a metabolically inactive compound, and con-
verts T3 to DIT whereas D2 functions to convert T4 to T3. D2 is primarily expressed
in glial cells of various regions of the central nervous system and plays an important
role in its development and function. In particular, D3 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 [16].

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. The delivery system of T4 and T3 is mediated by a series of circu-
lating transport proteins with different concentration, affinity, and dissociation rates.
The net result is that more than 99% of the circulating hormones is bound. Thyroxine-
binding globulin (TBG), by virtue of its high affinity for T4 and T3, binds about 70%
of the circulating thyroid hormones, whereas transthyretin (TTR) and
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thyroxine-binding pre-albumin bind only about 10-15% of the hormones. Binding to
plasma proteins is noncovalent and rapidly reversible and hormone-bound has also a
reservoir function. They represent an important aspect of thyroid physiology since they
modulate the action of thyroid hormones in various tissues, since it is the free or
unbound concentration of a hormone that determines its biologic activity. In particular,
no evidence exists indicating that binding proteins facilitate tissue uptake of thyroid
hormones. In recent years, it has become clear that circulating T4 and T3 do not pas-
sively cross cell membranes and several T4 and T3 transport proteins have been identi-
fied, including (a) the monocarboxylate transporters (MCT) 8 and MCT10; (b) the
organic anion transporter (OATP)1 and OATP3; and (c) L-type amino acid transporter
(LAT). MCTS has preference for T3, whereas T4 and rT3 are preferentially transported
by OATP1. LAT transports both T4 and T3 but with relative lower affinity [17, 18].

The complex actions of thyroid hormones are initiated by the intracellular bind-
ing 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 repress-
ing the expression of target genes. 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 sec-
ond messengers, such as calcium and cAMP [19]. Both mechanisms are physiologi-
cally 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, blood pressure and arterial stiffening, lipid metabolism and ath-
erosclerosis, and neural development [20-22].

Thyroid Physiology and Function in Pregnancy

Pregnancy has profound effects on thyroid function (Table 1). There are alterations
in iodine metabolism, thyroid gland activity, thyroid hormone transport in serum, as
well as peripheral metabolism of thyroid hormones. These alterations have pro-
found consequences relating to the diagnosis and management of thyroid disorders
in pregnant women.

Table 1 Physiologic changes in pregnancy that influence thyroid function tests

Change during Effect

pregnancy Thyroxine (T4) Triiodothyronine (T3) Thyrotropin
Increased thyroxine- | Increased total T4 Increased total T3 -

binding globulin

Increased hCG in the | Increased free T4 - Reduction

first trimester

Increased renal iodine
clearance

Reduction in
iodine-deficient areas

Reduction in iodine-
deficient areas

Increase in iodine-
deficient areas

Increased type 3
deiodinase

Increased degradation

Increased degradation
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Iodine Metabolism

Iodine is a trace element present in the human body in small amount and is essential
in the synthesis of thyroid hormones. Consequently, severe iodine deficiency will
impair thyroid hormone synthesis. When the physiological requirements of iodine
are not met during pregnancy, a series of functional and development alterations
occur, including severe neurologic and psychological deficit in children; when
iodine deficiency is severe, endemic goiter, intrauterine growth retardation IUGR),
increased pregnancy loss, and infant mortality occur [23-25]. These adverse effects
are driven by the role of thyroid hormones in brain development, since their physi-
ological concentrations are required for normal neuronal migration, myelin action,
and synaptic transmission during fetal and postnatal life [26].

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 dose for nonpregnant women. The critical role of iodine on thy-
roid function during pregnancy is clearly documented in iodine-deficient areas,
where maternal iodine supplementation with iodized salt has demonstrated reduc-
tion in the rates of fetal death, endemic cretinism, and decreased thyroid volume as
well as improvements in infants’ neurocognitive functions [23].

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. Iodide is renally excreted.
The kidney represents the primary route of iodine excretion, which accounts for
more than 90% of ingested iodine [27]. When evaluating adequacy of iodine supply
in pregnant women, urinary iodine concentration, as a measure of iodine supply,
should be measured.

Thyroid inorganic iodine is derived from two distinct sources: iodide transported
from the serum and iodide produced by deiodination of organic iodine compounds
within the thyroid gland.

During pregnancy, there is an increase in iodine demand. In early gestation,
maternal thyroid hormone production normally increases by approximately 50% in
response to the increased metabolic demands of the fetal-maternal unit. An ade-
quate iodine supply, usually obtained from the diet or with supplemental iodine, is
essential for this increased thyroid hormone demand. Moreover, when fetal thyroid
hormone production physiologically increases during the second half of pregnancy,
there is an additional maternal iodine requirement owing to transplacental passage
of iodide to the fetus and placental metabolism of iodothyronines. The increase in
iodine demand and thyroid hormone production is due to several factors, including
alterations in circulating transport proteins, increased human chorionic gonadotro-
pin level, presence of type 2 and type 3 deiodinases in the placenta, and increased
maternal renal iodide excretion [28, 29].

The delivery mechanism for the thyroid hormones is mediated by a set of circu-
lating transport proteins that bind more than 99% of the circulating hormones. TBG
binds circulating thyroid hormones with high affinity, which is lower for TTR and
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thyroxine-binding pre-albumin, as they dissociate from them more rapidly. Serum
TBG levels increase about 2.5-fold in pregnancy, reaching peak concentrations at
about the 21st week [30]. The high levels of TBG in pregnancy cause a higher bind-
ing of thyroid hormones, leading to a fall in the levels of the free hormones avail-
able. This biochemical alteration leads to stimulation of pituitary TSH production
with an overall increase in total thyroid hormone levels. The increase in TBG plasma
levels is caused by the large amounts of estrogen that are secreted by the placenta.
TBG synthesis in response to increased estrogen secretion is rich in triantennary
oligosaccharide chains of N-acetylgalactosamine type, which cause a more slowly
TBG clearance from the circulation than TBG of nonpregnant women. Serum TTR
and albumin variations have little effect on overall binding of thyroid hormones.

In the first trimester, there is a transient inhibition of TSH that coincides with
peak human chorionic gonadotropin (hCG) concentration. Due to the structural
homology between TSH and hCG molecule, since the hormone-specific B subunits
and the extracellular receptor-binding domains of hCG and TSH share multiple
similarities [31], hCG exerts a stimulatory effect on thyroid hormone synthesis and
secretion by binding to the TSH receptor on thyrocytes, which results in lowering
TSH levels during the first trimester of pregnancy via the negative feedback system
[28], as shown in Fig. 1.

liodine
TPO Ab

Tgoiter
TTg
TTSH

Tplacental DI IlI

Fig. 1 Modification of thyroid function in pregnancy
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Todide metabolism rapidly changes during early pregnancy, because the glomer-
ular filtration rate increases in pregnancy, resulting in increased renal clearance of
iodide of 30—40% [32], thereby further decreasing the circulating pool of plasma
iodine. However, the increased urinary excretion of iodine in pregnancy has not
been consistent among different studies because some reported no difference, others
reported an increase or even a decrease [29]. Furthermore, transplacental passage of
iodide to the fetus and placental metabolism of iodothyronines later in gestation is
an additional component to relative maternal iodine deprivation. A reduction of
maternal urinary iodine has been associated with increased frequency of pregnancy
outcomes [33].

All these physiological mechanisms are aimed to counterbalance changes that
occur during pregnancy. A normal thyroid gland may carry out all these physiologi-
cal mechanisms, aiming to counterbalance changes that occur during pregnancy.
However, this delicate balance can fail in case of any disorder of the thyroid gland,
such as iodine deficiency and autoimmune disease [34-36].

Thyroid Function Tests

The possibility of thyroid disease is suggested by signs or symptoms consistent with
alterations in its function or physical abnormalities of the gland. Apart from a
detailed history, a systematic examination of the thyroid should be part of every
physical examination in clinical practice. A simple physical palpation may detect
certain alteration of the gland, including the size, consistency, tenderness, or nodu-
larity. Since most thyroid diseases require appropriate treatment, a number of diag-
nostic procedures, both in vivo and in vitro, have been proposed to provide a firm
diagnosis.

Evaluation of thyroid function includes measurements of TSH, free T4 (fT4) and
free T3 (fT3). TSH is the most sensitive measurement for detection of mild thyroid
dysfunction, since abnormal TSH levels always proceed abnormal thyroid hormone
concentrations. For instance, in subclinical thyroid diseases, TSH is outside the ref-
erence range in the presence of normal thyroid hormone concentrations.

In normal subjects, serum TSH levels vary as a result of pulsatile and diurnal
secretion, with maximum concentrations at about 24.00 h, and nadir values in the
afternoon. Cortisol exerts a small inhibitory influence on TSH secretion, whereas
pharmacological doses of glucocorticoids inhibit TSH secretion and its circadian
variations [37]. Serum TSH levels are also reduced in patients with depression,
anorexia nervosa, after major surgery, and in nonthyroidal illness [38, 39]. Aging
itself causes a slight decrease in TSH secretion possibly as a result of increased
pituitary conversion of T4-T3.

The routine measurements of TSH in clinical practice initially used radioimmu-
noassay (RIA) techniques. These first-generation assays had a sensitivity level of
about 1 mU/L. Newer techniques, such as immunoradiometric or chemiluminescent
assay, result in greater sensitivity, with a sensitivity limit of 0.001 mU/L.
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As an initial test, serum total T4 measurement gives a frequent rate of abnormal
results, due to the frequency of alterations in serum thyroid hormone-binding pro-
teins. The determination of free hormones by equilibrium dialysis has been the gold
standard for estimation of fT4 and fT3. However, this method is cumbersome and
technically demanding. Many laboratories have used the fT4 index which is derived
from the product of total T4 (measured by immunoassay) and the value of an in vitro
uptake test [33]. Commercial methods (two-step immunoassay, analog immunoas-
say) are being increasingly adopted in the routine evaluation of serum free hor-
mones with good correlation over a broad range of free hormone levels. However,
automated immunoassays for free hormones are tricky due to the estrogen-related
increase of TBG and the decrease of albumin concentration [40, 41], which is fre-
quently found after the first trimester of pregnancy and may be related to the plasma
volume expansion [42]. Indicative normal reference ranges in a normal adult popu-
lation for 0.7-2.1 ng/dL for fT4 and, respectively, 0.5-5.6 ng/dL for fT3.

In clinical practice, the thyroid antibodies most commonly used are directed
against TG and thyroid cell microsomal proteins, the latter being principally repre-
sented by TPO. The concentration of these autoantibodies in absolute terms can be
measured with sensitive enzyme-linked immunoassay. TPO antibodies are detect-
able in about 95% of patients with Hashimoto’s thyroiditis whereas TG antibodies
are present in 60% of adult patients with Hashimoto’s thyroiditis. Positive antibody
titers, although with a less frequency, can be found in patients with Graves’s disease.

Thyroid-stimulating immunoglobulins are usually measured in patients with
Graves’ disease where they have a diagnostic value. The interaction of these immu-
noglobulins with thyroid follicular cells results in global stimulation of thyroid
gland. The routine assay used in clinical practice is a radioreceptor assay, which is
based on competition of the abnormal immunoglobulins and TSH on TSH receptor.
The assay does not measure only thyroid-stimulating activity, inhibitory antibodies
for TSH receptors can be measured, although the presence of these inhibitory anti-
bodies is less sensitive.

Sonography is currently used to elucidate cryptic findings on physical examina-
tion and to complete morphological evaluation of the gland. The normal thyroid
gland has a homogeneous pattern like ground glass. The surrounding muscles are of
lower echogenicity. Trachea, carotid artery, and jugular vein are easily detected dur-
ing the examination. Although an ultrasound image may confirm physical examina-
tion data, this procedure is very useful to detect small non-palpable thyroid nodules
of few millimeters. Sonography can show alterations of the size and alteration of the
echo pattern of the gland. Cysts or hemorrhagic degeneration are frequent findings
particular in nodular goiter. The prevalence of thyroid nodules in the general popu-
lation who is screened by ultrasonography is about 50% in older adults, although
the risk of malignancy is between 5 and 10%. Among several ultrasound character-
istics, hypo-echogenicity, spot microcalcifications, and the absence of halo sign
have been suggested as useful markers of thyroid nodule malignancy [43].
Furthermore, the presence of chaotic vascularization pattern showed by color
Doppler might rise the suspicion of malignancy [44]. Patients with autoimmune
thyroiditis can have diffuse or focal hypo-echogenicity. Thyroid hypo-echogenicity
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is present in subacute thyroiditis which tend to return to a normal pattern. In Graves’
disease color Doppler and duplex Doppler techniques can detect diffuse vascular-
ization with increased flow velocity of the gland.

Recently, ultrasound elastosonography has been shown to represent a highly
valuable tool in the diagnostic approach to thyroid nodules. Tissue elasticity may be
studied by measuring the degree of distortion of the ultrasound beam under the
application of an external force and transferring it into an image by a color scale.
Indeterminate nodules, i.e., nodules with a nondiagnostic fine needle cytology
results, but with high elasticity, have a low probability of malignancy. Thus, by add-
ing ultrasound elastosonography, the sensitivity of ultrasound findings for malig-
nancy is markedly increased [45].

Nuclear medicine techniques and 18F-fluorodeoxyglucose PET scan are used for
diagnosing thyroid diseases in clinical practice, but are not suitable for diagnosis
during pregnancy.

Assessment of Thyroid Function in Pregnancy:
Gestation-Specific Reference Intervals for Thyroid Function
Tests in Pregnancy

In pregnancy, a number of factors linked to the specific physiological changes that
occur in thyroid function affect thyroid parameters, thus rendering the interpretation
of maternal thyroid function test difficult. Thyroid function tests are frequently per-
formed during pregnancy. These include TSH, fT4 and to a lesser extent, thyroid
autoimmunity and fT3. They are similar to the nonpregnant state and represent the
complete biochemical approach for the diagnosis of thyroid diseases. The most
important clinical aspect is the definition of euthyroidism. Serum TSH and thyroid
hormones are usually measured using several immunoanalytical systems with
potential variations between the immunoassay used. This aspect, together with clin-
ical heterogeneity of populations, and quality features of the studies contributed to
the heterogeneity of results [46, 47]. In nonpregnant women, a normal serum TSH
concentration generally rules out thyroid dysfunction. The diagnosis of thyroid dis-
ease in pregnancy is still based upon serum TSH concentration, although using
trimester-specific TSH reference intervals for pregnant women [48]. Due to the
physiological changes occurring during pregnancy, including the increase in hCG
and TBG levels, TSH normal levels are lower in pregnancy than in nonpregnant
women. Therefore, nonpregnant TSH reference intervals, if applied to pregnant
women, would lead to overdiagnosis of hyperthyroidism or underdiagnosis of hypo-
thyroidism. For this reason, in 2011 The American Thyroid Association (ATA) sug-
gested that each Centre calculate its own reference range [49]. But for those who are
unable, international guidelines provided fixed reference’s range for TSH, specific
for each trimester of pregnancy. This cutoff should be maintained at 0.1-2.5 mU/L
in the first trimester and at 0.2-3.0 mU/L in the second trimester and 0.3-3.0 mU/L
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in the third trimester as per ATA [49], as well as for European Thyroid Association
(ETA), which increased the upper limit in the third trimester to 3-5 mU/L [50].
However, a number of other studies published after release of ATA guidelines
showed that the use of recommended upper limit of TSH’s reference range resulted
in overdiagnosis and, consequently, overtreatment [51, 52]. For this reason, in 2017
ATA updated guidelines and still advocates the use of reference range specific for
pregnancy. If internal pregnancy-specific TSH reference ranges are not available, a
simple clinical way for TSH reference interval in the first trimester of pregnancy
could be calculated as the reference interval for the nonpregnant population
decreased by 0.5 mU/L in the upper limit (for most centers ~4 mU/L). In patients
with primary hypothyroidism taking levothyroxine, lowering TSH to <2.5 mU/L
has been recommended not only to pregnant women but also for women planning to
become pregnant [53].

The gold standard of serum fT4 measurements is solid phase extraction liquid
chromatography tandem mass spectrometry [54, 55]. However, these techniques are
expensive and are non-easily available in routine laboratories. fT4 is currently mea-
sured by immunoanalytical methods in clinical practice. The fT4 reference intervals
in pregnancy may vary within the immunoassay techniques used, but they are gener-
ally comprised between 9 and 18 pmol/L in the first trimester of pregnancy. Total T4
can also be measured during pregnancy, but the variability in the plasma concentra-
tion of the binding protein TBG makes this measurement less useful in clinical
practice [56]. Some authors have suggested that the reference values for TT4 in
pregnancy might be obtained by multiplying the reference value of nonpregnant
women by 1.5 [57].

Antibodies against (TPOAb) and against Tg (TGADb), which are the marker of
thyroid autoimmunity, are the most important risk factor for thyroid dysfunction
during pregnancy. TPOAD positivity is often associated with a risk of premature
delivery and miscarriage [58, 59] since TPOAD positivity could lead to thyroid dys-
function and a subsequent risk of adverse pregnancy outcome. There are no TPOAb
and TGAb reference intervals in pregnancy, although their concentrations tend to
change throughout the pregnancy. TPOAb-positive pregnant women screened dur-
ing the first trimester have a high titer of antibodies that tends to decrease in the
second and third trimesters of pregnancy, but with an increase in postpartum. In the
presence of elevated TSH and negative autoimmunity, thyroid ultrasonography may
detect abnormal thyroid hypo-echogenicity and establish the diagnosis of autoim-
mune serum-negative thyroiditis.

Fetal Thyroid Gland (Embryology; Anatomy, Physiology)

The thyroid gland is a derivative of the primitive buccopharyngeal cavity and is
composed of two sets of anlagen, a median anlage derived from the pharyngeal floor
and two lateral anlagen from the fourth pharyngeal pouch [60].
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The thyroid gland originates from the median anlage and from two lateral anla-
gen. The median anlage appears first during gestational days 16 and 17 and gives
rise to the vast majority of thyroid follicle cells. The thyroid diverticulum evolves
from the floor of the pharynx and at the base of the tongue. As the thyroid develops,
it continues to expand ventrally, but it remains attached to the pharyngeal floor by
the thyroglossal duct, which generally becomes entirely obliterated during gesta-
tional weeks 8—10. The thyroid rudiment then begins to expand laterally, which
leads to the formation of a bilobed structure. The two lateral anlagen fuse with the
median anlage. They give rise to a few thyroid follicular cells but are the main
source of parafollicular C cells (calcitonin-secreting cells). These cells derive from
cells associated with the fourth or fifth pharyngeal pouch and originate from the
neural crest. The histologic differentiation of the follicular cells starts from the pre-
colloid stage and then reaches the follicular stage after 14 weeks of pregnancy.
During this phase, there is a progressive increase in diameter of the follicle with an
increase in colloid content, while the number of lysosomes within the follicle cells
significantly increase.

The function of fetal and adult thyroid gland is primarily regulated by the pitu-
itary TSH and by the hypothalamic component. Fetal pituitary TSH can be detected
by 13 weeks, but pituitary and serum TSH levels increase after the 18th week of
gestation, and this increase is accompanied by increases in thyroid hormones, sug-
gesting a progressive maturation of the hypothalamic-pituitary-thyroid axis medi-
ated by a mature secretory response to TRH by the pituitary TSH producing cells.
TRH is the main regulator of pituitary TSH synthesis and release. The tripeptide
TRH is secreted by the supraoptic and paraventricular nuclei of the hypothalamus
and is transported to the anterior pituitary through the hypophyseal portal system.
The increase in circulating TSH and T4 levels represents progressive maturation of
feedback mechanism of thyroid hormones. In contrast to T4, fetal serum T3 levels
remain low until the final weeks of gestation. The low levels of circulating T3 are
due to a limited conversion of T4 to active T3, whereas conversion of T4 to inactive
reverse T3 is high [30, 61]. Although the fetal thyroid gland starts producing thyroid
hormones at the end of the first trimester of gestation, the fetal thyroid is not fully
active until approximately 20 weeks and therefore the fetus is very dependent on the
maternal T4 supply during this period.

Placental Transfer and Metabolism of Thyroid Hormones

Thyroid hormones are transported from mother to the fetus in early fetal stages.
Thyroid hormones of maternal origin can cross the placenta and reach the fetus
whose receptors are expressed in the fetal brain before the onset of fetal thyroid
function. There is now clear evidence of thyroid hormones in fetal serum, coelomic
and amniotic fluid and brain in early pregnancy, a time when the fetal thyroid gland
has not yet developed the capacity to secrete thyroid hormones [62].



12 A. Delitala et al.

There is also strong clinical evidence that, at least in the presence of a hypothy-
roid fetus, transfer of maternal T4 to the fetus continues throughout pregnancy.
Different tissues modulate the impact of circulating THs according to their current
needs via three iodothyronine deiodinases. They are membrane proteins, and differ
in tissue distribution, substrate specificities, and physiological functions. By cata-
lyzing removal of iodine from the T4 molecule, they either produce the potent thy-
roid hormone T3 or they generate the bio-inactive reverse T. There are three
iodothyronine deiodinases involved in thyroid hormone metabolism: D1, D2, and
D3. D1 is responsible for a large fraction of the circulating T3 and inactivates the
sulfated conjugates of T4. D2 is responsible for the local conversion of T4 to active
T3 in different tissues and one of the most important physiological mechanisms is
to keep the fetus euthyroid. D3, which is expressed in particular in the brain and in
the uteroplacental unit [63], mainly deactivates T3 and T4 to inactive iodothyro-
nines, such as reverse T3, which is able to bind to TRs, thus blocking T3 action [64].
D2 and D3 are the major isoforms present in the fetus where they play a crucial role
in maintaining sufficiently high brain T3 level to ensure normal brain development.
In particular, D3 is expressed in high amounts in the placenta, which catalyzes the
removal of an inner ring iodine atom from T4 to generate reverse T3, thus protecting
the fetus from toxic levels of thyroid hormones. Moreover, D3 also represents an
important source of iodine which is delivered to the fetus for fetal thyroid hormone
synthesis. In the earlier stages of gestation D2 is crucial to guarantee appropriate
intraplacental levels of T3, in particular during the trophoblast development and
differentiation [65].

Two transporters carry out placental iodide transport from the maternal to the
fetal circulation: the NIS and pendrin. In thyroid gland, NIS is localized at the basal
membrane of thyrocytes and takes up iodide from the blood stream into the cells
[66—68]. Pendrin is expressed on the apical membrane of thyrocytes and releases
iodide into thyroid follicles for TH synthesis [69-71]. In placenta, NIS is localized
to the apical membrane (maternal side) of syncytiotrophoblasts, which directly con-
tacts with maternal blood and influxes iodide into the cells. Conversely, pendrin is
located in the basal membrane (fetal side) of syncytiotrophoblasts and effluxes
iodide into the extracellular space [72-74].

Excessive maternal iodide intake may, on the other hand, downregulate NIS
expression in placenta and reduce iodide transport to the fetus, whereas maternal
iodide deficiency upregulated placental NIS expression and increased materno-fetal
placental iodide transport may allow the fetus to maintain normal TH levels.

Summary

Thyroid gland carries out different changes during pregnancy, aiming to guarantee
a normal concentration of thyroid hormones for the mother and for the fetus.
However, this delicate balance can fail in case of any disorder of the thyroid gland,
such as iodine deficiency and autoimmune disease. Guidelines advocate the use of
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reference range specific for each trimester of the pregnancy and, if not available, a
simple clinical way for TSH reference interval in the first trimester of pregnancy
could be calculated as the reference interval for the nonpregnant population
decreased by 0.5 mU/L in the upper limit (for most centers ~4 mU/L). In patients
with primary hypothyroidism taking levothyroxine, lowering TSH to <2.5 mU/L
has been recommended not only to pregnant women but also for women planning to
become pregnant.
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Todine Metabolism

Todine is ingested in several chemical forms. lodide is rapidly and nearly all absorbed
(>90%) in the stomach and duodenum [1]. Iodate, widely used in iodization of salt, is
reduced in the gut and absorbed as iodide. The body of a healthy adult contains
15-20 mg of iodine, of which 70-80% is in the thyroid. Iodine is used by the thyroid
gland to produce thyroid hormones. For women, iodine is necessary for optimal func-
tion of the reproductive system and for normal fetal growth and development [2].
In chronic iodine deficiency, the iodine content of the thyroid might fall to less than
20 pg. In iodine-sufficient areas, the adult thyroid traps about 60 pg of iodine per
day to balance losses and maintain synthesis of thyroid hormone. The sodium/
iodide symporter (NIS) transfers iodide into the thyroid at a concentration gradient
20-50 times that of plasma. Thyroid clearance of circulating iodine varies with
iodine intake: in situations with adequate iodine supply, 10% or less of absorbed
iodine is taken up by the thyroid. In chronic iodine deficiency, this percentage can
exceed 80% [3]. Iodine consists of 65% and 59% of the weights of thyroxine (T4)
and tri-iodothyronine (T3), respectively. The released iodine enters the plasma
iodine pool and can be taken up again by the thyroid or excreted by the kidney. More
than 90% of ingested iodine is ultimately excreted in the urine.

Pregnancy alters thyroid physiology [4, 5] and several major changes occur in
thyroid physiology that result in higher iodine requirements in pregnant than non-
pregnant women. Increased circulating estrogen during pregnancy increases
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thyroid-binding globulin two- to threefold in response to this phenomenon. Also,
because of thyroid stimulating hormone (TSH) receptor stimulation by human cho-
rionic gonadotropin, thyroid hormone production increases by 50% during early
gestation in pregnant women (Fig. 1). Another change during pregnancy is degrada-
tion of T4 to bio-inactive reverse tri-iodothyronine by the placental type 3 inner ring
deiodinase [6]. On the other hand, the glomerular filtration rate of iodide increases
by 30-50% in early pregnancy [7].

The placenta is a highly specialized organ whose primary function is to promote
the exchange of nutrients and oxygen between maternal and fetal blood [8]. In 2006,
Cosmo and co-workers for the first time described the presence of NIS in placental
cells [9]. NIS expression in placenta is at lower levels than that in the thyroid, and it
mediates the active uptake of iodide by the developing fetus for its proper thyroid
hormone synthesis [10]. At the beginning of the second trimester, the fetal thyroid
gland begins to synthesize thyroid hormones, and, at around 18-20 weeks of gesta-
tion, the pituitary-portal vascular system in the fetus completes its development [11].
Fetal and newborn neurogenesis and neurodevelopment are depicted in Fig. 2.

Altogether, these physiological changes, along with the need of the fetal thyroid
gland for iodine to produce thyroid hormones during the second half of gestation,
increase iodine requirements in normal pregnancy [12, 13]. Failure to meet this
increased iodine demand results in an insufficient supply of thyroid hormones to the
developing brain, leading to permanent brain damage and mental retardation in the
newborn [14, 15]. Therefore, to meet the increased dietary iodine requirements dur-
ing pregnancy, the World Health Organization (WHO) recommends ~ 250 pg iodine
intake daily for pregnant and lactating women [16]. The United States Institute of
Medicine’s recommended daily allowance for iodine is 220 pg during pregnancy
and 290 pg during lactation, higher than the 150 mg daily recommended for non-
pregnant adults [17].
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Considering the importance of iodine deficiency in pregnant women and their
fetuses, identifying a biomarker that accurately reflects iodine status during preg-
nancy is critical. According to the criteria of the WHO, the Iodine Global Network
(IGN, formerly the International Council for the Control of Iodine Deficiency
Disorders [ICCIDD]), and the United Nations Children’s Fund (UNICEF), a median
urinary iodine concentration (UIC) of 150-249 pg/L is represented for iodine suf-
ficiency among pregnant women [16]. However, UIC is only considered to be a
sensitive marker of recent iodine intake; it cannot be used to determine an individu-
al’s iodine status and thyroid function [18]. Recent studies propose that thyroglobu-
lin (Tg), a thyroid-specific protein which plays an important role in the synthesis of
thyroid hormones, may be a more reliable indicator for iodine status during preg-
nancy [19]. However, no consensus has been reached regarding the optimal cutoff
value for Tg concentration to indicate iodine status during pregnancy. For instance,
in Belgium, a mildly iodine-deficient country, a median Tg of <20 pg/L suggested
iodine sufficiency in a population of pregnant women [20], whereas a review by Ma
et al. used a median Tg of <13 pg/L to indicate adequate iodine status among popu-
lations of pregnant women [19], taken from the cutoff value proposed by
Zimmermann et al. to indicate iodine status in school-aged children [21]. In a recent
meta-analysis by Nazeri et al., the mean Tg concentration in populations of preg-
nant women with iodine deficiency and sufficiency was 10.73 pg/L and 7.34 pg/L,
respectively, with overlapping of confidence intervals [22]. This finding was not
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entirely inconsistent with recent studies which proposed a cutoff Tg concentration
of 10 pg/L measured in serum or dried blood spot as an indicator of iodine suffi-
ciency during pregnancy [23-25]. It seems that Tg can provide a more reliable
assessment than UIC alone; therefore, in pregnant women, iodine status should
monitor using both UIC and Tg level.

World Status of Iodine Deficiency

It is well documented that universal salt iodization is still the most feasible and cost-
effective approach for adequate dietary iodine intakes worldwide [16]. Data avail-
able from countries with mandatory salt iodization program reveals that they
achieved great success in the control and elimination of iodine deficiency among
general populations; however, where iodization of this type of salt is still voluntary,
this can be a real constraint in achieving elimination of iodine deficiency [26].
Between 1942 and 2020, 123 countries introduced mandatory legislation on salt
iodization. In 2021, 124 countries have legislation for mandatory salt iodization and
at least 21 countries have legislation allowing voluntary salt iodization [26]. As a
result, 88% of the global population uses iodized salt. For population surveys, the
UIC should be measured and expressed as the median, in pg/L. As shown in Fig. 3,
the number of countries with adequate iodine intake has increased from 67 in 2003
to 118 in 2020. However, 21 countries remain deficient, while 13 countries have
excessive intakes, either due to excess groundwater iodine or over-iodized salt.
Recently, further studies have emphasized on surveying women of reproductive
age and pregnant women. Number of countries according to their iodine status in
women of reproductive age and pregnant women in 2017 is shown in Fig. 4. There
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Fig. 3 Number of countries according to their iodine status in the general population between
2003 and 2020
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is much evidence indicating suboptimal iodine status among pregnant and lactating
women, despite iodine sufficiency among schoolchildren in countries designated as
iodine sufficient [27]. Available data indicate that many pregnant women in both
low- and high-income countries, including the USA [28] and several European
countries [29], have low iodine intakes. Therefore, regular monitoring of both salt
iodization programs and of population iodine status, specifically pregnant women,
lactating mothers, and infants, remains crucially important.

Impact of Iodine Deficiency on Pregnancy Outcomes

Inadequate iodine intake has negative effects on the physical and mental develop-
ment of millions of people living in iodine-deficient areas around the world [30].
The term iodine deficiency disorders (IDD), introduced by Basil Hetzel in 1983, has
transformed the world’s understanding of the problem from endemic goiter to a
wide range of conditions [31]. The brain is particularly sensitive to iodine defi-
ciency during its formation in early fetal and postnatal life [32, 33].

The most serious adverse effect of iodine deficiency occurs to the fetus. Severe
maternal iodine deficiency in pregnancy increases the risk for stillbirth, miscarriage,
perinatal and infant mortality, and congenital anomalies [34]. As normal amounts of
thyroid hormones are needed for neuronal migration and myelination of fetal brain [35],
in the most severely iodine-deficient regions infants may be born with cretinism, a
syndrome of severe intellectual impairment, growth impairment, and sometimes
deafness [36]. Iodine supplementation and fortification strategies in severely iodine-
deficient regions have been shown to decrease the rates of cretinism [37], improve
birth outcomes including birth weight [38], and increase offspring intelligence quo-
tient (IQ) [39, 40].
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Although severe iodine deficiency has been linked to maternal or neonatal thy-
roid dysfunction, mild-to-moderate iodine deficiency is not typically associated
with thyroid function abnormalities. A few studies have reported the effect of iodine
status on thyroid hormones in euthyroid pregnant women in areas with sufficient
iodine intake. In pregnant women with mild-to-moderate iodine deficiency, thyroid
hormone concentrations were within the reference range and did not reflect iodine
status [41]. A recent study from Iran indicated that moderate iodine deficiency
among pregnant women was not accompanied by alterations in serum TSH or FT4
concentrations [42]. It has been also shown that mid-to-moderate iodine insuffi-
ciency during pregnancy has minimal or no effects on birth weight or fetal growth
[43—45]. In a systematic review and meta-analysis by Nazeri et al., there were no
significant differences in birth weight, length, or head circumference between new-
borns whose mothers had UIC < 150 or UIC > 150 pg/L during pregnancy [46].
Despite mild-to-moderate iodine deficiency remains prevalent in many parts of the
world, defining its potential deleterious effects on fetal neurobehavioral develop-
ment is not well documented. There are some studies reporting that maternal iodine
deficiency in mild-to-moderate iodine-deficient areas can result in less sever, but
measurable, long-lasting impacts, especially during the neonatal period, affecting
the intellectual development of the child. For instance, a study from the UK indi-
cated that mild maternal iodine deficiency during pregnancy was associated with
lower child IQ [14]. Finding of a cohort study with 9 years follow-up demonstrated
a reduction in spelling, grammar, and general English-literacy performance in chil-
dren of mothers with mild iodine deficiency during pregnancy [47]. In the Norwegian
Mother and Child Cohort Study, insufficient maternal iodine intake was linked with
increased child attention-deficit/hyperactivity disorder (ADHD) symptom scores at
8 years of age, but not with ADHD diagnosis [48]. However, it is still unclear to
what extent mild maternal iodine deficiency during pregnancy affects child neu-
robehavioral development.

Iodine Supplementation

In countries with effective salt iodization programs, although school children attain
sufficient iodine status, abundant evidence indicates that pregnant women and lactat-
ing mothers have inadequate levels of iodine [42, 49, 50]. Iodized salt may not always
be a sufficient source of iodine to meet the minimum requirements of the most vul-
nerable groups (i.e., pregnant and lactating women and infants). Therefore, leading
international health authorities, such as the American Thyroid Association [51],
the Endocrine Society [52], and the American Academy of Pediatrics [53], recom-
mend that pregnant and lactating women or those who are planning for pregnancy
should take supplements containing 150 pg of iodine to prevent deficiency. The
correction of severe iodine deficiency through iodine supplementation or food forti-
fication programs results in improved clinical outcomes [54]. As pointed out above,
however, results of studies conducted on the impacts of iodine supplementation in
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mildly-to-moderately iodine-deficient pregnant women are inconsistent [55].
Observational cohorts reported significant positive consequences (both health and
economic) of correcting iodine deficiency in pregnant women. Meanwhile, the find-
ings of clinical trials are controversial [56]. Still, there are debates regarding the
benefits of iodine supplementation, alone or in combination with other vitamins and
minerals, in women before conception or during pregnancy.

Few studies have investigated the benefits of iodine supplementation before
pregnancy. In Spain, pregnant women who consumed iodized salt for at least 1 year
before pregnancy had significantly higher urinary iodine levels and smaller thyroid
gland size in the third trimester than women who received 200 or 300 pg iodine dur-
ing pregnancy [57]. Similarly, in Australia, urinary iodine levels in women who
started iodine supplementation before conception did not decline throughout gesta-
tion period and were within the optimal range, compared with those who started
supplementations following pregnancy confirmation [58]. These findings suggest
that iodine supplementation during preconception provides satisfactory iodine sta-
tus and improves thyroid storage during the pregnancy, with the need for thyroid
hormones increasing substantially. A study by Delshad et al. showed that iodine
supplementation with at least 150 pg of iodine per day improved the iodine intake
of Iranian pregnant women. The prevalence of clinical hypothyroidism, clinical/
subclinical thyrotoxicosis, TPO-Ab positivity, and isolated hypothyroxinemia
decreased significantly [59]. However, in a study conducted among Chinese preg-
nant women, iodine supplementation in mildly iodine-deficient pregnant women
increased the risk of subclinical hypothyroidism [24]. In recent systematic reviews
and meta-analyses, no significant changes were observed in maternal and neonatal
thyroid parameters (i.e., T4, FT4, T3, or FT3) following iodine supplementation
during pregnancy [60, 61]. However, there was more consistent evidence regarding
higher Tg concentration in non-supplemented women, which reflected thyroid
stress to produce adequate thyroid hormone in response to limited iodine supply
[62—-67]. These observations agree with those of a previous meta-analysis, which
found no difference in the likelihood of maternal or neonatal thyroid dysfunction
between pregnant women who received iodine supplementation and those in the
control group [68].

There is a large body of evidence indicating that severe iodine deficiency during
pregnancy may lead to adverse effects on birth weight or fetal growth, and iodine
repletion through the administration of iodized oil or salt significantly improves
birth outcomes [38]. However, there is no definitive evidence that iodine repletion
in pregnant women improves growth outcomes. In a meta-analysis performed by
Farebrother et al., iodine supplementation to treat severe iodine deficiency in preg-
nant women, on average, resulted in a 200 g increase in weight and 0.4 cm greater
head circumference at birth in infants born to supplemented women than those born
to women in the control group, but no effect was found in mildly-to-moderately
iodine-deficient pregnant women [69]. In a recent systematic review and meta-
analysis by Nazeri et al. regardless of the degree of maternal iodine deficiency, there
were no differences in birth weight, length, or head circumference between infants
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born to women who received iodine supplementation during pregnancy and those
born to non-supplemented women [61].

Data on the benefits of iodine supplementation during pregnancy for child neu-
rocognitive development are still inconclusive. For instance, a study conducted by
Velasco et al. showed a positive effect on psychomotor scores that was observed in
children of mothers who received 300 pg iodine starting 10 weeks before the gesta-
tion when compared with the control group [70]. Gowachirapant et al. did not report
any beneficial effects but reported some indications of negative effects on the neu-
rodevelopment of children following iodine supplementation 14 weeks before the
gestation [64]. This discrepancy may be explained by the fact that the effect of
iodine on the neurocognitive development of children varies at different stages of
pregnancy. In a recent meta-analysis on individual-participants data from three
cohorts, lower maternal iodine status during pregnancy was associated with lower
child verbal I1Q up until the start of the second trimester [71]. However, in two recent
meta-analyses, iodine supplementation of mildly iodine-deficient pregnant women
had no clear benefit on neurocognitive outcomes during infancy, which may be
attributed to the physiological adaption of pregnant women to low intake of iodine
to maintain fetal thyroid hormones at a normal level for in utero development
[60, 61].

It is important to note that the lack of beneficial effects of iodine supplements can
be related to many factors: (1) late administration of iodine supplementation, given
the increasing evidence on the importance of preconception supplementation, (2)
the physiologic response to iodine repletion, which may be different depending
upon the degree of iodine deficiency before treatment, and (3) as evidence resulted
from trials is not sufficient, drawing definitive conclusions may be difficult, particu-
larly when considering trials on infant/child growth status and neurocognitive
development.

Impact of Iodine Excess on Pregnancy Outcomes

Excess iodine intake may come from the consumption of excessive seaweed, dietary
supplements, or over-iodized salt. In some countries, iodine-rich groundwater may
be another cause of excess intake [72—74]. In normal individuals, high iodine intake
induces a protective response in the thyroid gland known as the acute Wolff—Chaikoff
effect [75]. Typically, the thyroid “escapes” from the acute Wolff—Chaikoff effect
within a few days through downregulation of the iodide transporter in thyroid cells,
and normal thyroid hormone synthesis resumes. Therefore, failure of the “escape”
can result in alteration in thyroid hormones and function [76]. Pregnant women and
the developing fetus are among vulnerable groups to iodine excess [77-80],
though the consequences of iodine excess during pregnancy are poorly understood,
and data are inconsistent. It has been shown that the fetal thyroid gland does not
acquire the capacity to fully escape from the acute Wolff—Chaikoff effect until
~36 weeks gestation [81]. Therefore, a maternal iodine load may potentially cause
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fetal hypothyroidism, as reported in three infants of women ingesting 12.5 mg
iodine daily during gestation [82]. The Institute of Medicine recommends an iodine
upper limit of 1100 pg/day for pregnant women, whereas the WHO more conserva-
tively recommends an upper limit of 500 pg/day [80].

Iodine supplementation is generally considered a safe intervention for pregnant
women; however, some observational studies report that it might have risks. For
instance, a cohort study conducted in Spain showed lower psychomotor develop-
ment in infants whose mothers received >150 pg/day of iodine supplements [83, 84].
Another study on pregnant women who received excessive iodine reported an
increased risk of developing thyroid disorders in both mothers and neonates [24]. In
a study by Farebrother et al., chronic excess iodine intake during pregnancy was
associated with maternal hypothyroxinemia [85]; it has been shown that hypothy-
roxinemia during pregnancy has been linked with adverse birth outcomes, including
preterm delivery [86] and possibly irreversible low childhood 1Q [35, 87-89].
However, only few clinical trials have investigated the adverse effect (s) of iodine
supplementation during pregnancy. Some reported clinical complications, such as
gastrointestinal side effects, gestational diabetes mellitus, pregnancy-induced
hypertension, and preeclampsia, increased hospital admission, abortion, stillbirth,
intrauterine death, cesarean section, and post-term induction following the iodine
supplementation in pregnant women [62, 64, 65, 90]. Complications observed in
neonates included premature, low birth weight, admission to neonatal intensive care
unit, and death [64, 70, 90]. Notably, the frequency of the aforementioned outcomes
in pregnant women and neonates did not show any differences between the two
groups for various doses of iodine supplementation. More studies on long-term con-
sequences of iodine excess on maternal and infant outcomes are still warranted.

Summary

Iodine, an essential component of thyroid hormones, plays a key role in the overall
growth of the body and development of the central nervous system of the fetus and
infant. During pregnancy, iodine requirements increase substantially to approxi-
mately 150% of those of non-pregnant women, due to increased thyroid hormone
production, iodine transfer to the fetus, and increased urinary iodine excretion.
Therefore, inadequate iodine intake during this critical period depending upon the
timing and severity of the deficiency can cause cretinism, neonatal hypothyroidism,
growth retardation, neurologic and cognitive deficits, increased risk of miscarriage,
and infant mortality. Although the WHO does not recommend iodine supplementa-
tion for pregnant women, lactating mothers, or infants in countries with effective
iodized salt programs, major medical societies such as the American Thyroid
Association, the Endocrine Society, and the American Academy of Pediatrics rec-
ommend that pregnant women and lactating mothers should take daily supplements
containing 150 pg of iodine. More consistent evidence reported that iodine supple-
mentation could prevent the increase in Tg concentration during pregnancy.
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However, there is no definitive evidence on the beneficial effects of iodine supple-
mentation, specifically on infant growth or developmental outcomes, and further
studies are required to clarify better these issues. More data are also needed to deter-
mine optimal and safe upper limits of iodine supplementation in pregnant women
and assess the potential risks of chronic high iodine intake during pregnancy.
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Jennifer B. Plotkin and Angela M. Leung

Introduction

Adequate levels of iodine, a trace element variably distributed on the earth and
found mostly in the soil and water of coastal areas, are required for the synthesis of
the thyroid hormones that play key roles in various metabolic processes at tissues.
The major concerns regarding the global burden of iodine deficiency are related to
hypothyroidism resulting in adverse impacts on growth, the development of goiter,
neurocognitive impairments, and in severe deficiency, cretinism [1].

Sources of Iodine

Iodine is a trace element that is found in the upper crust of the earth’s surface. As a
result of the atmospheric cycle, the iodine content of soils is diminished by exposure
to rain, snow, and glaciation, which leach out the mineral and deposit it in the
oceans, where most of the iodine on earth is found. Iodide ions in seawater are oxi-
dized to form elemental iodine, which is volatile, evaporates into the atmosphere,
from which iodine again returns to the soil through rainwater.

The diet is the primary method of achieving adequate iodine nutrition, with dairy
products, some breads, seaweed and other seafood, and iodized salt as the most
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common iodine-containing foods [2]. As table salt is easily found and consumed in
virtually every country in the world, it represents an effective, inexpensive, and
stable method for ensuring population-level access to adequate iodine nutrition [3].
Iodine-containing disinfectants used for cleaning milk cans and teats can addition-
ally increase the iodine content of dairy products [4, 5]. Additional sources of iodine
are breads and grain products made with iodine-containing dough oxidizers and
iodine-containing conditioners, the latter of which are added to maintain freshness
and prolong the shelf life of bread [5].

However, possible reductions in the iodine content of dairy products due to the
removal of iodate conditioners in store-bought breads, recommendations for reduc-
ing salt intake toward improved blood pressure control, and the increase in dietary
use of non-iodinated salts in processed and pre-packaged foods have been described
as possible causes to the decrease in iodine intake in the USA in recent years [4].
Although substantial progress has been made over the past several decades by coor-
dinated global public health efforts [6, 7], inadequate iodine nutrition remains one
of the most important micronutrient deficiencies globally and is associated with
substantial economic implications and increased healthcare costs [3, 8].

Furthermore, decreased thyroid hormone production can result not only from
insufficient dietary iodine, but also from the ingestion of goitrogens which can
interfere with thyroid hormone synthesis. Glucosinolates as goitrogens are found as
a natural component of some foods commonly ingested in many parts of the world.
Examples of goitrogenic cruciferous vegetables include cabbage, kale, cauliflower,
broccoli, rutabaga, turnips, Brussels sprouts, and mustard greens [9].

Role of Iodine

The main function of iodine is the synthesis of the thyroid hormones, thyroxine (T4)
and triiodothyronine (T3). The thyroid hormones have multiple effects on metabo-
lism and are associated with direct or indirect effects on many systems and organs.
The adult human body normally contains 15-20 mg of iodine, of which approxi-
mately 75% is found in the thyroid gland.

It is well established that following ingestion, dietary iodine is efficiently
absorbed along the length of the gastrointestinal tract [10]. Circulating iodine is
actively transported into the thyroid gland via the transmembrane sodium/iodide
symporter (NIS). Under conditions of iodine sufficiency, iodine is concentrated into
the thyroid gland at 20-50 times that of plasma; this gradient increases in situations
of iodine deficiency [11]. The kidneys do not have a mechanism to conserve iodide,
and thus represents the major route (over 90%) of iodide excretion [12]. Thus, uri-
nary iodine levels are proportional to its plasma concentration and can be used as a
convenient index of population-level iodine status [13]. Small amounts of iodine are
also excreted from the body via feces and sweat [14].
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Iodine Physiology During Pregnancy and Lactation

Thyroid hormone plays a particularly vital role in fetal and infant neurodevelopment
in utero and in early life [15]. Beginning in early gestation, maternal thyroid hor-
mone production normally increases by ~50% in response to increased levels of
serum thyroxine binding globulin (resulting from the rise of estrogen levels) and due
to stimulation of thyrotropin receptors by human chorionic gonadotropin [16]. The
placenta is a rich source of the type 3 inner ring deiodinase, which enhances the
degradation of T4 to bioinactive reverse T3 [17]. Additionally, although iodide read-
ily crosses the placenta, fetal thyroid hormone production increases during the sec-
ond half of pregnancy, further contributing to increased maternal iodine requirements
[16]. Because of these alterations in iodine and thyroid physiology, dietary iodine
requirements are higher among pregnant women than for nonpregnant adults [18, 19].

Adequate iodine status is also important for normal development in infants.
During lactation, iodine is secreted into breastmilk at a concentration gradient
20-50 times that of plasma [20] through increased expression of NIS present on
lactating breast cells [21], but thyroidal iodine turnover is also more rapid in early
development than at any other age [22]. Studies have shown that breastmilk iodine
concentration levels widely variable across populations are generally higher in
colostrum and decrease gradually through later lactation periods, and that a breast-
milk iodine concentration of approximately 150 mcg/L during the first 6 months of
lactation are sufficient to prevent adverse consequences of iodine insufficiency [23].
As breastfed infants are reliant on maternal dietary iodine intake, recommendations
for dietary iodine intake during lactation are also higher than in nonpregnant and
non-lactating women [13]. However, supplementation may not be necessary in
countries with effective salt iodization programs; one study of mother-infant pairs
in Iran, a region with a sustained salt iodization program in place, revealed that all
infants studied were iodine sufficient regardless of maternal iodine supplementation
or whether infants were breast- or formula-fed, although this finding may not be
universal [19, 24].

Studies of Iodine Status in Pregnancy

Due to substantial day-to-day variation of iodine intake, biological measurements of
iodine status among individual persons are unreliable. This has resulted in the need
to adopt a public health approach toward achieving iodine sufficiency across popu-
lations. Currently available and validated measures of iodine sufficiency in a popu-
lation include median urinary iodine concentrations, the proportion of elevated
serum thyroid stimulating hormone (TSH) concentrations among newborns and
school-age children, the proportion of elevated serum thyroglobulin concentrations,
and the prevalence of goiter [13].
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Median urinary iodine concentrations have been widely used in the assessment
of iodine status during pregnancy and lactation. Adequate iodine nutrition is repre-
sented by median urinary iodine concentrations of 150-249 mcg/L in pregnancy,
higher than the range in lactation and in nonpregnant populations (100-199 mcg/L)
[13]. The biomarkers denoting severe iodine deficiency in pregnancy have not been
well-defined, but using the same thresholds median urinary iodine concentration
thresholds as for nonpregnant individuals, available literature shows that very low
iodine status is associated with irreversible adverse obstetric and offspring
effects [25].

Universal salt iodization in most countries has improved inadequate iodine status
among many groups, particularly over the past 2-3 decades [3]. However, despite
this, studies assessing population-level iodine status show that iodine deficiency
remains one of the most important public health issues globally, particularly among
women of childbearing age, in certain regions [26]. In the USA, data from large
population studies have shown that median urinary iodine levels decreased by
approximately 50% between the early 1970s and the early 1990s, although the pop-
ulation overall has remained iodine sufficient [27]. Subsequent studies have shown
that although this decrease has stabilized [28-30], some subsets of the population,
such as women of childbearing age, may be at risk for mild to moderate iodine defi-
ciency [31]. A systematic review of lactating mothers demonstrated that iodine defi-
ciency was common worldwide, occurring in nearly all lactating mothers in
countries with voluntary universal salt iodization and even in most women residing
in countries with mandatory iodine fortification [32]. A nationwide Portuguese
study of 3631 women showed that only 16.8% of pregnant women have sufficient
urinary iodine levels [33], highlighting this continued global public health issue. A
recent study in Iran, however, showed that if iodine supplementation of at least
150 mcg per day is taken throughout pregnancy, adequate median urinary iodine
levels are achievable [34].

Studies Assessing the Effects of Maternal Iodine Status
in Pregnancy

Insufficient iodine during pregnancy and the immediate post-partum period has
been shown to be associated with neurological and psychological deficits in chil-
dren [35], although the data are mixed. The prevalence of attention deficit and
hyperactivity disorders (ADHD) is higher in the offspring of women living in
iodine-deficient areas than in iodine-replete regions [36]. In Spain, a region of mild
iodine deficiency, children with urinary iodine levels >100 mcg/L have significantly
higher IQ levels than those with urinary iodine levels below this threshold [37].
Newer studies have followed children of iodine-insufficient mothers longitudinally.
A study of over 30,000 mother-child pairs in Norway demonstrated language delay,
behavior problems, and fine motor skill deficits in the 3-year-old children born to
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iodine-insufficient mothers, findings from which up to 5-16% may be potentially
attributable to iodine deficiency [38]. Another study from Tasmania with 9-year
follow-up showed long-term reductions in spelling among children born to mothers
residing in a mildly iodine-deficient region, even when adjusted for biologic and
socioeconomic factors [39]. In contrast, a Dutch birth cohort study found no rela-
tionship between maternal urinary iodine levels during early pregnancy and chil-
dren’s language comprehension at 6 years when controlled for confounders, a
finding that may reflect the addition of iodinated salt to most processed foods in the
Netherlands [40].

Prospective Studies of Maternal Iodine Supplementation
in Pregnancy

The benefits of iodine supplementation may relate to the timing and severity of
iodine deficiency during pregnancy. The most critical period is the first trimester of
pregnancy, when a lack of maternal thyroid hormones during this critical window of
fetal brain development may have irreversible consequences. Furthermore, data
suggests that starting iodine supplementation prior to pregnancy is optimal; mothers
who start 150 mcg of daily iodine supplementation before conception have higher
median urinary iodine concentrations than those who start after pregnancy confir-
mation [41].

One of the earliest studies was a randomized controlled trial during the early
1970s from Papua New Guinea, in which severely iodine-deficient pregnant women
who were administered injections of an iodinated poppy seed oil had decreased
rates of fetal death and endemic cretinism, compared to untreated women [42].
There have since been additional longitudinal studies demonstrating favorable
maternal and offspring thyroidal effects of iodine supplementation during preg-
nancy. In Italy, 18 iodine-untreated women had larger thyroid volumes than 17
women who received 120-180 mcg/day of iodine beginning during the first trimes-
ter [43]. Investigators in Denmark reported that iodine-supplemented women have
decreased serum maternal TSH levels and increased cord blood TSH levels, com-
pared to women who received no iodine supplementation [44]. In Belgium, infants
of mothers who received iodine supplementation during pregnancy had decreased
thyroid volumes [45]. In contrast, Antonangeli and colleagues reported that there
were no differences in maternal serum thyroid function or thyroid gland size among
86 iodine-supplemented and unsupplemented women [46]. In a mildly iodine-
deficient area of Italy, consumption of iodized salt in the 24 months preceding preg-
nancy, as compared to iodized salt ingestion upon becoming pregnant, decreased the
risk of maternal thyroid dysfunction in women with negative serum thyroid autoan-
tibody titers [47]. A recent study in Iranian pregnant women similarly found that
150 mcg of daily iodine supplementation decreased the prevalence of thyroid
dysfunction in this group [34].
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Insufficient iodine during pregnancy and the immediate post-partum period is
thought to result in neurological and psychological deficits in children [22, 23],
although the data are mixed. The prevalence of attention deficit and hyperactivity
disorders (ADHD) is higher in the offspring of women living in iodine-deficient
areas than in iodine-replete regions [36]. In Spain, a region of mild iodine defi-
ciency, children with urinary iodine levels >100 mcg/L have significantly higher IQ
levels than those with urinary iodine levels below this threshold [37].

Prospective studies of maternal iodine supplementation during pregnancy assess-
ing neurocognitive outcomes in their offspring are summarized in Table 1 [48-56].
Berbel et al. reported that children of mildly hypothyroxinemic women from a
mildly iodine-deficient region who were supplemented with 200 mcg potassium
iodide/day beginning at 12—14 gestational weeks had delayed neurocognitive per-
formance at 18 months of age, compared to children of women who received sup-
plementation at 4-6 gestational weeks [48], strongly suggesting that adequate
iodine intake during the first few weeks of gestation is essential. Similarly, Velasco
and colleagues found that infants aged 3—18 months of mildly iodine-deficient
mothers who received 300 mcg potassium iodide/day during the first trimester had
higher neuropsychological assessment scores than those of mothers who received
no iodine supplementation [49]. A randomized controlled trial conducted in Spain
examining iodinized table salt use and two dosages of potassium iodide supplemen-
tation in pregnant women reported no differences in infants’ neurocognitive devel-
opment between the three groups, suggesting that the type of iodine supplementation
may not be a crucial factor for these outcomes [56]. In contrast, a randomized,
placebo-controlled, double-blinded trial of 832 women enrolled at a mean of
10.7 £ 2.7 (SD) gestational weeks in India and Thailand, 200 mcg daily iodine
supplementation had no effect on childhood neurocognitive development at
5-6 years [51].

However, iodine supplementation does not ensure iodine sufficiency. A pilot
study in the Netherlands measured urinary iodine levels at 20 and 36 gestational
weeks and 4 weeks post-partum in women supplemented with 150 mcg of iodine
daily starting at 20 weeks gestation [57]. Despite supplementation, substantial pro-
portions of women (83%, 56%, and 40%, respectively) remained with suboptimal
recommended iodine levels [57]. In another study, a representative sample of
Belgian women was used to assess urinary iodine concentrations in pregnant
women. Despite about 60% of women taking iodine supplements in pregnancy,
59.3% had with urinary iodine concentrations below 150 mcg/L and 37.8% below
100 mcg/L [58]. Further research is needed to better understand the risks and ben-
efits of maternal iodine supplementation, particularly among mild to moderately
iodine-deficient pregnant women [59].



37

Iodine Requirements in Pregnancy

(panunuoo)

syiuow §1—9 93¢ e $159)

uone)sas

Kep/1/3ow 00g
SnsIoA ‘Aep/r3] 30w OO

‘uondaouooard reak |

et aanoadsoxd

[eo150[0y0AsdOoInou Ul SOOUSIILIP ON | SYoom ()] 2I0Jog JSB[ J© Isn I[es PAzZIPO] | €] uredg pazrwopuey | €107 | e 19 oSenues
Aep/Sow oG 1<
Ieak 1 a3e je yuswdoroaap PU® ‘6% 1-00T ‘001>
[eo130[0ydAsdoInau juejur ym SE POYISSB[O OBIUT QUIPOT
PAJBIOOSSE Jou asn auIpol [eyuaw[ddns J1s1A [ejeuaid [eyusworddns pue tourpor ‘e 19
puE YBIUT J[es PIZIPOT [BUIEIA 111 J& PI[[OIUF KTe101p pojewns Uedy | 61ST uredg | 110402 9Anoadso1d | €107 orerSeqoy
Ieok 1 o3e Kep/3ow 0G1<
je Xopuy JuawdooAd(T I010WOYIAS] PU® ‘6% 1-00T ‘001>
ur 9sea109p Jutod 7°G B y)IM PAJeIoosse Se PAYISSE[O AYEIUT AUIPOL
sem ‘Kep/Sowr 0> 01 paredwod J1s1A Teyeudrd [euowsrddns pue ‘ourpor
‘Kep/3owr ()G < YBIUT QUIPOT [RUIIBIA Js1y Je po[[oIug AIe)oIp pojewins? UBdJA | 169 uredg | 11040d 2Anddso1d | 110T ‘Te 30 e1oInjy
Sunidsgjo ur sa100s uonejuoweddns T3] ou
juawssasse [eo13o[oyoAsdoinau 1oy 10)SOWILN ISIL] | SNSIdA A[rep T3] [e1o 30w 00 | +L1 uredg | 11040d 29An0dso1d | 600T ‘T8 32 09SB[OA
Sundsyjo
1oy ur sAefop [eyuswdo[orapoInau
JO YSLI Q) SASBAIOUT USWOM JISIA
OTwAUTX0IAY)0dAY UT syoam ()T—9 KoueuFoid js1y
Aq uonejuowoddns aurpor Furkeaq Ay Je SuruuIseg Aqrep 3] 1810 30w 007 | SHE uredg | 11040d 2An02dso1d | 00T ‘[e 39 [ogIog
s3urpuy Jofejy uoneuowd[ddns sdnoin N| Anuno) ugrsop Apmis | Qg soyiny

aurpor jo Supu,

uonrugoooinau Juridsyjo Jurssasse Aoueusard ur uonejuawo(ddns aurpor euIdeW Jo SAIPMIS 9A1dAdso1d T J[qRLL



J. B. Plotkin and A. M. Leung

38

opipor wnissejod 1y

o JO JOSANS TR,
Auo Jururwrexo

s1edK /"G uoneIsas A[rep aurpot [eL1) PO[[0U0D
93 18 SOOUQIQYJIP JUBOYIUSIS ON | SYOM f] dI0Jog | [BI0 SoW ()7 SNSIGA 0qade[d | S| Ppuerey], paziwopuey | 0Z0z | ‘[e 10 uaSeyIoA
SIBIA 9—C | UONRISAT SYoaMm ] A[rep aurpot eIpuj pue [BL1) Pa[[ONU0D R CEE)
93¢ 18 S90URIRYJIp JUBOYIUSIS ON 910J0q 10}y | [e10 Sow ()7 SNSIOA 0qade[d | 7EY | pue[Ieyl, paziwopuey | 107 | yuederyoemon
UOTRUTILIS) uoneIsas A[rep aurpot [BL1} P[[ONU0D
Surpuny 0) onp A[Ied pojIoqe [BLI], | SY99M ()7 210jog Jouwr ()G SnsIoA 0qRdR[J | (S| erEnNSNY paziwopuey | S107 ‘[e 19 noyyz,
SIeak 7 o3k je QUIPOT JNOYIIM
$159) Juawdo[oAd(] J9[PPOL, pue JuBjU] uone)sas | SUIWEIIA SNSIOA QUIPOT A[Iep ‘©R
K9[Aeg ur So0UQIOIp JULOYIUSIS ON | SY9M [ 2lojog | Sowr (G| SUIUTBIUOD SUTWRIIA | 1 QouelL{ | 10Y0d aAndadsold | G107 | SlAB(-Ioyonig
sSurpuy Jofejy uonejuoweddns sdnoin N| Anuno) ugrsop Apmis | Qg sloyny

autpor jo Suruyy,

(ponunuod) T Jqe,



Iodine Requirements in Pregnancy 39

Recommendations for Iodine Nutrition in Pregnancy
and Lactation

The World Health Organization, United Nations Children’s Fund (UNICEF), and
the International Council for the Control of lodine Deficiency Disorders (ICCIDD)
[since renamed as the lodine Global Network] recommend a daily iodine intake of
250 mcg for pregnant women and 150 mcg for lactating women [13]. In the USA, a
Recommended Dietary Allowance (RDA) of 150 mcg/day iodine intake is recom-
mended in nonpregnant, non-lactating adults, while pregnant women are advised
220 mcg/day and lactating women 290 mcg/day [18].

To achieve adequate iodine intake, guidelines by the American Thyroid
Association (ATA), Endocrine Society, the American Pediatric Society, and the
Neurobehavioral Teratology Society recommend that all women take a supplement
containing 150 mcg iodine daily during preconception, pregnancy, and lactation
[60—63]. However, data from the National Health and Nutrition Examination Survey
(2001-2006) demonstrated that only 20.3% of US pregnant women routinely take
an iodine-containing supplement [64]. Of the prenatal multivitamin formulations
available in the USA, only approximately 60% list iodine (containing varying
amounts), and measured levels can be discordant from labeled values [65, 66].

Finally, it is also important to recognize that excessive iodine exposure has the
potential to also result in iodine-induced thyroid dysfunction [67]. Excess iodine
exposure can result from iodine oversupplementation, the overconsumption of
foods naturally high in iodine, and the use of iodine in some medical settings, such
as iodine-containing antiseptics [68] and iodinated contrast media for radiologic
imaging studies [69]. Additionally, saturated solution of potassium iodine may be
indicated for the treatment of severe hyperthyroidism. The World Health
Organization has proposed that an iodine intake of 500 mcg/day likely poses no
excessive risk [13]. The European Food Safety Agency and the U.S. Institute of
Medicine has recommended 600 mcg/day and 1100 mcg/day, respectively, as the
Tolerable Upper Limit for iodine per day [18, 70], defined as the highest level of
daily nutrient intake that is likely to pose no risk of adverse health effects in almost
all individuals.

Conclusion

Adequate iodine intake is required for the synthesis of thyroid hormones that are
important for normal fetal and infant neurodevelopment. In this review, we have
discussed iodine physiology during pregnancy and lactation, the importance of ade-
quate iodine nutrition in women of reproductive age, methods to assess population
iodine sufficiency, and studies of iodine status and supplementation during
pregnancy.
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Screening of Thyroid Function
in Pregnancy

Fereidoun Azizi

Introduction

Thyroid dysfunction during pregnancy is accompanied with frequent adverse mater-
nal and fetal outcomes [1]. Although screening for thyroid disease during pre-
pregnancy and pregnancy states increases detection of various thyroid dysfunctions,
no consensus has been reached whether physicians should screen all pregnant
women for thyroid disease [2]. The major uncertainties exist in the beneficial effect
of universal screening for detection of subclinical thyroid states and their treatment
on pregnancy, fetal, and offspring outcomes [3, 4]. Therefore, majority of interna-
tional medical societies do not recommend mandatory generalized screening for
thyroid function in pregnancy [1, 4-6]. The American Thyroid Association (ATA)
guidelines in 2011 recommended screening of high-risk groups in the pre-pregnancy
and pregnancy periods [1]; this recommendation was not changed after 6 years in
the 2017 ATA pregnancy guidelines [4]. Most recent studies have also demonstrated
controversial conclusions for or against targeted screening [7—11].

The purpose of this review is to systematically evaluate various criterion for
screening in relation to thyroid dysfunction during pregnancy and highlight the
evidence-based controversies in regard to universal versus targeted screening.

Methods

A search of MEDLINE was consulted employing terms of screening, thyroid and
pregnancy from January 2000 to December 2020. We excluded animal studies and
used a combination of fast title search and filtering of abstract and used the
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reference of review articles for probable missing articles, in particular those pub-
lished before year 2000. All types of observational and clinical studies, reviews,
meta-analysis, and guidelines of major international societies were included.

Information regarding prevalence and occurrence of thyroid dysfunctions in
pregnancy and their effects on pregnancy outcomes and fetal and offspring develop-
ment were sought. In addition, the effect of treatment with levothyroxine in preg-
nancy and fetal outcomes were collected. Synthesis of the resources was mainly
descriptive and focused on their value-added features that clarified the aim of
this study.

Findings

Definitions of various thyroid dysfunctions are provided elsewhere in this compre-
hensive book. Overt hypo- and hyperthyroidism, subclinical hypo- and hyperthy-
roidism, and thyroid autoimmunity are common conditions during pregnancy.

In order to conclude if a medical condition or illness is suitable for screening,
Wilson and Junger criteria published in 1968 [12] has been recommended by World
Health Organization (WHO). Table 1 shows a summary of these criteria. Do thyroid
dysfunction in pregnancy fulfill WHO recommended criteria for screening?
Followings are systematic evaluation of each criterion for thyroid dysfunction in
pregnancy.

The Condition Should Be an Important Health Problem
Prevalence rates of hypothyroidism, hyperthyroidism, and thyroid autoimmunity

Table 1 Major criteria for screening

The medical condition should have the following criteria:

(a) Important health problem

(b) Accepted treatment modality

(c) Available facilities for diagnosis and treatment

(d) Suitable test(s) or examination, acceptable to the population
(e) Recognizable latent or early symptomatic stage

(f) Clear natural history, from latent to declared disease

(g) Cost-benefit of case finding

are 2-3%, 0.1-0.4%, and 17%, respectively [13—15]. In population-based studies,
the prevalence of subclinical hypothyroidism is 4—15% [16, 17]. Most studies report
a prevalence of 2—3% for subclinical hypothyroidism during pregnancy [18].
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Untreated overt hypo- and hypothyroidism are associated by serious maternal
and fetal complications [4]. Preterm delivery, gestational hyperthyroidism, placenta
abruption, low birth weight, gestational diabetes, cognitive delay, and abnormal
neurobehavioral problems in offsprings have been reported [2, 4]. Although no pro-
spective randomized clinical trial has been performed because of ethical issues, it is
accepted that overt thyroid disorders must be treated prior to conception and during
pregnancy.

There Should Be an Accepted Treatment

Accepted treatments have long been recognized for thyroid dysfunctions. Normal
thyroid status would be reached by levothyroxine therapy in both overt and subclini-
cal hypothyroidism. Treatment of overt hyperthyroidism during pregnancy is effec-
tively performed by antithyroid drugs, while adverse effects should be carefully
prevented. Gestational subclinical hyperthyroidism does not require treatment and
may be a normal finding in the first trimester of pregnancy [4].

Availability of Facilities for Diagnosis and Treatment

The screening tools for detection of thyroid dysfunction, including measurements
of serum TSH, T4, fT4, and T3, are available worldwide, mostly in affordable
prices, although access to TPOAb measurement may be difficult in some parts of
the world. Levothyroxine and antithyroid drugs are available worldwide for treat-
ment of hypothyroidism and hyperthyroidism, respectively [2, 11].

Recognizable Latent or Early Symptomatic Stage

Overt thyroid dysfunction has symptomatic stages, mostly in early course of thyroid
hypo- or hyperfunction. Subclinical dysfunctions of the thyroid and many subjects
with thyroid autoimmunity are asymptomatic, of whom some patients may proceed
to overt symptomatic stage [4, 5].

Suitable Test or Examination

The most suitable test for screening of thyroid dysfunction is the measurement of
serum TSH, a reliable test that has high accuracy for subtle changes in thyroid func-
tion, even before any clinical presentation of the disease [2, 4]. Other tests for
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confirmation of the kind and etiology of thyroid disorders such as serum concentra-
tion of T4, fT4, T3, fT4, and thyroid antibodies have long been used in daily medi-
cal practice.

Acceptability of the Screening Test

Serum TSH measurement and other thyroid function tests and thyroid antibodies
have long been used in clinical setting and they are acceptable to the population.

Natural History of the Condition

The pathophysiology and natural history of thyroid diseases during pregnancy have
been vastly studied during last three decades and many clinical guidelines by inter-
national and national medical societies and reviews have been published [4, 6].

Agreed Policy on Whom to Treat as Patients

This criterion is a matter of controversy in thyroidology. There is no doubt that uni-
versal screening will detect unrecognized patients with overt hypo- and hyperthy-
roidism; however, most patients with overt disease are recognized before pregnancy
and need no screening. In addition, unrecognized overt thyroid dysfunction is far
less common that subclinical thyroid dysfunction. Since TSH suppression can be
seen in the first trimester of normal pregnancy and subclinical hyperthyroidism is
not associated with remarkable adverse events, the screening program will aim
mostly to detect women with thyroid autoimmunity and subclinical hypothyroidism
in pre-conception and pregnancy states [19].

Economical Reasoning of Screening

Since most of thyroid dysfunction in pregnant women is in the form of subclinical
hypothyroidism, and given the lack of clear data for efficacy of treatment, ongoing
debate regarding the need for universal screening for thyroid dysfunction during
pregnancy versus risk-based screening continues. In addition, updated criteria for
screening [20] have been presented to better suit the current technological advances
in screening. Health authorities of each country should take into consideration all
screening criteria and their gross national product (GNP) and the percentage for
health budget before deciding universal versus risk-based screening for thyroid
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dysfunction in pregnancy for their own country. Many universal screening programs
accepted for some conditions in high-income countries may not be suitable in
underdeveloped or low-income countries. In fact, a 2014 Asian survey showed that
66% of responders performed targeted screening of only the high-risk group [21],
while a 2012 European survey found that responders screened all pregnant women
twice as many as Asian ones [22].

Continuity of Screening Program

Screening for thyroid dysfunction before conception and during pregnancy is usu-
ally accepted as country program; therefore case-finding is a continuing process and
is adopted either by universal or targeted screening program.

The major controversies related to universal versus targeted screening have been
focused on thyroid autoimmunity and subclinical hypothyroidism. Followings are
discussions related to these two important issues in thyroid and pregnancy.

Thyroid Autoimmunity and Pregnancy

It has been reported that TPOAb positivity occurs in 12—18% of women [23-27]
and that isolated increase in serum TPOAD in pregnant women with normal fT4 and
TSH may have increased abortion and other pregnancy outcomes. However, treat-
ment of such women with levothyroxine, even from pre-conception, did not alter
maternal outcomes [28]. Therefore, the status of autoimmunity has been discussed
together with issues of subclinical hypothyroidism.

Autoimmune thyroid disease is the most common autoimmune disorder in
women of childbearing age [26, 27]. The prevalence of positive TPOAb ranges from
2 to 17% in pregnant women [24]. Serum TSH is higher during first trimester of
pregnancy in TPOAb positive as compared to women without AITD. More than
40% of women with thyroid autoimmunity present with FT4 levels in the range of
hypothyroidism during late pregnancy [23]. Therefore, TPOAD positivity at early
gestation is considered as a good predictor of gestational hypothyroidism [25]. This
failing thyroid activity is related to the inadequate maternal thyroid capacity for
thyroid hormone production imposed by pregnancy [29]. This is caused in the first
trimester, by stimulation of thyroid gland by chorionic gonadotropin (hCG); in
addition, there is an increase in TBG which is responsible for increase in total T4
and T3 and contextual decrease in free T4 levels. Other changes in renal clearance
and placental deiodination also add up to a demand for increase in thyroid hormone
production in normal thyroid gland. However, in conditions with iodine deficiency
and thyroid autoimmunity thyroid response is inadequate and serum TSH will
increase.
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Miscarriage, spontaneous pregnancy loss occurring before 20 weeks of preg-
nancy, and preterm delivery, birth before 37 weeks of gestation, are the most com-
mon complications in women with Hashimoto’s thyroiditis. Prevalence of
miscarriage is 2—3 times more in TPOAb-positive, as compared to TPOAb-negative,
women [30, 31]. In a meta-analysis significant increase in the odds of preterm birth
has been shown in TPOAb-positive women, OR 3.90 (2.48-6.12), p <0.001 [31]. A
few randomized clinical trials have shown decrease in the rate of miscarriages and
premature deliveries after treatment of TPOAb-positive pregnant women with
TSH > 2.5 mu/L women with LT4 [32-35]. No significant benefit has been reported
in TPOAD-positive pregnant women with TSH <2.5 mu/L when levothyroxine ther-
apy was undertaken [33, 34].

International guidelines have considered potential harmful effects of thyroid
autoimmunity on pregnancy outcomes. The use of population-based trimester-
specific serum TSH reference ranges has been recommended; however, when this
local specific TSH range is not available, American Thyroid Association considers
TSH of 4.0 mu/L as upper normal reference range in the first trimester [4]. In addi-
tion to TSH levels, TPOADb positivity is also considered as an important variable for
treatment with levothyroxine before conception and during pregnancy. Accordingly,
levothyroxine therapy is recommended for TPOAb-positive women with TSH
greater than the upper limit of reference range (or TSH > 4.0 mU/L) and may be
considered in women with serum TSH levels above 2.5 mU/L. While for TPOAb-
negative pregnant women the recommendation for levothyroxine therapy is in
women with TSH greater than 10.0 mU/L and may be considered in those with TSH
of 4-9.9 mU/L. Table 2 shows a summary of recommendations for LT4 therapy dur-
ing pregnancy.

Pregnancy Outcomes in Subclinical Hypothyroidism

There is no consensus regarding the impact of subclinical hypothyroidism on preg-
nancy outcomes. Some observational studies have reported that subclinical hypo-
thyroidism increases adverse pregnancy outcomes such as preterm labor, placental
abruption, miscarriage, gestational hypertension, preeclampsia, gestational diabe-
tes, and fetal distress [19, 23], while others reported no important associations [13].
Many observational studies demonstrate an association between the presence of
thyroid antibodies in euthyroid women in their first trimester with increased rates of
spontaneous miscarriage and preterm delivery [36—39]. In general, obstetrical com-
plications are more prominent in TPOAb-positive than TPOAb-negative preg-
nant women.

Studies have shown that euthyroid TPOAb-positive women treated with LT4 and
euthyroid TPOAb-negative women showed a lower rate of preterm deliveries com-
pared with euthyroid TPOAb-positive women who were not treated with levothy-
roxine. Both studies have shown that euthyroid TPOAb-positive women who
received levothyroxine (LT4) had a significant reduction in preterm deliveries (from
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Table 2 Indications for treatment with levothyroxine during pregnancy

TPOADb Serum TSH (mU/L) Levothyroxine therapy

Positive >10 Strongly recommended
4-10 Recommended
2.5-4 May be considered
<2.5 Not recommended

Negative >10 Strongly recommended
4-10 May be considered
2.5-4 Should not be used
<2.5 Not recommended

22 to 6%) and miscarriage rates (from 14 to 3.5%) [34, 40]. In a recent study, it was
shown that LT4 could decrease preterm delivery in TPOAb-negative women with
TSH values >4.0 mIU/L [41].

Subclinical Hypothyroidism and Fetal-Offspring Outcomes

A prospective observational study reported that the mean mental developmental
index score at the age of 6 and 12 months was 16 points lower for infants who were
born to mothers with subclinical hypothyroidism compared to controls born to
euthyroid pregnant women [42]. Another study showed children aged 25-30 months
of women with subclinical hypothyroidism during pregnancy had mean intelligence
scores and mean motor scores lower than those the control group [43]. However, in
a cohort study from Netherlands, maternal serum TSH levels in 9-18 weeks of preg-
nancy were not associated with child IQ evaluated at a median of 6 years of age [44].

Prospective randomized trials assessing the impact of levothyroxine on offspring
1Q in women with subclinical hypothyroidism or isolated hypothyroxinemia found
no significant effect [45]. Lazarus et al., conducted a well-designed randomized
controlled trial of pregnant women with the aim of evaluating the treatment effect
on intelligence quotient (IQ) at 3 years of age in children; all positive screening
women were prescribed 150 pg of LT4 per day. It was found that antenatal screen-
ing and maternal treatment for hypothyroidism did not result in improved cognitive
function in children at 3 years of age, as the mean IQ and the proportion of children
with IQ levels of the mothers treated during pregnancy and the children of those
who were not treated [46]. In follow-up of these children, IQ of children of 119
LT4-treated and 98 untreated mothers with subclinical thyroid dysfunction during
their pregnancy was compared to that of children of 232 mothers with normal ges-
tational thyroid function. Maternal LT4 treatment was not associated with neuro-
cognitive improvement of offspring at age of 9.5 years [47].

Casey et al. also showed that treatment for subclinical hypothyroidism or hypo-
thyroxinemia, initiated in 8—20 weeks of gestation, did not result in significantly
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better cognitive outcomes in children of mothers with levothyroxine-treated gesta-
tional subclinical hypothyroidism through 5 years of age, compared to outcomes in
those who had received no treatment for the conditions [48]. Of course, the main
shortcoming of most trials is that LT4 treatment were initiated at late first or in the
second trimester of pregnancy when fetal thyroid development and thyroid hormone
synthesis and secretion had nearly been completed [49].

Foregoing evidence-based studies may point to the fact that subclinical hypothy-
roidism is associated with some adverse pregnancy outcome but probably not an
important fetal and offspring outcome.

What Would Be Missed During Targeted Screening?

A cross-sectional prospective study conducted on 1600 pregnant women in their
first trimester of pregnancy found that the targeted high-risk case finding approach
may miss one-third of pregnant women with thyroid dysfunction [50]. Another
study showed that by using the targeted high-risk case finding approach, about 30%
of women with hypothyroidism were overlooked [51]. A study of pregnant women
also showed that 80.4% of pregnant women with TSH elevation would have been
missed based on current high-risk screening guidelines [52].

In addition, 1-2% of pregnant women suffer from overt hypothyroidism that had
been present before conception; in such cases, adverse pregnancy outcomes are
almost inevitable and treatment of overt thyroid disease decreases maternal and
fetal morbidity and mortality [53]. Targeted screening may not detect asymptomatic
hypothyroid women before conception or during pregnancy.

Cost-Effectiveness of Various Screening Methods

Dosiou et al. have presented two articles related to cost-effectiveness and provided
evidence about the cost-effectiveness of universal screening of pregnant women
with both TSH and TPOAb compared to the risk-targeted screening, in the first tri-
mester of pregnancy. Furthermore, a decision-analytic model that compared the
incremental cost for quality-adjusted life-year (QALY) showed that even when the
benefits of screening were focused on detection and management of overt hypothy-
roidism, screening was highly cost-effective [54, 55]. Similar findings have been
reported by others [56, 57] and confirm that universal screening is more cost-
effective than targeted screening for thyroid dysfunction in pregnancy.
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Summary

Controversies continue regarding beneficial effect of universal screening for detec-
tion of subclinical thyroid dysfunction and its treatment during pregnancy. More
evidence is needed for international consensus of universal or targeted screening of
thyroid function in pregnancy. In addition, the criteria of screening along with GNP
and health budget should be considered in each country for decision-making regard-
ing the mode of screen of thyroid function in pregnancy.
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Preconception Counseling

Theodora Pappa and Erik K. Alexander

Introduction

Preconception care consists of interventions that seek to identify and then modify
risk factors or behaviors in any patient through either prevention or/and advanced
management strategies. In order to optimize pregnancy outcome in a woman with
(or at risk for) thyroid illness, certain steps are important before conception or early
in pregnancy. This is certainly relevant with regard to thyroid health, as thyroid
hormones (TH) are crucial for fetal development and the fetus depends on maternal
supply of TH during early stages of intrauterine brain development. In terms of
nutrition, iodine is an essential nutrient required for TH synthesis and iodine require-
ments substantially increase during pregnancy, thus optimizing iodine intake is an
important preconception step, especially in areas with severe iodine deficiency [1].
Indeed, thyroid disease at the time of pregnancy is a common clinical problem and
pregnancy itself significantly impacts maternal thyroid physiology most notably
increasing hormone demand by approximately 40%. In this chapter, we will discuss
the recommended preconception counseling for frequently encountered thyroid
conditions in women of reproductive age, including iodine supplementation, hypo-
thyroidism and autoimmune thyroid disease, hyperthyroidism, and thyroid nodules
and cancer care, summarized in Fig. 1. Through proper prenatal counseling and
subsequent antenatal care, we describe the reduction in risk that is accomplished as
maternal and neonatal health are optimized.

For any discussion of preconception counseling, basic understanding of physiol-
ogy and analytic test interpretation of thyroid function impacted by gestation should
by emphasized. Pregnancy itself is a state characterized by increased demand for
TH as the fetus depends on maternal supply of TH in early stages of intrauterine
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lodine status

* Increase awareness in areas with iodine deficiency
and women with dietary restrictions (e.g. lactose or
gluten intolerance, vegan diet)

* Aim for 250 mcg iodine intake daily starting 3 months
pre-conception

* Avoid iodine intake over 500 mcg daily

Thyroid nodules and cancer

Hypothyroidism and i thyroid disease

* Pre-gestational hypothyroidism: aim for TSH below
2.5 mlu/L

* Increase levothyroxine dose by 20-25% with
confirmation of pregnancy

* Monitor TSH every 4 weeks through mid-gestation

* Avoid T3 products and desiccated thyroid

 Consider low dose levothyroxine when TSH >4.0
mlU/L in women with positive TPO antibodies and
in women seeking infertility therapy with assisted

reproductive technology

* Complete evaluation of thyroid nodules pre-
conception when possible

* Follow non-pregnancy guidelines for evaluation of
new thyroid nodules

* Perform thyroidectomy in second trimester or defer
surgery post-partum for newly diagnosed thyroid
cancer

+ Avoid pregnancy for 6 months post RAI ablation
therapy

* Use pre-pregnancy TSH targets based on ATA risk of

recurrent or persistent disease

Pre-conception
thyroid care

Hyperthyroidism

* Optimize thyroid biochemical status pre-pregnancy

* Modify/discontinue antithyroid medication pre-
conception or with confirmation of pregnancy

* Avoid pregnancy for 6 months post RAI therapy

* Measure TRabs in women with current or history of

treated Graves’ disease in early pregnancy

Fig. 1 Summary or preconception counseling recommendations for thyroid care. TRabs TSH
receptor antibodies, RA/ radioactive iodine, 7PO thyroid peroxidase, ATA American Thyroid
Association

development. On average, the fetal thyroid gland matures after week 18 of gesta-
tion. Furthermore, throughout pregnancy, iodine renal excretion increases, thyrox-
ine binding globulin (TBG) concentrations rise in the presence of elevated estrogen
concentrations, while placental type 3 deiodinase leads to degradation of maternal
TH and human chorionic gonadotrophin (hCG) acts as a weak agonist to activate the
TSH receptor. Through all of these changes, a healthy thyroidal axis responds by
increasing TH production [2]. Analytically, serum free T4 (fT4) concentrations
transiently increase during the first trimester, whereas TSH slightly decreases. But
in cases with preexisting or subclinical thyroid dysfunction, pregnancy may there-
fore result in thyroid dysfunction progressing to a clinically overt state. Of note,
interpretation of thyroid function tests during pregnancy can also be challenging
given the many physiologic changes occurring in pregnancy, such as increased
TBG, hCG rise, and increases in albumin. Quite frequently, these changes result in
different reference ranges in comparison to nonpregnancy ones. For example, refer-
ence ranges for TSH change by trimester due to activation of the TSH receptor by
hCG, whereas inaccurate determination of fT4 levels can be produced by several
immunoassays due to the analytic impact of excess protein binding. Together, the
physiologic changes and notable caveats above confirm that it is more relevant to
screen for and treat thyroid conditions preconception whenever possible. This will
allow time for intervention to be most effective, while analytical testing will prove
more accurate and reliable. Finally, if needed, both medical and surgical manage-
ment are safer and more easily managed.
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Preconception Counseling Regarding Iodine Status

Adequate iodine supply is critical for maternal TH production, which then plays a
critical role in fetal neurodevelopment. Severe iodine deficiency has been associated
with increased risk of miscarriage, stillbirth, as well as increased perinatal and
infant mortality. Iodine deficiency is among the leading causes of preventable intel-
lectual deficit worldwide [3]. As an intervention, iodization of salt or other food
sources is the most cost-effective way to provide adequate iodine stores and thus
improve maternal-fetal health. Although in the last three decades there have been
significant advances in correcting global iodine deficiency with salt supplementa-
tion, several countries remain iodine deficient. In the United States, approximately
half of salt sold for household use is iodized, and major sources of dietary iodine
include dairy foods, commercially baked bread, seafood, eggs, meat, and poultry,
which are widely consumed [4, 5].

Preconception counseling regarding iodine status should first focus attention
upon whether a woman resides in areas considered iodine sufficient or not.
Separately, a dietary assessment should follow to better understand total daily iodine
intake. The recommended dietary allowance by the US Institute of Medicine for
total daily iodine intake (inclusive of both diet and supplements) is 150 mcg for
women seeking pregnancy, 220 mcg for women currently pregnant, and 290 mcg
during lactation. Notably however, the WHO recommends 250 mcg of daily iodine
intake for both pregnant and lactating women [6]. The 2017 American Thyroid
Association (ATA) thyroid and pregnancy guidelines raise attention to populations
with certain dietary restrictions, such as women who are lactose or gluten intolerant,
or those who follow low carbohydrate or vegan diets. Such individuals may have
increased iodine needs. The American Thyroid Association recommends daily
iodine supplementation with 150 mcg iodine in the form of potassium iodide, to
optimally begin 3 months preconception and aim for total of 250 mcg iodine inges-
tion daily [7]. Of note, women on levothyroxine therapy do not require iodine sup-
plementation because the substrate is not needed for thyroid hormone formation. On
the other side of the spectrum, iodine excess is usually self-regulated through the
Wolff-Chaikoff effect that transiently blocks thyroid hormone synthesis as a
response to high iodine load, but escape occurs several days thereafter. Chronic
excess iodine intake may have adverse outcomes on the mother and the fetus, when
unable to escape from the Wolf—Chaikoff effect. Therefore, sustained iodine intake
over 500 mcg daily should be avoided during pregnancy to minimize risk of fetal
thyroid hypofunction [8]. In summary, preconception assessment of a woman’s
iodine intake is of great importance. When deficiency or excess iodine intake is
identified, clear dietary interventions can be recommended which will optimize
gestational health thereafter.
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Preconception Counseling Regarding Hypothyroidism
and Autoimmune Thyroid Disease

Primary overt hypothyroidism is characterized by identification of an elevated TSH
and decreased fT4 concentration. As mentioned earlier, pregnancy is a state of
increased T4 demand, though in the setting of any preexisting thyroid dysfunction
the body is often unable to augment TH production without an adjustment in levothy-
roxine dose. Overt hypothyroidism affects 1-2% of women of reproductive age [9]
and such maternal hypothyroidism has been associated with increased risk of com-
plications for the maternal-fetal unit, such as pregnancy loss, low birth weight, or
premature birth [10]. Thyroid hormones play a crucial role in fetal brain develop-
ment, particularly in the first trimester when the fetus depends on maternal supply
of thyroid hormones to regulate fetal neuronal cell proliferation, migration, and
differentiation. Overt maternal hypothyroidism and cretinism have been associated
with irreversible negative neurodevelopmental outcomes for the fetus including
lower offspring IQ [11]. In recent years, there is growing evidence that even mild
TH deficiency in early gestation may result in adverse neurocognitive outcomes
including smaller gray matter volume [12, 13].

Beyond simply the impact of maternal hormonal status on the fetus, a positive
association has separately been shown between the detection of elevated thyroid
autoantibodies and increased risks of spontaneous pregnancy loss [14] or preterm
delivery [15—17]. Prospective studies, however, have not demonstrated any benefit
of levothyroxine supplementation preconception. In an UK randomized controlled
trial of 19,589 euthyroid women with positive thyroid peroxidase (TPO) antibodies,
supplementation with a low dose of levothyroxine (50 mcg daily) did not result in a
higher rate of live births compared to placebo [18]. Thus, detection of an elevated
TPO antibody titer should primarily convey an increased risk of maternal hypothy-
roidism during gestation ahead, allowing the practitioner to optimize a testing and
intervention strategy when needed.

Taken together, the preconception period is a critical timepoint for assessment
and counseling of a women with known or suspected hypothyroidism. Importantly,
if and when any levothyroxine supplementation is required, a minimum of 3—4 weeks
is then needed once therapy is initiated/adjusted before a new steady state of thyroid
concentration is secured. This point becomes even more pertinent in hypothyroid
women with minimal or no endogenous thyroid function [e.g., athyreotic patients,
or those who have undergone radioactive iodine (RAI) ablation as treatment for
Graves’ disease or thyroid cancer].

It is important for women with pregestational hypothyroidism to be seen precon-
ception where thyroid status can then be optimized before pregnancy. Notably,
maternal TSH levels should be targeted below 2.5 mU/L. Equally important, women
should be counseled to contact their endocrine provider upon suspicion of any preg-
nancy or a missed menstruation, allowing recommendations to empirically uptitrate
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their levothyroxine dose to mirror increasing demand. Indeed, more than half of
levothyroxine-treated hypothyroid women can be expected to require higher doses
during pregnancy. Two common approaches to address this clinically include either
increasing the levothyroxine dose by two additional tablets weekly (nine tablets per
week instead of seven, corresponding to a 29% increase) or to simply increase the
daily dose by 25-30% as soon as pregnancy is confirmed [19]. Patients should then
be counseled that during pregnancy serial monitoring with TSH evaluation every
4 weeks is recommended through mid-gestation. Thereafter, it is recommended that
at least one more check of serum TSH occurs close to gestational week 30 as well.

The fetal brain is dependent on maternal T4 which is actively transported in the
fetal central nervous system, whereas T3 is not. While the human thyroid gland
secretes T4 to T3 at a ratio close to 14:1, the T4:T3 ratio in desiccated thyroid is
significantly lower and approximately 4:1, with a relative T3 excess [20]. For the
above reasons, women should be counseled against use of T3 products or desiccated
thyroid during pregnancy. The recommended treatment should include administra-
tion of oral levothyroxine.

While preconception care is of paramount importance for women with known
hypothyroidism, universal TSH screening in early pregnancy remains a controver-
sial issue [21]. Based on the 2017 ATA guidelines, all pregnant women should be
screened at the initial prenatal visit for any history of thyroid dysfunction, as well as
the use of either thyroid hormone or antithyroid medication. If any other clinical
risk factors are separately identified in a woman seeking pregnancy or newly preg-
nant, then testing for serum TSH is also recommended [7]. These include a known
history or symptoms of hypothyroidism and TPO antibody positivity, as well as risk
factors such as the presence of a goiter, history of head/neck irradiation or prior
thyroid surgery, age over 30 years old, history of type 1 diabetes or other autoim-
mune disorders, any history of pregnancy loss, preterm delivery or infertility, family
history of thyroid disease, morbid obesity, use of amiodarone or lithium or recent
administration of iodinated radiologic contrast, multiple prior pregnancies, or if
residing in area with moderate or severe iodine insufficiency. When maternal TSH
is over 2.5 mU/L, reflex thyroid antibody testing should take place as well. For
patients seeking pregnancy, consideration can be given to initiating levothyroxine
therapy when maternal TSH is >4.0 mIU/L, especially in the setting of an elevated
TPO antibody titer [7, 22]. In general, the administration of low-dose levothyroxine
therapy (typically initiated at 50 mcg daily) is of minimal risk and may be consid-
ered in an attempt to prevent progression to overt hypothyroidism once pregnancy
is attained [7]. For women seeking infertility therapy using assisted reproductive
technology, existing evidence supports that treatment of subclinical hypothyroidism
with levothyroxine may improve pregnancy and delivery rates [23, 24] and, thus, the
2017 ATA guidelines recommend treatment with levothyroxine in women with sub-
clinical hypothyroidism undergoing fertility therapy aiming for TSH levels below
2.5 mU/L [7].
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Preconception Counseling Regarding Hyperthyroidism

Thyrotoxicosis is a condition characterized by excess circulating thyroid hormone.
The most frequent cause of thyrotoxicosis in women of reproductive age is Graves’
disease, an autoimmune disorder triggered by antibodies activating the TSH recep-
tor (TRabs) and thyroid stimulating immunoglobulins (TSI) and resulting in excess
TH production by the thyroid gland. Preconception counseling is of great impor-
tance in hyperthyroid women of reproductive age, given the multiple complications
and associated risks imparted by Graves’ disease and its treatment with regard to the
maternal-fetal unit. Several studies have demonstrated a clear association between
thyrotoxicosis and poor maternal-fetal outcomes, which are positively impacted by
the control of maternal thyroid hormone excess during pregnancy [25, 26].
Uncontrolled Graves’ disease has been linked with higher rates of miscarriage,
maternal congestive heart failure, premature birth, intrauterine growth restriction,
and stillbirth. It has been suggested that intrauterine exposure to high thyroid hor-
mone levels may predispose the offspring to increased risk of seizure or neurobe-
havioral disorders [27]. In addition, fetal risks associated with maternal Graves’
disease include fetal and neonatal hyperthyroidism through the action of TRabs that
cross the placenta and may remain elevated even after RAI ablation therapy, as well
as fetal and neonatal hypothyroidism due to exposure to higher doses of antithyroid
medication even when the mother is biochemically in a euthyroid state. Transient
central neonatal hypothyroidism can also occur when control of maternal hyperthy-
roidism during pregnancy has been suboptimal [28, 29]. In addition, antithyroid
medications commonly used for the treatment of Graves’ disease [the mainstay
being methimazole and propylthiouracil (PTU)] have been associated with several
side effects as well as risk for birth defects in early pregnancy [30].

A primary goal of preconception counseling for the hyperthyroid women is to
optimize thyroid biochemical status pre-pregnancy. Separate important goals are to
align any time frame for RAI ablation therapy and modify or discontinue antithy-
roid medications to reduce the side effect profiles. Finally, monitoring of TRabs and
TSI ahead must be strategically planned. In general, women with Graves’ disease
seeking future pregnancy should be counseled to consider delaying pregnancy and
using contraception until a steady euthyroid state is achieved. This may be trans-
lated to having two sets of thyroid function tests within reference range at least
4 weeks apart without interim changes in thyroid therapy. Given the complexities in
management of Graves’ disease during pregnancy, it is reasonable to present patients
desiring pregnancy all available options including antithyroid drugs (ATD), RAI
ablation and thyroidectomy, reviewing their advantages and disadvantages and
encouraging shared decision making toward a final solution [7].

If the patient elects to proceed with ATD therapy, preconception counseling
regarding their potential side effects is critical. Such systemic side effects may
occur in 3-5% of the general population who are taking thionamides and typically
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include allergic reactions such as a skin rash, whereas more severe side effects
include agranulocytosis, vasculitis, and liver dysfunction [31]. Special attention
should be given when using PTU, as PTU is linked to more severe, potentially fatal,
liver injury especially in young individuals, and its use is recommended only in the
first trimester of pregnancy. In contrast, methimazole has been associated more
often with a cholestatic picture [32]. Yet, during pregnancy the greater risk regard-
ing use of ATD involves their teratogenic potential. Methimazole use has been asso-
ciated with congenital risks of aplasia cutis, choanal or esophageal atresia and
various abdominal wall defects such as omphalocele and omphalomesenteric duct
abnormalities [33]. Therefore, the ATA guidelines recommend switching from
methimazole to PTU during the first trimester of pregnancy and when planning
pregnancy, if antithyroid drugs are used. Studies from Danish national cohorts have
indicated that PTU is also associated with some risk of birth defects, but often inclu-
sive of only face and head defects and urinary system malformations. In general,
these appear less severe compared to those related to methimazole use [34]. The
possibility of withdrawal of antithyroid therapy may also be considered during the
first trimester in cases with mild hyperthyroidism controlled on low-dose antithy-
roid drugs, as the goal is to avoid maternal biochemical euthyroidism which often
translates to overtreatment of the fetus. Rather, the principle of ATD therapy during
pregnancy is to reduce maternal hyperthyroid symptoms even if the mother remains
biochemically hyperthyroid and use the lowest effective dose of ATD to achieve
total T4 or fT4 levels at the upper or moderately above the reference range [7].

If the patient elects a definitive therapy before conceiving and proceeds with RAI
therapy, a pregnancy test should be performed ~48 h prior to therapy and conception
should be avoided for a minimum of 6 months thereafter, and until a stable euthy-
roid state is achieved. There is a small chance that patients with severe Graves’
disease may not achieve euthyroidism within first year after RAI therapy [35]. In
addition, TRabs titers may actually increase after RAI therapy and remain elevated,
in which case continued monitoring is recommended during pregnancy. These fac-
tors may shift some patients with severe Graves’ disease or high antibody titer to
elect thyroidectomy instead of RAI therapy. Should thyroidectomy be indicated for
the management of Graves’ disease during pregnancy, the optimal time window is
the second trimester to minimize peri-operative risks for the mother and the fetus.

Besides optimizing maternal thyroid function pre-pregnancy, another important
issue is addressing the role of TRabs that cross the placenta and can have a direct
impact on the fetus which at times induces fetal hyperthyroidism. Measuring
TRADs during early pregnancy is recommended not only in women with Graves’
disease on antithyroid treatment, but also extends to those who have received defin-
itive treatment for Graves’ disease, such as RAI therapy or surgery in the past. If
antibody titers are elevated, monitoring of their concentration is indicated again at
weeks 18-22 of pregnancy and should be conveyed as part of preconception
counseling.
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Preconception Counseling Regarding Thyroid Nodules
and Cancer

Preconception counseling in women with thyroid nodules and thyroid cancer poses
a challenge in balancing the needs between effective and definitive diagnosis/treat-
ment on one hand, versus minimizing risks for the maternal-fetal unit on the other
hand. Much of the time, interventions may be safely postponed until after preg-
nancy, and in general avoiding surgery during pregnancy is preferrable because the
peri-operative risks for pregnant patients are higher compared to non-pregnant
ones [36].

Clinically relevant thyroid nodules are prevalent in 5-6% of adult women of
childbearing age [37], and a few studies have suggested that the physiologic changes
occurring in pregnancy may promote nodule formation and modest growth [38].
Biochemical and imaging workup for clinically relevant thyroid nodules should ide-
ally be completed before pregnancy. There is no need to monitor cytologically
benign thyroid nodules more closely during pregnancy, unless they demonstrate
rapid growth in which case repeat fine needle aspiration (FNA) biopsy should be
considered.

The evaluation of thyroid nodules during pregnancy follows the same guidelines
as in the non-pregnant patient, including history, physical examination, thyroid
ultrasound, and measurement of serum TSH levels. Thyroid ultrasound does not use
ionizing radiation and can be safely used during pregnancy. When a thyroid nodule
meets criteria for evaluation with FNA biopsy, this can be safely performed at any
trimester. Pregnancy does not seem to change the cytologic interpretation of thyroid
FNA results [39], although it could in theory affect gene expression markers and
thus molecular testing is generally favored for cytologically indeterminate nodules
in the preconception state as opposed to during pregnancy itself.

There is no convincing evidence that pregnancy itself may drive progression of
thyroid cancer, and interventions for indeterminate cytologic results can often be
deferred postpartum unless there are clinical indices of aggressive behavior (abnor-
mal lymph nodes or signs of metastatic disease) [7]. Even when thyroid cancer is
diagnosed during pregnancy, this should not be a reason to terminate pregnancy and
management depends on gestational age and patient preferences [40]. With the
exception of rare aggressive malignancies, such as anaplastic, poorly differentiated
or medullary thyroid cancer and unless there is evidence of substantial growth or
tracheal or vessel invasion, the timing of surgery either during pregnancy or deferred
until postpartum has not been shown to affect the survival of women diagnosed with
thyroid cancer during pregnancy [41]. When surgery during pregnancy is indicated
or desired, the second trimester is the preferred time window to minimize complica-
tions to the mother and the fetus, as there is higher risk for altered organogenesis
and spontaneous abortion during the first trimester and preterm labor and delivery
in the third trimester.
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For women with known thyroid cancer pre-pregnancy, it is important to counsel
and optimize clinical status before conception. In specific, when RAI ablation is
indicated, women should be counseled to defer pregnancy for 6 months post abla-
tion therapy. There have been few reports associating RAI ablation therapy with
transient amenorrhea and menstrual irregularities that however resolved within
1 year of therapy [42, 43]. For patients at low-intermediate risk, patients should be
offered the option to delay RAI ablation therapy in order to fulfill plans for preg-
nancy first, taking into consideration the woman’s age and desire to conceive.
Regarding target TSH levels during pregnancy, the degree of TSH suppression
ahead is guided by preexisting risk of recurrent or persistent disease, and the same
goal for TSH levels should be set that would otherwise be recommended in the non-
pregnant state [44, 45]. For example, in patients at high risk for recurrence, a TSH
goal at or below 0.1 mU/L is generally recommended. One should again note that
pregnancy is a type of thyroid stress test that increases T4 demand and patients must
be counseled that an uptitration in levothyroxine dose 30-50% is usually required to
maintain the same TSH concentration during pregnancy.

As a growing number of patients diagnosed with papillary micro-carcinoma
elect to proceed with active surveillance rather than surgical intervention, it is worth
noting that such patients require counseling to obtain thyroid ultrasound monitoring
in each trimester in order to detect growth pattern changes [7, 46].

The use of tyrosine kinase inhibitors (TKI) (e.g., sorafenib, lenvatinib, cabozan-
tinib) is an advanced medical option for patients with advanced metastatic differen-
tiated thyroid cancer. All these agents have demonstrated teratogenicity in animal
studies and in general pregnancy testing and contraception is recommended in
patients prior to initiation of TKI treatment [44]. Lastly, women of reproductive age
and interested to become pregnant that harbor a germline mutation of the RET onco-
gene with or without medullary thyroid cancer should be offered genetic counseling
to discuss preimplantation and prenatal genetic diagnostic testing. If they opt out of
prenatal RET mutation testing, counseling and genetic testing of the baby should be
offered. The diagnosis of pheochromocytoma should be ruled out in women with
multiple endocrine neoplasia type 2 seeking to become pregnant [47].

Summary

Preconception thyroid care plays an essential role toward improving the health of
the maternal-fetal unit while also optimizing pregnancy outcomes. Most diagnostic
and therapeutic interventions are more accurate and generally safer to perform pre-
pregnancy. Optimizing the delivery of iodine, a key substrate of thyroid hormones,
can easily be achieved through universal salt iodization on a population level and
with daily supplementation of iodine intake on the individual level. It is important
to counsel women with hypothyroidism to achieve desired TSH goals pre-pregnancy
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and be aware of need for higher levothyroxine doses through gestation to meet
increased T4 demands. Screening of thyroid function in high-risk groups is also
recommended before conception or at early pregnancy, in which cases levothyrox-
ine supplementation may be considered at a lower TSH cutoff. Pregnant women on
levothyroxine therapy require TSH monitoring every 4 weeks through mid-gestation.
In contrast, women with Graves’ disease should be counseled to achieve adequate
control of hyperthyroidism before conception. When antithyroid therapy is contin-
ued during pregnancy, women should be counseled on ATD-associated birth defects,
while the lowest effective dose of ATD should be used. Women with history of
thyroid cancer should be optimized with regard to thyroid cancer status before con-
ception. When RAI ablation is performed, pregnancy should be avoided for 6
months post therapy. The pre-pregnancy goal TSH based on the patient’s recurrence
risk remains the same during pregnancy. Finally, when thyroid cancer is identified
early in pregnancy, surgical intervention can be safely deferred until postpartum in
most cases, except for those with clinically aggressive cancers.

Additional high-quality, carefully designed studies will provide further insight
on how to approach existing controversies related to the optimal care of the maternal-
fetal unit.
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Maternal Clinical Hypothyroidism

Inés Velasco and Onyebuchi E. Okosieme

Definition

Hypothyroidism is a condition characterized by insufficient production of thyroid
hormones by the thyroid gland. This may arise from pathology within the thyroid
gland itself (primary), or from reduction of the pituitary (secondary) or hypotha-
lamic (tertiary) stimulus for thyroid hormone production [1]. Because of the large
variation in clinical presentation and general absence of symptom specificity, the
definition of hypothyroidism is predominantly biochemical, based on statistical ref-
erence ranges of the relevant biochemical parameters [2].

In the setting of pregnancy, maternal hypothyroidism is defined as a thyroid-
stimulating hormone (TSH) concentration elevated beyond the upper limit of the
pregnancy-specific reference range [3].

Primary overt hypothyroidism (OH) is defined as the presence of an elevated
TSH and a decreased serum free thyroxine (FT4) concentration during gestation,
with both concentrations outside the (trimester-specific) reference ranges [3].
Women with TSH levels of 10.0 mIU/L or above, irrespective of their FT4 levels,
are also considered to have OH [4, 5].
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Prevalence

Primary hypothyroidism is up to 8-9 times more common in women than in men,
and the prevalence increases with age, with a peak incidence between the ages of 30
and 50 years [6]. Overt hypothyroidism is a common endocrine disorder affecting
1-2% of women of reproductive age [7].

The prevalence of hypothyroidism varies according to diagnostic criteria [8], the
method used to quantify TSH [9], the trimester of pregnancy [10, 11], and maternal
nutritional iodine status [5]. Factors which may influence thyroid function param-
eters during pregnancy and, hence, affect the prevalence of hypothyroidism in preg-
nant women are summarized in Table 1.

A recent meta-analysis that calculated pooled-prevalence rates for overt hypo-
thyroidism in pregnancy taking into account the impact of diagnostic methodology
reported prevalence estimates ranging from 0.5 to 1.5% [8]. Since there are sub-
stantial differences in the upper reference limit for TSH between different popula-
tions, the diagnosis of hypothyroidism in pregnancy should ideally be defined using
pregnancy- and population-specific reference ranges [3]. The use of non-pregnant

Table 1 Factors that modify thyroid function parameters during pregnancy

Biochemical measurement

* Thyroid immunoassay tests

e Upper limit cut-off values

e MacroTSH

* Measurements by LC/MS/MS

« Pitfalls (imported reference-ranges or results)

Population factors

* Geographical area
* Ethnicity
* Regional iodine nutritional variations

Physiological factors in pregnancy

* Dynamism of thyroid function across gestation (gestational age)

¢ Increased thyroxine-binding globulin

* Secretion of human chorionic gonadotrophin

¢ Increased iodine excretion

* Expanded plasma volume

* Increased type 3-5 deiodinase activity from the placenta

Individual factors

° Age
* BMI
* Smoking habit

¢ Jodine intake

e Thyroid autoimmunity

» Exposure to endocrine disruptors

* Drugs (amiodarone, glucocorticoids, iodinated antiseptics)
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or arbitrary TSH diagnostic thresholds may underestimate or overestimate hypothy-
roidism depending on the cut-off applied [12].

The prevalence of overt hypothyroidism is much higher in regions of moder-
ate and severe iodine deficiency [13]. In populations that shift from severe to mild
iodine deficiency, the prevalence of hypothyroidism decreases; in populations shift-
ing from mild deficiency to optimum or excessive intake of iodine, the prevalence of
autoimmune hypothyroidism increases [14]. On the other hand, smoking decreases
the risk of hypothyroidism [15, 16], and has a protective effect on the development
of thyroid antibodies, i.e. thyroid peroxidase (TPO-Ab) and thyroglobulin (Tg-Ab)
antibodies [17]. Maternal smoking during pregnancy has been associated with a
subsequent decreased risk of developing hypothyroidism and an increased risk of
hyperthyroidism [18].

In general, the prevalence of undiagnosed overt hypothyroidism in early preg-
nancy in an unselected pregnant population in iodine-replete and mildly-iodine defi-
cient populations using conventional population-specific trimester-specific clinical
thresholds for TSH and FT4 can vary substantially from 0.2 to 1% [19, 20].

Other factors that can affect the epidemiology of thyroid disease are the increas-
ingly widespread use of thyroid function testing and lowering of treatment thresh-
olds, particularly in pregnant women, resulting in an increased prevalence of
hypothyroidism in the pregnant as well as non-pregnant population [8, 21].

Aetiology

Iodine deficiency and chronic autoimmune thyroiditis (known as Hashimoto’s dis-
ease) account for the vast majority of cases of primary thyroid gland failure [21].
Hypothyroidism can also occur as a result of radioactive iodine treatment or thy-
roidectomy. Other causes include drug adverse effects (e.g. amiodarone and lith-
ium), transient hypothyroidism due to silent thyroiditis, subacute thyroiditis, or
post-partum thyroiditis [22].

Iodine deficiency is the most common cause of acquired hypothyroidism world-
wide. In mild-to-moderate iodine deficiency, increased thyroid activity can compen-
sate for low iodine intake and maintain euthyroidism in most individuals, but severe
iodine deficiency causes goitre and hypothyroidism because, despite an increase in
thyroid activity to maximize iodine uptake and recycling in this setting, iodine con-
centrations are still too low to enable production of thyroid hormone [14]. A third
of the world’s population lives in iodine-deficient areas. In addition, changes in diet
and agricultural practices since the 1950s have led to the re-emergence of iodine
deficiency in countries previously believed to be iodine sufficient, including several
developed countries [21].

In iodine-sufficient areas, the most common cause of hypothyroidism is chronic
autoimmune thyroiditis characterized by lymphocytic infiltration of the thyroid
gland and the production of autoreactive antibodies, namely TPOAb and TgAb. In
individuals with chronic thyroiditis, the transition from euthyroidism to autoimmune
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hypothyroidism is a gradual progress which may take several years [23]. The impor-
tance of thyroid antibodies in predicting progression from subclinical to overt hypo-
thyroidism has been highlighted in different studies [24-26]. Hashimoto’s disease
will develop in a subject depending on the interplay between a particular genetic
background involving multiple genes (a number of polymorphisms in susceptible
genes) and a variety of environmental factors (especially ambient iodine intake and
smoking).

In very rare cases, it is important to exclude other causes of abnormal thyroid
function such as TSH-secreting pituitary tumours, thyroid hormone resistance, or
central hypothyroidism with biologically inactive TSH [3].

Central hypothyroidism is rare (prevalence <1%) and affects both sexes equally.
This condition is the consequence of anatomic or functional disorders of the pitu-
itary gland (secondary hypothyroidism) or the hypothalamus (tertiary hypothyroid-
ism) causing variable alterations of TSH secretion [27]. Biochemically, it is defined
by low or low-to-normal TSH concentrations and a disproportionately low concen-
tration of FT4 [2].

Even more exceptional are peripheral forms of hypothyroidism, due to aber-
rant expression of the deiodinase 3 enzyme (which inactivates thyroid hormone) in
tumour tissues [28] or genetic syndromes with reduced sensitivity to thyroid hor-
mone [29].

Clinical Features

Overt hypothyroidism may occur with highly non-specific symptoms and signs,
such as weakness, lethargy, slurred speech, memory impairment, intolerance to
cold, coarse hair, eyelid oedema, facial and peripheral oedema, macroglossia, goi-
tre, cardiomegaly, bradycardia, constipation, decreased deep tendon reflexes, pallor,
cold, dry, thick skin, decreased sweating and inappropriate weight gain for gesta-
tional age in pregnancy [30].

Hypothyroidism is also associated with decreased quality of life, most likely
related to symptoms such as changes in body weight, fatigue, weakness and emo-
tional susceptibility [1]. In women of childbearing age, hypothyroidism is associ-
ated with infertility and menstrual irregularities [6].

Although symptoms more accurately predict overt hypothyroidism in men than
in women [31], it is accepted that neither the presence nor absence of any individual
hypothyroidism symptom is particularly reliable in deciding who should have their
thyroid function tested [32].

Pregnancy in general is a period where a woman undergoes a wide variation of
bodily changes which are often accompanied by signs and symptoms such as con-
centration problems, general fatigue and mood changes. Thus, it is difficult to dis-
tinguish these non-specific features of pregnancy from those of thyroid disease per
se and presents challenges to clinicians in detecting women at risk of thyroid func-
tion abnormalities that require immediate treatment [33]. However, the Billewicz
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Scoring System has been proposed as an auxiliary diagnostic tool for detection of
overt hypothyroidism during pregnancy in resource-constrained settings. This scale
was developed based on seven symptoms and six signs, which were typically asso-
ciated with hypothyroidism. According to this scale, higher positive scores indicate
a higher level of clinical hypothyroidism [34].

Diagnosis

The 2017 American Thyroid Association (ATA) Guidelines on Thyroid and
Pregnancy, based on an exhaustive review of the literature, concluded that there
is insufficient evidence to recommend for or against universal screening of thy-
roid function during early gestation (ATA 2017). Instead, they advocate for a case-
finding strategy in which all pregnant women should be verbally screened at the
initial prenatal visit for any history of thyroid dysfunction, and prior or current use
of either thyroid hormone (LT4) or anti-thyroid medications (methimazole, carbim-
azole, or propylthiouracil). (Strong recommendation, high-quality evidence) [3].

If any risk factors are identified, TSH concentrations are the principal first test
to rule out thyroid disease [35]. Abnormal TSH concentrations should trigger the
determination of FT4 concentrations [9].

However, previous studies have already shown that case-finding by means of the
risk factors mentioned by the ATA will miss up, at least one-third of women with sig-
nificant thyroid dysfunction, who need immediate treatment [20, 36]. Additionally,
a meta-analysis showed poor sensitivity of “case-based screening” when using risk
factors such as higher age, body mass index (BMI) and family history of thyroid
dysfunction to predict unknown (overt) thyroid dysfunction: on average, 49% of the
cases were missed [12].

It is important to recognize that assessment of thyroid function in pregnancy is
more complex than in the general adult population. The well-known physiologic
changes in pregnancy (simultaneous increases in thyroxine-biding globulin, pla-
cental deiodinase activity, and urinary iodine excretion as well as the increase in
human chorionic gonadotrophin secretion) have a substantial effect on the inter-
pretation of thyroid function tests and result in a downward shift of TSH reference
intervals [37].

It is well established that normal thyroid status changes over the duration of preg-
nancy and accurate classification of thyroid function in pregnant women requires
the use of gestational age-specific reference ranges [11]. There is also growing evi-
dence that specific reference ranges may be considered based on ethnicity [38],
body mass index [39] and parity [40]. In this regard, current ATA guidelines advo-
cate the use of pregnancy-specific, local population-based reference ranges where
possible although such data are not widely available [41].

Each laboratory or hospital should ideally seek to determine their own trimester-
specific reference ranges, obtained from analysis of healthy, TPOAb negative preg-
nant women with optimal iodine intake and without thyroid illness [3]. When this is
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not feasible, pregnancy-specific TSH reference ranges obtained from similar patient
populations and performed using similar TSH assay methods should be substituted
(Strong recommendation, High-quality evidence). If internal or transferable preg-
nancy-specific TSH reference range is not available, an upper reference limit of
~4.0 mU/L may be used. For most assays, this represents a reduction in the non-
pregnant TSH upper limit of ~0.5 mU/L. (Strong recommendation, Moderate qual-
ity evidence) [3].

Clinically, the complex inverse relationship between TSH and thyroid hormones
results in small changes in thyroid hormone levels causing larger changes in TSH
[37]. In order to differentiate between overt and subclinical thyroid disease, it is
essential to measure, besides TSH, serum T4 concentration (free T4, total T4 or free
thyroxine index). However, the current ATA guidelines only recommend testing for
serum TSH in case of any risk factors for thyroid dysfunction are identified.

Adverse Outcomes (Maternal, Foetal and Child Risks)

Preconception

The frequency of menstrual disturbances in hypothyroidism is approximately three
times greater than in the general population [42]. The thyroid disorders that are left
untreated or in some cases undiagnosed can lead to subfertility or infertility, which
may be due to high prolactin (PRL) levels, anovulatory cycles, and defects in luteal
phase and sex hormones [43].

Until the late 1980s it was thought that pregnancy in hypothyroid patients was
uncommon because most affected women were anovulatory [44, 45]. Nowadays,
patients with overt thyroid failure are probably detected before referral to infertility
clinics, thereby introducing a bias in the estimated prevalence of infertility disor-
ders [46].

During Pregnancy

Overt maternal hypothyroidism has consistently been shown to be associated with
an increased risk of adverse pregnancy complications [47, 48]) as well as detrimen-
tal effects upon foetal neurocognitive development [49]. Specific adverse outcomes
associated with overt maternal hypothyroidism include increased risk of miscarriage
[50, 51], anaemia in pregnancy [44, 52], arterial hypertension and pre-eclampsia [45,
53, 54], abruption placentae [53, 55], congenital malformations [50, 54], threatened
preterm labour [56], preterm delivery [50, 51, 56], post-partum haemorrhage, car-
diac insufficiency [44], low birthweight [57, 58], increased neonatal respiratory dis-
tress [59, 60], stillbirth [61, 62] as well as lower offspring intelligence quotient (IQ)
[63, 64].
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The initial studies which described the consequences of overt thyroid deficiency
during pregnancy showed limited number of cases, as well as the proportion of
adverse events [44, 45, 60]. Over the last decade, studies using large administra-
tive datasets have offered more accurate estimations of the risk for potential foeto-
maternal complications in cases of overt hypothyroidism (Table 2). The lower

Table 2 Studies reporting adverse maternal and foetal outcomes associated with maternal
hypothyroidism in pregnancy

Study

Population

Results

0dd Ratio (95%
I

Allan® [65]

N = 9403 pregnant women,
209 with TSH > 6 mU/L
(USA)

Prospective study

Foetal death

4.40 (1.90-9.48)

Idris® [57] | N =167 pregnant women Low birth weight 3.55(0.96-10.31)
with TSH > 5.5 mU/L (UK)
Retrospective study
Wolfberg® | N = 482 pregnant women Chronic HTA 1.91(1.49-2.47)
[54] treated with LT4 (USA) Pre-eclampsia 1.65(1.20-2.31)
Retrospective study
Wikner® N =9.866 pregnant women Pre-eclampsia 1.32(1.19-1.47)
[66] treated with LT4 (Sweden) Pre-existing HTA 1.59(1,20-2.11)
Retrospective, population- Caesarean section 1.26 (1.19-1.33)
based register Induction of labour 1.22 (1.14-1.31)
Preterm birth 1.13 (1.03-1.25)
Large-for-gestational age 1.10(1.01-1.19)
newborns 1.14 (1.05-1.26)
Foetal congenital
malformations
Mdnnisto* | N = 9247 pregnant women, Preterm delivery (not
[67] 54 with OH (Finland) significant)
Prospective, population-based | Higher placental weight
cohort Higher mean neonatal
ponderal index (kg/m?)
Sahu* [58] | N =633 pregnant women, 29 | Gestational HTA 3.60 (1.5-8.7)
with OH (India) Intrauterine growth restriction | 3.50 (1.1-11)
Prospective study Intrauterine demise 7.60 (2.7-21.6)
Su* [62] N = 1017 pregnant women, 9 | Foetal loss 13.45 (2.54-71.20)
with OH (China) Low birth weight 9.05 (1.01-80.90)
Prospective, population-based | Congenital circulation 10.44 (1.15-94.62)
study malformations
Miinnisté® | N =223,512 pregnant women, | Pre-eclampsia 1.47 (1.20-1.81)
[53] 3183 with primary Superimposed pre-eclampsia | 2.25 (1.53-3.29)

hypothyroidism (USA)
Retrospective, population-
based cohort

Gestational diabetes
Preterm birth

Induction of labour
Caesarean section prelabour
Caesarean section after
spontaneous labour
Maternal ICU admission

1.57 (1.33-1.86)
1.34(1.17-1.53)
1.15 (1.04-1.28)
1.31(1.11-1.54)
1.38 (1.14-1.66)
2.08 (1.04—4.15)

(continued)
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Odd Ratio (95%

Study Population Results Cl)
Miinnisto® | N = 223,512 pregnant women, | Neonate admitted to NICU 1.22(1.10-1.35)
[68] 3183 with primary Respiratory distress 1.29 (1.08-1.55)
hypothyroidism (USA) syndrome 1.34 (1.08-1.66)
Retrospective, population- Apnea 1.29 (1.09-1.53)
based cohort Transient tachypnea 1.42(1.16-1.74)
Sepsis 1.28 (1.00-1.64)
Neonatal anemia
Andersen N = 1,605,529 pregnant Preterm birth 1.27 (1.01-1.60)
[69] women, 11,186 hypothyroid | Large-for-gestational age 1.22 (1.04-1.43)

women (Denmark)
Retrospective, population-
based study

new-borns

Hirsch* [51] | N = 101 pregnant women Combined 2.50 (95% CI not
with TSH > 20 mU/L (Israel) | abortions + preterm birth available)
Prospective study All pregnancy related 1.68 (95% CI not
complications available)
Bryant* [19] | N = 26,518 pregnant women, | Severe preeclampsia 2.53 (1.41-4.54)
106 with TSH > 4.5 mU/L (unconfirmed OH or SCH) 1.69 (0.06-4.71)
and 47 with OH treated with | Severe preeclampsia (treated
LT4 (USA) OH)
Prospective, population-based
study
Turunen® N = 16,364 pregnant women, | Gestational diabetes 1.19 (1.13-1.25)
[59] treated with LT4 (Finland) Gestational HTA 1.20(1.10-1.30)
Retrospective, population- Severe preeclampsia 1.38 (1.15-1.65)
based study Cesarean section 1.22(1.17-1.27)
Preterm birth 1.25(1.16-1.34)
Large-for-gestational age 1.30(1.19-1.42)
new-borns 1.23(1.17-1.29)
Neonatal intensive care
admission
Lee* [70] N = 8413 pregnant women, Preterm birth 2.17 (1.15-4.07)
130 with TSH >4 mU/L Neonatal respiratory distress | 2.83 (1.02-7.86)
(USA)
Prospective
Lai* [71] N = 1226 pregnant women, Gestational HTA 3.61(1.52-8.57)

36 with OH (China)
Prospective study

*Clinical or Overt Hypothyroidism defined by an increased TSH associated with low T4 levels
"Data obtained from national or institutional registers (pregnant women who were taken thyroid

hormones)

“Cases above a TSH cut-off value (no distinction between subclinical and overt hypothyroidism)
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prevalence rates of perinatal complications in more recent studies, compared with
the older ones, may be attributed to delayed diagnosis and/or suboptimal treatment
of hypothyroidism in the earlier studies, which would have resulted in a more severe
clinical picture [42]. Additionally, the information obtained from national registers
usually reported complications in pregnant women who were treated with levothy-
roxine, but does not include untreated or undiagnosed cases, which could poten-
tially underestimate the true incidence of perinatal adverse events.

The association between overt hypothyroidism and preterm delivery has also
been confirmed in two different meta-analyses [72, 73], and a recent meta-analysis
has demonstrated that pregnancies with overt hypothyroidism have increased risk
for anaemia [52].

Together, these data provide substantial evidence of multiple associations
between overt maternal hypothyroidism and risk to the maternal-foetal unit [3].

Effects on Child Development

Thyroid hormones participate in multiple neurogenic processes including cell dif-
ferentiation, neuronal activation and migration, axonal growth, dendritic arborisa-
tion, synaptogenesis and myelination. Insufficient maternal thyroid hormones in the
early stages of pregnancy, especially before the foetal thyroid function is function-
ally mature at week 18-20, can lead to severe impairments in the development of
the foetal central nervous system [74].

Untreated maternal hypothyroidism in pregnancy has been associated with
delayed offspring psychomotor development, language and attention disorders,
and a decrease of approximately seven points in the intellectual development of
the offspring in comparison with children of euthyroid women [75]. Interestingly,
these deficits were not observed in children born to mothers who reported receiving
levothyroxine treatment later in pregnancy [75]. An inverse correlation between the
severity of maternal hypothyroidism and IQs in the offspring was present at a mean
age of 8 years [63].

Although TSH concentrations have always been considered as the best reflec-
tion of thyroid function during pregnancy, practically, all positive studies investigat-
ing child neurodevelopment outcomes find an association with maternal FT4 rather
than TSH concentrations. Therefore, maternal FT4 more likely represents the avail-
ability of thyroid hormone for the foetal brain, since only maternal T4, but not TSH,
passes the placental barrier [76].
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More recently, maternal overt hypothyroidism has also been linked with other
adverse neurocognitive outcomes, such as behavioural and psychiatric disorders in
offspring, not only in early childhood but also in late adolescence and adulthood
[77]. A very recent meta-analysis has provided evidence for the association between
maternal hypothyroidism during pregnancy and an increased risk for attention defi-
cit hyperactivity disorder (ADHD), autism spectrum disorder (ASD), and epilepsy
in the progeny [78]. These epidemiological findings are supported by studies which
have shown that both low and high maternal thyroxine levels impact foetal brain
size and structure [79, 80].

Finally, a prospective population-based study in Finland demonstrated the asso-
ciation between maternal thyroid status during pregnancy and thyroid function
parameters in adolescent offspring [81]. So, children of hypothyroid mothers will
have a higher risk of being hypothyroid, although the long-term effects of these
changes in thyroid function in adolescence is still unknown.

Treatment (Dosage, Goal, Outcomes)

Although no prospective, randomized investigation of levothyroxine interven-
tion to improve obstetric outcomes or child development has occurred in pregnant
women with overt hypothyroidism, such an investigation would be unethical to
complete. Nonetheless, available data confirm the benefits of treating severe hypo-
thyroidism during pregnancy [82, 83]. Hence, treatment of overt hypothyroidism
is recommended during pregnancy (strong recommendation, moderate quality evi-
dence) [3].

The ultimate goal in the management of overt hypothyroidism should be to
ensure maintenance of maternal euthyroidism from preconception and throughout
pregnancy and lactation. Hence, the ideal that of extending the window for monitor-
ing of euthyroid maintenance both before and beyond pregnancy itself [7].

Preconception Management

Treatment of overt hypothyroidism with levothyroxine usually restores a nor-
mal menstrual pattern, reverses hormonal alterations, and improved fertility [84].
However, some women with treated hypothyroidism still fail to conceive and seek
infertility treatment, including controlled ovarian hyperstimulation (COH) and/or
in-vitro fertilization (IVF). Detailed information regarding the effect of hypothy-
roidism on COH and IVF outcomes (or vice versa) is limited, since no randomized
controlled trials are available. It is unlikely that we will ever have these data since
it would be unethical not to treat patients with clinical overt hypothyroidism [46].
The latest ATA guidelines recommend to evaluate serum TSH concentration in
all pregnant women seeking care for infertility (Weak recommendation, moderate
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Table 3 Preconception management of hypothyroidism

Preconception plan
Monitor FT4 and TSH
Adjust levothyroxine dose to target TSH between lower reference limit and 2.5 mU/L

Advise delay conception till FT4 and TSH within target

Emphasize treatment adherence

Provide specific conception advice

Conception advice

Seek medical advice once pregnancy is suspected, for example, positive pregnancy test or
missed period
Obtain a blood test: FT4 and TSH

Increase levothyroxine dose according to the pre-specified regimen, before the blood test
result is obtained. For example:

(a) Double the daily dose on 2 days each week, for example, 100 mcg Monday to Friday and
200 mcg Saturday and Sunday

or

(b) Increase the dose by 25 mcg daily if receiving <100 mcg daily and by 50 mcg if receiving
>100 mcg

Avoid co-ingestion of levothyroxine with antenatal vitamin supplements, iron tablets or
antacids

With permission from John Wiley and son Publishers (previously published in Okosieme OE,
Khan I, Taylor PN. Preconception management of thyroid dysfunction. Clin Endocrinol (Oxf).
2018 Sep;89(3):269-279. https://doi.org/10.1111/cen.13731)

quality evidence) and endorse levothyroxine treatment for infertile women with
overt hypothyroidism who desire pregnancy (strong recommendation, moderate
quality evidence) [3].

Preconception care is paramount, not only to prevent hypothyroidism with the
onset of pregnancy, but to optimize maternal well-being before and during preg-
nancy. Ideally, women should be seen preconception and educated about the impor-
tance of maintaining euthyroidism and how pregnancy can create challenges in doing
so [7]. However, many patients taking long-term thyroxine had a thyroid-stimulating
hormone above the reference range during pregnancy and especially during the first
trimester of pregnancy. Thyroid-stimulating hormone declines during pregnancy
reflecting active management. However, the decline in TSH occurs too late in preg-
nancy and it should be managed earlier in pregnancy or pre-pregnancy [85]. Table 3
offers a programmatic framework of preconception counselling [86].

During Pregnancy

Although universal screening in pregnancy remains contentious, there is universal
agreement that overt hypothyroidism must be diagnosed and treated in pregnancy,
and scientific societies endorse early and aggressive treatment in order to prevent
significant negative harm to both the mother and the foetus [3, 35].
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Table 4 Guidelines for management of overt hypothyroidism during pregnancy

Approach
Newly diagnosed Known before pregnancy
* Levothyroxine dosage should be (a) Adequately treated before pregnancy: Increase their
titrated to rapidly restore dosage of levothyroxine by 20-30% and urgently
euthyroidism (around 2 mcg/kg/ notify their caregiver for prompt testing and further
day) evaluation
(b) Inadequately treated before and in early pregnancy:
Levothyroxine dosage should be increased to
achieve euthyroidism as soon as possible (great
increase) or gradually
Treatment

e Adjust levothyroxine dosage to maintain serum TSH < 2.5 mU/L

 Separate the ingestion of levothyroxine from other vitamins or supplements containing iron or
calcium

* Reduce levothyroxine to pregestational dosage after delivery

Monitoring

e Check serum TSH level preconceptionally or as soon as gestation is diagnosed

 Perform thyroid function test (TSH and T4 levels) every 4 weeks after each increase of dosage
and during the first half of pregnancy

* Monitor TSH levels (without T4) every 6 weeks once euthyroidism has been achieved and
also after delivery

The recommended treatment of maternal hypothyroidism is administration of
oral levothyroxine. Other thyroid preparations such as T3 or desiccated thyroid
should not be used in pregnancy (Strong recommendation, low-quality evidence)
[3]. Levothyroxine therapy offers a safe, rational, and simplified approach to the
correction of hypothyroidism [87].

In addition, pregnant women should be cautioned against simultaneous use of
iron and calcium supplements (commonly recommended during pregnancy) with
levothyroxine. A clinically significant reduction in levothyroxine efficacy can occur
with use of these supplements, probably caused by binding of levothyroxine with
iron or calcium. A time gap of 4-6 h between levothyroxine and these supplements
should be maintained [88].

At this point, it is important to make a distinction between the cases of overt
hypothyroidism detected for the first time during pregnancy and those hypothyroid
patients already on replacement therapy who become pregnant. Table 4 contains
the recommended programmatic actions in case of overt hypothyroidism during
pregnancy.

Overt Hypothyroidism Newly Diagnosed in Pregnancy
It has been calculated that the prevalence of undiagnosed overt hypothyroidism

in pregnant women is around 0.65% [89]. This population group, who definitely
require treatment, can only be detected through a universal screening policy [90].
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When overt hypothyroidism is detected for the first time during pregnancy, the
subsequent challenge will be to rapidly restore euthyroidism with appropriate levo-
thyroxine therapy. There is much variation in the way treatment is commenced and
limited evidence on the optimal starting dose [7]. Different strategies have been
proposed: employing a standard dose of either 100 or 150 mcg daily for all regard-
less of the degree of hypothyroidism [91]; and to decide the starting dose of levothy-
roxine according to TSH concentrations, or calculate it based on bodyweight with
a mean dose of 2.33 mcg/kg bodyweight per day [85]. This latter approach could
induce sub-normal TSH concentrations in some patients, whose potential of such
effects upon conception and/or implantation are unknown [92].

Levothyroxine dosage should be titrated to rapidly reach, and thereafter maintain,
serum TSH concentrations to trimester-specific normal TSH ranges [93]. Factors
determining the appropriate dose for initiation of therapy are time of gestation, and
the aetiology and severity of the disease. In patients with severe hypothyroidism,
one approach is to initiate therapy for the first few days with a levothyroxine dose
corresponding to two times the estimated final replacement daily dose, thereby
expediting normalization of the extra-thyroidal thyroxine pool [94].

It is reasonable to target a TSH in the lower half of the trimester-specific range.
When this is not available, it is reasonable to target maternal TSH concentrations
below 2.5 mU/L [3].

Overt Hypothyroidism Known Before Pregnancy

In spite of the general consensus that overt hypothyroidism during pregnancy
should be treated as early as possible and most of women are already being treated
prior conception, there is a worrying discrepancy between published guidelines and
clinical practices. The reasons for this are likely to be multifactorial including a lack
of familiarity among clinicians with the current guidelines, high rates of unplanned
pregnancies, noncompliance with levothyroxine and inconsistencies in manage-
ment strategies among endocrinologists and obstetricians [95].

Treated hypothyroid women of reproductive age should be counselled regard-
ing the likelihood of increased demand for levothyroxine during pregnancy. Such
women should also be counselled to contact their caregiver immediately upon a
confirmed or suspected pregnancy (strong recommendation, high-quality evidence)
[3]. In this regard, the distinction between those hypothyroid pregnant women ade-
quately and inadequately treated preconception and in early pregnancy should be
emphasized.

Hypothyroid Patients Adequately Treated Before Pregnancy
Between 50 and 85% of LT4-treated hypothyroid women need to increase exog-

enous levothyroxine dosing during pregnancy [96]. This increase is probably due
to a combination of factors: rapid rise in thyroxine-binding globulin (TBG) levels
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resulting from the physiological rise in oestrogen, increased distribution volume of
thyroid hormones, and increased placental transport and metabolism of maternal
T4 [88].

Clinical studies have confirmed that the increased requirement for thyroxine (or
exogenous levothyroxine) occurs as early as 4-6 weeks of pregnancy [96]. The
incremental increase largely depends on the underlying aetiology of the hypothy-
roidism [97] as well as the preconception level of TSH. Patients with overt hypo-
thyroidism after thyroidectomy and radioiodine ablation therapy will be likely to
require more levothyroxine than those with hypothyroidism due to autoimmune
thyroiditis [98].

Hypothyroid patients receiving levothyroxine treatment with a suspected or con-
firmed pregnancy (e.g. positive home pregnancy test) should independently increase
their dose of levothyroxine by ~20-30% and urgently notify their caregiver for
prompt testing and further evaluation [99]. One means of accomplishing this is to
administer two additional tablets weekly of the patient’s current daily LT4 dosage
(nine tablets per week instead of seven tablets per week, giving a 29% increase) can
effectively mimic gestational physiology and thus prevent a worsening of maternal
hypothyroidism during the first trimester (strong recommendation, high-quality evi-
dence) [3].

In women who may be more at risk of worsening hypothyroidism in pregnancy
such as those with no residual thyroid function or athyreosis and therefore unable to
respond to hCG, a strategy of doubling the dose of levothyroxine three times a week
(43% total increase) should be considered [7].

Such requirements gradually increase through 16-20 weeks of pregnancy and
plateau thereafter until the time of delivery. These data provide the basis for recom-
mending adjustments of levothyroxine dosage when affected women become preg-
nant and also for the timing of follow-up intervals for TSH in treated patients [3].

In clinical practice, titration of levothyroxine treatment during pregnancy may
be performed in two ways: to adjust medication dose predictively or reactively.
Predictive dose adjustment refers to a strategy of titrating the levothyroxine dose to
maintain TSH levels within the trimester-specific reference ranges, while reactive
dose adjustment refers to a strategy of changing the dose only when maternal TSH
falls out of the reference ranges [7]. The predictive approach works better in prac-
tice by avoiding periods of hypothyroidism [99].

Hypothyroid Patients Inadequately Treated Before and In Early Pregnancy

There is no standard recommendation in this group of pregnant women, which
include those who did not receive preconception advice and present once become
pregnant, or did not accomplish an empirical dose increase, or even doing so, got
worse to overtly hypothyroid [7].

A retrospective, population-based study in United Kingdom, demonstrated that
the majority of levothyroxine-treated women have early gestational TSH level above
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the recommended targets, and the risk of pregnancy loss increased proportionally to
the degree of TSH elevation, with no increased risk associated with TSH normaliza-
tion [95]. Additionally, increasing levothyroxine dose for women with uncontrolled
hypothyroidism in the first trimester of pregnancy was associated with a decreased
risk of pregnancy loss [92].

There are mainly two schools of thought about how such cases should be
approached. The first is to increase the levothyroxine dose by a greater magnitude
to achieve euthyroidism as soon as possible in pregnancy, with the risk of transient
mild hyperthyroidism, then titrate down the dose to a suitable maintenance level for
the remainder of pregnancy. The second is to increase the levothyroxine dose more
gradually with more frequent thyroid function testing of less than 4 weekly inter-
vals, avoiding hyperthyroidism, until euthyroidism with a TSH target of <2.5 mU/L
is reached [7]. So far, neither of these approaches had a good evidence base and
were both clinically acceptable practice; however, recent findings have demon-
strated that the risk to the pregnancy of transient hyperthyroidism and its potential
consequences upon the developing foetal brain and infant behaviour are not negli-
gible [80, 100].

No data suggest that women with adequately treated overt hypothyroidism have
an increased risk of any obstetrical complication. Consequently, there is no indica-
tion for any additional obstetric testing or surveillance in pregnancies of women
with overt hypothyroidism who are being monitored and treated appropriately [3].

At Post-partum

The increased levothyroxine dose requirements during gestation are a function
of pregnancy itself. Therefore, following delivery, maternal levothyroxine dosing
should be reduced to pre-pregnancy levels, and a serum TSH assessed 6 weeks
thereafter [3]. However, this suggestion is also made on the assumption that preg-
nancy physiology returns to normal immediately post-partum.

Nowadays, due to an increased appreciation of the relationship between thyroid
disease and maternal/foetal adverse outcomes, the number of women identified dur-
ing pregnancy with overt thyroid dysfunction and initiated on levothyroxine therapy
is increasing. The post-partum management of these women depends on multiple
factors including the degree of hypothyroidism at diagnosis, the maximum dose of
levothyroxine required to maintain the euthyroid state during pregnancy, the pres-
ence or absence of thyroid antibodies, and whether or not post-partum thyroiditis
occurs, presumably due to an exacerbation of autoimmune thyroid dysfunction
post-partum [101].

It is also plausible that in women with pre-existing hypothyroidism, immedi-
ate reversion of levothyroxine doses to pre-pregnancy levels could affect lactation;
hence maintaining the pregnancy levothyroxine dose for two more weeks or a grad-
ual dose reduction over 4 weeks post-partum may be more appropriate [7].
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Monitoring

Preconception

The difficulties inherent to achieving rapid, postconceptional TSH normalization
have also focused attention upon preconception TSH modulation. Different cut-off
values for preconception TSH, ranging from <1.2 [102] to <2.5 mU/L, have been
advocated. A maternal serum TSH concentration <2.5 mU/L is a reasonable goal
for such women [3].

In hypothyroid women treated with levothyroxine who are planning pregnancy,
serum TSH should be evaluated preconception, and levothyroxine dose adjusted to
achieve a TSH value between the lower reference limit and 2.5 mU/L (strong rec-
ommendation, moderate-quality evidence) [3].

During Pregnancy

Treatment targets for titration of levothyroxine therapy need to be distinguished
from the use of trimester-specific reference ranges to diagnose thyroid disease
in an untreated individual. The 2017 ATA guidelines now recommend an upper
reference limit of TSH around 4.0 mU/L for diagnostic purposes, meanwhile
TSH should be kept in the lower-half of the trimester-specific reference range
(<2.5 mU/L) when it comes to treatment targets for those on levothyroxine
replacement [7].

Women with overt hypothyroidism should be monitored with a serum TSH mea-
surement approximately every 4 weeks until mid-gestation and at least once near
30 weeks gestation (strong recommendation, high-quality evidence) [3].

In the care of women with adequately treated hypothyroidism, no other maternal
or foetal testing (such as serial foetal ultrasounds, antenatal testing, and/or umbilical
blood sampling) is recommended beyond measurement of maternal thyroid func-
tion unless needed due to other circumstances of pregnancy. An exception to this
is women with Graves-Bassedow effectively treated with '*'T ablation or surgical
resection, who require TSH receptor antibody (TRAb) monitoring (strong recom-
mendation, moderate-high quality evidence) [3].

Women newly diagnosed with overt hypothyroidism or those women known
to be hypothyroid but inadequately treated in early gestation will need more fre-
quent thyroid function testing of less than 4 weekly intervals until the target TSH
is reached. In women who are overtly hypothyroid in the first trimester, increased
surveillance for maternal hypertension and pre-eclampsia as well as foetal growth
restriction in the second half of pregnancy may be appropriate [7].
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After Delivery

Following delivery, LT4 should be reduced to the patient’s preconception dose.
Additional thyroid function testing should be performed at approximately 6 weeks
post-partum (strong recommendation, moderate-quality evidence) [3].

This thyroid function test performed 6 or 8 weeks post-partum will be necessary
to confirm euthyroidism or to institute appropriate levothyroxine dose adjustments,
particularly in those women who are breastfeeding, or required high dose of levo-
thyroxine or even those who developed post-partum thyroiditis [101].

Summary

e Overt hypothyroidism is present in 1-2% of women of reproductive age.

e This endocrine disorder can have a profound effect on both the well-being of the
mother and the foetus, and has been associated with a myriad of adverse perina-
tal outcomes, such as miscarriage, gestational hypertension, pre-eclampsia, pre-
term delivery, stillbirth or respiratory distress syndrome in new-borns.

e The long-term consequences of maternal overt hypothyroidism are related to
disruption of early brain development: intellectual impairment, behavioural dis-
turbances and other neurodevelopmental disorders in children.

e Treatment of overt hypothyroidism is mandatory, particularly in pregnant women
and those who plan to become pregnant.

e Levothyroxine therapy should be closely monitored with a serum TSH mea-
surement every 4 weeks until mid-gestation and at least once near 30-week
gestation.

e The main goal in the management of overt hypothyroidism must be to achieve
euthyroidism as soon as possible, as well as its maintenance from preconception
and throughout pregnancy and post-partum.
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Creswell J. Eastman and Norman J. Blumenthal

Introduction

Commencing early in the first trimester, pregnancy has a profound effect on the
human thyroid gland, characterised by a 25-50% increase in thyroid hormone pro-
duction with a comparable increase in iodine requirements [1]. Increased thyroid
hormone production and secretion is driven by placental human chorionic gonado-
trophin (hCG) stimulating the thyroid to increase thyroxine (T4) production result-
ing in a downward shift of the normal adult reference range for serum thyrotropin
(TSH) in the first half of pregnancy [1]. The foetal thyroid does not develop until
early in the second trimester and it remains uncertain when the balance of thyroid
hormone utilisation in the foetus switches from maternal to foetal thyroid gland
production, but it is likely that maternal transfer of T4 contributes to the foetal thy-
roid hormone requirements up until the time of birth [1].

Impaired maternal thyroid function is a common occurrence during pregnancy
and there is strong clinical belief that it should be detected and treated early to pre-
vent adverse obstetrical and foetal outcomes [2]. While the negative impact of overt
maternal hypothyroidism (OH) on both the pregnancy and subsequent neurodevel-
opment of the child is not disputed, the frequency and nature of adverse effects of
maternal subclinical hypothyroidism (SCH) on both the pregnancy and the foetus
remain controversial. The prevalence, clinical features, and possible adverse out-
comes of maternal SCH have attracted a large amount of attention, with numerous
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publications in recent years, but instead of clarity these efforts have generated more
controversy than certainty [3-5].

Several recent systematic reviews and meta-analyses of SCH in pregnancy have
concluded that pregnant women with SCH were at higher risk for multiple adverse
maternal and neonatal outcomes, including pregnancy loss, placental abruption,
premature labour, intrauterine growth retardation and low birth weight infants [3-5].
Despite a large list of obstetric and foetal complications derived from observational
studies, these reviews concluded that evidence was lacking for a beneficial effect of
LT4 therapy administered to pregnant women with SCH, but they emphasised the
inconsistency of definitions used in studies included in the reviews, the paucity of
robust therapeutic clinical trials of LT4 replacement and the lack of consensus on
these issues among clinicians and researchers [3-5].

Definition of SCH

Confirmation of hypothyroidism, be it overt or subclinical, can only be achieved by
measurement of the serum thyroid stimulating hormone (TSH) level as early as pos-
sible in gestation. Measurement of serum TSH is generally recommended by most
authorities as the appropriate screening test or first-line laboratory investigation for
detection of thyroid dysfunction in pregnancy. OH is defined as a serum
TSH > 10 mIU/L, usually with a subnormal free thyroxine FT4 level, while SCH is
defined as a serum TSH increased above the upper limit of the normal reference
range for pregnancy, and characterised by a normal serum FT4 level [2, 6-8]. In the
absence of a locally derived and validated pregnancy reference range the American
Endocrine Society guidelines recommend a TSH level above 2.5 mIU/L and the
ATA recommends a level of 4.0 mIU/L in the first trimester above which LT4
treatment should be instituted or considered [2, 8].

Reference Ranges for Serum TSH for Diagnosis of SCH

The euthyroid reference range for serum TSH undergoes a downward shift early in
the first trimester of pregnancy due to the stimulatory effect of hCG on the thyroid
gland, via stimulation of the TSH receptor, increasing thyroid hormone secretion and
thereby partly suppressing pituitary TSH production. With the decline in hCG stimu-
lation during the second and third trimesters, the serum TSH gradually returns to
within the pre-pregnancy range by the time of delivery. Herein lies the first diagnos-
tic challenge for the clinician in decision-making. What reference range for serum
TSH should the clinician use? There is consensus that the TSH reference range
should be pregnancy and trimester specific and developed from a local population
that is iodine sufficient and free from any underlying thyroid disorder [8].
Unfortunately, there is lack of consensus among expert authorities on the upper limit
of the normal serum TSH level, or cut-off value, for the diagnosis of SCH, but expert
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guidelines usually recommend that each laboratory establishes a valid reference
range for each trimester of pregnancy derived from its local population [8].
Where locally derived reference ranges have not been developed, default reference
TSH ranges have been provided in guideline publications. The American Endocrine
Society recommended a serum TSH concentration of 2.5 mIU/L as the upper limit
of normal in the first trimester of pregnancy and 3.0 mIU/L in the second trimester [2]
and this figure was also the recommended upper limit of normal in the 2011 ATA
guidelines [6] and the European Thyroid Association (ETA) guidelines in 2014 [7].
The most recent ATA guidelines, published in 2017, recommends using population-
based, trimester-specific TSH reference ranges or, if these trimester and assay-
specific ranges are not available, using an upper reference limit of 4.0 mIU/L [8].
The ATA guidelines state that serum TSH reference range determinations should
consider iodine intake, TPO (thyroid peroxidase) positivity, and according to other
studies, body mass index [8]. Variations in TSH reference ranges with ethnicity are
now recognised as being considerable from one population to the next, as judged by
the numerous reports of reference ranges from many different countries around the
globe. Ethnicity as a determinant is well illustrated in the Generation R Study in the
Netherlands, where ethnic differences in pregnant women living in the Netherlands
caused significant diagnostic discrepancies depending on whether population or
ethnicity-specific reference ranges were used to diagnose thyroid disorders [9].

Another influence on the TSH reference range that has not been well explored is
the effect and potential bias of the analytical platform on which the TSH level is
measured. Several recent reports of comparisons between some of the results from
the more popular commercial platforms have shown consistent differences or bias
in measured TSH concentrations, particularly around the upper limit of the normal
TSH reference range used for confirming or excluding gestational SCH [10-13].
This issue has not received the attention it deserves in systematic reviews and meta-
analyses of gestational SCH, where data from different centres and analytical plat-
forms are aggregated without specific reference to the method and cut-off TSH level
used to make the diagnosis of SCH.

In practice, it is our experience that most laboratories either use reference ranges
for TSH and FT4 provided by the manufacturer for the analytical platform and their
reagents or alternatively they revert to one of the default ranges provided by pub-
lished guidelines most commonly being the 2017 ATA guidelines [8]. Until recently,
reference ranges for pregnancy used by commercial laboratories were essentially
the same as reference ranges for the general population. A good example of this
variation in pregnancy reference ranges among platforms and analytical methods is
shown in Table 1. In the city of Sydney, NSW, Australia, with a population of
approximately five million people, there are multiple independent hospital and
commercial laboratories with their own TSH and FT4 pregnancy reference ranges,
which have traditionally been provided by the manufacturer of the analytical plat-
form on which the assays are performed. Reference ranges for four of the largest
reputable commercial laboratories in Sydney are shown in Table 1 and demonstrate
how reference ranges and cut-off points for diagnosis of SCH can vary from one
laboratory to another. Free T4 reference ranges also differ significantly from one
provider to the next as shown in Table 1.
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Table 1 Thyroid function reference ranges for pregnancy in Sydney commercial pathology
laboratories 2018

TSH reference | Free T4 reference
Laboratory* range (mIU/L) range (pmol/L) Analytical platform
1. Laverty (Trimesters) 0.03-2.5 10-21 Bayer Advia Centaur
0.05-3.0 11-18
0.3-3.5 9.2-17
2.  Medlab (Trimesters) 0.1-2.5 10.0-24 Abbott Architect
0.2-3.0
0.3-3.0
3. Aust Clinical Labs 0.1-3.7 9.0-25 Siemens
0.4-3.8
0.3-3.4
4. Douglass Hanly Moir 0.3-2.8 11.0-19.0 Abbott Architect
0.1-2.5
0.3-2.9

Laboratories 1 and 2 provide a cut-off value of >2.5 mIU/L for diagnosis of SCH consistent with
the American Endocrine Society Guidelines (Reference 2). Laboratory 3 approximates the ATA
Guidelines cut-off value of >4.0 mIU/L for SCH (Reference 8) and Laboratory 4 which has derived
its own reference range sits in between

Several studies have shown that serum TSH values vary with different analytical
platforms, such that the diagnosis of thyroid dysfunction, particularly SCH, is not
consistent or interchangeable between different assays [10-13]. For example, in a
comparison of results obtained between the Roche-Cobas and Abbott systems, two
of the commonest analytical methods, the determinations on the Cobas system were
consistently higher than the Abbott system results [10]. Similarly, in a comparative
study of four different platforms (Roche, Abbott, Beckman, and Siemens), the
authors again found that TSH levels on the Roche platform measured higher than
the Abbott platform in all trimesters of pregnancy, with results from Beckman and
Siemens systems sitting in between the Roche and Abbott systems and not being
significantly different from one another [12]. It is not clear if assay results from the
Roche system may lead to overdiagnosis and likely unnecessary treatment of SCH
or if Abbott assays may lead to underdiagnosis and undertreatment of SCH.

The results of a recent online survey of Endocrinologists in the USA provided
surprising information from responders, with a majority (52%) stating they used the
Endocrine Society TSH cut-off level of 2.5 mIU/L for diagnosis of SCH, 25% used
the ATA recommendation of 4.0 mIU/L and a smaller percentage used local
population-based levels [13]. The American College of Obstetricians and
Gynecologists (ACOG) states that universal screening for thyroid disease in preg-
nancy is not recommended because identification and treatment of maternal SCH
has not been shown to result in improved pregnancy outcomes and/or neurocogni-
tive function in offspring [14]. Other specialist Colleges of Obstetrics and
Gynaecology, such as the Royal Australian and New Zealand College of Obstetricians
and Gynaecologists (RANZCOG), takes a similar position stating “screening for
subclinical hypothyroidism or TPO antibodies and subsequent treatment with thy-
roxine is not recommended in pregnancy” [15]. In essence, both august bodies are
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virtually dismissing SCH as a relevant clinical condition in pregnant women, yet
paradoxically both recommend maintenance of a serum TSH level below 2.5 mIU/L
in patients being treated with LT4 for hypothyroidism [14, 15]. As Maraka and col-
leagues have stated the real challenge is to establish the TSH level above which
women experience adverse pregnancy outcomes and whether the administration of
LT4 therapy prevents these adverse outcomes, and this remains an unresolved
issue [4].

Measurement of FT4 and Thyroid Autoantibodies
in the Diagnosis of SCH

When the TSH concentration is outside the employed pregnancy reference range,
measurement of the free T4 level is usually recommended to confirm a diagnosis of
OH or SCH. Serum FT4 measurement is not recommended as a frontline or screen-
ing test for determining thyroid function during pregnancy because automated
immunoassay methods used in clinical diagnostic laboratories are influenced by
changes in thyroid hormone binding proteins, such as increases in circulating thyrox-
ine binding globulin (TBG) and decreases in albumin, resulting in potential artefac-
tual errors in FT4 levels [2, 8]. Measurement of free T4 levels by equilibrium dialysis
or liquid chromatography/tandem mass spectrometry (LCMS) are more accurate, but
these tests are expensive and not readily available in clinical practice [8].
When serum free T4 measurements are performed on pregnant patients, the results
should be reported, where possible, according to locally derived, validated, trimes-
ter-specific reference ranges. We can only speculate how often this occurs in clinical
practice.

Adverse pregnancy outcomes in women with SCH appear to be most influenced
by underlying thyroid autoimmunity [8]. In a recent metanalysis of 199 prospective
cohort studies comprising 47,045 women, Korevaar and colleagues reported that
SCH, isolated hypothyroxinaemia, and thyroid peroxidase antibody (TPOADb) posi-
tivity in pregnant women are risk factors for preterm birth [16]. Again, while we
express concern about decisions made from aggregated data of patients diagnosed
with gestational SCH where different methods have been employed for measure-
ment of TSH, FT4 and TPOADb concentrations, the data derived from the very large
number of subjects from the Korevaar study is persuasive. The ATA guidelines state
that thyroid autoantibodies have been reported as positive in 2—17% of unselected
pregnant women. Prevalence rates vary widely with ethnicity, age, and analytical
methods used to detect thyroid antibodies. In our own series of 1025 pregnant
patients attending a private obstetrical practice in Sydney, Australia, we found the
prevalence to be surprisingly high at 18%, possibly representing some bias because
patients were referred for specialist care [17]. Screening pregnant women for thy-
roid autoantibodies is generally not recommended, but it is clear that antibody test-
ing should be performed if the TSH level is above the upper limit of the reference
range [8].
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Aetiology of Gestational SCH

It is generally held from observational studies that moderate to severe iodine defi-
ciency is a likely cause of gestational SCH, particularly in women living in areas
where the problem is endemic, but there is not a great deal of scientific evidence
based upon measurement of maternal thyroid hormone levels during gestation doc-
umenting a direct cause-and-effect relationship for minor degrees of gestational
iodine deficiency [18]. The accepted definition for population gestational iodine
deficiency is a spot median urine iodine concentration (UIC) of <150 ug/L, but the
diagnosis in an individual pregnant woman is often uncertain and the evidence for a
direct relationship between a UIC and SCH is lacking [18]. Recently, attention has
been focussed on the effects of excessive iodine intake on precipitating or causing
SCH in regions of China where Universal Salt Iodization has been implemented.
Monitoring of the population after the implementation of Universal Salt Iodisation
in China has shown a significant increase in SCH consistent with an effect of exces-
sive iodine intake [19, 20]. While all diagnostic and management guidelines for
thyroid disorders in pregnancy recommend iodine supplementation for women who
are at risk of gestational iodine deficiency and that supplementation should be com-
menced, where possible, before conception [2, 8]. However, in these guidelines lit-
tle attention has been paid to warning patients against ingestion of iodine supplements
exceeding recommended requirements.

Where thyroid antibody testing has been undertaken in conjunction with TSH
testing of pregnant women in the developed world for the diagnosis of SCH, the
results show a high prevalence of positive tests consistent with underlying autoim-
mune thyroid disease, indicating thyroid autoimmunity is the likely cause of SCH in
most women with gestational hypothyroidism [8]. Korevaar and colleagues demon-
strated that the presence of TPOAb was associated with an impaired thyroidal
response to hCG suggesting a mechanism for the development of SCH in pregnant
women with thyroid autoimmunity [21]. In our observational study the majority of
the women with SCH exhibited positive TPOADb antibodies and all with OH were
antibody positive [17]. This strong correlation between the presence of positive
TPOAb and impaired thyroid function very likely indicates, but does not prove, a
direct cause-and-effect relationship.

The controversial entity of “isolated hypothyroxinaemia” remains an enigma.
Much has been written about this biochemical diagnosis, first described by Pop and
colleagues where they showed that pregnant women identified with isolated hypo-
thyroxinaemia (serum T4 level below the tenth percentile with a normal serum TSH
level in the first trimester) were at risk of giving birth to children suffering from both
mental and motor developmental delay [22]. It is difficult to explain why there
would not be a reciprocal rise in the TSH level in response to a fall in the circulating
T4 level. Some have attempted to explain this by citing preferential T3 secretion
over T4, a recognised thyroidal phenomenon to conserve iodine in iodine deficient
subjects, with the increased T3 suppressing the compensatory rise in TSH in
response to the fall in circulating T4 levels. Experimental evidence to support this
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phenomenon is lacking. As we have previously commented, isolated hypothyroxi-
naemia is frequently attributed to iodine deficiency, but there is little evidence to
support this [18]. Many authorities take the view that isolated hypothyroxinaemia is
not a specific pathological entity, but a methodological artefact arising from changes
in thyroid binding proteins in pregnancy invalidating the T4 immunoassay system.
It is not recognised as a treatable entity in Endocrine Society and ATA guidelines,
so we remain unsure of the pathogenesis and relevance of this entity [2, §].

Prevalence and Progression of Gestational SCH

Published figures indicate that overt hypothyroidism occurs in less than 0.5% of
pregnancies in the developed world [2, 8]. However, prevalence rates in countries in
the developing world, where moderate to severe iodine deficiency is endemic, are
largely unknown. As we have emphasised, the reported prevalence rates of gesta-
tional SCH should be interpreted in the context of, the trimester of pregnancy, eth-
nicity, body mass index, iodine nutrition, underlying thyroid autoimmunity (TPOAb
positivity) and of course what reference range or cut-off level and analytical plat-
form on which the TSH concentration was measured. The Endocrine Society guide-
lines quote figures of 2-3% for SCH [2], but there are multiple publications reporting
much higher prevalence rates. Indeed, many review articles on the subject suggest
that SCH is a common diagnosis occurring in 4-8% of women of reproductive
age [23]. In our reported data on over 1000 pregnant women the prevalence of SCH
was as high as 10% when defined as a TSH >2.5 mIU/L declining to 1.8% when
defined as a TSH >4.0 mIU/L as shown in Figs. 1 and 2 [17].

The data concerning progression of severity of gestational SCH is lacking, as is
follow-up information on the subsequent development of SCH in future pregnancies
and overt hypothyroidism developing in the postpartum period. However, it is self-
evident that any pregnant woman known to be TPOADb positive, with or without any
discernible rise in serum TSH concentration, should be monitored in the postpartum
period and indefinitely if she has any intention of a future pregnancy.

Practical Approach to Management of SCH: Re-analysis
of Our Data

In response to these varying laboratory reference ranges, and at times seemingly
conflicting expert guidelines recommendations, the clinician managing an individ-
ual woman with a marginally elevated serum TSH in the first trimester of pregnancy
is frequently confronted with difficult decisions to make [23, 24]. Given this uncer-
tainty, and to illustrate this point in clinical practice, we have reanalysed our pub-
lished data on a group of 1025 referred pregnant women tested for thyroid function
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TSH (mlU/I)
screening
1025 pregnant
women

. J. Eastman and N. J. Blumenthal

Euthyroid and
subclinical
hyperthyroid
TSH <2.5 mlU/I
N=922 (90.0%)

Euthyroid
No treatment

Subclinical

hypothyroid
TSH 2.5-10 mIU/I
N=99 (9.6%)

SCH
Treated with LT4

Hypothyroid
TSH >10.0 mlU/I
N=4 (0.4%)

Hypothyroid
Treated with LT4

Fig. 1 Results of screening of 1025 consecutive pregnant women by TSH testing during first tri-
mester of pregnancy with application of American Endocrine Society guidelines (2012) for diag-
nosis and treatment [2, 17]

(TSH and thyroid antibodies) in the first trimester of pregnancy to demonstrate how
these different diagnostic reference ranges and recommendations for LT4 therapy,
specifically according to the latest ATA Guidelines, would apply to an unselected
Australian population of pregnant women living in Western Sydney who were ini-
tially diagnosed during the first trimester of pregnancy and treated according to the
American Endocrine Society Guidelines published in 2012 [17]. The clinical details,
laboratory methods and statistical analyses of the data have previously been
described [17]. All the serum TSH concentrations were measured on the Bayer
Advia Centaur platform as shown in Table 1, with an upper limit of the reference
range for the first trimester being 2.5 mIU/I. We have excluded results of antithyro-
globulin antibodies (TgAb) and free T4 levels reported in our original publication,
as these parameters are not included in published guidelines.

Of our sample of 1025 pregnant women, 103 patients, or 10.0% of our sample,
had a TSH level of >2.5 mIU/L. According to the American Endocrine Society
Guidelines in place at the time of diagnosis [2], 99 (9.6%) were diagnosed as suffer-
ing from SCH and 4 (0.4%) had overt hypothyroidism (OH). Patients diagnosed
with OH or SCH were prescribed LT4 therapy to maintain serum TSH levels
between 0.5 and 2.5 mIU/L for the remainder of their pregnancies Fig. 1 [17].
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TSH (mlU/l) screening
1025 pregnant women

Euthyroid and subclinical
hyperthyroid
TSH <2.5 miU/I
N=922 (90.0%)

Hypothyroid
TSH >10.0 mIU/I
N=4 (0.4%)

Possible Subclinical
hypothyroid Hypothyroid
TSH 2.5-10 mIU/I Treated with LT4
N=99 (9.6%)

Euthyroid and subclinical
hyperthyroid
No LT4 treatment

SCH and TPOAb
uncertain diagnosis
(N=8) excluded

TSH 4.0-10 mlU/I
TPOAb negative
(N=5)
Consider LT4
treatment

TSH 2.5-4.0 mlU/I TSH 2.5-4.0 mIU/L TSH 4.0 - 10 miU/I
TPOADb negative TPOAD positive TPOAD positive N=
(N=42) Monitor N=31) Consider LT4 (13)

No LT4 treatment treatment LT4 treatment

Fig. 2 Retrospective analysis of results of screening of 1025 pregnant women by TSH testing
during first trimester of pregnancy, initially diagnosed and treated according to American Endocrine
Society guidelines [2, 17], with retrospective application of 2017 American Thyroid Association
(ATA) guidelines for diagnosis and treatment of possible hypothyroidism [8]

Subsequently, we have conducted a retrospective analysis of these patients accord-
ing to ATA guidelines, employing a default TSH cut-off level of 4.0 mIU/L for
SCH [8], that has shown most of the patients who had previously been diagnosed
with SCH had TSH levels in the range of >2.5-4.0 mIU/L reducing the prevalence
of SCH from 9.6 to 1.8% with several patients having insufficient information to
classify them (Fig. 2). However, the ATA Guidelines further discriminate for patients
with TSH levels between 2.5 and 4.0 mIU/L by the presence or absence of anti-
TPOAD and 31 of our 73 patients in this range were anti-TPOAD positive (Fig. 2).
According to the ATA Guidelines, it is suggested that these patients should be con-
sidered for LT4 replacement therapy. In our series, 18 patients (1.8%) had TSH
levels between 4 and 10 mIU/L with 13 of the 18 patients being TPOAD positive.
Thus, of the 103 patients originally diagnosed with hypothyroidism and thereby
warranting LT4 replacement therapy at the time (99 with SCH and 4 with OH)
according to the American Endocrine Society Guidelines, application of the ATA
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Guidelines—and offering treatment with LT4 to patients where the ATA guidelines
suggest “consider treatment”—would have reduced this number to 48 (44 with SCH
and 4 with OH) (Fig. 2) and 8 patients remain unclassified because of uncertain
TPOADb data. The number of patients requiring LT4 treatment increases to 53 if we
include the 5 patients with TSH levels between 4 and 10 mIU/L but negative anti-
TPOADb representing 5.4% of the patients studied, as Nazarpour and colleagues
have recently shown that LT4 treatment of thyroid antibody negative SCH patients
with TSH >4.0 mIU/L was beneficial in reducing preterm delivery [25]. This exer-
cise demonstrates the large variation that occurs in prevalence of SCH and number
of women offered LT4 replacement therapy depending on what criteria are used for
diagnosis and replacement therapy.

Adverse Outcomes of SCH

There are numerous reports documenting diverse, but often contested, adverse
obstetrical and foetal outcomes resulting from maternal SCH. These include mis-
carriage, pre-eclampsia toxaemia, gestational glucose intolerance, preterm delivery,
small for gestational age babies, increased perinatal mortality and neurocognitive
impairment in the offspring and increased risk of postpartum thyroiditis
[2,4,16,23]. More recently autism spectrum disorder and epilepsy have been added
to this list [26]. An association with infertility has also been reported in women with
SCH and positive TPOADb [27]. If this long list of adverse events is a direct result of
SCH, it follows that early and appropriate treatment with LT4 should prevent most,
if not all, of these disorders. On the contrary, two large randomised controlled thera-
peutic intervention trials have so far not shown any beneficial effects on the preg-
nancy or for the offspring [28, 29]. While it is irrational to dismiss the multiple
reports of recorded adverse events associated with gestational SCH in observational
studies, it has not been possible to reconcile these findings with the results obtained
from therapeutic trials.

It was not until 1969 that a clear cause-and-effect relationship was established
between maternal hypothyroidism and neurocognitive impairment in the offspring
that was not due to iodine deficiency and neurological or myxedematous
cretinism [30]. Later a landmark study by Haddow and colleagues confirmed that
even mild degrees of undetected, or inadequately treated, maternal thyroid defi-
ciency during pregnancy is associated with lower IQ scores in their offspring in the
absence of neonatal hypothyroidism [31]. Most of the hypothyroid women they
studied appeared to have suffered from underlying autoimmune thyroiditis. From
their study they concluded that “In the absence of objective data, the most prudent
policy would be to identify and treat maternal hypothyroidism as early in pregnancy
as possible, keeping in mind that the need for thyroxine increases during preg-
nancy—and that systematic screening for hypothyroidism early in pregnancy may
be worthwhile” [31]. Two decades on, what seemed convincing recommendations
in 1999 remain controversial to this day. The underlying reason for this controversy
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is the lack of convincing evidence from randomised controlled trials (RCT) of a
beneficial effect of LT4 replacement therapy administered to pregnant women with
SCH [28, 29]. Lazarus and colleagues conducted a large multicentre trial of LT4
therapy given to women with SCH, at a median gestational age of just over 12 weeks,
that showed no benefit as measured by IQ in the offspring at 3 years of age [28]. The
other well-conducted RCT of SCH by Casey and colleagues (defined as a serum
TSH >4.0 mIU/L), commencing LT4 treatment between 8- and 20-weeks’ gesta-
tion, showed LT4 replacement did not result in significantly better cognitive out-
comes in children through 5 years of age and no benefit was found in reducing
obstetric complications [29]. In short, professional bodies such as ACOG and
RANZCOG have recommended against LT4 replacement therapy for SCH on the
basis these two RCTs of LT4 replacement therapy did not demonstrate any clinical
benefit in gestational SCH [14, 15]. However, there are contrary arguments put for-
ward by those who consider these RCT trials had several potential flaws, most
importantly that LT4 treatment may have been commenced too late in gestation.
The problem that must now be resolved is how to reconcile the lack of demonstrated
clinical benefit from randomised trials of LT4 replacement therapy in gestational
SCH with the large body of observational studies showing an association of gesta-
tional SCH with multiple adverse maternal and neonatal outcomes. Maraka and
colleagues have concluded from a systematic review that the literature supports an
association of gestational SCH with adverse maternal and neonatal outcomes, but
this association may not be causal, and its magnitude may be overestimated by sev-
eral factors such as publication bias, to which we would add imprecise definitions
and diagnoses of SCH [4].

Treatment Monitoring and Screening

An analysis of treatment practices for gestational SCH in the USA over the period
2010 to 2014 found an increased likelihood of these women being prescribed LT4
replacement therapy, but there were wide variations in treatment practices associ-
ated with factors such as ethnicity, place of residence and type of medical specialist
group caring for the pregnant patients [23]. Compared with Obstetricians,
Endocrinologists appeared more likely to treat patients with SCH and to commence
treatment at a lower TSH threshold (TSH levels above 2.5 mIU/L) than other speci-
alities. It is likely these practices reflect an adherence to specialist guidelines both
within and between specialties. While there is no disagreement between
Endocrinologists and Obstetricians on prescribing LT4 replacement therapy for
pregnant women with confirmed OH and the need to ensure appropriate increases in
medication during pregnancy to maintain a serum TSH level at <2.5 mIU/L, views
continue to diverge when it comes to managing patients with gestational SCH.

The most recent guidelines and recommendations for instituting LT4 replace-
ment therapy for gestational SCH have been provided by the ATA [8]. When a valid
local reference range for serum TSH is lacking, the ATA recommends treatment if
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Table 2 American Thyroid Association (ATA) recommendations for the diagnosis and
management of subclinical hypothyroidism and hypothyroxinaemia in pregnancy*

L-T4 therapy Recommendation Evidence
Laboratory data recommended strength quality
Anti-TPO positive and TSH level Yes (>4.0 mIU/L) | Strong Moderate
>pregnancy-specific reference range
Anti-TPO negative and TSH Yes (>10 mIU/L) | Strong Low
>10 mIU/L
Anti-TPO positive and TSH >2.5 but | Consider Weak Moderate
< upper limit of reference range (2.5-4.0 mIU/L)
Anti-TPO negative and TSH >upper | Consider (4.0-10 | Weak Low
limit of reference range and mlU/L)
<10 mIU/L

*Adapted from ATA Guidelines by Cooper and Pearce 2017 [32]

the TSH is >4.0 mIU/L. In addition, measurement of antithyroid peroxidase anti-
bodies (TPOAD) is recommended to be undertaken for those above this cut-off level
to assist in decision-making, as illustrated in Fig. 2. The ATA guidelines have been
further refined, since the first iteration in 2011, for consideration of L-T4 replace-
ment therapy according to the presence or absence of antithyroid antibodies
(TPOAD), as discussed by Cooper and Pearce and shown in Table 2 [32]. These
recommendations are based on results of cohort studies showing that TPOAb posi-
tivity amplifies the obstetrical risk associated with an elevated maternal serum TSH
level [32, 33].

The re-analysis of our data showed that the application of the 2017 ATA guide-
lines reduced the number of women recommended for LT4 replacement by approxi-
mately 50% compared with American Endocrine Society Guidelines. There is much
to learn from this exercise. Did the diagnostic criteria we applied lead to unneces-
sary treatment and increased health care costs for many women? Alternatively, if we
had used ATA guidelines would this have resulted in many pregnant women being
denied safe interventional care. From our small study we concluded that LT4
replacement therapy in appropriate dosage for women with SCH does prevent cer-
tain obstetric and foetal complications and shows no harmful effects [17], a view
previously presented by Negro and Stagnaro-Green [33]. To date, most reports of
SCH patients treated with low dose LT4 have shown that such treatment when mon-
itored individually appears safe and in most countries this medication is relatively
inexpensive.

Screening for Hypothyroidism in Pregnancy

Women with a suspected or known history of a thyroid disorder should be managed
by a preconception strategy designed to ensure normal thyroid function before con-
ception followed by careful monitoring throughout the pregnancy [34]. Currently,
none of the expert medical bodies providing guidelines for diagnosis and
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management of gestational hypothyroidism have recommended routine laboratory
screening for serum TSH, though opinion was equally divided regarding testing for
serum TSH level among the authors of the expert group that wrote the American
Endocrine Society guidelines [2]. Case detection, with a long list of risk factors, has
been recommended [8] but, in our view adherence to this long list of risk factors in
clinical practice is highly unlikely and is probably disregarded or implemented too
late in gestation. Most studies have failed to confirm this form of case detection to
be a very effective strategy [35]. Our finding of an incidence of 4 per thousand
(0.4%) for overt hypothyroidism in our cohort, if confirmed in larger studies across
the whole population, would justify universal screening for this disorder alone. It is
interesting to compare this figure with rates for neonatal screening for congenital
hypothyroidism where screening is universally accepted and promoted.

In a critical appraisal of the literature weighing up the “pros and cons” of univer-
sal screening Taylor and colleagues presented several compelling arguments in
favour of universal screening, while simultaneously raising uncertainties and practi-
cal caveats [36]. Of course, any recommendation for universal screening needs to be
considered in the context of the health care system in which this would take place,
particularly the availability and cost of TSH testing supported by treatment and
monitoring of LT4 replacement during pregnancy. We conclude in the context of
current knowledge and until there is more robust evidence to the contrary that sys-
tematic screening for hypothyroidism by TSH testing early in pregnancy is likely to
be worthwhile, even when the degree of deficiency is mild and does not cause
immediate clinical manifestations. If routine TSH screening were to be introduced,
the most conservative policy would be to perform testing at the first prenatal visit,
preferably in the first trimester as soon as pregnancy has been confirmed. Follow-up
of women with positive screening results would need to be prompt by confirming an
elevated TSH, testing for free T4 and testing for TPOADb, so that treatment could
begin without delay as early as possible in the pregnancy.

Summary

Clinicians left to interpret and apply frequently conflicting recommendations, where
consensus is lacking between expert committees and professional bodies, need to
proceed prudently with a patient-centred approach, considering any personal or
family history of autoimmune thyroid disease and paying particular attention to any
previous abnormal reproductive or obstetric history in the individual patient.
Arguments for overdiagnosis and overtreatment certainly have merit, but these
opinions are more than balanced by those concerned about underdiagnosis and
undertreatment. Before commencing LT4 therapy, or deciding against treatment, the
patient should be given a summary of current evidence and opinion in a form that is
understandable and should take part in the decision to treat or not to treat with LT4
and be supported with that decision until we have better scientific evidence from
large, well-conducted diagnostic and therapeutic trials. In the interim, application of
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the ATA guidelines for diagnosis and management of gestational SCH, while recog-
nising some recommendations are based on low to moderate quality evidence, will
assist the clinician in obtaining the best outcome for the individual patient.
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Isolated Hypothyroxinemia During
Pregnancy

Eunice Lopez-Muiioz

Definition

The criteria for defining isolated maternal hypothyroxinemia (IMH) are heteroge-
neous and a precise definition is still lacking [1]. IMH has been defined by the
American Thyroid Association (ATA) [2] as a free thyroxine (FT4) concentration in
the lower 2.5-5th percentile (p) and by the European Thyroid Association (ETA) [3]
in the lower than 2.5 p of a given population, despite a normal maternal serum thy-
roid stimulating hormone (TSH) concentration. Unfortunately, in the studies carried
out to date on IMH there are important differences regarding its definition, which
considerably modifies the interpretation of the data.

Prevalence

The frequency of IMH varies worldwide, does not follow the frequencies of
nonpregnant populations, and has been reported in approximately 2—3% of preg-
nant women [4, 5]; however, it can be as low as 1.27% and as high as 49.33% [6].
These differences appear to be related to maternal iodine intake, reference ranges
for TSH and FT4, gestational age or trimester of pregnancy, and the FT4 mea-
surement method [4—44]. In general, the reported prevalence of IMH is higher in
countries with more severe iodine deficiency, in studies that do not use
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pregnancy-specific reference ranges for TSH and FT4 [45], and in which more
advanced gestation is evaluated [13, 46]. In addition to iodine status, autoim-
mune status and ethnic variation in the population significantly affect the preva-
lence of IMH [47]. The estimated prevalence of IMH in iodine-sufficient areas
such as the United States of America and the Netherlands has been estimated at
1.3-9.4% [9, 16], while in mildly or moderately iodine-deficient regions such as
China, Iran, and Spain, it has been reported at 4.18-30.4% [5, 14, 41, 48].
Table 1 shows examples of the IMH prevalence reported in large population
studies, as well as the status of iodine sufficiency (evaluated or probable), gesta-
tional age, and reference values of TSH and FT4 to establish the diagnosis [12,
18, 28, 32, 33, 42].

Table 1 Prevalence of isolated maternal hypothyroxinemia in different populations

N/Country/iodine status | GA Diagnostic criteria Reported rate | Ref.
10,990/FASTER Trial, | >10.3w TSH (2.5-97.5th p) 2.1% in first T | [12]
USA/NA probably First 7°0.036-4.28 mU/L; 2.3% in
iodine sufficient second 7°0.213-3.93 mU/L second T
FT4 (<2.5th p)
First and second 7'< 0.71 ng/dL.
16,346/United Kingdom | <15.6 w United Kingdom 1.67% [18]
and 5500/Italy/NA TSH (2.5-97.5th p)
Probably iodine 0.15-3.65 mU/L
sufficient FT4 (<2.5th p) < 0.66 ng/dL
Italy
TSH (2.5-97.5th p)
0.11-3.5 mU/L
FT4 (<2.5th p) <0.71 ng/dL
6303/Liaoning, China/ |4-8 w TSH 0.29-5.22 mU/L 2.4% [28]
Iodine sufficient FT4 < 0.95 ng/dL
5435/Generation R 9.6-17.6 w | TSH (2.5-97.5th p) 2.6% [32]
Study, the Netherlands/ 0.04—4.55 mU/L
Iodine sufficient FT4 (<2.5th p) < 0.80 ng/dL
97,228/USA/lodine 20w TSH (2.5-97.5th p) 3% [33]
sufficient 0.08-3.99 mU/L
FT4 (<2.5th p) < 0.86 ng/dL
1208 twin pregnancy >8 w TSH (2.5-97.5th p) Twin [42]
and 46,834 single first 70.03-3.60 mU/L; third T | pregnancy
pregnancy/Shanghai, 0.39-3.69 mU/L 4.7% in first T
China/NA probably FT4 (<2.5th p) and 3.3% in
iodine sufficient first 7'< 0.90 ng/dL; third third T
T <0.70 ng/dL Single
pregnancy
2.2% in first T
and 2.0% in
third T

GA gestational age, FASTER first and second trimester evaluation of risk, USA United States of
America, NA Not assessed, w weeks, 7SH thyroid stimulating hormone, p percentile, F74 free
thyroxine, T trimester, ATA American Thyroid Association
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Etiology

During pregnancy, thyroid hormone requirements and production increase.
Physiological adaptation during pregnancy is produced by the increase in the con-
centration of thyroid binding globulin (TBG), the stimulatory effect of human cho-
rionic gonadotropin (hCG) on thyrocytes and the extrathyroidal thyroxine (T4)
distribution space, as well as by the reduction in TSH levels during the first trimester
of pregnancy. To maintain the balance in the concentration of T4, the thyroid must
produce more hormone, which depends directly on the availability of iodine in the
diet and proper functioning of the thyroid gland. Since the increased renal iodine
clearance, secondary to a higher glomerular filtration rate, causes a decrease in cir-
culating iodine concentration during pregnancy, adequate supplementation is neces-
sary [49]. Although a single cause of IMH has not been identified, one of the risk
factors is iodine deficiency. IMH seems to be pregnancy-specific disease with mul-
tifactorial pathophysiology [47].

In addition to iodine deficiency, various risk factors have been reported, such as
iron deficiency, placental angiogenic factors, high body mass index (BMI), hCG
concentrations, autoimmunity, older age, multiparity, hypertension, lower level of
education, smoking, environmental pollutants, anxiety, and twin pregnancy [42,
45, 50].

Iodine Deficiency

Iodine is an element that is needed for the production of thyroid hormone. During
normal pregnancy, changes in thyroid function require a balance between hormonal
requirements and the availability of iodine [3, 51, 52]. Since iodine levels tend to
decrease towards the third trimester of pregnancy, this can result in moderate iodine
deficiency and contribute to an increase in the frequency of IMH. In fact, a higher
prevalence of IMH has been reported in moderately and severely iodine-deficient
regions [5].

Some studies have provided evidence of the importance of iodine supplementa-
tion during pregnancy. For example, the risk of developing thyroid disorders during
pregnancy, including hypothyroxinemia, was significantly increased with the con-
sumption of non-iodized salt (odds ratio [OR] 14.47; 95% confidence interval [CI]
3.66-57.16) and not consuming iodine supplements during gestation (OR 11.01;
95% CI 1.69-71.79) [44]. A higher prevalence of hypothyroxinemia has been
reported in iodine-deficient countries, with a more severe and more frequent ten-
dency to IMH at the end of gestation [5, 13, 52]. This could be due to the tendency
of iodine to decrease as pregnancy progresses, particularly in the third trimester [5].

Adequate iodine supplementation is important, even before pregnancy. A study
carried out in 100 pregnant women who were classified according to their habits of
consumption of iodized salt showed a higher prevalence of maternal thyroid failure
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(88.9% of the women with maternal thyroid failure corresponded to IMH, 5.5% to
subclinical hypothyroidism, and 5.5% to over hypothyroidism) in the group of
women who started iodine supplementation at the diagnosis of pregnancy compared
to those who started it up to 24 months before pregnancy (36.8 vs 6.4%, X*> = 14.7,
p = 0.0005; relative risk [RR] 5.7 CI 95% 2.03-16.08, z = 3.29, p < 0.001). It
appears the time of introduction of iodine supplementation is an important factor in
the prevention of maternal thyroid failure, including hypothyroxinemia, during
pregnancy [13, 14, 53].

Iron Deficiency

Iron metabolism is related to the metabolism of thyroid hormones. Iron is a compo-
nent of many enzymes, including thyroid peroxidase (TPO), which is involved in
the initial steps of thyroid hormone biosynthesis [54]. Iron deficiency reduces the
response to thyrotropin releasing hormone (TRH), lowering serum levels of triiodo-
thyronine (T3) and T4. One proposed mechanism is the impairment of the heme-
dependent TPO enzyme, which limits thyroid hormone synthesis, reducing
circulating total T3 (TT3) and total T4 (TT4) [27]. Iron deficiency has even been
found to reduce effectiveness of iodine prophylaxis, and iron replacement improves
it [10]. Low maternal iron levels have been shown to be associated with low TT4
and high TSH concentrations in pregnancy in borderline areas of iodine deficiency
[10,55]. Iron deficiency is considered an independent risk factor for mild (OR =2.44,
CI95% 1.32—4.49) and severe IMH (OR = 3.72, C1 95% 1.44-7.44) [27].

A study conducted in Brazil with different FT4 (<5th p [<0.86 ng/dL] and < 10th
p [<0.92 ng/dL]) and TT4 reference points (<7.8 pg/dL) to establish the diagnosis
of IMH showed a higher prevalence in iron-deficient women compared to those
without deficiency (20.7 vs 8.4%; 14.8 vs 3.9%; and 17.2 vs 6.5%, respectively) [56].

On the other hand, a study showed an increase in the prevalence of thyroid auto-
immunity in pregnant women with iron deficiency [55]. However, another study
carried out in women with sufficient iodine and negative TPO antibodies (TPOAD)
showed a higher prevalence of hypothyroxinemia in the women with iron deficiency
than in those without (18.60% vs 7.96%, X* = 12.56, p = 0.001; OR = 2.64, CI1 95%
1.51-4.61), and a higher prevalence of iron deficiency in the women with mild and
severe hypothyroxinemia than in those without (5.82% vs 2.30%, X* = 12.20,
p=0.007; OR =2.62, CI1 95% 1.49-4.60) [27].

Placental Angiogenic Factors

During pregnancy, there is an increase in angiogenic factors produced by the pla-
centa, such as placental growth factor (PIGF) (although it can also exert antiangio-
genic effects), and antiangiogenic factors, such as the soluble FMS-like tyrosine
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kinase-1 (sFlItl) [57]. It has been proposed that sFltl protects the mother from
excessive neovascularization induced by PIGF and vascular endothelial growth fac-
tor (VEGF) [58], and in animal models it has been shown that these factors can also
influence the thyroid gland, reducing its vascular density and causing an increase in
TSH or a decrease in the FT4 [59]. In humans, it has been shown that in newborn
umbilical cord blood, a higher level of sFltl is associated with an increase in TSH
and a decrease in FT4, while a higher level of PIGF is associated with an increase
in FT4 [60]. Furthermore, high maternal levels of sFltl have been associated with
decreased FT4 and TT4 (p < 0.001) and an increased risk of IMH (OR 3.05; 95% CI
1.42-6.55; p = 0.004), while high maternal levels of PIGF have been associated
with decreased TSH and FT4 levels (p < 0.001) and an increased risk of IMH (OR
1.77;95% CI 1.02-3.06; p = 0.04) [57].

High BMI

Since high hCG concentration amplifies the association between higher BMI with
high TSH and lower FT4 concentrations during pregnancy, it has been proposed that
high BMI may be associated with a low thyroid response to hCG stimulation [32], or
even a higher concentration in TBG [61]. The increase in TBG may explain the
increase that has been observed in TSH and T3 concentrations, as well as the decrease
in FT4 between the first and third trimesters in women with a higher BMI [61]. Also,
obesity has been proposed to increase peripheral deiodinase activity as an adaptative
process to increase metabolic output, resulting in increased conversion of FT4 to free
T3 (FT3) [31]. On the other hand, it has been reported that in patients with obesity,
the production of cytokines, inflammatory factors, and leptin is increased in adipose
tissue. Leptin is a potential regulator of TRH and TSH, as well as of the immune
system with an increase in the production of TPOAD, factors that could contribute to
the higher prevalence of hypothyroxinemia on women with a high BMI [28].

A higher average weight (178 +42 vs 171 £33 Ibs.; p = 0.006) and a higher BMI
have been reported in women with hypothyroxinemia than euthyroid women in dif-
ferent populations, for example, United States of America (33 + 6 vs 32 + 6 kg/m?;
p = 0.02) [9], Treland (25 = 3.2 vs 24 + 4; p = 0.001) [23], the Netherlands
(23.8-24.2 £ 4.3 vs 22.7 + 3.6 kg/m?; p < 0.001) [22, 62], and China (21.6 £ 3.0 vs
20.2 +2.5 kg/m?* p < 0.01) [39, 41, 63].

In China, even in ethnic minority populations, such as Zhuang, BMI has been
positively correlated with IMH (OR 1.08; 95% CI 1.00-1.16; p < 0.05) [64]. In
Asian populations, a BMI greater than 23 kg/m? has been correlated with a low FT4
[65] and a BMI greater than 24 kg/m? has been considered as an independent risk
factor for mild (OR 2.42, CI 95% 1.84-3.18) and severe IMH (OR 2.88 CI95%
1.87-44.43) [27, 28], similar to that reported in Belgium [31], and the Netherlands,
with an increase in the risk of lower FT4 when comparing a BMI of 25 kg/m? with
one of 20 kg/m? (OR 2.20; 95% CI 1.89-2.58), although the risk increases when the
BMI is 30 kg/m?* (OR4.21; 95% CI 3.17-5.59) [66].
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hCG Levels

hCG is a specific pregnancy hormone that exerts thyrotropic activity due to its affin-
ity for the TSH receptor. Normally, elevated hCG levels during early pregnancy
increase FT4 levels and lower TSH levels. Thyrotropic activity of hCG facilitates
increased energy expenditure and metabolic demand, while also protecting the suf-
ficient availability of T4 for the developing fetus. A study carried out in a sufficient
population in iodine showed that low hCG concentrations constitute a risk factor for
IMH in early pregnancy, even when the thyroid functional capacity to respond to
hCG is preserved [32].

Older Age

With aging there may be a gradual decrease in iodine reserves, a situation that could
explain the higher prevalence of hypothyroxinemia in older women [5]. Women
with IMH have been reported to have an older average age older than euthyroid
women in different populations, for example, in United States of America (27.5 + 6
vs 25.5 £ 6 years, p < 0.001) and China (32 vs 30 years; p < 0.001) [39, 63], being
more frequent an age greater than or equal to 35 years in women with hypothyrox-
inemia (14 vs 7%; p < 0.001) [9]. Older age has even been associated with a higher
risk of low FT4, with an increase in risk for each year after age 30 in the Netherlands
(OR 1.08;95% CI 1.03-1.13) [66] and Iran (OR 1.6; 95% CI 1.0-2.5); p = 0.05) [5].
However, a study conducted in Spain did not show an association of maternal
age > 30 years with a high risk of thyroid alteration (OR 0.85; CI 95% 0.67-1.08;
p = 0.16) or hypothyroxinemia during pregnancy (OR 0.91; CI 95% 0.68-1.24;
p=0.54) [30].

Multiparity

The relationship between parity and increased risk of thyroid disorders during preg-
nancy, including hypothyroxinemia, may be due to the fact that each pregnancy
produces a non-reversible cumulative goitrogenic effect, which requires a greater
increase in iodine supplementation in subsequent pregnancies [44]. In fact, an asso-
ciation of multiparity with increased thyroid volume has been reported in different
iodine-deficient populations [24, 65, 67].

Multiparity (>3) has been reported more frequently in women with hypothyrox-
inemia than euthyroid women in different populations, for example, in United States
of America (70 vs 64%; p = 0.03) [9] and China (33.1 vs 18.3%; p <0.001) [41, 63].
Multiparity (>1) has even associated with a higher risk for low FT4 (OR 4.92; 95%
CI 3.15-7.70) [66] and IMH (OR 1.72; 95% CI 1.04-2.85; p = 0.03) [5].
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Lower Level of Education

A low educational level can be associated not only with a lower awareness of nutri-
tion during pregnancy, but also with a lower income [5] leading to inadequate
dietary intake, as well as iodine and iron deficiency [5, 44]. Differences in years
(9.3 £3.5 vs 10.2 + 3.5 years; p = 0.001) [62] and level of education (primary
5.8-22.9 vs 2.3-19.1; p < 0.05) [22, 63] have been reported among women with
hypothyroxinemia compared to euthyroid women, with an increase in the risk of
hypothyroxinemia when only primary level is available (OR 6.41; 95% CI
1.04-36.09) [44].

Thyroid Peroxidase Antibodies and Autoimmunity

Thyroid autoimmunity is a risk factor for thyroid dysfunction during pregnancy
because of the thyroid inability to meet the increased demands for T4 [45, 53].
Thyroid antibody-positive women have been reported to be more likely to develop
hypothyroxinemia [46], with positive TPOAb being the most frequently reported in
women with IMH compared to euthyroid women from different populations, for
example, in the Netherlands (20 vs 5.3%; p < 0.001) [62] and China (12 vs 9.7%;
p = 0.02) [63]. However, other studies have not reported a higher prevalence of
thyroid autoimmunity in women with IMH compared to euthyroid women [48, 68].

Exposure to Environmental Contaminants

Environmental contaminants, such as dioxins (polychlorinated dibenzo-p-dioxins,
dibenzofurans) and polychlorinated biophenyls, may affect thyroid function in preg-
nancy [53, 69]. Organochlorine pesticides activate hepatic uridine diphosphate gluc-
uronyltransferase, which causes an increase in glucuronidation and a decrease in
FT4 levels, while polychlorinated biphenyls antagonize the binding of thyroid hor-
mones at the thyroid receptor level [45]. Also, exposure during the first trimester of
pregnancy to nitrogen oxide and particulate matter (PM) with an aerodynamic diam-
eter of 2.5 pm or less (PM, s) has been associated with an increased risk of hypothy-
roxinemia during pregnancy (OR per 5-pg/m? change 1.21; 95% CI 1.00-1.47) [70].

Hypertension

A higher frequency of pre-existing hypertension has been reported in women with
hypothyroxinemia compared to euthyroid women (7.0-7.4 vs 2.7%; p < 0.05) [22, 62].
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Smoking

The thiocyanate found in cigarette smoke is a competitive sodium iodine symporter
inhibitor, which could explain the lower levels of the FT4 index (FT4I) observed in
smokers compared to nonsmokers [71]. Smoking of at least one cigarette per day
has been reported more frequently in women with hypothyroxinemia than in euthy-
roid women (11.5 vs 4.5%; p < 0.001) [62]. Smoking discontinued during preg-
nancy has not been associated with hypothyroxinemia; however, continuing to
smoke during pregnancy increases the risk of reduced FT4 levels (OR1.72; 95% CI
1.21-2.45) [66].

Anxiety

It has been reported that in animal models, the metabolism of thyroid hormones is
modified by social stress, with the deterioration of the serotoninergic system being
the one that could participate in the key events that ultimately lead to hypothyroxin-
emia [72]. Even in humans, maternal anxiety during pregnancy measured by using
the State Trait Anxiety (STA) has been reported more frequently in women with
hypothyroxinemia than in euthyroid women (25.4 vs 19.0%; p = 0.03) [62].

Twin Pregnancy

Since hCG concentrations are higher in twin pregnancies compared to singleton
pregnancies, other mechanisms, such as placental or fetal T4 consumption that
could explain the risk of IMH, should be investigated [42]. Compared with single
pregnancy, a twin pregnancy has been associated with a higher risk of IMH during
early pregnancy (2.2 vs 4.7%, respectively; OR 1.89; 95% CI 1.43-2.49, p < 0.001)
and during late pregnancy (2.0 vs 3.0%, respectively; OR 1.48; 95% CI 1.04-2.10,
p =0.028) [42].

Finally, a study that included women with a pregnancy less than or equal to
18 weeks, from the cohorts of the Generation R study (Rotterdam) (n = 5985) and
the Amsterdam Born Children and their Development (ABCD) study (n = 3782),
reported a clinical prediction model that includes risk factors for low FT4 levels.
Higher gestational age (per week OR 1.37; 95% CI 1.28-1.46), maternal
age > 30 years (per year OR 1.06; 95% CI 1.01-1.10), BMI 25 vs 20 kg/m? (OR
2.05;95% CI 1.73-2.42), BMI 30 vs 20 kg/m? (OR 3.67; 95% CI 2.70-4.99), parity
>3 (OR 2.21; 95% CI 1.34-3.63), and smoking (OR 1.60; 95% 1.12-2.29) were
associated with an increased risk of low FT4 levels. By combining these factors, it
was possible to make an adequate discrimination of women at risk of IMH (range
c-statistic 0.72-0.76) [66].
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Clinical Features

IMH is often asymptomatic and is only identified by laboratory studies [50].

Diagnosis

The diagnosis of IMH during pregnancy is based upon finding a normal maternal
TSH concentration and a serum T4 (either TT4 or FT4) concentration in the lower
2.5th—5th p of a given population [2, 3].

The reference range of TSH and T4 can vary significantly in different popula-
tions [2] and between trimesters in the same patient [3, 61], as well as show varia-
tions depending on the analysis method.

TSH reference range must be defined by each institution or laboratory and must
represent the healthy population of pregnant women in each trimester, with negative
TPOADb, optimal iodine intake, and without thyroid disease, in whom these ranges
will be applied [2, 73-76]. In case of not having specific population ranges, it is
suggested to use those of a similar population evaluated with similar TSH assays. If
not available, in the first trimester (7—12 weeks) the lower reference range of TSH
can be reduced by approximately 0.4 mU/L, while the upper reference range is
reduced by 0.5 mU/L, that is, an approximate value of 4.0 mU/L [2, 77]. Later, in
the second and third trimesters, the reference ranges should be considered similar to
those of nonpregnant women.

Regarding FT4, during the first trimester of gestation, the lower limit (2.5th p) of
the reference range reported by immunoassay is around 0.80 ng/dl (10.3 pmol/L)
[3]. Given FT4 measurement by automated immunoassay can be complicated dur-
ing pregnancy due to the decrease in albumin and the increase in circulating TBG,
the use of other methods with less influence by serum protein levels, such as equi-
librium dialysis, ultrafiltration, or liquid chromatography/tandem mass spectrome-
try (LC/MS/MS), have been recommended. The reference range reported by direct
equilibrium dialysis and LC/MS/MS is approximately 1.08 ng/dL in week 14-0.86 in
week 20 [78]. In general, most studies, although showing variability in FT4 concen-
tration with different methods, show lower levels of FT4 in pregnancy compared to
nonpregnant women [51]. An FT4 value below the lower reference limit for each
measurement method during pregnancy is considered hypothyroxinemia. Because
some measurement methods are laborious, expensive, time consuming, and not
widely available [2, 3, 76], the clinical practice guidelines for hypothyroidism in
adults and the ATA guidelines have also suggested TT4 and FT4I as alternative
methods [2, 79, 80].

It has been suggested that TT4 assays are less susceptible to being modified by
typical pregnancy binding proteins changes. TT4 levels are more stable throughout
pregnancy and may have a better log-linear association with TSH levels than FT4
[81]. It has been shown that the physiological rise in TT4 occurs before 16 weeks of
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gestation [82]; therefore, the reference range should take into account a 50%
increase above the nonpregnant value in TT4 concentration between 7 and 16 weeks
of gestation [1-3, 73]. TT4 reference range after 16 weeks of gestation is deter-
mined by multiplying the nonpregnant TT4 range (5-12 pg/dL) by 1.5 (7.5-18 pg/
dL), while between 7 and 16 weeks it is recommended to increase the reference
range by 5% for each week after 7 weeks of gestation [2, 3, 73]. An TT4 value less
than 5 pg/dL after 16 weeks or less than the value calculated by increasing 5% in the
lower limit for each week after 7 weeks of gestation is considered hypothyroxin-
emia. Other studies have reported an increase of less than 50% (23-35.5%) in TT4
levels, when comparing those of nonpregnant women or during the first trimester
with those of the second or third trimester of gestation [81, 83]. Therefore, the need
to establish specific reference ranges for each population and gestation trimester is
reinforced, since hypothyroxinemia could be overdiagnosed [83]. Furthermore,
Korevaar et al. [81] reported a loss of association of low TT4 levels with preeclamp-
sia, premature delivery (PD), birth weight, and offspring intelligence quotient (1Q),
while women with low FT4 had a 2.5- and 3.9-fold higher risk of PD and very PD
(VPD), respectively, as well as offspring with lower IQ. Therefore, they considered
that TT4 is inferior to FT4 in the evaluation of maternal thyroid function.

FT4I correction for TBG effects is calculated by dividing TT4 values by the T4
binding index (TBR or T-uptake ratio) [84]. The reference range reported in non-
pregnant women for FT41 is 4.5-12-5. An increase in the value of the index is nor-
mally observed during the first trimester of pregnancy, returning to nonpregnant
levels in the second and third trimesters. An FT4 value less than 4.5 is considered
hypothyroxinemia [85]. In pregnant women in an area of iodine sufficiency in Iran,
specific FT4I reference ranges have also been reported for each trimester of gesta-
tion (8.5—-12.4 in the first trimester, 9.7-21 in the second trimester, and 8.7-12.9 in
the third trimester) [80]. However, one of the impediments to the use of FT4I in
clinical practice is that it requires two different tests, which increases the cost [1].

Adverse Outcomes

Some studies have failed to demonstrate a significant association between IMH and
adverse perinatal outcomes, while other studies have shown greater frequency and
increased risk of complications when IMH is diagnosed in the first 20 weeks of
gestation [75, 86, 87]. However, it should not be forgotten that some risk factors for
IMH are also associated by themselves with adverse perinatal results. It is also pos-
sible that IMH interacts with genetic factors, other endogenous factors, or environ-
mental insults to increase the risk of adverse outcomes, so this situation must be
taken into account when evaluating the risks [53, 88-90].

Table 2 shows some of the studies carried out to evaluate the association of IMH
with the risk of maternal or fetal complications [6, 9, 12, 15, 17, 22, 23, 29, 31,
39-41, 43, 62, 63, 91-95].
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Table2 Adverse maternal and fetal outcomes associated with isolated maternal hypothyroxinemia

Cases/ Perinatal and maternal
Controls or N | GA Diagnostic criteria outcomes reported Ref.
233/16,011 620 w TSH (2.5-97.5th p); FT4 | IMH was not associated with | [9]
(<2.5th p) <0.86 ng/dL. | adverse pregnancy outcomes
(hypertensive disorders, GDM,
placental abruption, PD or
cesarean delivery)
232/10,990 in | >10.3 w TSH (2.5-97.5th p); FT4 | IMH in the first T increases the | [12]
first T, (<2.5th p) first and second | risk of PD and in the second 7
247/10,990 in T<0.71 ng/dL increases the risk of GDM
second T
89/756 15-16 w TSH 0.15-4.0 mU/L; FT4 | IMH was not associated with | [15]
(<10th p) < 0.66 ng/dL any adverse effect on fetal
growth or pregnancy outcome
102 PD/4318 | 11-13.6 w | TPOAD or TgAb positive | Spontaneous PD was not [95]
ND >60 U/mL associated with TPOAb or
TgAb positivity, or thyroid
dysfunction at 11-13.6 w
43/845 20w TSH (5-95th p); FT4 IMH increases the risk of fetal |[17]
(<5th p) 5-8 w < 0.80 ng/ | distress, SGA and
dL; 9-12 w < 0.75 ng/dL; | musculoskeletal malformations
13-16 w < 0.74 ng/dL;
17-20 w < 0.66 ng/dL
175/1584 IR 83-100 d | TSH (<90th p); FT4 IMH increases the frequency | [22]
(<10th p) of gestational hypertension
18/870 11.3-17w | TSH (2-98th p); FT4 IMH increases the frequency | [23]
(<second p) < 0.83 ng/dL | of placental abruption and
GDM
145/5826 9.6-17.6 w | TSH (2.5-97.5th p); FT4 | IMH in first or second 7' [91]
(<2.5th p) first increases the risk of
T < 0.84 ng/dL; second spontaneous PD, VPD and
T <0.79 ng/dL; TPOAb | PRM in spontaneous delivery
positive >60 U/mL
Meta-analysis | <24 w Study-specific IMH does not increase the risk | [93]
458/19,405 of PD
50 GDM/60 | 12-24 w; SRR: TSH 0.4-4.2 mU/L; | GDM increases the frequency | [94]
non-GDM 24-48 w FT4 <0.95 ng/dL of IMH using SRR in second T
RRT: TSH second T and third 7, as well as using
0.2-3.0 mU/L; third T RRT in second T and third 7.
0.3-3.0 mU/L; FT4 GDM increases the frequency
second 7' < 0.75 ng/dL; of TPOAD positivity
third 7' < 0.65 ng/dL
82/741 28 w TSH 0.35-3.00 mU/L; IMH increases the frequency of | [29]
FT4 (<10th p) < 0.80 ng/ | adverse metabolic phenotype
dL (BMI, sum of skinfolds, fasting
plasma glucose, triglycerides
and HOMA-IR)
55/165 119w TSH 0.2-2.5 mU/L; IMH increases the frequency | [31]

FT4 < 1.00 ng/dL

and risk of fetal breech
presentation and the frequency
of cesarean delivery

(continued)
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Cases/ Perinatal and maternal
Controls or N | GA Diagnostic criteria outcomes reported Ref.
220/1800 IR 11.9-14.1 | FT4 (<5th p) <0.60 ng/ | Hypothyroxinemia increases [62]
w dL; FT4 (< 10th the frequency of gestational
p) <0.63 ng/dL. hypertension.
228 low first | Ist T79-12 FT4 (< 10th p) first Low/normal FT4 increases the | [92]
TNow third T; | w; third T T < 1.04 ng/dL; third risk of GDM, and low/low FT4
608 low first | 32-36 w T < 0.80 ng/dL and normal/low FT4 increases
T/normal third the risk of preeclampsia
T; 523 normal
first 7/low
third 7; 4672
normal first 7/
normal third 7'
379/513 IstT<12 TSH 2011 ATA; IMH reduces the frequency of | [6]
w; second 7' | FT4 < 0.93 ng/dL miscarriage, and increases the
13-27 w; frequency of gestational
third 7> 28 hypertension and PD
w
36/1389 IstT TSH (2.5-97.5th p); FT4 | IMH increases the frequency [39]
(<2.5thp) <0.71 ng/dL | of GDM.
TSH and FT4 do not increase
the risk of GDM
10172107 in | 13-20 w TSH first 70.06— IMH in second T increases the |[41]
first T; 3.83 mU/L; second T’ risk of hypertensive disorders
241/5724 in 0.07-4.08 mU/L; FT4 of pregnancy and placental
second T first 7< 1.01 ng/dL; abruption
second 7' < 0.95 ng/dL
904/37,202 7.0-39.7w | TSH (2.5-97.5th p); FT4 |IMH in second 7 increases the | [40]
(<2.5th p) risk of PD and VPD
67/784 in first | 6-13 w; TSH (2.5-97.5th p); FT4 | IMH was not associated with [43]
T,70/1943 in | 14-27 w (<10th p) first adverse pregnancy outcomes
second T T < 0.68 ng/dL; second (hypertensive disorders, GDM,
T < 0.49 ng/dL placenta previa, placental
abruption, fetal grow restriction,
fetal distress, intrauterine fetal
death and PRM)
936 with 9-13 w TSH (2.5-97.5th p); FT4 | IMH increases the frequency [63]
FT4 < 2.5th (<2.5th p) <0.90 ng/dL; | of GDM and IMH, and the risk
p/40,948; FT4 (<5th p) of spontaneous PD with intact
1987 with membranes.
FT4 < fifth The effects were modified by
p/39,924 fetal sex, remaining significant
only when fetal sex was female

Cases pregnant women with isolated maternal hypothyroxinemia (unless otherwise indicated),
Controls pregnant women with euthyroxinemia (unless otherwise indicated), GA gestational age, w
weeks, TSH thyroid stimulating hormone, F74 free thyroxine, p percentile, GMD gestational diabe-
tes mellitus, PD premature delivery, VPD very premature delivery, SGA small for gestational age,
PRM premature rupture of membranes, 7 trimester, /MH isolated maternal hypothyroxinemia, ND
normal delivery, IR interquartile range, d day, TPOAb thyroid peroxidase antibodies, 7gAb thyro-
globulin antibodies, BMI body mass index, HOMA-IR homeostatic model assessment for insulin
resistance, HbAlc glycated hemoglobin, F73 free triiodothyronine, HDL high density lipoprotein,
SRR standard reference range, RRT reference range per trimester, ATA American Thyroid Association
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Table 3 shows some studies carried out to evaluate the association of IMH with
the risk of postnatal complications [4, 6,9, 12, 14, 16, 19, 22, 23,31, 35-37, 41, 43,
62, 89, 90, 96-106].

Some of the adverse effects that have been most frequently associated with IMH
are increased risk of PD, higher birth weight, and alterations in the behavioral, mental,
language, motor, psychomotor, and cognitive development of the offspring [47, 88].

Table 3 Adverse postnatal outcomes associated with isolated maternal hypothyroxinemia

Cases/controls or N | GA Diagnostic criteria Offspring outcomes reported | Ref.
57/58 12,24 TSH 0.15-2.0 mU/L; IMH at 12 w was associated | [96]
and 32 w | FT4 (<10th with a reduction in mental
p) <0.96 ng/dL and motor scores at 1 y and 2
y of age in the offspring
16 from a 5-10, TSH 0.4-4.0 mU/L; ADHD was more frequent in | [89]
moderately 11-14 FT4 (mean + 2SD) 8 area A than in area B at
iodine-deficient area | and w < 1.02 ng/dL; 13 18-36 m and 8-10 y. Mean
(A)/11 from a 18-20 w | w < 0.98 ng/dL; 20 1Q was lower in children in
marginally w < 0.85 ng/dL area A than in children in
iodine-sufficient Area B.
area (B) FT4 decreased by 20% with
gestational age in area A
with ADHD and area A
without ADHD, but only 8%
in area B, always being
lower in group B at any time.
ADHD would be the ultimate
consequence of IMH due to
iodine deficiency
233/16,011 620w | TSH (2.5-97.5th p); IMH was not associated with | [9]
FT4 (<2.5th neonatal complications
p) < 0.86 ng/dL
232/10,990 in first | > 10.3 w | TSH (2.5-97.5th p); IMH in the first T increases | [12]
T;247/10,990 in FT4 (<2.5th the frequency of birth
second T p) <0.71 ng/dL weight > 4000 g
12 with IMH at >4w TSH 0.38-4.80 mU/L; |IMH at 12—-14 w and [14]
12-14 w; 19 with FT4 (<10th postdelivery was associated
IMH postdelivery; p) <0.82 ng/dL. with a reduction in the mean
13 euthyroid at developmental quotient at
4-6 w. 18 m in the offspring.
The later iodine is
administered during
pregnancy, the greater the
risk of delayed
neurocognitive development
in the offspring
19/38 16-20 w | TSH (2.5-97.5th p); IMH was associated witha | [100]
FT4 (2.5th-97.5th p) reduction in the mean motor
0.92-1.91 ng/dL. and intelligence score in the
TPOAb <50 U/mL; TT4 | offspring
(<2.5th p) < 7.90 pg/dL

(continued)
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Cases/controls or N | GA Diagnostic criteria Offspring outcomes reported | Ref.
500 Ist T TSH 0.35-2.5 mU/L; Maternal TSH and FT4 were | [105]
TT4 4.5-10.9 pg/LL not associated with TT4 level
or cognitive test score in the
offspring
2736 11.6— TSH 0.03-2.5 mU/L; IMH was associated with [16]
150w FT4 (mild IMH < 10th | reduced FT4 levels in
p) <0.91 ng/dL; (severe | newborns.
IMH < 5th p) Mild IMH increases the risk
< 0.85 ng/dLL of expressive language delay
across 18 to 30 m. Severe
IMH increases the risk of
expressive language delay at
18 m, across ages and at
30 m, and of nonverbal
cognitive delay at 30 m
3736 <I8w TSH 0.03-2.5 mU/L; IMH was not associated with | [106]
FT4 (<10th internalizing or externalizing
p) <0.91 ng/dL scores at 1.5and 3 y
99/99 2nd T TSH 0.1-3.5 mU/L; IMH during second T was [19]
FT4 (<3rd p) not associated with
<0.92 ng/dLL significant changes in BSID
at 2 y of age in the offspring
45/3189 20w TSH first T 0.07— IMH increases the median [4]
3.1 mU/L; second T TPOAD concentrations in
0.10-3.5 mU/L; FT4 offspring between 7 and 16 y
first 7< 0.88 ng/dL; of age
second 7'< 0.86 ng/dL. | Median TPOAb
concentrations were higher
in boys than in girls
175/1584 IR TSH (<90th p); FT4 FT4 less than the 10th p at [22]
83-100d | (<10th p) the end of the first T was
associated with a slower
mean reaction time and a
greater reaction time in the
offspring, with a greater
effect when the TSH level
was higher
18/870 11.3- TSH (2-98th p); FT4 IMH increases the frequency | [23]
172w (<2nd p) < 0.83 ng/dL. | of birth weight > 4000 g
4464 11.3- TSH (2.5-97.5th p); FT4 increases the risk of [102]
150w FT4 (2.5-97.5th p) SGA and lower birth weight
0.80-1.70 ng/dL
Cord serum: TSH
3.41-33.8 mU/L; FT4
1.18-2.18 ng/dL
1643 820w | TSH (2.5-97.5th p); Low maternal FT4 was [103]

FT4 (<5th p)
< 0.65 ng/dLL

associated with a lower
mental score in the offspring.
TSH levels were not
associated with mental or
psychomotor scores
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Table 3 (continued)
Cases/controls or N | GA Diagnostic criteria Offspring outcomes reported | Ref.
4039 5.0-17.9 | TSH 0.03-2.5 mU/L; Severe IMH increases the [104]
w FT4 (Mild IMH < 10th | risk of children with autism,
p) <0.91 ng/dL; borderline PDP, and clinical
(Severe IMH < 5th PDP
p) <0.85 ng/dL
455 1st and TSH 0.01-5 mU/L; FT4 | FT4 at the end of the first or | [99]
second 7' | (<10th p) first second 7 was not associated
T < 1.06 ng/dL; second | with intellectual scores at 1 y
T < 0.89 ng/dLL or 6-8 y of age in the
offspring
3576 6.6-17.9 | TSH 0.1-2.5 mU/L; IMH increases ADHD scores | [108]
w FT4 < 0.85 ng/dL at 8 y of age in the offspring
1010 with Ist T TSH (5-95th p); FT4 IMH increases the risk of [90]
schizophrenia/1010 (<10th p) < 1.09 ng/dL | schizophrenia
without
schizophrenia
3839 <18 w TSH (2.5-97.5th p); FT4 showed an inverted [101]
FT4 (2.5-97.5th p) U-shaped association with
child IQ, child gray matter
volume, and cortex volume
55/165 119w TSH 0.2-2.5 mU/L; IMH increases the frequency | [31]
FT4 < 1.00 ng/dL and risk of macrosomia
220/1800 IR FT4 (<5th p) < 0.60 ng/ | Hypothyroxinemia [62]
11.9- dL; FT4 (<10th (FT4 < 5th p) increases the
141w p) <0.63 ng/dL risk of teacher-reported
hyperactivity-inattention
Meta-analysis 12.2— TSH (2.5-97.5th p); IMH reduces nonverbal IQ [97]
168/6442; 32/1159 | 14.44, FT4 (<2.5th and verbal 1Q.
INMA®; 86/3224 11.4- p) < 0.65 ng/dL?; IMH (TSH 5-95th p;
generation R 15.4° and | <0.80 ng/dL"; <0.97 ng/ | FT4 < 5th p) increases the
50/2059 ALSPACe | 8.1-14.5 |dLc and TSH (5-95th | risk of autistic traits
we p); FT4 (<5th p)»®¢
93/4169 IR 8-12 | TSH (2.5-97.5th p); IMH in early pregnancy was | [35]
w FT4 (<2.5th p) not associated with impaired
scholastic performance or
educational attainment in the
offspring
78/3002 in first T; 1st and TSH (2.5-97.5th p); IMH in second T increases [36]
74/2925 in second T | second 7' | FT4 (<2.5th p); first the risk of large for
T < 1.02 ng/dL; second | gestational age
T7<0.71 ng/dL
46/882 Ist, TSH (5-95th p); FT4 IMH reduces Apgar scores [37]
second (<5thp) and increases the risk of birth
and third weight > 4000 g
T
379/513 1st, TSH 2011 ATA; IMH increases the frequency | [6]
second | FT4 <0.93 ng/dL of very low birth weight
and third
T

(continued)
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Cases/controls or N | GA Diagnostic criteria Offspring outcomes reported | Ref.
101/2107 in first T; | 13-20 w | TSH first T 0.06— IMH increases the risk of [41]
241/5724 in 3.83 mU/L; second T birth weight > 4000 g
second T 0.07-4.08 mU/L; FT4
first < 1.01 ng/dL;
second 7 < 0.95 ng/dL
67/784 in first T; 6-13 and | TSH (2.5-97.5th p); IMH does not modify the [43]
70/1943 in second T'| 14-27 w | FT4 (<10th p) first frequency of low birth
T < 0.68 ng/dL; second | weight (<2500 g) and fetal
T < 0.49 ng/dLL malformations
Meta-analysis based | 7.0-39.7 | TSH (2.5-97.5th p); IMH reduces the frequency | [98]
on 20 international | w FT4 (<2.5th p) and risk of SGA and
cohorts 929/38,248 increases mean birth weight.
For each SD increase in FT4
concentration, the risk of
SGA increases and the mean
birth weight decreases

Cases pregnant women with isolated maternal hypothyroxinemia (unless otherwise indicated),
Controls pregnant women with euthyroxinemia (unless otherwise indicated), GA gestational age,
USA United States of America, BSID Bayley Scale of Infant Development, y years, w weeks, TSH
thyroid stimulating hormone, FT4 free thyroxine, 774 total thyroxine, p percentile, /MH isolated
maternal hypothyroxinemia, ADHD attention deficit and hyperactivity disorder, T trimester, SGA
small for gestational age, m months, /R interquartile range, d day, PDP Pervasive Developmental
Problems, MRI magnetic resonance imaging, /Q intelligence quotient, TPOAb thyroid peroxidase
antibodies, INMA Infancia y Medio Ambiente, ALSPAC Avon Longitudinal Study of Parents and
Children, ATA American Thyroid Association, SD standard deviation

Regarding prematurity, various mechanisms have been proposed in hypothyroid-
ism that could be involved in hypothyroxinemia. For example, oxytocin and vaso-
pressin are involved in the onset of labor, and increased vasopressin levels have
been observed in animal models and hypothyroid women. Furthermore, in animal
models of hypothyroidism, a high amount of surfactant protein A has been observed,
which modulates the inflammatory response associated with spontaneous preterm
labor [91]. Another factor that can be associated with the occurrence of preterm
labor is the increase in oxidative stress, which can also be increased in hypothyroid-
ism [63].

It has been reported that there is an association between low maternal FT4 con-
centrations in women with IMH during gestation and a higher birth weight, unlike
that reported in subclinical hypothyroidism where it is associated with small for
gestational age (SGA). The effect observed in IMH is independent of the TSH level,
TPOAD status, or hCG effect, so it could not represent a thyroid alteration as such,
but rather a possible dysfunction of the utero placental unit [98]. On the other hand,
low FT4 levels during pregnancy have been reported to be associated with a higher
rate of insulin resistance and gestational diabetes [94], which could favor placental
transfer of glucose to the fetal circulation. Excess glucose in the fetus would be
stored as body fat, being the potential cause of macrosomia [31].
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Finally, in the early stages of fetal life, fundamental process occurs in the central
nervous system, including cell migration, differentiation, and the induction of neu-
ral tissue in the neocortex, where thyroid hormones are crucial. Before the onset of
thyroid hormone production by the fetus in mid-pregnancy, fetal brain development
depends on maternal thyroid hormones, so low FT4 levels, mainly in early preg-
nancy, could be the factor leading to neurodevelopmental disorders [16, 47, 86, 104,
107-111]. In fact, studies in animal models have shown that maternal hypothyrox-
inemia is responsible for the disruption in cytoarchitecture of the cerebral cortex
due to impaired migration and neuronal heterotopy in the progeny [112-115]. By
the other hand, low FT4 levels may also indicate suboptimal placental function, so
cognitive delay in children of mothers with hypothyroxinemia may also be a conse-
quence of early placental insufficiency [16].

Treatment

Because one of the risk factors for IMH, as well as for alterations in offspring neu-
rodevelopment, is iodine deficiency, many countries have universally adopted salt
iodization to ensure sufficient iodine intake in the general population, although it
does not imply that it is sufficient during pregnancy [20, 89, 116]. Furthermore,
there are still countries with insufficient iodine supplementation during pregnancy,
for which the importance of ensuring iodine intake before conception and early
pregnancy has been emphasized [20, 74, 110]. An increase of 150-250 pg per day
in iodine intake has been recommended by the World Health Organization [117]. A
study showed that in addition to the consumption of iodized salt, the use of iodine
supplements in conjunction with the daily consumption of eggs and fish reduces the
frequency of thyroid dysfunction, including IMH, during pregnancy [44].

It has been suggested that all women should start the intake of iodine supplemen-
tation at the first prenatal visit, continue it during pregnancy and lactation, either in
the form of potassium iodide (KI) or potassium iodate (KIO;) tablets or vitamin-
mineral mixtures [8, 107]. However, emphasis has been placed on establishing the
upper limits of iodine intake. A study reported an increase in the prevalence of
subclinical hypothyroidism and TPOAD positivity in pregnant women with more
than adequate iodine status (urinary iodine concentrations [UIC] 250-499 pg/L).
Although also a higher prevalence of TPOADb positivity was observed in women
with insufficient iodin status (UIC < 100 pg/L). In addition, a higher prevalence of
IMH was observed in women with excessive iodine status (UCI > 500 pg/L). The
authors suggest that both iodine deficiency and more than adequate iodine can result
in thyroid autoimmunity and subclinical hypothyroidism, and that excess of iodine
can trigger the Wolff-Chaikoff effect, with reduced formation and release of thyroid
hormone that has been observed in IMH [118].

A study showed lower scores in the evaluation of the mental and motor develop-
ment of the children of women with hypothyroxinemia in the first 12 weeks and
who also showed greater decrease in FT4 during the rest of the gestation, while the
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children of women with hypothyroxinemia early but whose FT4 levels increased
during the rest of the gestation did not show development delay. Therefore, the
authors discussed the need to evaluate whether treatment with iodine or thyroxine
could be of greater benefit in cases of hypothyroxinemia diagnosed in the first tri-
mester of pregnancy [96].

It has been suggested, if despite iodine supplementation, FT4 persists below the
10th p for gestational age, additional treatment with levothyroxine may be consid-
ered to ensure that FT4 levels are within the reference levels of iodine-sufficient
euthyroid women in the same gestational age [107]. However, levothyroxine treat-
ment (150 pg daily for a TSH goal of 1.0 mU/L) in women with elevated TSH (but
less than 4.68 mU/L), low FT4 (less than 1.03), or both has been reported not to
improve their children’s cognitive function as assessed at 3 years of age, compared
to women not receiving levothyroxine [18].

A randomized controlled clinical trial in 526 pregnant women with hypothyrox-
inemia diagnosed in the first 20 weeks of gestation evaluated the effect of thyroid
hormone replacement at 17.8 weeks of gestation on average (50 pg of levothyroxine
with a maximum dose of 200 pg daily, until reaching a FT4 goal of 0.86—-1.90 ng/
dL) in 265 women vs 261 who received placebo. No differences were found in the
frequency of perinatal results (preterm delivery, pregnancy complications, fetal
death, neonatal morbidity or mortality), nor in cognitive function or neurodevelop-
mental indices during the first 5 years of their children [33].

An inverse association has been reported between FT4 concentration and birth
weight, which occurs more frequently in the second and third trimesters of gestation
and which could be related to a greater metabolic effect of thyroid hormone on fetal
growth [98]. It has also been reported that both low and high maternal FT4 during
pregnancy are associated with lower child IQ evaluated on average at 6 years of age
and lower gray matter and cortex volume evaluated by magnetic resonance imaging
(MRI) on average at 8 years of age [101]. These situations must be evaluated and
taken into account and avoid overtreatment with levothyroxine.

On the other hand, a study reported a significant reduction in the risk of PD (OR
0.020; 95% CI 0.005-0.085), as well as low birth weight and very low birth weight
in newborns (OR 0.019; 95% CI 0.003-0.15) of mothers with hypothyroxinemia,
when they received levothyroxine treatment (1.5-2.5 pg/kg per day to ensure serum
TSH levels <3 mU/L) during the second and third trimester of gestation, compared
to those who did not receive it [6].

So far, in addition to iodine supplementation, there is insufficient evidence to
recommend the use of levothyroxine for the treatment of IMH [75]. The clinical
guidelines propose different recommendations, the ETA indicates that treatment
with levothyroxine can be considered when hypothyroxinemia is detected in the
first trimester and the ATA does not recommend any special treatment [2, 3].

Lastly, thyroid hormones are essential in regulating metabolic processes and
energy to maintain homeostasis, so small changes in thyroid hormone levels have
been associated with adverse metabolic consequences in pregnancy. Changes in
thyroid hormone levels in pregnancy have been suggested to be a consequence
rather than a cause of changes in body weight, so weight loss and lifestyle-modifying
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interventions may be associated with desirable changes in thyroid hormone lev-
els [29].

Monitoring

Severe endemic iodine deficiency has been reported to lead to over hypothyroidism,
while mild to moderate deficiency is more frequently associated with IMH. Therefore,
depending on the country of residence, specific measures must be taken to carry out
iodine supplementation in the general population and in pregnant women, making
sure to maintain an adequate level of iodine [20]. Although mean urine iodine con-
centrations can be used to determine the iodine status of populations, there are no
biomarkers to diagnose iodine deficiency individually [119]. It may be appropriate
to assess the level of thyroid function, including FT4 levels in women during the
early pregnancy [16], particularly in the presence of risk factors for hypothyroxin-
emia [120].

One study reported that IMH before 12 weeks of gestation was not associated
with an increased risk of adverse perinatal outcomes, regardless of whether they
received 50 pg of levothyroxine daily (oral dose was adjusted during follow-up, to
a maximum of 100 pg daily) or not, while hypothyroxinemia in the second trimester
was associated with an increased risk of macrosomia (OR 1.94, 95% CI 1.07-3.50;
p = 0.027) and gestational hypertension (OR 4.20, 95% CI 1.61-10.96; p < 0.01),
when BMI in the early pregnancy was <25 kg/m?, for which the authors propose
monitoring thyroid function during the second trimester even when thyroid function
is reported as normal in the first trimester [111, 121].

On the other hand, TPOAb measurement should always be performed in women
with IMH, since TPOADb positivity is an independent risk factor for adverse perina-
tal outcomes. There is no indication to start treatment with levothyroxine in women
with positive TPOAb and TSH within normality, although treatment may be consid-
ered during the first trimester of pregnancy in women with a history of pregnancy
loss [46, 88].

Summary

IMH has been defined by the American Thyroid Association (ATA) as a free thyrox-
ine (FT4) concentration in the lower 2.5-5th percentile (p) and by the European
Thyroid Association (ETA) in the lower than 2.5 p of a given population, despite a
normal maternal serum thyroid stimulating hormone (TSH) concentration. The fre-
quency of IMH has been reported in approximately 2—4% of pregnant women; how-
ever, it can be as high as 49.33%. Apparently, these differences are related to
maternal iodine intake, reference ranges for TSH and FT4, gestational age or tri-
mester of pregnancy and the measurement method of FT4. A single cause of IMH
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has not been identified, however, various risk factors have been reported such as
iodine deficiency, iron deficiency, placental angiogenic factors, high body mass
index (BMI), human chorionic gonadotropin (hCG) concentrations, autoimmunity,
older age, multiparity, hypertension, lower level of education, smoking, environ-
mental pollutants, anxiety, and twin pregnancy. The diagnosis of IMH during preg-
nancy is based upon finding a normal maternal TSH concentration and a serum
thyroxine (T4) [either total (TT4) or FT4] concentration in the lower 2.5th—5th p of
a given population. However, the reference range of TSH and T4 can vary signifi-
cantly in different populations and between trimesters in the same patient as well as
show variations depending on the analysis method. Some studies have failed to
demonstrate a significant association between IMH and adverse perinatal outcomes,
while other studies have shown greater frequency and increased risk of complica-
tions when IMH is diagnosed in the first 20 weeks of gestation. Some of the adverse
effects that have been most frequently associated with IMH are increased risk of
PD, higher birth weight, and alterations in the behavioral, mental, language, motor,
psychomotor, and cognitive development of the offspring. Nevertheless, until now,
in addition to iodine supplementation, there is insufficient evidence to recommend
the use of levothyroxine for the treatment of IMH.
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Maternal Hyperthyroidism

K. Gkastaris and G. E. Krassas

Definition

Thyrotoxicosis is the clinical syndrome of hypermetabolism and hyperactivity that
occurs when a person is exposed to supraphysiological concentrations of thyroid
hormones (TH). Hyperthyroidism is the hyperfunction of the thyroid gland leading
to sustained increases in TH biosynthesis from the thyroid gland and it represents
the commonest cause of thyrotoxicosis. Even though thyrotoxicosis in pregnancy is
relatively rare and certainly much less common than hypothyroidism, it can pose a
challenge to the clinician given its diagnostic and therapeutic difficulties as well as
the possible maternal and foetal complications.

Prevalence and Aetiology

Overt thyrotoxicosis can affect between 0.2 and 0.4% of pregnancies [1-3] although
the prevalence of subclinical thyrotoxicosis can be as high as 1% [3, 4]. Gestational
thyrotoxicosis can be caused by a number of conditions: autoimmune, non-
autoimmune and iatrogenic (Table 1). Transient gestational thyrotoxicosis is a con-
dition caused by elevated human chorionic gonadotropin (hCG) levels [5] leading to
suppressed serum thyroid stimulating hormone (TSH) and raised free-thyroxine
(FT4) levels. It is frequently associated with hyperemesis gravidarum (HG), it does
not lead to the clinical syndrome of thyrotoxicosis and is typically limited to the first

K. Gkastaris (<)
Royal United Hospitals Bath NHS, Bath, UK

G. E. Krassas
TASEIO, Medical Center, Thessaloniki, Greece
e-mail: gkra34 @otenet.gr

© Springer Nature Switzerland AG 2022 135
F. Azizi, F. Ramezani Tehrani (eds.), Thyroid Diseases in Pregnancy,
https://doi.org/10.1007/978-3-030-98777-0_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-98777-0_9&domain=pdf
https://doi.org/10.1007/978-3-030-98777-0_9#DOI
mailto:gkra34@otenet.gr

136 K. Gkastaris and G. E. Krassas

Table 1 Causes of thyrotoxicosis in pregnancy

Cause Aetiology

Immune thyroid disease

Graves’ disease Circulating TSH receptor antibodies

Sporadic silent thyroiditis Autoimmune destruction of thyroid gland
Non-autoimmune thyroid disease

Toxic multinodular goitre (MNG) Autonomous function—Some due to activating
Toxic solitary adenoma mutations in TSH receptor

Subacute painful thyroiditis Release of stored TH — aetiology possibly viral
Familial gestational thyrotoxicosis Mutant TSH receptor hypersensitivity to hCG

Transient thyrotoxicosis associated with | Circulating hCG
hyperemesis gravidarum

Hyperplacentosis Increased placental weight and high circulating hCG
levels

Hyperreactio luteinalis Enlargement of both ovaries due to benign cysts
leading to high hCG levels

Trophoblastic tumour High circulating hCG

Hydatidiform mole Trophoblastic disease leading to high hCG levels

Choriocarcinoma High circulating hCG

Struma ovarii (ovarian teratoma) Thyroid hormone produced outside the thyroid gland

Functional metastases of thyroid cancer

Resistance to thyroid hormone Inappropriate TSH secretion

Pituitary tumour producing TSH

(TSHoma)

latrogenic

Excessive levothyroxine intake Excess exogenous thyroid hormone (iatrogenic/
overtreatment or factitious)

Drug-induced thyroiditis Amiodarone, lithium, interferon o

Jod-Basedow effect Iodine-induced hyperthyroidism (iodine, iodine-

containing drugs, radiographic contrast agents)

half of pregnancy. On the other hand, the commonest cause of clinical hyperthyroid-
ism in pregnancy is Graves’disease (GD) (80-90%). Other causes of thyrotoxicosis
[6-8] in pregnancy include foxic multinodular goitre, toxic adenoma and subacute
thyroiditis. Finally, some other conditions which are less common are summarised
in Table 1. Another cause of thyrotoxicosis that has to be considered by the clinician
is overtreatment with or factitious intake of thyroid hormone.

Foetal-Maternal Relationships

Pregnancy is associated with significant physiologic changes that affect the thyroid
function tests. These changes are reversible but in combination with the hypermetabolic
state of pregnancy can cause diagnostic difficulties as they mimic the clinical signs and
symptoms of thyrotoxicosis. The physiologic changes are summarised in Table 2.
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Table 2 Physiologic changes in pregnancy that influence thyroid function tests [9]

Physiologic change Thyroid function test change

1 Thyroid-binding globulin (TBG) 1 Serum total T4 and T3 concentrations

First trimester hCG elevation 1 Free T4 and |TSH

1 Plasma volume 1 T4 and T3 pool size

1 Type I1I 5-deiodinase (inner ring 1 T4 and T3 degradation resulting in

deiodination) due to increased placental mass | requirement for increased hormone production

Thyroid enlargement (in some women) Serum thyroglobulin

1 Iodine clearance 1 Hormone production in iodine-deficient areas
Mother Placenta Fetus

TSH e |

T, and levothyroxine
Stimulate fetal development
(potentially suboptimal when
too low or too high)

TSHR-Ab

Depending on subtype, can :
stimulate or block the fetal thyroid Brain
lodine

Necessary for fetal thyroid

hormone production (too low Bone

leads to lower and too high could
lead to higher thyroid hormone
production®)
Thyroid

Radioactive iodine
Destruction of fetal thyroid gland

PTU and methimazole
Inhibits fetal thyroid function

Propranolol
Passes placental barrier, low risk
of adverse fetal outcomes

Nature Reviews | Endocrinology

Fig. 1 The role of the placenta in thyroid hormone delivery to the foetus

TH is important to the foetus for the development of many organs, particularly the
brain. The foetus does not possess a functioning thyroid in early pregnancy but it is
now well documented that maternal T4 crosses the placenta at all stages of preg-
nancy. This is particularly important during the first trimester of pregnancy since the
foetal thyroid begins concentrating iodine at 10—12 weeks of gestation and the foetal
pituitary TSH takes over the control of the axis by about week 20 of gestation [9].

The placenta plays a key role not merely as an exchange unit for TH but also in
the regulation of transplacental TH transfer [10] through its expression of placental
TH transporters, thyroid hormone binding proteins, iodothyronine deiodinases, sul-
photransferases, and sulphatases (Fig. 1).

Clinical Presentation

Diagnostically, on some occasions the diagnosis is already known prior to the gesta-
tion, for example, established GD or toxic nodule(s). In contrast, the diagnosis of
thyrotoxicosis first occurring during pregnancy can pose a challenge, as many of its
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Table 3 Common clinical symptoms of thyrotoxicosis and manifestations which are present only
in specific causes

General symptoms and signs Clinical manifestations of specific causes of thyrotoxicosis
Anxiety/nervousness Graves autoimmune disease
Hyperactivity Diffuse goitre
Fatigue/exhaustion Ophthalmopathy
Weakness Thyroid bruit
Tremor Localised dermopathy
Palpitations Thyroid acropachy
Heat intolerance Thyroid autonomy
Nausea ) Uninodular or multinodular goitre
Increased ?.ppetlte . Subacute thyroiditis
Tachycardia/arthythmia Thyroid pain and tenderness
Tremor . TN
Hyperreflexia Sl.l ent thy mld.lt?s.

Ditfuse thyroiditis

Eyelid retraction
Systolic hypertension

symptoms such as sweating, nausea, palpitations, insomnia, anxiety, and fatigue are
nonspecific and can “mimic” frequent pregnancy complaints. However, a careful
clinical assessment can raise the clinical suspicion of newly developed thyrotoxico-
sis in pregnancy because some parts of the history such as personal or family history
of autoimmunity and signs such as weight loss despite an increased food intake,
presence of goitre, thyroid bruit or ocular changes are suggestive of a diagnosis of
hyperthyroidism [1, 11].

Some of the clinical manifestations are more specific to certain causes of thyro-
toxicosis (Table 3): diffuse goitre, thyroid bruit, thyroid ophthalmopathy, acropachy
and/or dermopathy are typical of GD. Thyroid ophthalmopathy can present with
upper eyelid retraction, oedema, erythema of the periorbital tissues and conjuncti-
vae. Acropachy presents with soft tissue swelling, finger clubbing, and periosteal
reaction of the extremities. Thyroid dermopathy refers to localised lesions of the
skin resulting from the deposition of hyaluronic acid. Although it is most often con-
fined to the pretibial area, it may occur anywhere on the skin. On the other hand, a
sore and painful thyroid typically accompanies subacute thyroiditis [12].

Diagnosis

The diagnosis of hyperthyroidism should always be confirmed by elevated serum
thyroid hormone concentrations and suppressed serum TSH levels. A downward
shift of the TSH reference range occurs during pregnancy, with a reduction in both
the lower (decreased by about 0.1-0.2 mU/L) and the upper limit of maternal TSH
(decreased by about 0.5-1.0 mU/L), relative to the typical non-pregnant TSH refer-
ence range [1]. The largest decrease in serum TSH is observed during the first tri-
mester because of elevated levels of serum hCG directly stimulating the TSH
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receptor and thereby increasing thyroid hormone production. Thereafter, serum
TSH and its reference range gradually rise in the second and third trimesters, but
nonetheless remain lower than in non-pregnant women [1]. There are pregnant
women with low (but detectable) TSH who demonstrate no clinical signs of thyro-
toxicosis and require no treatment. If the exact diagnosis is uncertain, measurement
of TSH receptor antibodies (TRAbs) is indicated, since the presence of these anti-
bodies differentiates GD from other causes of gestational thyrotoxicosis.
Furthermore, in cases of GD the measurement of TRAbs has prognostic signifi-
cance for the development of GD in the foetus [1, 11, 13].

It should be noted that serum T4 levels vary during normal pregnancy [14] with
significant geographic and ethnic diversity. As a consequence, there has been a con-
siderable debate and controversies regarding which cut-off levels for TSH in preg-
nancy should be adopted as normal [1, 11, 13]. When possible, laboratories are
strongly encouraged to develop population and trimester-specific normal ranges for
TSH as well as triiodothyronine (T3) and T4 (both total and free) [1, 11, 13].
Nonetheless, acknowledging that this is not widely possible, the latest American
guidelines recommend suggest that, in the first trimester, the lower reference range
of TSH can be reduced by approximately 0.4 mU/L, while the upper reference range
is reduced by approximately 0.5 mU/L. For the typical patient in early pregnancy,
this corresponds to a TSH upper reference limit of 4.0 mU/L. This reference limit
should generally be applied beginning with the late first trimester, weeks 7—12, with
a gradual return towards the non-pregnant range in the second and third trimes-
ters [1].

Management

The overall goal of management is to maintain or achieve euthyroidism as early as
possible in pregnancy. Antithyroid drugs (ATDs) are the cornerstone of treatment of
hyperthyroidism in pregnancy [1, 13]. Thyroidectomy should be preserved as
second-line option in selected cases and radioactive iodine (RAI) treatment is con-
traindicated in pregnancy [1, 13].

(a) Antithyroid drugs (ATDs) have been used for the treatment of hyperthyroidism
in pregnancy for several decades now even though recent large observational
studies have raised concerns about the risk of birth defects. Women should be
maintained at a high euthyroid level [1, 11, 13, 15] using the smallest possible
dose of ATDs in order to reduce the risk of birth defects and of foetal hypothy-
roidism. Methimazole (MMI) and propylthiouracil (PTU) cross the placenta
equally [16—18] whereas thyroid hormones’ crossing is negligible. For this rea-
son, the “block and replace” strategy should be avoided in pregnancy. PTU and
MMI are thought to be equally effective in maintaining maternal euthyroidism
[19]. The focus of the debate in the recent years has been the side effects and the
possible teratogenic potential of these medications. Over the last decade, a
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number of large observational studies have come to light evaluating the possible
link between treatment with ATDs in the first trimester of pregnancy and birth
defects. These studies had a number of methodological differences [20] and
covered different populations: some of them reported an association between
ATDs and birth defects [21-24] whereas some did not [25-28]. The most
common birth defects associated with MMI use in the first trimester of preg-
nancy are aplasia cutis and choanal and oesophageal atresia and developmental
delay [1, 19]. Historically, PTU had not been linked to birth defects. Despite the
fact that some recent studies [21, 22] reported that PTU was associated with a
higher frequency of birth defects compared to non-exposed, a meta-analysis
including 12 studies showed no differences between PTU exposure and no ATD
exposure [29]. In general, PTU is recommended drug of choice for the first
16 weeks of pregnancy [1, 13, 30].

In terms of side effects of the ATDs, fortunately the vast majority of them
are mild and mostly cutaneous [15, 16]. The first exception, luckily rare
(<0.5%) is agranulocytosis. The patient should be warned that if she develops
fever, mouth ulcers and/or sore throat, she should be tested immediately for a
full blood count (FBC). If the FBC results confirm neutropaenia, the ATDs
should be discontinued. Additionally, broad spectrum antibiotics and granulo-
cyte colony stimulating factor should be initiated in febrile, septic or high-risk
patients [1, 13]. The second severe side effect of the ATDs is hepatotoxicity. It
has been traditionally thought that PTU causes hepatocellular pattern of liver
injury whereas MMI causes cholestatic pattern. Recent studies have chal-
lenged this belief [31, 32]. Nonetheless, a recent larger study from Japan [33]
and a meta-analysis of 30 studies [34] have shown significantly higher rates of
liver injury associated with PTU rather than MMI. Some deaths have also
been reported in adolescents and adults [31, 35, 36]. For these reasons, the
European guidelines recommend change of PTU to MMI after 16 weeks of
gestation [11, 13]. The American guidelines suggest PTU for the first 16 weeks
of gestation but do not specify the recommended ATDs for the rest of the
pregnancy [1].

Further study and clinical data on the timing and type of ATDs are required
but with the current evidence, the authors’ view is to switch from MMI to PTU
during the pre-conception period (at the period of pregnancy planning) and at
most during the first 5 weeks of gestation, to continue treatment with PTU for
the first 16 weeks of gestation and to switch back to MMI for the remainder of
the pregnancy. Furthermore, the authors’ experience is that the use of MMI is
preferable to carbimazole (CBZ) during pregnancy as CBZ is a pro-drug, which
converts to MMI after absorption. The usual doses required are summarised in
Table 4.

(b) p-blockers, and in particular propranolol, can be of help with amelioration of

symptoms of hyperthyroidism and its additional effect of blocking the periph-
eral conversion of inactive T4 to active form T3. In the context of pregnancy,
it can be used transiently at a dose of 10-40 mg every 68 h in cases of symp-
tomatic thyrotoxicosis and also for preoperative preparation. There are no sig-
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nificant teratogenic effects of propranolol reported in the literature. Long-term
use in pregnancy was historically avoided due to a possible association with
intrauterine growth restriction but a recent retrospective cohort study from the
U.S. showed that the risk of small growth for age (SGA) associated with pro-
pranolol exposure was not significantly different from the non-exposed group
[37]. It is probably logical to monitor the foetal growth closely in cases of
long-term propranolol use until more data become available. The usual doses
required are summarised in Table 4.

Thyroidectomy during pregnancy should be avoided if possible and reserved
only as second-line option in specific circumstances: (1) anaphylactic or severe
allergic reaction to ATDs, (2) agranulocytosis or hepatotoxicity with ATDs, (3)
failure to control thyrotoxicosis despite high dose of ATDs, (4) rarely compres-
sive symptoms (stridor or dysphagia) from a large goitre (Table 5). The optimal
timing for thyroidectomy in pregnancy is the second trimester when the foetus
is at smaller risk and the uterus resistant to contraction [1, 13]. If the woman is
still thyrotoxic prior to the surgery and/or unable to tolerate ATDs, preparation
for surgery includes propranolol and a short (10-14 day) course of potassium
iodide solution (50-100 mg/day) [1, 9]. It should be noted that following thy-
roidectomy a gradual, but not immediate, disappearance of TRAbs is observed;
therefore, there is a small risk of transient foetal thyrotoxicosis [38]. The indi-
cations for thyroidectomy in pregnancy are summarised in Table 5. However,
according to the authors’ experience, in the vast majority of cases thyroidec-
tomy in pregnancy is not needed.

Table 4 Pharmacological approach to hyperthyroidism in pregnancy (adjusted from [1, 13])

Typical dose range
Medication Initial dose range for majority Notes
Propylthiouracil 50-400 mg/day 50-200 mg/day First 16 weeks of gestation
(PTU) Equivalent potency of MMI to
PTU is approx 1:10
Methimazole 5-30 mg/day 5-20 mg/day After week 16 of gestation
(MMI)
Carbimazole 5-40 mg/day 10-25 mg/day 10 mg of CBZ are rapidly
(CBZ) metabolised to 6 mg of MMI
Propranolol 10-40 mg x 3—4/day For symptomatic relief or prior
to thyroidectomy
Potassium iodide | 50-100 mg/day for Mainly for preparation for
10-14 days thyroidectomy

Table 5 Indications for thyroidectomy in pregnancy

Anaphylactic or severe allergic reactions to ATDs

Agranulocytosis or hepatotoxicity with ATDs

Failure to control thyrotoxicosis despite high dose of ATDs (400 mg/day of PTU and 30-40 mg/

day of MMI)

Compressive symptoms (stridor or dysphagia) from a large goitre
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(d) Potassium iodide has been used in Japan for the treatment of mild thyrotoxico-
sis [39, 40]. However, there are no data from other parts of the world with lower
diet intake and currently the main European and American authorities do not
recommend it during pregnancy [1, 13].

Low concentration of selenium has been reported in pregnant women with
hyperthyroidism compared with euthyroid ones [41, 42]. However, no clear
data on the therapeutic role of selenium administration are available to date.

Radioactive iodine (RAI) is obviously contraindicated in pregnancy as the foetus
is exposed to significant radiation from transplacental transfer of 131-I as well as
from the isotope form in the maternal excretory system. However the protocols sur-
rounding the administration of RAI vary widely worldwide and cases of GD inad-
vertently treated with RAI in early gestation have been reported. The maternal
thyroid uptake, the gestational age and the ability of the foetal thyroid to concentrate
iodine are essential in determining the radioiodine exposure in the utero. Foetal
exposure to radioiodine before implantation may increase the risk of miscarriage
and death of the embryo in a dose-dependent manner, but surviving embryos will
probably escape any major malformations or thyroid problems. Exposure during
thyroid development, from 10 weeks of gestation onwards, will result in foetal
hypothyroidism and foetal thyroid ablation needing lifelong thyroxine replacement.
In these cases the management includes maintain maternal thyroxine levels towards
the upper end of normal for the rest of the pregnancy and immediate treatment of the
neonate with thyroxine [43]. The neonatal screening programmes for congenital
hypothyroidism ensure that mental retardation can be avoided by prompt initiation
of levothyroxine (LT4) treatment.

The pharmacological options to hyperthyroidism in pregnancy are summarised
in Table 4.

Management Goals and Monitoring

Clinical Scenarios
Autoimmune Disease (Graves’ Disease)

The overall target of treatment is to maintain euthyroidism throughout pregnancy.
Typically, measurement of thyroid function tests (TFTs) is required every 4—6 weeks.
The clinician can encounter different clinical scenarios and different parameters
have to be taken into account:

1. The woman with newly diagnosed GD in pregnancy. Fortunately, these cases are
relatively rare as thyroid immunity is suppressed in pregnancy. However, if a
new diagnosis of GD is made in pregnancy, the goal of the management is (a) to
achieve maternal euthyroidism as soon as possible using the smallest possible
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ATDs dose (PTU for the first trimester and MMI afterwards) and (b) to assess the
risk of neonatal thyrotoxicosis with TRAbs measurement (as discussed in detail
in another section of this chapter).

2. The woman with active hyperthyroidism (more commonly GD) diagnosed prior
to the onset of pregnancy who currently receives ATDs treatment. In this case
euthyroidism should be achieved before conception and maintained throughout
pregnancy. The recommendation is to switch from MMI to PTU during the pre-
conception period (at the period of pregnancy planning) and at most during the
first 5 weeks of gestation, to continue treatment with PTU for the first 16 weeks
of gestation and to switch back to MMI for the remainder of the pregnancy. The
recommended approach is the use the smallest possible ATDs dose that will
allow for controlling maternal thyrotoxicosis rather than “block and LT4 replace-
ment” approach. This is because the transplacental passage of ATDs is high and
can cause ATD-induced foetal hypothyroidism. On the other hand, addition of
LT4 will not be protective as its transplacental passage is negligible. Furthermore,
it is recommended that the maternal TRADs status is assessed to ascertain the
risk of neonatal thyrotoxicosis (as discussed in detail in another section of this
chapter).

It should be noted that many GD cases tend to get better in pregnancy and
subsequently there has been extensive debate about the appropriate approach to
the well-controlled mild GD cases. It is recommended that the clinician consid-
ers the possibility of withdrawing ATDs prior to conception or in the first weeks
of pregnancy if the patient is well controlled on a small dose of ATDs [1]. It is
the authors’ view that assessment of the TRADs titre can be very useful in that
respect: Women with negative TRAbs status who require small doses of ATDs
are more likely to go into remission; therefore, in these women it would be safe
to consider withdrawing ATDs. It is also the authors’ view that, should the clini-
cian decide to proceed with a trial off ATDs, thyroid function tests should be
performed at 2, 4 and 6 weeks after treatment withdrawal in order to detect an
early relapse.

3. The woman with hyperthyroidism in the past who received permanent treatment.
In this case the woman with GD or nodular thyroid disease who received RA or
underwent total thyroidectomy is currently on treatment with LT4 for acquired
hypothyroidism (although a percentage of women treated with RAI might be
euthyroid without replacement therapy). The aim of the management here is to
maintain the desired TSH levels with LT4 dose adjustment. Additionally, the
potential presence of TRAbs should be considered if the original diagnosis was
GD as the neonate can still be at risk of autoimmune thyroid dysfunction.

4. The woman with previous GD who is currently in remission. In this case the
woman should be monitored throughout pregnancy with TSH and fT4 measure-
ments every 4-6 weeks for any evidence of relapse of GD. Fortunately this risk
is relatively small as during pregnancy thyroid autoimmunity is usually sup-
pressed. However, TRAbs should again be measured due to the risk of neonatal
thyrotoxicosis.
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5. The woman with a history of a previous birth of a child with neonatal thyroid
dysfunction. In the last 30 years a number of case reports have been published
reporting neonates diagnosed with central hypothyroidism, i.e. insufficient pro-
duction of TSH leading to T4/T3 deficiency [44, 45]. In some of these cases, the
mother was not tested for or diagnosed with any thyroid issues during pregnancy
[46, 47]. There are two probable mechanisms of the central neonatal
hypothyroidism: (a) Suppression of the foetal TSH levels secondary to higher
T4/T3 levels during intrauterine life resulting from suboptimally treated or
untreated maternal hyperthyroidism and increased transplacental maternal-foetal
T4/T3 transport [48]. (b) Possible conversion of the maternal TRAbs from stim-
ulating to inhibitory ones which cause neonatal hypothyroidism rather than
hyperthyroidism [49-52]. In these rare cases, it is important that the mother is
carefully monitored in subsequent pregnancies for any signs of thyroid dysfunc-
tion and, even if she is euthyroid, for evidence of thyroid immunity with mea-
surement of the TRADs.

Other Non-autoimmune Clinical Scenarios

6. Transient gestational hyperthyroidism associated with hyperemesis gravidarum
(HG) is typically self-limiting even though around 5% of these women require
hospitalisation for rehydration and administration of antiemetic medications due
to the risk of ketosis. In a small number of women, ATDs may be given tran-
siently as there is a correlation between FT4/FT3 levels and the severity of the
hyperemesis and in extreme cases HG has been associated with cardiovascular
complications [53] and even cardiac arrest [54].

7. Subacute thyroiditis. The presentation is fairly characteristic with a painful swol-
len neck, biochemical evidence of inflammation [leucocytosis, elevated
C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)] and hyper-
thyroidism. Nuclear medicine uptake scan is contraindicated, but ultrasonogra-
phy may also assist diagnostically. In cases that the diagnosis is still uncertain,
fine-needle aspiration (FNA) of the thyroid may be of further help. The treatment
consists of analgesia and oral prednisolone. These women should be monitored
closely as some will develop hypothyroidism.

8. Nodular thyroid disease (pre-existing toxic adenoma and toxic multinodular dis-
ease) should be treated with ATDs during pregnancy. Thyroidectomy is not rec-
ommended. However, ifitis essential, for example, in the presence of compressive
symptoms (stridor or dysphagia), it should be performed during the second
trimester.

9. Graves’ orbitopathy (GO). Fortunately, as thyroid autoimmunity is usually sup-
pressed in pregnancy, GO tends to improve during gestation. However some
pregnant women, usually nicotine smokers, may develop symptoms or signs of
GO: pain, dryness, irritation, chemosis, periorbital oedema, proptosis and in
extreme cases ophthalmoplegia and optic neuropathy. The treatment consists of
topical eye lubricants, smoking cessation, selenium administration and, in severe



Maternal Hyperthyroidism 145

cases, oral or intravenous steroids [13, 55-57]. In cases of sight-threatening orbi-
topathy, if there is no response after 2 weeks of intravenous glucocorticoids,
urgent decompressive surgery is indicated, whereas in stable and inactive cases,
rehabilitative surgery may be required but that can usually be postponed until
post-partum.

Importance of TRAbs Assessment During Pregnancy

Graves’ disease (GD) is an autoimmune condition caused by circulating TRAbs
that can cross the placenta and have an effect on the foetal thyroid. The activity
level of GD fluctuates in pregnancy reflecting fluctuations in TRAbs concentra-
tions. Overall the thyroid immunity tends to decrease in pregnancy with many
women GD going into complete remission, especially in late gestation [58, 59].
The spontaneous improvement in the immunity is likely to be multifactorial, but
it has been advocated that one of the main mechanisms is the progressive reduc-
tion in TRAbs which is observed in pregnancy [13]. The TRAbs can cross the
placenta from 18 weeks of gestation and at the 30th week of development, the
foetal TRADbs levels are almost equal to that of the mother. In the vast majority of
cases these antibodies have a stimulating effect on foetal thyroid causing hyper-
thyroidism; however in rare cases their action can be inhibitory causing hypothy-
roidism [49, 50, 52].

It is recommended to measure the TRADs titres in pregnant women with known
or suspected GD [1, 13]. The measurement can serve different purposes depending
on the stage of the gestation and whether the cause of the hyperthyroidism is known
or not: in the case of a new diagnosis of hyperthyroidism in pregnancy, measure-
ment of TRAbs can be a very useful tool to differentiate between GD and other
causes of abnormal TFTs, mainly transient gestational hyperthyroidism. In actual
fact, women with de novo GD in pregnancy tend to have higher titres compared with
women with pre-existing GD. On the other hand, in known cases of GD, measure-
ment of TRAbs mainly helps clinicians to assess the risk of foetal (FD) and neonatal
dysthyroidism (ND), even though it also reflects the immunological activity and the
subsequent aggressiveness of the disease for the mother.

One of the main goals of the clinician treating a pregnant woman with GD is the
prediction of the risk of developing FD and ND. The TRADb levels in the mother are
one of the main predictors because their action can directly activate the foetal or
neonatal thyroid gland. However there is an ongoing debate on two questions con-
cerning the measurement of TRAbs: (1) when and in whom to measure TRAbs and
(2) what the predictive for development of FD/ND TRAbs cut-offs should be.

1. When and in whom should TRAbs be measured?
The European [11, 13] and American [1] guidelines for the management of
hyperthyroidism in pregnancy describe different clinical situations: First, in
women with newly diagnosed hyperthyroidism in pregnancy to assist the clini-
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cian with his differential diagnosis, principally between GD and transient gesta-
tional hyperthyroidism. Second, in pregnant women with known and active GD
who receive treatment with ATDs already prior to conception. Third, in pregnant
women who are currently euthyroid but have previously received definitive treat-
ment for GD with surgery or RAIL. These women may still maintain elevated
TRADbs [60, 61]; therefore the risk of FD/ND remains. Fourth, in pregnant
women with previous history of delivering an infant with hyperthyroidism. In a
fifth and final situation, in pregnant women who were previously treated for GD
with ATDs and are currently euthyroid off ATDs, the recommendations suggest
that, even though the thyroid function should be measured, TRAbs testing is not
necessary as the risk is negligible. Regarding the timing of TRAbs measurement,
the recommendation is for measurement of the antibodies in early pregnancy. If
maternal TRAbs are undetectable or low in early pregnancy, no further TRAbs
testing is needed as the risk is thought to be negligible. If maternal TRAb con-
centration is elevated in early pregnancy, repeat testing should occur at weeks
18-22. Finally, if elevated TRAbs are detected at weeks 18-22 or the mother is
taking ATDs in the third trimester, a TRAbs measurement should again be per-
formed in late pregnancy (weeks 30-34) to evaluate the need for neonatal and
postnatal monitoring.

2. What are the optimal maternal TRAbs concentration cut-offs for prediction
of FD/ND?

There is an ongoing debate about the levels of TRAbs more accurately pre-
dicting the risk for FD and ND. Recently, a large retrospective study of 417
women with GD and positive TRAbs during gestation reported that the risk of
FD was best predicted by a maternal TRAbs concentration of >2.5 IU/L or >2.5
times the upper limit of the reference interval since the second-generation human
assay had a reference interval upper limit of 1.0 IU/L [59]. In terms of predicting
ND the optimal maternal TRAbs concentration cut-off is less clear. In the same
study [59], the authors reported an optimal concentration of >5.9 times the upper
limit of the reference interval as optimal predictor of ND. However, a systematic
review of 20 articles (53 cases) suggested a lower cut-off point at >3.7 times the
upper limit of the reference interval [62]. The American guidelines advocate a
cut-off of three times the upper limit of normal for the assay [1]. Given the seri-
ousness of ND it seems reasonable to adopt the lower cut-off point until more
data become available. It is therefore recommended the foetuses of mothers with
GD and TRAbs >2.5 times the upper limit of the reference interval to be moni-
tored closely for signs of thyrotoxicosis.

The authors’ view is that TRAbs should be measured in early pregnancy and,
if negative, they don’t need to be repeated. If they are positive, they should be
repeated at week 18-22 of gestation and, if they remain positive, at week 30-34.
Furthermore, it is also the authors’ view that, given the seriousness of ND, any
TRADbs titre above the laboratory’s cut-off should be considered “positive” and
the neonatologists should be alerted.
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Foetal Ultrasonography

Serial ultrasound testing should be performed in the presence of elevated TRAbs
and uncontrolled hyperthyroidism for the assessment of gestational age, foetal via-
bility, amniotic fluid volume, foetal anatomy, and detection of malformations [1].
Alarming signs of potential foetal hyperthyroidism include foetal tachycardia (heart
rate >170 bpm), intrauterine growth restriction, presence of foetal goitre, signs of
congestive heart failure, and foetal hydrops [63, 64].

Umbilical Cord Sampling

Elevated TRAbs alone is not an indication for umbilical cord sampling (cordocen-
tesis) [65] as it is associated with foetal mortality and morbidity [66, 67] and a rela-
tively high recall rate [68]. It should be used in rare circumstances and performed in
an appropriate setting [1]. Possibly its only role lies in women who are TRADbs posi-
tive and receive ATDs and the foetal thyroid status is unclear but overall it is not
recommended [1, 38, 69, 70].

Maternal and Foetal Aspects, Pregnancy Outcomes

It is well documented that overt hyperthyroidism was directly linked with adverse
pregnancy outcomes and that the duration and inadequate control of maternal thy-
rotoxicosis were clear determinants of maternal and foetal/neonatal complications
[28, 58, 71, 72]. Early recognition and appropriate treatment of maternal hyperthy-
roidism is therefore of paramount importance to prevent these complications [1,
11]. On the other hand, subclinical hyperthyroidism, i.e. suppressed TSH and nor-
mal/upper end of normal fT4 levels, does not seem to be associated with adverse
pregnancy outcomes [73, 74]. The adverse outcomes of uncontrolled hyperthyroid-
ism are summarised in Table 6.

Maternal Aspects of Uncontrolled Thyrotoxicosis

The two main maternal complications of uncontrolled hyperthyroidism are conges-
tive cardiac failure (CCF) and thyroid storm. Thyroid storm is discussed in detail in
chapter “Thyroid Storm and Neonatal Hyperthyroidism” of this book. CCF can com-
plicate up to 5-10% of pregnancies with untreated or uncontrolled hyperthyroidism
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Table 6 Maternal, obstetric and neonatal complications of uncontrolled hyperthyroidism

Complications of gestational hyperthyroidism

Maternal

Side effects of antithyroid drugs
Cardiovascular (tachyarrhythmias, left ventricular dysfunction)

Thyroid storm
Obstetric
Miscarriage
Still birth
Preterm labour or delivery

Gestational hypertension
Foetal dysthyroidism

Foetal distress/intrauterine growth restriction

Placental abruption

Haemorrhage

Neonatal
Low birth weight (2.500 g) or macrosomia (>4.500 g)
Respiratory distress syndrome

Admission to neonatal intensive care unit

Neonatal dysthyroidism

Congenital abnormalities/neurobehavioural disorders of the offspring

[75,76]. This frequency is significantly higher compared to non-pregnant thyrotoxic
women, which implies that this is due to the increased cardiac workload secondary
to thyrotoxic and pregnancy cardiovascular effects [75]. In many cases an additional
precipitant is present, for example, anaemia, sepsis, bleeding or preeclampsia [75].
In the majority of cases of CCF in pregnancy an additional precipitating event is
identified, for example, sepsis, trauma, bleeding or labour.

CCF should be managed in an intensive care unit. Almost always supportive treat-
ment is required such as diuretics, vasopressors/inotropes, controlled cooling and
aggressive management of any precipitating factors (sepsis, anaemia, trauma, etc.).

Foetal Aspects and Pregnancy Outcomes

Hyperthyroidism also impacts on foetal health. For some time there has been a
debate in the literature whether it is hyperthyroidism per se or the underlying auto-
immunity accompanying GD that is responsible for the adverse foetal outcomes. On
one hand it has been shown that the presence of antibodies is associated with higher
frequency of obstetric complications [58, 71]. On the other hand, a previous large
prospective (cohort) study [73] and a recent systematic review and meta-analysis
has shown that subclinical autoimmune hyperthyroidism is not linked with higher
frequency of intrauterine growth restriction [74]. Furthermore elegant studies of
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women with a diagnosis of resistance to thyroid hormone (RTH) showed that ele-
vated maternal T4 levels can directly adversely affect foetal development (miscar-
riage rate and birth weight) [7, 8, 77]. It is therefore more likely that adverse
pregnancy outcomes are directly related to the duration and inadequate control of
maternal thyrotoxicosis rather than the autoimmunity per se.

Several case studies and large retrospective studies have shown that inadequately
controlled thyrotoxicosis is associated with a risk of spontaneous abortion, preterm
delivery, low birth weight, and stillbirth [28, 72, 78-84].

Conclusions

Over the last two decades there has been an increase in the knowledge and our
appreciation of the physiological and immunological aspects of thyroid func-
tion in relation to pregnancy. This accumulating knowledge has led to a different
approach to gestational thyrotoxicosis with close maternal and foetal surveillance.
Uncontrolled thyrotoxicosis can lead to adverse maternal, obstetrical and foetal
outcomes; therefore prompt diagnosis and timely initiation of treatment is essential
to reduce the risk. On the other hand, the use of ATDs during pregnancy is associ-
ated with potential hazard to the foetus so their unnecessary use should be avoided.
The complexity of the different clinical scenarios of thyrotoxicosis during gesta-
tion makes close follow-up by a specialist crucial. Maternal hyperthyroidism due
to GD poses the foetus at an additional risk, that of neonatal dysthyroidism due to
maternal thyroid receptor antibodies crossing the placenta and entering the foetus.
As a consequence the management of the pregnant woman with GD has two goals:
First, the restoration and maintenance of maternal euthyroidism throughout preg-
nancy using the recommended ATDs according to the stage of gestation. Second,
the appropriate risk stratification and close monitoring of the foetus for evidence of
hyperthyroidism.

Measurement of TRAbs has become a very useful tool in pregnancy, not only
when the diagnosis is unclear, for example, in newly developed thyrotoxicosis in
early pregnancy, but also for neonatal thyrotoxicosis risk stratification purposes.
The TRADbs titre in pregnancy allows an individualised approach to each mother and
foetus. Although rarely, offspring of mothers with GD can develop foetal/neonatal
thyrotoxicosis. The complexity of the condition and the emerging evidence require
close collaboration between endocrinologists, obstetricians and neonatologists.

Despite the accumulating evidence over the last two decades and the comprehen-
sive available guidelines, there are still questions to be answered and critical issues
to be addressed. It needs to be clarified what are the optimal maternal TRAbs con-
centration cut-offs for prediction of FD/ND. In our opinion, given the seriousness of
ND, it seems reasonable to adopt the lower cut-off point until more data become
available. Additionally, further studies evaluating the safety of alternative therapies
of thyrotoxicosis in pregnancy (e.g. potassium iodide) will be valuable.
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Summary

Normal maternal thyroid function is essential not only for maternal health, but also
for foetal development. Thyrotoxicosis, which is the clinical syndrome of hyperme-
tabolism and hyperactivity that occurs when a person is exposed to supraphysiologi-
cal concentrations of thyroid hormones (TH), can present during pregnancy. Albeit
less common than hypothyroidism in pregnancy, it can pose a challenge to the clini-
cian given its diagnostic and therapeutic difficulties as well as the possible maternal
and foetal complications. One of the main challenges is the prompt differential
diagnosis between transient thyrotoxicosis often due to hyperemesis gravidarum
and Graves’ disease (GD) if the woman is not already known to have thyrotoxicosis
prior to the pregnancy. This is crucial in pregnancy as Graves’ disease is linked with
various maternal and foetal complications, some of which can be serious or life-
threatening especially in case of late recognition and poor management. An addi-
tional difficulty is that many of the symptoms of thyrotoxicosis such as sweating,
nausea, palpitations, insomnia, anxiety, fatigue are nonspecific and can “mimic”
frequent pregnancy complaints. However, a careful clinical assessment can raise the
clinical suspicion of newly developed thyrotoxicosis in pregnancy. The diagnosis
should be confirmed with measurement of the levels of the TSH as well as of the
free-T4/free-T3. If the exact diagnosis is uncertain, measurement of TSH receptor
antibodies (TRAbs) is indicated, since the presence of these antibodies differenti-
ates GD from other causes of gestational thyrotoxicosis. Furthermore, in cases of
GD the measurement of TRAbs has prognostic significance for the development of
GD in the foetus. The overall goal of management is to maintain or achieve euthy-
roidism as early as possible in pregnancy. Anti-thyroid drugs (ATDs) are the corner-
stone of treatment of hyperthyroidism in pregnancy. Thyroidectomy should be
preserved as second line option in selected cases and radioactive iodine (RAI) treat-
ment is contraindicated in pregnancy.
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Spyridon N. Karras and Themistoklis Tzotzas

Introduction

Pregnancy is an ongoing dynamic state, where the developing child is under the
influence of a continuum of biologic events that enables tissue adaptation. This
multifactorial process represents interplay between genetic, environmental, and
hormonal influences, which regulate the function of a specific tissue [1]. It has been
demonstrated that this critical time frame of intrauterine development comprises a
“window of vulnerability”: the developing fetus is susceptible to a changing envi-
ronment, enabling a phenotypic diversity and aiming for a maximum adaptation at
future life. At this time of endometrial plasticity, certain mother-related parameters,
including disorders of thyroid function, could significantly affect the optimal course
of pregnancy and the in utero fetal development [2]. In the case of thyrotoxicosis, an
in-depth knowledge of the pathophysiology of the disease, patient’s clinical symp-
toms and signs is required, as well as the inherent ability of the clinician, to integrate
available findings, with laboratory results [3].

The most common cause of thyrotoxicosis during pregnancy results from auto-
immune hyperthyroidism [Graves’ disease (GD)], and rarely from autonomous
thyroid nodules or toxic multinodular goiter [3]. In the pregnant state, however,
physiological hormonal changes, induced by pregnancy per se, might lead to mis-
leading laboratory findings, including a significant decrease of thyroid stimulating
hormone (TSH) as well as an increase in total thyroxine (T4) and free T4 (FT4)
concentrations, which in combination with some of the clinical symptoms of
early pregnancy could comprise a significant clinical dilemma [4]. These adaptive
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responses affect reference range values for TSH in pregnant women, and the use of
pregnancy-specific reference ranges is recommended [1, 2].

Apart from the unique laboratory findings, mimicking hyperthyroidism, in
some cases, pregnant women with no previous or present history of autoimmune
hyperthyroidism, manifest a wide range of clinical signs and symptoms, including
morning sickness, different degrees of vomiting, palpitations, and weight loss [5].
These findings, in conjunction with “abnormal” thyroid tests that are often found in
early pregnancy, might suggest the diagnosis of hyperthyroidism; however, during
pregnancy differential diagnosis is often intriguing, since there are some forms of
gestational hyperthyroidism, resulting primarily from the sharp increase and TSH-
like activity of human chorionic gonadotropin (hCG) [6]. The latter “physiological”
changes manifest a transient course of hyperthyroidism, requiring no antithyroid
drug (ATD) treatment or other intervention. This form of gestational transient
hyperthyroidism (GTH), as a result of adaptive responses during pregnancy, with
no autoimmune background or the presence of autonomous thyroid nodules, will be
the objective of this chapter.

Definition

A plethora of previous definitions have been used to describe this clinical entity,
with an initial attempt to be incorporated in the syndrome of hyperemesis gravi-
darum (HG) [7], comprising a severe form of nausea, vomiting, and weight loss,
which often requires hospitalization. However, this term might not be representative
for the milder forms of gestational hyperthyroidism, as well as for the other causes
of gestational transient hyperthyroidism. Kimura et al. [8] proposed the term “gesta-
tional thyrotoxicosis,” whereas the terms “gestational hyperthyroidism” and “gesta-
tional transient thyrotoxicosis™ have also been suggested, previously. In our opinion,
we consider the term thyrotoxicosis not physiologically entirely sound, whereas the
term used by Goldman et al. [9], “transient non-immune hyperthyroidism of early
pregnancy,” could be considered as the most holistic terminology to describe the
key characteristics of this entity. More precisely the term “non-immune” needs to
be confirmed by future mechanistic studies. In this chapter, the term “gestational
transient hyperthyroidism (GTH)” will be used to describe this entity.

Prevalence

The prevalence of hyperthyroidism resulting from GD is approximately 0.1-0.4%
of patients [2], whereas the overall prevalence of all forms of thyrotoxicosis in preg-
nancy is 34% [3]. GTH comprises the most common form of hyperthyroidism in
the early stages of pregnancy, with about 70% of cases diagnosed in the time frame
of the first 12—16 weeks of pregnancy.
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The prevalence of GTH varies among populations worldwide, indicating poten-
tial effects of different iodine status, obstetrical routine laboratory evaluation, ethnic
or TSH-receptor polymorphism variations and prevalence of thyroid autoimmu-
nity. Glinoer [10] reported a prevalence of 2-3% in Belgian women during 8th to
14th week of pregnancy, whereas the prevalence of gestational thyrotoxicosis in
Asian women was found to be 11.0% and was significantly higher in subjects at
8—11 weeks of gestation than at 12—14 weeks [11]. Similarly, non-European popula-
tions, including those of Indian ethnic origin (Pakistani, Bangladeshi, and Indian)
and Pacific Islanders [12—14], have also been reported to manifest a prevalence of
approximately 15% of women at early pregnancy, compared to 4.8% of European
women [12], highlighting its high prevalence in pregnant populations worldwide.

Pathophysiology

Pregnancy is characterized by a profound increase in plasma flow and glomerular
filtration rate [1, 2]. This phenomenon results in a significant increase of extracel-
lular pool of distribution of total T4 and triiodothyronine (T3), which are required
to increase their concentrations to a new steady state, in order to adapt to the new
plasma equilibrium [2, 15]. The enhanced biological production of T4 and T3 is
facilitated mainly through the estrogen-mediated increased production of thyroxine-
binding globulin (TBG) and the hCG stimulation of the thyroid gland [16].These
necessary adaptive responses, which result in a positive net-load of thyroid equilib-
rium, are also required to overcome the increased thyroid turnover observed during
pregnancy.

In the case of high maternal-fetal concentration gradient [17], a significant trans-
fer of T4 can occur, since fetal brain has the ability to induce the efficiency of
T4-to-T3 conversion. The main adaptive response, which protects the fetus from
inappropriate intrauterine exposure of T4, is the upregulation of type iodothyronine
deiodinase (D3) expression, in the fetal-placental-uterine unit, which deactivates T3
and T4 [18].

In addition, the increased iodine clearance results in increased iodine require-
ments during pregnancy [19]. It becomes evident that during early stages of preg-
nancy, a tightly coordinated biological balance is evident, which on one hand
maximizes optimal thyroidal status through maternal stores for the brain develop-
ment of the fetus, and on the other hand protects the embryo from exposure to high
T4 concentrations.

At that basis, hCG plays an integral role in the establishment of this physiologi-
cal interplay, during early pregnancy [1]. It belongs to the glycoprotein family hor-
mone, sharing similarities with other members of this family.

These hormones are composed of two non-covalently linked subunits, o and f:
o subunit is shared by all of them, whereas p subunit is characteristic of each hor-
mone. HCG f subunit is encoded by a cluster of genes located on chromosome
19 [20]. Therefore, hCG is a heterodimeric protein synthesized mainly by the
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syncytiotrophoblast [21]. It has been reported that hCG mRNA is detected at six- to
eight-cell embryo stage, so its production in human embryos begins before implan-
tation [22]. From day 8 after fertilization, hCG is detectable in maternal serum,
and its levels peak at tenth week of gestation, decreasing then slowly until the end
of pregnancy [21]. Moreover, in first-trimester placental explants, it was reported
that the secretion of this glycoprotein is pulsatile [23]. B-hCG subunit detection
in serum and urine is commonly used as a pregnancy test [21], being higher in
multiple pregnancies [23] in trophoblastic tumors and in HG [1, 2]. HCG binds
to G protein-coupled receptor luteinizing hormone-hCG, and mainly activates the
enzyme adenylyl cyclase, increasing concomitantly cyclic adenosine monophos-
phate (cAMP) levels and protein kinase A (PKA) activity. By its activation, hCG
plays several pleiotropic roles during gestation, owing to its autocrine and paracrine
actions, interfering with several processes that are vital for the pregnancy outcome,
including immunotolerance.

It suppresses the maternal immunological system through an increase of T regu-
latory cell number at the fetal-maternal interface [24, 25]. This effect has been asso-
ciated with the high remission rates of autoimmune disorders, often observed due
to the suppression of the maternal immune system associated with pregnancy [25].

HCG is also a weak agonist of the human thyroid receptor (h TSHR), with less
potency compared to TSH (1 U HhCG = 0.7 pU of human TSH), thereby increasing
thyroid hormone production in normal pregnancy, which is usually not associated
with clinical symptoms [26, 27]. In cases where high concentrations of hCG are
evident, this agonist activity is enhanced, resulting in some cases in clinical and
laboratory findings of hyperthyroidism, including diffuse goiter, elevated free T4
concentrations, and suppressed TSH [3]. The amount of desialylated hCG produced
modulates its thyrotropic actions, since molecules that are less sialylated activate
the TSH receptor to a greater extent [27].

Recent results however expand the association of hCG thyrotropic actions during
early pregnancy and GTH beyond this hypothesis, implicating genetic and addi-
tional hormonal factors involved in this interaction. In detail, growth differentiation
factor 15 (GDF15), a divergent member of the transforming growth factor-f§ (TGF-
B) superfamily, which has been reported to exert a significant role in the regula-
tion of energy substrate utilization or energy expenditure [28], has been increased
in patients with hyperthyroidism compared with healthy subjects and dramatically
declined after thionamide treatment [29], confirming an independent association
between serum GDF15 levels and hyperthyroidism.

GDF15 and IGFBP7 are critical factors involved in early placentation, but are
also unregulated in early pregnancy and cause loss of appetite in animal models
[30-32]. GDF15 receptor GFRAL was recently identified and is localized in the
brainstem where feeding behavior, nausea, and vomiting are regulated [33]. They
are also upregulated in early pregnancy and cause loss of appetite in animal models
[30-32, 34].

In a recent genome-wide association study meta-analysis, these factors have
been found to be important pathogenetic contributors for HG [35],which comprises
the most severe form of nausea and vomiting of pregnancy (NVP).
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Although hCG concentrations are considered the main determinant of HG, this
hypothesis is currently challenged by studies that involved additional parameters,
including GDF15 and IGFBP7. These factors, due to their thyrotropic activity, are
likely to provide an additional link between adaptive hormonal changes in early
pregnancy and GTH development.

On the other hand, hCG manifests a central and peripheral regulatory action
in appetite control and gastric emptying through cholecystokinin 1 receptors [36],
whereas gut-derived regulatory peptides, ghrelin and PPY-3 have been also impli-
cated in the pathogenesis of HG [37]. Thyroid hormones are well-established
regulators of these appetite-regulatory hormones [37, 38]. It becomes evident that
additional metabolic pathways are likely to mediate the interplay between the devel-
opment of GTH and hCG, in early pregnancy, that remain to be elucidated.

In addition, familial mutations at the lysine 183 amino acid in the extracellular
N-terminal domain of human TSH receptor (h TSHR) have been associated with
hypersensitivity to hCG and familial gestational hyperthyroidism [39]. It has also
been proposed that hCG may trigger the onset of GD in susceptible individuals
[40], as well as the worsening or relapse in women with known GD, who become
pregnant [41]. It becomes evident that genetic factors as well as autoimmunity are
vital components of this complex association, which lies well beyond a simple
concentration-derived effect of hCG, during early pregnancy.

Clinical Features

NVP affects 50—-90% of all pregnant women [42] and has been considered as a pro-
tective mechanism against the toxicity induced by ingestion of harmful compounds
and “palatable” foods for the developing fetus. It has been previously reported that
the severity of nausea and vomiting correlates with the degree of hyperthyroidism
in early pregnancy [43]. HG, the most severe form of NVP, occurs in 0.3-2% of
pregnancies and leads to significant weight loss, dehydration, electrolyte imbalance,
and ketonuria [44] and is associated with maternal morbidity such as Wernicke’s
encephalopathy, renal and liver function abnormalities, esophageal rupture, post-
partum posttraumatic stress, and depression. HG is also associated with a four-fold
increased risk of adverse fetal outcome including low birth weight, intrauterine
growth restriction, preterm delivery, fetal and neonatal death, and a three-fold
increased risk of neurodevelopmental delay in children [45, 46]. As mentioned
above, hCG plays an integral part in the pathogenesis of GTH [44] and has been
also involved in the development of GTH. GTH is diagnosed in 1-3% of pregnan-
cies and is observed more frequently in pregnant women suffering from HG and
usually resolves by 18 weeks gestation [9].

The severity of nausea and vomiting often determines the pattern of clini-
cal symptoms, since fatigue, palpitations, and muscle cramps are likely to occur.
Clinical signs are also intimately correlated with the degree of dehydration, includ-
ing hypotension, tachycardia, fine tremor, and myopathy, which improve after fluid
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and electrolyte replacement. Common signs of thyrotoxicosis, including goiter
and exophthalmos, are in the vast majority of cases absent, with the exception of
patients with previous autoimmune hyperthyroidism and co-existent GTH. In rare
cases of hyperplacentosis or trophoblastic disease due to molar pregnancy or tro-
phoblastic tumors, symptoms and signs also correlate with the degree of hCG con-
centrations. In this case, the most common manifestation is vaginal bleeding with
preexistent amenorrhea, and under these circumstances a careful obstetrical evalu-
ation is required [9].

Clinical, Laboratory, and Imaging Diagnosis

A holistic approach for diagnosing GTH presupposes a detailed report of previ-
ous medical history of the future mother, including absence of autoimmune thyroid
disease or associated symptoms before pregnancy, history of significant nausea and
vomiting in previous pregnancies, family history of HG, Helicobacter pylori infec-
tion, and a low body mass index [2, 9]. As noted above, goiter or firm thyroid at
palpation and ophthalmopathy are absent, whereas signs of dehydration might be
evident. Prominent nausea and vomiting favor a diagnosis of HG, although these
symptoms might co-exist in women with pre-existing Graves’ disease. In this case,
additional signs of thyroid disease would be expected (Table 1).

Laboratory evaluation is crucial for differential diagnosis of GTH and first tri-
mester Graves’ disease. Whereas in both situations concentrations of FT4 or FTI are
increased and TSH is maximally suppressed or undetectable, in the case of GTH, titers
of antithyroid antibodies, thyroid peroxidase (TPO), and TRAbs are low or negative
[1, 2, 9]. Measurements of TT3 or FT3 and FT4 are particularly useful, since a higher
FT3/FT4 ratio has been reported in active GD compared to GTH, identifying a cut-off
ratio of 2.7 [47], with a sensitivity and specificity of 77% and 88%, respectively.

HCG concentrations have been also reported to be significantly higher in GTH,
compared [48] with active GD, with values above 400.000 IU/L suppressing TSH

Table 1 Differences between gestational transient hyperthyroidism (GTH) and preexistent
Graves’ disease (GD)

GTH GD
Etiology HCG’s thyrotropic action Autoimmunity
Prepregnancy symptoms Absent Usually present
Nausea/hyperemesis Present Rare
Electrolytes/liver abnormalities Often present Absent
Goiter/Ophthalmopathy Absent Usually present
Anti-TPO/TSHRAbs Absent Present
FT3/FT4 ratio <2.7 >2.7
Antithyroid drug intervention Not needed Usually needed
Maternal/fetal complications Usually absent Present
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concentrations [6]. A hCG cut-off of 70.000 miu/L has been also reported to dif-
ferentiate GTH and GD, however, with a lower specificity (51%) compared to FT3/
FT4 ratio, in ROC curves [48]. Transient electrolytes abnormalities (60%) and liver
abnormalities (50%) of patients are also a common manifestation of HG [44], which
differentiates GTH from active GD [1, 9].

The course of GTH is also clinically useful, since in the vast majority of situ-
ations, vomiting subsides after 14—18 weeks gestation, and serum FT4 returns to
normal values by the 15th week gestation, although in some cases, NVP might sub-
side a few weeks later [40, 41]. Thyroid ultrasound in women with active GD might
reveal a heterogeneous pattern of the gland as found in autoimmune thyroiditis, as
well as an increased vascularity, which is however also found during pregnancy
as a result of the increase in the plasma blood flow [49]. Thyroid scintigraphy is
not indicated during pregnancy. Abdominal ultrasound could be considered in col-
laboration with a gynecologist, to rule out multiple pregnancies or the presence of a
hydatidiform mole (molar pregnancy).

Management

GTH is a condition that in most cases does not require ATD intervention.
Propylthiouracil was used in selected cases, with no improvement in outcomes,
whereas larger studies comparing conservative and drug approach are warranted.
However, in cases with difficulty to differentiate early GD from GTH, low doses of
propylthiouracil (100-200 mg) might be useful for a few weeks. Pregnant women
could be re-assured regarding the benign course of this entity, resulting from adaptive
changes [9, 40, 41]. Close collaboration with the obstetrician is required. In cases of
HG, management includes intravenous hydration, containing vitamin B complex and
nausea medications: for women with persistent vomiting, significant weight loss,
and presence of ketones in urine, hospitalization is very frequently required [44].

Pregnancy and Neonatal Outcomes

Due to its short and self-limiting course, GTH does not appear to associate with
significant adverse pregnancy or neonatal outcomes as is the case in GD [50, 51].
However, few studies have found that the gestation period was shorter in mothers
with GTH and that their infants had significant lower birth weight compared to
mothers with normal thyroid function [52, 53]. In such cases, a negative correlation
was found between the FT4 values in the early pregnancy and the gestational period
[52].The lower birth weight in these infants is related to severity of hyperemesis
and degree of weight loss but not correlated to GTH per se [53]. Therefore, specific
prenatal care is not necessary in infants of mothers with GTH but can be considered
in cases of mothers presenting the abovementioned hypercatabolic symptoms.
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In the table, differences in the etiology, clinical manifestations, laboratory diag-
nosis, and management between GTH and GD are presented.

Summary

GTH is a self-limiting condition resulting from adaptive responses during preg-
nancy, with no autoimmune background or the presence of autonomous thyroid
nodules.

It requires an in-depth knowledge of the hCG pleiotropic actions during early
pregnancy, as well as the ability of the clinician to differentiate early GD, based
on patient’s clinical picture and laboratory results. Optimal collaboration, with the
obstetrical team and neonatologists, as well as close prospective follow-up is war-
ranted in most cases.
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Thyroid Storm and Neonatal
Hyperthyroidism

Atieh Amouzegar

Introduction

Thyroid storm is a rare but a life-threatening condition which presents with severe
clinical signs and symptoms of hyperthyroidism. Hyperthyroidism occurs in
0.1-1% of pregnant women [1, 2] but hyperthyroid pregnant women are more
likely to develop a thyroid storm than those who are not pregnant [3]. Thyroid
storm can be life-threatening, with a high mortality rate of 10-30% if not recog-
nized immediately and aggressively treated [4]. It can happen in patients with any
primary cause of hyperthyroidism which remained undiagnosed or untreated, such
as Graves’ disease, toxic multinodular goiter, and solitary hyper-functional ade-
noma, and usually develops by a precipitating factor such as infection, trauma,
acute myocardial infarction, surgery, labor, delivery, surgical delivery, or parturi-
tion [5]. Diagnosis and treatment of thyroid storm during pregnancy is more critical
as it can lead to maternal and fetal mortality. As thyroid storm has a fulminant
course and could involve multiple organs including central nervous, thermoregula-
tory, cardiovascular, and gastrointestinal system, all involved physicians must strive
to accurately detail all signs and symptoms to decrease this morbid condition.
However, even with early diagnosis, the overall mortality remains high, between 10
and 30% [6].

The diagnosis, pregnancy outcomes, differential diagnosis, treatment, and moni-
toring of this entity and neonatal hyperthyroidism are reviewed here separately.

A. Amouzegar (P<)

Endocrine Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti
University, Tehran, Iran

e-mail: amouzegar@endocrine.ac.ir

© Springer Nature Switzerland AG 2022 167
F. Azizi, F. Ramezani Tehrani (eds.), Thyroid Diseases in Pregnancy,
https://doi.org/10.1007/978-3-030-98777-0_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-98777-0_11&domain=pdf
https://doi.org/10.1007/978-3-030-98777-0_11#DOI
mailto:amouzegar@endocrine.ac.ir

168 A. Amouzegar
Signs and Symptoms, Differential Diagnosis

Clinical findings of thyroid storm are exaggerated form of the usual symptoms of
hyperthyroidism including tachycardia with heart beats which can be more than 140
beats/minute and congestive heart failure, hypotension, cardiac arrhythmia, and
finally can lead to death from cardiovascular collapse. Agitation, anxiety, delirium,
psychosis, stupor, and coma are also common which were considered as main symp-
toms that make the diagnosis. Gastrointestinal symptoms such as nausea, vomiting,
diarrhea, abdominal pain, or even jaundice and liver failure can also occur. Due to
decreased peripheral vascular resistance and increased cardiac output during preg-
nancy compared to non-pregnant periods, developing heart failure is a threat in thy-
roid storm during pregnancy [7] which occurs in 10% of pregnant women with
thyrotoxicosis. Physical examination usually reveals signs of hyperthyroidism such
as goiter, ophthalmopathy (if Graves’ disease is the diagnosis), lid lag, hand tremor,
warm, moist skin, tachycardia, tachypnea, and fever. The clinical signs and symp-
toms of thyroid storm during pregnancy are the same as non-pregnancy period.

Diagnosis

The diagnosis of thyroid storm is based upon clinical and laboratory findings. There
are no universally validated diagnostic criteria for diagnosing thyroid storm but a diag-
nostic criteria was developed by Burch and Wartofsky based on body temperature,
central nervous system effects (agitation, delirium state, psychosis, stupor, seizure,
coma), gastrointestinal-hepatic dysfunction (nausea/vomiting, diarrhea, abdominal
pain, jaundice), cardiovascular dysfunction (tachycardia, cardiac arrhythmia including
atrial fibrillation), heart failure (mild, moderate, severe), and presence or absence of
precipitant history. It gives us scores according to the presence of each above symp-
toms and a score of 45 or more shows that the patient has thyroid storm (Table 1) [8].

Thyroid function tests including TSH, Total T4, free T4, and T3 should be
assessed in pregnant patients with clinical suspicion of thyroid storm. During this
critical period, other conditions such as mild hyperglycemia, mild hypercalcemia,
abnormal liver function tests, abnormal leukocyte count including leukocytosis, or
leukopenia should be noticed. Finding the probable causes of thyroid storm is
important that can culminate to better prognosis if be treated properly.

Treatment

As thyroid storm is more critical and life-threatening condition during pregnancy,
treatment should be initiated promptly targeting all three steps of thyroid hormone
formation, release, and action. A multidisciplinary team approach is critical for
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Table 1 Diagnostic criteria for thyroid storm

Thermoregulatory dysfunction: Score | Cardiovascular dysfunction: heart | Score

temperature, F rate, bpm

99-99.9 5 90-109 5

100-100.9 10 110-119 10

101-101.9 15 120-129 15

102-102.9 20 130-139 20

103-103.9 25 >140 25

>104 30

Central nervous system dysfunction Score | Cardiovascular dysfunction: heart | Score
failure

Absent 0 Absent

Mild (agitation) 10 Mild (pedal edema) 5

Moderate (delirium, psychosis, extreme |20 Moderate (bibasilar rales) 10

lethargy)

Severe (seizure, coma) 30 Severe (pulmonary edema) 15

Gastrointestinal and hepatic Score | Cardiovascular dysfunction: atrial | Score

dysfunction fibrillation

Absent 0 Absent 0

Moderate (diarrhea, nausea, abdominal | 10 Present 10

pain)

Severe (unexplained jaundice) 20

Precipitant history Score

Absent 0

Present 10

Adapted from: Burch HB, Wartofsky L. Life-threatening thyrotoxicosis. Thyroid storm. Endocrinol
Metab Clin North Am 1993; 22:263. A score of 45 or greater is highly suggestive of thyroid storm:
a score of 25 to 44 is suggestive of impending storm, and a score below 25 is unlikely to represent
thyroid storm

management of thyroid storm during pregnancy in order to successfully offer the
patient all possible therapeutic options. The patient needs to be admitted in an inten-
sive care unit for close monitoring and the implementation of treatment strategies.
Therapeutic options should target the thyroid gland in the thyroid hormone synthe-
sis and release and also minimize the adverse effects of circulating thyroid hormone
to prevent their action that cause end-organ damage.

The first-line therapy in treating thyroid storm consists of using thionamides
(Methimazole, Propylthiouracil), which halt new thyroid hormone production. As
these medications inhibit thyroid peroxidase, a key enzyme involved in the formation
of T3 and T4 from thyroglobulin, they play a fundamental role in thyroid storm treat-
ment. Both drugs are used to treat hyperthyroidism; however, as PTU has an added
benefit of decreasing the peripheral change of T4 to T3, it would be a more favorable
treatment option during this critical stage. Secondly, new thyroid hormone synthesis
can be blocked by adding nonradioactive iodine which is able to inhibit the organic
binding of iodide to thyroglobulin in the thyroid gland by a mechanism known as the
Wolff-Chaikoff effect. This effect usually lasts temporary because the thyroid gland
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eventually finds a way to escape from prolonged iodide excess. Inorganic iodine is
suitable to be given orally as a saturated solution of potassium iodine (SSKI). It usu-
ally is given 5 drops (equal to 0.25 mL or 250 mg) four times a day or as Lugol’s
solution with a dose of 8 drops given every 6 h. Be careful that SSKI must be given
after thionamides administration in order to prevent worsening of hyperthyroidism as
the iodine can be used as a substrate for new thyroid hormone. Using glucocorticoids
to reduce T4 to T3 conversion can help in treatment of thyroid storm. Dexamethasone
2 mg every 6 h intravenously can be used in the management of thyroid storm. In
addition, it may have effects on underlying autoimmune process, if the thyroid storm
is due to Graves’ disease, and can be helpful in treating potentially associated low
adrenal reserve. General supportive measures, such as giving oxygen, antipyretic
drugs, and appropriate cardiovascular monitoring, are also crucial. The perceived
underlying cause of precipitating thyroid storm should be treated. Presence of pre-
cipitating factors and dehydration, congestive heart failure, dysrhythmia, infection
and prevention of adrenal crisis need special attention and must be treated immediately.

Neonatal Hyperthyroidism

Infants born to mothers with Graves’ disease may involve with hyperthyroidism.
Natural course of the disease shows that it usually is self-limited, but it can be severe,
even life-threatening, and may have deleterious effects on neural development.

The prevalence of transient Graves’ disease in infants born to these mothers is
reported to be up to 20.0% in observational cohort studies with fetal and neonatal
hyperthyroidism incidence, between 1 and 5% in all women with active or a past
history of Graves’ hyperthyroidism [9, 10].

The Value of TRAD and Pathogenesis
of Neonatal Hyperthyroidism

Neonatal hyperthyroidism can occur in babies whose mothers have active Graves’
disease or who are born to women with a stimulatory TSHR-Ab associated with
Hashimoto thyroiditis due to trans-placental passage of the maternal stimulatory
TSH receptor antibody (TSHR-AD) [11], but notice that neonatal hyperthyroidism
also can occur in infants of women who do not have active disease during pregnancy
but has a history of Graves’ hyperthyroidism treated with either thyroidectomy or
radioactive iodine in the past and the level of stimulatory TSHR-ADb remained high
during pregnancy [12]. The higher the maternal stimulatory TSHR-Ab concentra-
tion is during the third trimester, the neonate is at greater risk for developing neona-
tal Graves’ hyperthyroidism. The lowest level of maternal TSHR-Ab leading to
neonatal Graves’ disease is 4.4 U/L, which corresponded to 3.7 times the upper
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limit of normal [13]. Neonatal Graves’ hyperthyroidism would be expected to occur
in 1-5% of infants born to Graves’s hyperthyroid mothers, and affects males and
females equally [14]. The incidence of neonatal hyperthyroidism is higher in infants
who were born to mothers with the higher maternal stimulatory TSHR-Ab concen-
tration during the third trimester of pregnancy. In terms of prevention of neonatal
hyperthyroidism, TSHR antibodies should be evaluated even before pregnancy and
in pregnant women at risk or have past history of fetal-neonatal hyperthyroidism.
Measuring serum TRAD in early pregnancy is a clue in detecting pregnancies at risk
of neonatal hyperthyroidism. In hyperthyroid mothers or euthyroid pregnant women
who previously received ablative therapy for GD, a TRAb value >5 IU/L or three
times the upper limit of normal, during the second and third trimester of pregnancy
need close follow-up of the fetus and neonates for fetal/neonatal hyperthyroidism.
Mothers who are euthyroid with antithyroid drugs may have high titer of TRAb; but
who are euthyroid and remained in euthyroid state, without using antithyroid medi-
cation, do not need to be checked for TRAb during pregnancy [15].

Clinical Manifestation of Neonatal Hyperthyroidism

The clinical manifestations of hyperthyroidism in neonates are tachycardia with a
bounding pulse, low birth weight for gestational age (SGA) and intrauterine growth
restriction (IUGR), premature birth, microcephaly, frontal bossing and triangular
face, warm, moist skin, neurological symptoms such as poor sleep, irritability,
hyperactivity, and restlessness. Hyperphagia, but poor weight gain, and diarrhea,
hepatosplenomegaly, diffuse goiter and sometimes cardiomegaly, cardiac arrhyth-
mias, or heart failure, and abnormal liver function tests (including increase in the
levels of AST, ALT, and direct bilirubin) are among the symptoms. Other manifes-
tation such as fetal hydrops and exophthalmos (presumably true Graves’ ophthal-
mopathy) are not common but can occur [16].

Diagnosis

The first step is clinical diagnosis of neonatal hyperthyroidism after reviewing med-
ical reports of the infants and their mothers. In those with a history of Graves’ dis-
ease with positive TSHR-Ab and also in whom the maternal TSHR-AD status is
unknown measurement of neonates’ thyroid function tests including serum TT4 (or
FT4), TT3, and TSH is recommended. Having the record of high maternal serum
TSHR-Ab during the third trimester helps to diagnosis of neonatal Graves’ hyper-
thyroidism. Elevated FT4, TT4, and total T3, with low TSH, are infamous of neona-
tal Graves’ disease and should be treated until the disease resolves. Infants with
normal thyroid function tests are euthyroid but should be followed clinically, with
repeat measurements of thyroid function tests if symptoms develop.
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Umbilical Cord Blood Sampling, Cordocentesis in Diagnosis
of Neonatal Hyperthyroidism

Measurement of TSHR-Ab in cord blood helps to predict the risk of neonatal
Graves’ disease in the infant. If the mother is known to have positive TSHR-AD and
is or was recently treated with an antithyroid drug, thyroid function tests (FT4, T4,
TSH) in cord blood will show the effects on balance of the stimulating antibody and
antithyroid drug in utero but do not help the physicians in the prediction of the risk
of neonatal hyperthyroidism [17]. So, in this situation, measurement of free T4 and
TSH at 2-3 days of life would help more than in cord blood.

Treatment

After diagnosis of neonatal hyperthyroidism, treatment should be initiated promptly.
MMI 0.25-1.0 mg/kg per day is the best choice and should be administered every
8 h [17]. Although PTU is also effective, it is not the first choice as it has more fre-
quent and severe side effects, such as a risk of hepatotoxicity. Suppressive action
occurs in 1-2 weeks. A beta-adrenergic blocker, such as propranolol in a dose of
2 mg/kg per day every 8 h, can be added to control symptoms of neuromuscular and
cardiovascular hyperactivity. Atenolol as a more cardio-specific beta-blocker (1 mg/
kg daily) can also be used. Iodine, in the form of Lugol’s solution (one drop equal
to 8 mg, 126 mg iodine/mL) every 8 h orally or SSKI, one to two drops daily, can
be given to inhibit thyroid hormone release. It should be given for short time,
1-2 weeks, and by controlling the disease, it needs to be stopped. Hyperthyroidism
is usually controlled within a few weeks using just an antithyroid drug and a beta-
blocker. With signs and symptoms of sympathetic hyperactivity, such as tachycar-
dia, hypertension, and poor feeding, a beta-blocker such as propranolol 2 mg/kg per
day divided in 2 doses for short period (1-2 weeks) can be added. To prevent thyroid
hormone production and peripheral change of T4 to T3, glucocorticoids (predniso-
lone in 1-2 doses at a dose of 2 mg/kg/day) can also be used in extremely ill infants
[17]. It works through inhibiting thyroid hormone secretion and decreasing periph-
eral conversion of T4 to T3 and controlling inflammation. In a case of heart failure
in a severe case, it needs a multidisciplinary approach to control it.

Summary

Although thyroid storm is a rare condition even during pregnancy, it is among endo-
crine emergencies; even the suspicion of the disease should be treated immediately
by a multidisciplinary team in an intensive care setting; otherwise it would accom-
pany with high mortality and morbidity in mothers and their fetus and neonates.
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Treatment should address all steps of thyroid hormone production, release, and
action, in a well-organized manner besides treating the precipitating factor and pro-
viding a supportive care.

Neonatal Graves’ disease develops in up to 5% of newborns to mothers with
Graves’ hyperthyroidism and by the trans-placental passage of maternal TSHR-AD.
Neonatal Graves hyperthyroidism includes premature birth and/or low birth weight
for gestational age, hyperactivity, irritability, tachycardia, arrhythmias, microceph-
aly, and increased frequency of bowel movements, hyperphagia, hepatosplenomeg-
aly, goiter, and stare. Measurement of neonatal thyroid function tests helps in
diagnosis of neonatal Graves’ disease. Thionamides are the main drugs which can
control hyperthyroidism. We expected that the disease improves rapidly and can the
neonate be weaned from medication by 3—12 weeks of age. Management of hyper-
thyroidism during early life needs a multidisciplinary team. Neonatal hyperthyroid-
ism must be recognized promptly and treated adequately; otherwise it can be lead to
significant morbidity and mortality.
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Thyroid autoimmunity which is regarded as one of the most prevalent autoimmune
disorders is defined as the presence of antibodies against either solely thyroperoxi-
dase (TPOAD), thyroglobulin (TgAb), or thyroid stimulating hormone (TSH) recep-
tor (TRAb), or a combination of them [1]. The first discovery of thyroid
autoantibodies is related to detecting higher autoantibodies to thyroglobulin (Tg) in
Hashimoto’s thyroiditis (the most common cause of hypothyroidism during preg-
nancy). TSH receptor is a membrane-bound G-protein coupled receptor, being tar-
geted as an antigen by autoantibodies in autoimmune thyroid disease. TSH receptor
antibodies (TRAbs) are landmark causative factors for Graves’ disease as the most
frequent reason of hyperthyroidism during reproductive period. Also, TRAbs induce
fetal and neonatal hyperthyroidism [2, 3].

Prevalence

The prevalence of TPOAb and TgAb positivity takes an upward trend with increas-
ing age (in females but not males), representing approximately 9-18% [1]. A long-
term follow-up study revealed that thyroid antibodies were developed in 21% of
women that reached age 55 and above [4]. Of note, TPOAb and/or TgAb positivity
is frequently seen among women during reproductive period with adequate supply
of iodine. TPOAD positivity is common in pregnancy and has been linked to several
adverse effects. Among pregnant women, the prevalence of TPOADb positivity con-
stitutes approximately 5—12% [5, 6]. On the other hand, seldom do thyroid antibod-
ies present in children, except for post-pubertal girls [7].
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Etiology and Influencing Factors

Both Tg and TPO are actively involved in the synthesis and secretion of thyroid
hormones. Their expression is highly dependent on growth factors such as IGF-1.
Their expression is also stimulated by TSH [8]. Additionally, TSH shows regulatory
effect on TPO gene on chromosome 2p25. Having identified the linkage of the chro-
mosome 8q24 locus, containing the Tg gene to the autoimmune thyroiditis, gene
polymorphisms was suggested as a landmark factor to induce immune response [9].
Totally, a number of genetic and non-genetic factors have been discussed to be
involved in the pathogenesis of thyroid autoimmunity, through which several thy-
roid antigens, including thyroperoxidase, thyroglobulin and TSH receptor are
expressed on the thyrocytes due to thyrocyte damage. Subsequently, antigen-
presenting cells (APCs) migrate to lymphoid tissue and induce the activity of CD4*
T cells, leading to B cell activation and increase in the production of antibody [10].
The dominance of autoantibody against TPO and Tg belongs to IgG class [11].

Maternal Adaptations During Pregnancy

During pregnancy, the maternal immune system utilizes several adaptations through
local and systemic pathways to establish an immunosuppressive process and hinder
the rejection of the fetus, leading to providing an immune tolerance. On the one
hand, a number of immunomodulatory molecules and cytokines, secreting from the
trophoblast cells of the placenta, lead to decreased CD4* and reverse the ratio of
CD4+*/CD8* T cells as well as increase the activity of T regulatory cells. On the other
hand, changes in the levels of estrogen, progesterone, and corticosteroids lead to the
suppression of the B cells activity, reducing the production of antibody [12, 13].

How Thyroid Autoantibodies Negatively Effect
on Reproduction and Pregnancy?

Thyroid autoantibodies adversely influenced reproductive status of women and
pregnancy outcomes through TSH-dependent and TSH-independent pathways.
TSH-Dependent Pathological Mechanisms

TPOAD positivity leads to lower levels of T3 and T4 and a TSH elevated level in
pregnant euthyroid women, reaching its peak to nearly two times higher than those
of pregnant women with TPO negative antibody [14] (Fig. 1). The increased TSH
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Fig. 1 (a) Alterations in TSH and TAbs levels during gestation, considering the status of TPOAb.
Generally, immune tolerance leads to a shrinkage in the levels of TAbs in the second trimester of
pregnancy, reaching its trough in the third trimester. Pregnant women with TPOAb+ show higher
levels of TSH than those with TPOAb—. (b) The dependency status of the fetus brain on the supply
of maternal TH. During the early stages of pregnancy, the fetal neuronal cells are entirely depen-
dent on the maternal TH for proliferation and migration. After weeks 18-20 of pregnancy, the fetal
thyroid gland becomes functionally matured and contributes to the brain development of the fetus.
Postnatal brain development is solely dependent on neonatal thyroid hormone production. TAbs
thyroid antibodies, TPOAb+ thyroperoxidase antibody positivity, TPOAb— thyroperoxidase anti-
body negativity, 7H thyroid hormone

contributes to alteration in GnRH pulsatility, leading to the LH response disruption
and inadequate function of corpus luteum [15]. Also, thyroid hormones could poten-
tiate FSH effects on granulosa cells, leading to an increase in estrogen production
[16]. Furthermore, TSH elevation makes some alteration in the metabolism of estro-
gen and production of SHBG, leading to changes in the levels of estradiol and tes-
tosterone [15]. Additionally, thyroid antibodies through changes in thyroid hormones
contribute to decreasing the coagulation factors. All these pathways have significant
adverse effect on quality of oocyte and development of placenta; as a result thyroid
autoimmunity has been reported to be as a predictor of IVF failure [17].

TSH-Independent Pathological Mechanisms

On the other hand, some negative effects of the thyroid antibodies on fertility are
independent of the impacts of TSH. These pathways are as follows: First, T cell-
derived cytokine secretion in the women’s uteri with antithyroid antibodies and B
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cell activation (as described in the above sections). Second, thyroid autoimmunity
has been strongly linked to endometriosis which is reported in nearly 15% of
women during reproductive period and also up to 50% of women with infertility.
This disorder negatively affects the process of reproduction as well as the results of
IVF [18, 19]. Third, natural killer cells hyperactivity as a known stimulator of
immune system occurs in thyroid autoimmunity state via both TSH-dependent and
TSH-independent pathways. Noteworthy is that vitamin D deficiency has been
reported as a triggering factor for the occurrence of thyroid autoimmunity as well as
infertility [20].

Changes of Thyroid Autoantibodies During Pregnancy

Thyroid autoantibodies may take an upward trend during the first trimester of preg-
nancy (nearly 20% of pregnant women), while showing a shrinkage in the second
trimester of pregnancy reaching its trough in the third trimester [3] (Fig. 1). Both Tg
and TPO antibodies show similar increasing/deceasing expression trends in various
conditions so that they take a downward trend during pregnancy and after antithy-
roid therapy, while take an upward trend postpartum and after interferon-alpha
therapy [3]. While both of these antibodies may predict thyroid dysfunction, TPOAb
is more efficient in this prediction [11]. This preference may be partly due to an
increase in the prevalence of TPOAb in the community and Graves’ disease.
Moreover, in the case of serum-positivity for solely one autoantibody, the probabil-
ity of TPOAD positivity is higher than TgAb positivity. Furthermore, TPOAD is
more efficient in predicting postpartum thyroid disease. Finally yet importantly,
TgAb alone has not been found to be linked to a disease [3].

Factors that Could Be Associated with the Development
of Antibodies

There is uncertainty regarding the exact pathophysiologic aspects of development
of antibodies at individual levels; however some possible introduced mechanisms
are as follows:

1. An inverse association may exist between the status of exposure to infection and
the level of autoimmunity; thyroid antibodies are more observed in towns which
their citizens are at less exposure to infection [20].

2. Discontinuation of smoking may contribute to a rise in the level of thyroid auto-
antibodies [21].

3. Individuals receiving drugs containing iodine such as amiodarone show higher
levels of thyroid antibodies [22].
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4. Hepatitis C patients receiving interferon alpha and also HIV patients on treat-
ment may show higher levels of thyroid antibodies [23].

5. In patients with thyroid disease, upregulation of thyroid antibodies may occur
during postpartum period [24].

Factors Reducing the Levels of Thyroid Autoantibodies [3]

1. The levels of thyroid hormones may be reduced by the time in various situations,
including pregnancy, patients receiving antithyroid drugs, patients with Grave’s
disease receiving prolonged radioiodine therapy, patients with Hashimoto’s dis-
ease receiving selenium, and by increasing in age.

Reference Interval and Cutoff Value
for Thyroid Autoantibodies

According to American Thyroid Association (ATA), reference intervals for thyroid
autoantibodies should be determined for each trimester of pregnancy as well as each
geographical region [25]. TPOAD cutoffs are not similar in pregnancy and general
population. During pregnancy, serum TPOAD levels take an upward trend in the first
trimester, whereas showing downward trends in the second and third trimesters [26]
(Fig. 1). Of note, the cutoff limits (the 95th percentile) related to TPOAb obtained
from various studies and manufacturers belonging to different countries are not
comparable, ranging from 0.5 to 143 kU/L. Despite some evidence on clinical sig-
nificance of increased TPOAD levels, when its levels exceed more than twice the
reported upper cutoff value [27], it is suggested that each geographical region iden-
tify the trimester-specific reference intervals for TPOAb.

TgAb concentration should be measured in the presence of TSH elevation and
TPOADb negativity. In the case of TSH elevation as well as TPOAb and TgAb nega-
tivity, thyroid ultrasonography is recommended to detect thyroid texture abnormal-
ity and establish the diagnosis of autoimmune thyroiditis [26].

Do Pregnant Women Need to Be Universally Screened
for Thyroid Autoimmunity?

Positivity of TPOAD in pregnant women can result in progression to overt hypothy-
roidism. Although recognition of these autoantibodies as a risk factor for adverse
pregnancy outcomes can prevent these complications, it is uncertain whether or not
pregnant women should be universally screened [28]. Despite some evidence
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regarding the cost-effectiveness of the screening of all pregnant women for autoim-
mune thyroid disease in the first trimester [29], universal screening of thyroid auto-
antibodies is not recommended due to the lack of sufficient evidence [25], although
screening of these autoantibodies is commonly performed in pregnant women iden-
tified with overt or subclinical hypothyroidism [30].

What Are the Adverse Fertility and Pregnancy Outcomes
of Thyroid Antibodies?

In pregnant women with thyroid autoantibody positivity and normal thyroid hor-
mones, the association between thyroid autoantibodies and abnormal pregnancy
outcomes is still unclear and has attracted much attention from researchers world-
wide. Although thyroid autoimmunity is regarded as subtle disorder in thyroid func-
tion that may result in a small reduction in the thyroxin level during pregnancy, this
reduction may be associated with an increase to adverse pregnancy outcomes,
including infertility, miscarriage, recurrent spontaneous abortions, preterm delivery,
neonatal respiratory distress syndrome, small for gestational age (SGA), low birth
weight (LBW), gestational diabetes mellitus (GDM), preeclampsia, cesarean sec-
tion, placental abruption, depression, and perinatal death [10, 31-39].

The autoantibodies detected in autoimmune diseases can impair fertility through
both TSH-dependent and TSH-independent pathways [40]. The association between
thyroid antibodies and infertility has not elucidated; however, it has been shown that
treatment with low doses of levothyroxine (LT4), which is usually used to treat
hypothyroidism, can be considered in such situations [10]. However, ATA recom-
mend the evaluation of serum TSH concentration for all women seeking care for
infertility. LT4 therapy is recommended only for infertile women with overt hypo-
thyroidism who seek pregnancy [36]; they revealed that there is not sufficient evi-
dence for prescribing LT4 for euthyroid /SCH TPOAb-positive women seeking
fertility treatment.

Thyroid autoimmunity may be associated with reproductive failure including
pregnancy loss, either as miscarriage, intrauterine fetal death, or stillbirth [40]. It
may be resulted from subtle reduction in thyroid hormones due to the lack of suffi-
cient supply of hormones or may be due to its association with other autoimmune
disorders such as anti-phospholipid antibodies [36, 41, 42]; as it presented in a
meta-analysis that shows thyroid autoimmunity as a TSH-independent risk for mis-
carriage [39]. This positive association between thyroid autoantibodies in euthyroid
women and miscarriage was reported by Thangaratinam et al. in a meta-analysis
including 18 high-qualified studies [43].

Thyroid autoimmunity can also be associated with an increased risk of GDM in
women with the higher rate of anti-TPO titers [44, 45]. The potential mechanism for
this association could be insulin resistance since serum levels of inflammatory cyto-
kines are increased in patients with thyroid autoimmunity [46]. It has been revealed
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that similar to patients with impaired glucose tolerance, women with thyroid auto-
immunity demonstrate an increased C-reactive protein level which is not modified
with their thyroid function status [47, 48]. In line with previous literature, a recent
birth cohort concluded that isolated thyroid autoimmunity, represented by positive
TPOAD, in early pregnancy were associated with GDM independent of TSH and
FT4 [49], finding that needs to confirm by further well-designed prospective studies
with a sufficient sample size.

TPOAD positivity may be related to preterm delivery. A recent meta-analysis of
35 cohort studies showed that among pregnant women without overt thyroid dis-
ease, subclinical hypothyroidism, isolated hypothyroxinemia, and TPO antibody
positivity were significantly associated with higher risk of preterm delivery. They
concluded that the association of TPO antibody positivity with preterm delivery did
not appear to be related to differences in thyroid function, but was modified by the
thyrotropin concentration as exemplified by the higher risk of preterm delivery in
TPO antibody-positive women and a thyrotropin concentration above 4.0 mIU/L
[32]. It is suggested that TPO antibody positivity may be involved in infectious and
inflammatory pathways leading to preterm delivery; however, further studies are
recommended to clarify the accurate role of these autoantibodies in the pathogene-
sis of preterm delivery [50, 51].

Adequate transplacental passage of maternal thyroid hormone is important for
normal fetal development and growth [52]. Previous studies revealed that overt
maternal hypothyroidism is a well-known risk factor for low birth weight (LBW)
[53]. Thyroid autoimmunity may affect fetal birth through thyroid-dependent and
thyroid-independent pathways. It has been shown that subclinical hypothyroidism
is more common in pregnant women who are positive for thyroperoxidase or thyro-
globulin antibodies may be due to a lower thyroid functional capacity [54]. Thyroid
hormone regulates different pathways in the mother and fetus throughout gesta-
tion. It controls fetal growth by facilitating placentation and the regulation of fetal
metabolism; as a result it may directly affect skeletal growth and tissue differentia-
tion. Study revealed a positive association between lipid and protein catabolism and
TSH; it resulted in reduction in fetal caloric availability [55]. It has been shown
that each 1 SD increase in maternal TSH concentration was associated with a 6 g
lower birthweight (—10 to —2; p = 0.0030); this adverse effect is more pronounced
in those women who are positive for TPOADb (p for interaction = 0.10) [56]. Thyroid
autoimmunity may affect fetal birth independent of thyroid hormones and TSH
level by increasing placenta vascular resistance that is more prevalent in TPOAb+
women [57].

Despite several studies on thyroid autoimmunity and pregnancy outcomes, there
is a controversy regarding the effects of this thyroid dysfunction of pregnancy out-
comes in euthyroid women and beneficiary effect of LT4 therapy. There are a lim-
ited number of clinical trials on this topic; however they are limited by low sample
size, heterogenicities in study population (reporting the results of both SCH and
euthyroid TPOAb+ women), lack of assessing iodine status, and lack of assessing
all adverse pregnancy outcomes. Further well-designed clinical trials with large
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enough sample size are highly needed to assess the adverse feto-maternal outcome
of thyroid autoimmunity in euthyroid pregnant women and impact of LT4 therapy
in this situation.

How Should TPOAb+ Women Be Monitored
During Pregnancy?

It is suggested that thyroid autoimmunity during pregnancy can lead to hypothy-
roidism. Earlier studies have demonstrated that antithyroid Ab titers were highest in
the first trimester, although they decreased over the course of gestation [58, 59].
According to ATA guidelines, in women at risk for hypothyroidism, such as euthy-
roid women with TPOAb+ or TgAb+, an increased surveillance is recommended;
this guideline suggests to measure serum TSH level approximately every 4 weeks
until mid-gestation and at least once near 30 weeks gestation in these women.
Moreover, monitoring and LT4 therapy for TPOAb-positive women with a TSH
greater than the pregnancy-specific reference range are recommended [36].

Does Levothyroxine Reduce the Risk of Adverse Pregnancy
Outcomes in Euthyroid Women Who Are Thyroid
Autoantibody Positive?

Despite several studies assessing thyroid autoimmunity and pregnancy outcomes,
most of them have an observational design with a level of weak to moderate-quality
evidence [13, 30, 31, 35, 37, 40, 44, 49, 56, 60, 61]. There is a limited number of
randomized controlled trials regarding the effect of LT4 therapy on pregnancy out-
comes, particularly in euthyroid/SCH women with thyroid autoimmunity. Most of
these trials have a low sample size, lack of assessing euthyroid and SCH in the sepa-
rate groups, lack of evaluating iodine status, and lack of assessing all pregnancy out-
comes [34, 59, 62-65]. For women with TPO antibodies who remain euthyroid,
treatment with LT4 is controversial. Although some studies have been suggested a
lower incidence of some pregnancy adverse outcomes, such as infertility, miscarriage,
and preterm delivery, among euthyroid women with thyroid antibodies treated with
LT4 than untreated women, results of studies are still inconclusive [59, 62, 64, 65].
Indeed, benefits of LT4 therapy are not clarified for other outcomes, such as GDM,
impaired newborn neurodevelopment, SGA, placental abruption, and depression [10].
Although ATA dose not definitively suggest LT4 therapy in all euthyroid pregnant
women with positive-thyroid antibodies, 25-50 pg of LT4 as a typical starting dose
may be considered for those women with a prior history of pregnancy loss or recurrent
miscarriage. However, LT4 therapy for treating euthyroid pregnant women who are
thyroid autoantibody positive to prevent preterm delivery is not recommended [36].
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Does Levothyroxine Reduce the Risk of Adverse Pregnancy
Outcomes in Subclinical Hypothyroid Women Who Are
Thyroid Autoantibody Positive?

Despite lack of sufficient data regarding the recommendations for or against routine
LT4 therapy during pregnancy in euthyroid thyroid antibody positive women, there
are growing bulk of evidence in beneficiary impact of LT4 treatment of SCH thyroid
antibody positive women in terms of pregnancy outcomes especially preterm deliv-
ery. A prospective study conducted on thyroid peroxidase antibody positive
(TPOADb+) women with SCH showed treatment with LT4 decreases the risk of pre-
term delivery in these women [63]. A recent meta-analysis of 13 studies including
7970 showed the beneficial effects of LT4 therapy on the reduced risks of pregnancy
loss and preterm delivery, among pregnant women with SCH [34]. Therefore, ATA
recommends an evaluation for TPOADb status in pregnant women with TSH concen-
trations greater than the pregnancy-specific reference range and LT4 therapy for
TPOAb-positive women with SCH [36].

Is Thyroid Autoimmunity Associated with Adverse
Neurodevelopmental Outcomes? And Does Levothyroxine
Reduce These Adverse Outcomes?

Insufficient data is available regarding the association between maternal TPOAb
status and adverse child outcomes, such as neurodevelopmental outcomes. Some
studies have been assessed the relationship between maternal thyroid autoimmunity
and child development. A case-control study demonstrated lower motor and intel-
lectual development at ages between 25 and 30 months in offspring of euthyroid
women with positive TPOAb, compared to children of their TPOAb-negative con-
trols [66]. Another study investigating child neurocognition at age 5.5 years on 97
mothers and their children showed lower perceptual performance and motor scores
in children of TgAb-positive mothers, and lower perceptual performance scores
noted in children with TgAb-positive cord blood, although no neurodevelopmental
outcomes were associated with maternal or infant TPOAD status [67]. There is evi-
dence suggesting an increased risk of sensorineural hearing loss at age 8 in children,
lower child intelligence quotient (IQ) at age 4, and externalizing problems in chil-
dren, especially attention deficit/hyperactivity problems, and autism spectrum in
offspring born from TPOAb-positive mothers [56, 61, 68—70]. A few studies have
been assessed the efficacy of LT4 therapy for preventing child adverse outcomes.
For instance, one study revealed that the mean intelligence quotient (IQ) of children
born to SCH TPOADb-positive mothers without LT4 replacement was 7 points lower
than the control group [71]. Although a recent meta-analysis of three randomized
trials in women with subclinical hypothyroidism diagnosed found no evidence of
benefit of LT4 therapy on childhood IQ or neurodevelopmental outcomes, it should
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be kept in mind that in this meta-analysis one study included women with thyroid
peroxidase (TPO) antibodies, one excluded women with TPO antibodies, and the
last study did not specify TPO antibody status [72]. Since studies on the association
of maternal TPOADb positivity with child neurodevelopment are scarce, further
researches are required to confirm these preliminary findings and determine the
effects of LT4 therapy on child adverse outcomes.

What Is the Role of Selenium in Treatment of Women
with Thyroid Autoimmunity?

There is evidence suggesting selenium therapy for patients with thyroid autoimmu-
nity. This supplementation exerts direct effects on thyroid hormone metabolism and
redox processes [73]. In addition to iodine, the thyroid gland depends on selenium
for its sufficient functioning [74], and low selenium intake is associated with
increased risk of thyroid disease [75].

While some studies conducted on non-pregnant women have demonstrated that
selenium can reduce TPOAD concentrations [76—79], the results of randomized con-
trolled trials were heterogenous and conflicting. Dose used of selenium in these
studies was 60-200 pg/day [80, 81]. On the other hand, there is evidence suggesting
an increased risk of developing type 2 diabetes in patients treated with selenium
[82]. Because of insufficient data investigating the risk-benefit of routine selenium
supplementation of TPOAb-positive women during pregnancy, ATA does not rec-
ommended selenium supplementation for the treatment of TPOAb-positive women
during their pregnancy [36].

What Is the Role of Intravenous Immunoglobulin Therapy or
Corticosteroid Therapy in Treatment of Women
with Thyroid Autoimmunity?

Intravenous immunoglobulins and corticosteroid therapy had been considered as the
alternative treatments in women with thyroid autoimmunity [36]. A limited num-
ber of clinical trials have been published on the use of intravenous immunoglobu-
lin [83-85] or corticosteroid therapy [86—88] for preventing pregnancy outcomes
and treating women with thyroid autoimmunity. One study reported a significant
improvement in the rate of live births in pregnant women treated with IVIG, com-
pared to non-treated controls [84]. Another study showed a higher rate of term deliv-
ery in women with thyroid autoimmunity treated with LT4 therapy in comparison
with IVIG treatment [85]. Moreover, some clinical trials showed the advantages of
corticosteroids, such as prednisolone for improving pregnancy outcomes, i.e., preg-
nancy rate, live birth rate in women euthyroid with thyroid autoimmunity [86—88].
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However, due to the existence of insufficient studies in this regard and their limita-
tions, further well-designed randomized controlled trials are required to elucidate
the efficacy and side effects of these interventions on pregnancy outcomes. Finally,
ATA does not recommend intravenous immunoglobulin and glucocorticoid therapy
in euthyroid women with thyroid autoimmunity [36].

Should Euthyroid/Subclinical Hypothyroid TPOAb- Positive
Women Be Monitored After Pregnancy?

It is well documented that both pregnancy and the postpartum period have a profound
effect on autoimmune thyroid disease [89]. There is an increased risk of development
of postpartum thyroid dysfunction among pregnant women with positive anti-TPO in
pregnancy [44]. For instance, the highest rates of postpartum thyroiditis occur among
women with a prior history of postpartum thyroiditis and in women with positive
antithyroid peroxidase (TPO) antibodies who had normal thyroid function during
pregnancy [90]. Unfortunately, there are no still obvious recommendation for moni-
toring euthyroid/ subclinical hypothyroid TPOAb-positive women after pregnancy.

Does Maternal Thyroid Autoimmunity Induce Thyroid
Autoimmunity in Offsprings?

Earlier studies have demonstrated that TPO is expressed at gene and protein levels
in endometrium and placenta, and the syncytiotrophoblasts and invasive trophoblast
cells express TPO protein; however, the study showed no expression of TPO protein
in human embryo [57]. It suggested that TPOAb/TgAb in newborn have a maternal
origin [67]. Although there is evidence demonstrating that TPOAb can cross the
placenta and result in a congenital hypothyroidism through its deteriorative effects
on fetus thyroid gland [91, 92], it has been shown that thyroid antibodies do not
significantly affect fetal or neonatal thyroid function [93]. However, due to the
importance of timely detection of infant hypothyroidism, regardless of maternal
thyroid autoimmunity, all newborns should be screened for hypothyroidism by
blood spot analysis typically 2—-5 days after birth [36].

Summary

Controversies continue regarding beneficial effect of universal screening for detec-
tion of thyroid autoimmunity and its treatment in euthyroid women during preg-
nancy, although monitoring and LT4 therapy for TPOAb-positive women with a
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TSH greater than the pregnancy-specific reference range are recommended. Since
studies on the association of maternal TPOADb positivity with child neurodevelop-
ment are scarce, further researches are required to determine the effects of LT4
therapy on child adverse outcomes, especially in euthyroid situation.
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Thyroid Nodules and Thyroid Cancer
in the Pregnant Woman

Trevor E. Angell

Introduction

A thyroid nodule is defined as a discrete lesion within the thyroid gland that can be
seen as radiologically distinct from the surrounding thyroid tissue [1]. Thyroid nod-
ules are common in the adult population, and are found more frequently in women
[2-5]. Although the presence of thyroid nodules increases with age, the burden of
disease on young women remains substantial [6], and the first identification of a
thyroid nodule may be during pregnancy. The purpose of thyroid nodule evaluation
is to detect possible thyroid cancer. Ideally, the management approach reduces the
health risk posed by thyroid cancer while balancing the potential harm of diagnostic
and therapeutic interventions and minimizing patient distress. These principles are
perhaps most evident when thyroid nodules or cancer are discovered in a pregnant
woman. The risks and potential contraindications associated with any intervention
performed during pregnancy must be taken into account. Pregnancy has a profound
influence on thyroid physiology, and thus the impact of gestation upon nodule for-
mation, malignant transformation, and cancer behavior must also be considered.
This chapter will focus on the detection, evaluation, and treatment of thyroid nod-
ules and thyroid cancer during pregnancy.
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Thyroid Nodules During Pregnancy

The estimated prevalence of a palpable thyroid nodule is approximately 5-6% in
adult women, while up to 68% of adults may have a thyroid nodule detectable by
imaging, such as computed tomography (CT), magnetic resonance (MR), or ultra-
sound [5, 7]. While the occurrence of nodules (both solitary and multiple) is more
frequent with advancing age, thyroid nodules may be first detected in younger
women during pregnancy. Most frequently this is by palpation of the neck and
may be influenced by the greater contact with medical care women receive when
pregnant or receiving pregnancy-related care. However, given the indolent nature
of thyroid nodule growth [8, 9], it is likely that most thyroid nodules detected at
this time were present before pregnancy. Studies using ultrasonographic evaluation
have suggested the prevalence of thyroid nodules in pregnant women to be 3-21%
with higher mean age in women with nodules compared to women without nodules
[10-12], though the fact that these populations were from areas of mild to moder-
ate iodine-deficiency may limit the generalizability of these data. Because of the
increased incidence of thyroid nodules with age and current trends in the United
States of America (USA) and elsewhere of increasing average maternal age [13], the
frequency of thyroid nodules among women during pregnancy is likely to be higher
in the future than has been historically noted.

Many of the physiologic effects of pregnancy may impact the formation and/or
growth of thyroid nodules. The stimulatory effects of human chorionic gonadotro-
pin (hCG) as well as changes in serum thyroid hormone binding and iodine status
are known to have effects on the function of the thyroid gland during pregnancy [14,
15]. In addition, in vitro study of thyroid progenitor cells demonstrated expression
of estrogen receptor alpha (ERa) and beta (ERp), and the addition of 17b-estradiol
stimulated thyroid cell growth [16]. lodine excess, as defined by high urinary iodine
to creatinine ratio, also has been associated with an increased risk of thyroid nodule
formation in pregnant women [17].

Consistent with this, previous studies have reported both nodule formation and
enlargement during pregnancy. In a case-control study from Iran, in which 298
women in the first trimester of pregnancy and 290 matched nonpregnant women
without known thyroid disease were evaluated by ultrasound and compared for the
presence of thyroid nodules. The percentage of women with thyroid nodules was
similar between the two groups (16.4% vs. 16.6%; p = 0.85), as was the average
number of nodules per subject [18], suggesting that gestational effects on thyroid
nodules are not observed early in pregnancy. Looking longitudinally over preg-
nancy, Kung et al. [11] evaluated 221 newly pregnant women using serial ultrasound
examinations from the first trimester to the third trimester. This study found that the
proportion of women with a thyroid nodule increased by 10%, though most of these
new nodules measured <5 mm in largest dimension. Additionally, in a case-control
study by Karger et al. [19], the authors demonstrated that compared to nullipa-
rous controls, there was an increased prevalence of thyroid nodules in women with
prior pregnancy. Finally, an analysis of 26 pregnant women from an iodine-deficient
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area by Sahin et al. showed a significant but minimal increase in the largest nodule
diameter from the first to the third trimester (11.9 = 4.8 mm vs. 12.6 £ 5.4 mm;
p = 0.002) but no increase in nodule formation [20]. Together these data suggest
that pregnancy may exert an impact on thyroid nodule formation and/or growth dur-
ing pregnancy, but that such change will usually be of little to no clinical impact.
Consistent with this conclusion, there is currently no recommendation for routine
screening evaluation for thyroid nodules in pregnant women, nor serial or increased
frequency of monitoring of existing nonmalignant nodules during pregnancy [21].

Evaluation and Diagnosis

Similar to the case in nonpregnant individuals, the identification of a possible thy-
roid nodule during pregnancy is typically made through palpable during physical
examination of the thyroid or incidentally on an imaging study obtained for an
unrelated indication. The evaluation of thyroid nodules that are diagnosed during
pregnancy should in general proceed similarly to nodules found in nonpregnant
patients. Pregnant women for whom there is an initial suspicion of a thyroid nodule
should have ultrasound evaluation of the thyroid and cervical neck lymph nodes
and measurement of serum thyroid stimulating hormone (TSH), also known as thy-
rotropin [1]. In conjunction with these assessments, history and physical examina-
tion should be performed to assess any increased risk for malignancy. Historical
details to obtain include any childhood radiation exposures or radiation therapy
to the head, neck, or mantle regions, and significant family history of medullary
or non-medullary thyroid cancer, as well as hereditary syndromes that carry an
increased risk of thyroid tumors, such as familial adenomatosis polyposis, PTEN
hamartoma syndrome, multiple endocrine neoplasia syndrome, or Carney complex.
Additionally, a symptom history of neck pain, rapidly enlarging masses, or persis-
tent hoarse of voice would raise the possibility of more aggressive thyroid cancer.
The physical examination should focus not only on identifying any thyroid nodules,
but on recognizing findings that raise suspicion for thyroid cancer, such as very hard
and fixed nodules, the presence of lymphadenopathy, or hoarse voice, that may not
have been noted by the patient.

Thyroid ultrasound does not utilize ionizing radiation and is safe during preg-
nancy. Ultrasonographic evaluation can provide important cancer risk stratification,
not only by describing the size and location of a thyroid nodule, but by evaluating
features associated with malignancy, such as solid versus cystic contents, parenchy-
mal echogenicity, the presence and type of calcifications, margins, and abnormal
cervical lymph nodes [22]. Several systems for classifying nodules have emerged
[1, 23], and while there are limitations in both the accuracy of ultrasonographic
features and the reproducibility of their reporting [24, 25], they are valuable for
providing an estimate of cancer risk and providing recommendations on when fur-
ther diagnostic assessment with ultrasound-guided fine needle aspiration biopsy
(FNAB) should be performed [1, 23, 26].
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Assessment of TSH in the setting of a thyroid nodule is performed to detect
a suppressed TSH that may might indicate an autonomously functioning nodule,
which would portend a greatly reduced risk of malignancy [2, 21]. The physiologic
reduction in TSH due to the effect of hCG during pregnancy can mimic that which
would be seen with a functioning nodule, but the inability to employ radioactive
iodine (RAI) uptake testing during pregnancy complicates confirmation of autono-
mous nodule function. This has led to recommendations that when a suppressed
TSH is noted beyond 16 weeks gestational age, further evaluation may be deferred
until after pregnancy when TSH can be accurately repeated [1, 21]. When clear clin-
ical manifestations of hyperthyroidism are present management with antithyroid
drugs may be used to prevent adverse pregnancy consequences. In contrast, women
with subclinical hyperthyroidism should be monitored closely for the emergence of
overt hypothyroidism during pregnancy. Measurement of serum TSH in those with
abnormal thyroid exam or imaging findings may also facilitate identification of thy-
roid dysfunction (especially hypothyroidism) that should be addressed to optimize
pregnancy outcome.

The criteria for performing further thyroid nodule assessment with FNAB are the
same as for nonpregnant women, but individualized decision-making is important
to consider [1, 21]. Primarily, which thyroid nodules should undergo FNAB is now
guided by sonographic risk and may be based on one of a number of stratification
systems current available. Many of these systems, including those from the USA [1,
23], do not recommend FNAB for intrathyroidal nodules <1 cm without evidence
of metastases. Otherwise, for thyroid nodules with a sonographic appearance highly
suspicious for malignancy, FNAB is performed for nodules >1 cm, whereas for thy-
roid nodules with lower risk appearance aspiration biopsy is recommended only at
larger sizes (1.5-2.5 cm). There are also thyroid nodules that have features strongly
correlated with a benign etiology, including those with a so-called “spongiform”
appearance and purely cystic nodules, for which no biopsy may be required.

The decision to perform FNAB during pregnancy should be guided by provid-
ing optimal patient-centered care, and must balance potential risks and expected
benefits. FNAB, including use of subcutaneous lidocaine analgesia, is considered
safe during pregnancy [27-29]. Expected side effects from FNAB include mild pro-
cedural discomfort and bruising and serious side effects are fortunately extremely
rare [30]. Performing FNAB, including the common practice of using subcutaneous
lidocaine, is a safe procedure during pregnancy [31]. Pregnancy does not appear to
have an effect of the cytologic interpretation or results from thyroid FNA [31, 32],
though there are no high-quality prospective data in this regard.

The primary benefit of FNAB is the acquisition of a cytologic diagnosis, which
can significantly improve thyroid cancer risk assessment [1, 4, 33, 34]. The Bethesda
system for reporting thyroid cytopathology introduced in 2009, and revised in 2017,
is increasingly used in the around the world and is recommended in the USA for
cytologic classification of FNAB aspiration [1]. In general populations with thy-
roid nodules, the expected distribution of cytologic results (and risk of malignancy
estimated by the result) would be approximately: 2-20% nondiagnostic/unsatisfac-
tory (5—-10%); 60-70% a benign (0-3%); 5—10% malignant (94-99%); and finally,
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15-30% with and indeterminate result (6—75% depending on specific category) for
which possible malignancy is suggested but not confirmed [30, 34]. Since most thy-
roid nodules in pregnant patients were present prior to pregnancy, the distribution of
cytologic findings and risk of malignancy are expected to be similar to nonpregnant
women, but specific data in pregnancy are lacking. Previous data have indicated
the overall cancer risk in pregnant women with a thyroid nodule to be 12-43%. In
a study of 57 pregnancy women, the risk of malignancy was 50% for nodules with
indeterminate cytology nodules, 75% for those with malignant cytology, and no
cancers were found in nodules with benign cytology results [31]. Similarly, in a
separate study of 40 pregnant women who underwent FNA, 100% of nodules with
malignancy were cancerous, 33% of nodules with indeterminate cytology, and 0%
of benign cytology nodules [32]. However, current data are limited by small sample
size, likely selection bias for patients undergoing FNAB, and description prior to
current sonographic risk assessment and use of the Bethesda classifications.

Management with active observation is preferred for benign thyroid disease over
diagnostic resection, especially during pregnancy. Confirmed malignant nodules,
on the other hand, may benefit surgical resection at some point. Thyroid nodules
with indeterminate cytology after FNAB represent a diagnostic dilemma because
the presence of malignancy, and thus optimal management, remains uncertain [1,
35]. The use of additional adjuvant testing of these nodules to improve cancer risk
stratification has been the topic of numerous studies. One emerging modality that
continues to grow in application in nonpregnant patients is molecular diagnostic
testing that analyzes the genomic material from thyroid tissue collected by FNAB
[35, 36]. In nonpregnant women, molecular diagnostic testing of cytologically
indeterminate thyroid nodules can improve pre-operative cancer risk assessment
[36-38]. Though generally uncommon in nodules with indeterminate cytology, the
BRAF gene mutation leading to the BRAFV600E mutated protein almost proves the
presence of thyroid cancer [1, 36, 37]. Similarly, RET/PTC fusions are highly spe-
cific for thyroid cancer, but are found only rarely in patients without specific radia-
tion exposure. Other gene mutations that occur more frequently, such as those in the
RAS genes, may be found in both benign and malignant thyroid nodules and are not
well correlated with aggressive tumor behavior [39, 40]. Commercially available,
clinically validated molecular diagnostic tests now evaluate changes in DNA and/or
RNA expression from thyroid nodule aspiration material to improve the prediction
of benign or malignant pathology [41-43]. Although it is unknown if the results of
these molecular tests would be affected by pregnancy, these tests are not currently
recommended in pregnant women because of a lack of data for test performance in
this population.

After the diagnostic assessment to determine the probability of malignancy
within a thyroid nodule, management options can be considered. Benign thyroid
nodules that are otherwise asymptomatic do not require specific surveillance during
pregnancy [21]. For confirmed or suspected malignant nodules, the usual prompt
surgical resection typically considered for nonpregnant patients may not be the pre-
ferred approach during pregnancy. Uncommon aggressive forms of thyroid cancer,
such as medullary or anaplastic carcinomas, will require prompt management. The
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majority of thyroid cancers, however, represent differentiated thyroid cancers that
behave in a relatively indolent fashion, including during pregnancy. In such dif-
ferentiated thyroid cancers, investigations have not confirmed greater harm when
treatment is deferred until after pregnancy [44]. Moreover, for indeterminate thy-
roid nodules, malignancies are more likely to be less aggressive variants of thyroid
carcinoma [45]. Additionally, risks of thyroid surgery in pregnant women may be
higher than in nonpregnant women [46—48]. This balance for benefits and risks
should be considered and a conservative approach to cytologically indeterminate or
malignant nodules can be considered. Indeed, performing FNAB during pregnancy
should be an informed, patient-centered decision, recognizing the downstream risks
of possible surgery, as well as the possibility of substantial worry on the part of the
pregnant patient at the time of diagnosis and during the remainder of the pregnancy
if surgical intervention is deferred.

For suspicious nodules that do not undergo FNAB, or nodules with indetermi-
nate cytology, that are observed during pregnancy, repeat sonographic monitoring
performed in the early second trimester may be used to detect clinically significant
growth or invasion that would lead to surgical intervention during gestation, while
the management of nodules without concerning change at this point can be delayed
to the postpartum period. When FNA biopsy confirms the presence of differentiated
thyroid cancer, a conservative management approach may still be warranted and is
discussed further below.

Evaluation and Management of Thyroid Cancer
During Pregnancy

Incidence

The incidence of a thyroid cancer diagnosed during pregnancy or during the first
12 months postpartum has been estimated at 14.4-21.7 cases per 100,000 pregnan-
cies [49-51]. Using data from 4,846,505 obstetric patients linked to the California
Cancer Registry from 1991-1999, Smith et al. found a papillary thyroid cancer inci-
dence of 14.4/100,000 pregnancies [49]. A somewhat higher incidence was reported
by Lee et al., in a population-based study from Australia including data from 781,907
women who gave birth from 1994-2008 [50]. In this study, the incidence of thy-
roid and other endocrine cancers was 17.4 per 100,000 pregnancies, of which most
(14.2 cases/100,000) were diagnosed in the first year postpartum compared to 3.2
cases/100,000 during gestation. In a more recent study of health plan and registry
data, Cottreau et al. investigated pregnancy-associated cancer (PAC) incidence per
100,000 pregnancies in the United States [51]. Analyzing 775,709 pregnancies from
2001 to 2013, thyroid cancer represented 20% of all observed PAC events and was
the second most common cancer site after breast (25%). The incidence of thyroid
cancer was found to be 21.7 cases per 100,000 pregnancies, with approximately
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20% of thyroid cancers diagnosed during pregnancy, while 80% were diagnosed
in the 12 months after delivery. Differences in these data may be attributable to the
distinct registries used and the populations represented. Since early pregnancy abor-
tions (for any reason) were not included in these datasets, cancer incidence could
be underestimated if diagnosis early in pregnancy led to pregnancy termination; the
extent to which this would have occurred in women diagnosed with thyroid cancer
is not known. Despite their limitations, these studies provide a basis for estimating
the incidence of pregnancy-associated thyroid cancers.

Prognosis

Determining the prognosis of thyroid cancer diagnosed during pregnancy has been
the subject of ongoing investigations. Seminal population-based studies in the
United States evaluating the prognosis of women diagnosed with differentiated thy-
roid cancer (DTC) around the time of pregnancy have provided general reassurance
regarding the natural history of this disease. Moosa and Mazzaferri [44] reported
the outcomes of 61 women diagnosed with DTC during pregnancy compared to
528 age-matched control women who were not pregnant, with a median follow-up
of roughly 20 years. The two groups did not differ significantly in initial pathologic
findings with respect to tumor size, lymph node metastasis, stage, or distant meta-
static disease. Recurrence of DTC was also similar, and was observed in 15% of the
pregnancy group compared to 23% of the control group. Importantly, this study also
compared women who had surgical intervention for DTC during pregnancy (23%
of the cohort with average time from diagnosis to surgery of 1.1 + 1.0 months) to
women who had surgery after pregnancy (77% of the cohort with average time from
diagnosis to surgery of 16.1 + 19.7 months). Despite this delay, pathologic findings
and rates of recurrence and distant metastases were similar, indicating the safety of
deferring surgery until after completion of pregnancy. A separate study of women
aged 18—46 years old with DTC from the New Mexico Tumor Registry from 1970
to 1991 [52]. The authors compared the outcomes of 464 nonpregnant women with
DTC to 22 women diagnosed with DTC during pregnancy, 16 of whom had surgery
delayed until after pregnancy, and found similar survival between these groups.
Using data linked to the California Cancer Registry, Yasmeen et al. [53] analyzed
595 cases of DTC diagnosis from 9 month prior to pregnancy to 12 months postpar-
tum compared to 2270 age-matched nonpregnant women with DTC and found simi-
lar survival was observed between groups. Women diagnosed in association with
pregnancy were noted to be younger and more frequently had private insurance,
which may also influence the prognosis observed in this group. Nevertheless, these
data further support earlier results of similar thyroid cancer prognosis compared to
nonpregnant female patients. An analysis of the linked date registries from 1999
to 2012 by Chen et al. included 301 women with DTC diagnosed between 5 years
before and 9 months after a pregnancy [54]. The median time from pregnancy to
DTC diagnosis was 2.62 years and the median follow-up after cancer diagnosis was
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7.92 years. Compared to the control group of 903 nonpregnant women with DTC,
no significant differences in tumor size, presence of extrathyroidal extension, rate of
metastatic disease, or tumor stage were found between groups, and a similar 5-year
disease-specific survival was 99.5% in both groups.

Together these studies describe the natural history of DTC diagnosed during
pregnancy as similar to that of nonpregnant patients with respect to survival or clini-
cal evidence of recurrent disease. It should be noted that older data did not utilize
modern modalities for thyroid cancer surveillance, such as high-resolution ultra-
sound of the neck and thyroglobulin (Tg) measurement, and despite these reassur-
ing findings, some data have raised concern regarding more aggressive behavior of
DTC diagnosed during pregnancy. In a single-center study by Vannucchi et al., the
data from 123 women who were <45 years old who had had total thyroidectomy
for DTC were retrospective analyzed [55]. Patients were divided into three groups:
(1) women diagnosed more than 1 year after completing pregnancy; (2) women
diagnosed during pregnancy or within 1 year postpartum; or (3) women diagnosed
before pregnancy or who were nulliparous. In contrast to the studies highlighted
above, the definition or persistent disease utilized current biochemical criteria
involving elevated thyroglobulin and/or thyroglobulin antibody, in addition to struc-
tural disease identified pathologically or radiographically. In Group 2 women with
DTC related to pregnancy, 9/15 (60%) had disease persistence (two-thirds of which
were based on biochemical criteria), compared to 4.2% and 13.1% in groups 1 and
3, respectively. A higher rate of lymph node metastases was observed in women
with DTC related to pregnancy (Group 2). Interestingly, when patient tumors were
evaluated for estrogen receptor alpha (ERa) positivity by immunohistochemistry,
DTC tumors from women diagnosed during pregnancy showed significantly higher
ERa (87.5%) than those of women in the other two groups. In a similarly designed
study by Messuti et al. [56], among the included 340 women with DTC who under-
went total thyroidectomy and radioactive iodine, patients diagnosed with DTC dur-
ing or within 2 years of pregnancy had a higher rate of persistent disease (10.5%)
compared to women with DTC diagnosed >2 years after delivery (1.3%) or nul-
liparous women (4.7%). In this study however, DTC diagnosed during pregnancy
was not associated with either lymph node metastases or ERa positive status. In
a subsequent study of nonpregnant patients, ERx and progesterone receptor (PR)
status was evaluated by immunohistochemistry on PTC tumors from 182 male or
female patients [57]. Though ERa or PR positivity was associated with larger tumor
size and BRAFV600E mutation, there was no correlation with lymph node metas-
tasis, extrathyroidal extension, or persistent disease after treatment. Comparing 24
women diagnosed with PTC to 30 nonpregnancy women treated at the University of
Sydney, Australia, Lee et al. found that PTC diagnosed during or within 12 months
of pregnancy was associated with larger tumor size (22.8 vs 13.7 mm), and a greater
percentage of resected lymph nodes with metastasis (32% vs. 15%) but no differ-
ence in disease-free survival during a mean follow-up of 44 months [50].

Relatively few data directly evaluate the degree of thyroid cancer progression
when observed by ultrasound. Oh et al. [58] studied 19 patients diagnosed with PTC
“just before” pregnancy or before 20 weeks of gestation with ultrasound evaluation.
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The median tumor size was 0.91 cm with 64.8% being <1 cm. The median ultra-
sound interval was 9.5 months and 26% of primary PTC tumors showed a signifi-
cant increase in tumor volume. Of 3 patients who had cervical lymph nodes seen
on baseline ultrasound, two showed an increase in metastatic lymph node size, but
no patient without abnormal lymph node findings developed clinical lymph node
metastases during monitoring during pregnancy. As part of the long-term obser-
vational data of active surveillance of papillary thyroid microcarcinoma (PMC) at
Kuma Hospital, Japan, Ito et al. identified 50/1549 women with PMC who went
through pregnancy. PMC lesions remained stable in 90% of cases. Only four PMC
tumors increased by >3 mm during pregnancy and did not grow further in two
patients who continued to be observed without surgical resection [59].

In summary, the evidence current suggests similar survival outcomes for DTC
associated with pregnancy compared to DTC unrelated to pregnancy. Evidence for
more aggressive pathologic features or higher rates of persistent disease after initial
surgery have been inconsistent and require further validation. Additional aspects of
treatment that would influence the observed associations, such as extent of initial
surgery and follow-up strategies, should be considered. There remains no clear evi-
dence that delaying surgical intervention until after pregnancy for the majority of
DTC has a negative effect on outcomes.

Surgical Treatment During Pregnancy

In most cases, DTC diagnosed in early pregnancy is amenable to conservative man-
agement, in which sonographic monitoring for evidence of highly aggressive behav-
ior is performed and resection considered if there is evidence of significant growth,
invasion, or lymph node metastases, ideally before 24-26 weeks gestational age
to minimize obstetric complications of surgery [1]. As stated above, an exception
to these recommendations is the rare findings of a more aggressive thyroid malig-
nancy, including medullary, poorly differentiated, or anaplastic carcinomas, as well
as clinically aggressive DTC. In such circumstances, immediate therapy is often
warranted during pregnancy.

Sosa and colleagues [46] conducted a retrospective cross-sectional study of preg-
nant women who underwent thyroid (n = 165) or parathyroid (n = 36) surgery during
pregnancy (data from the Health Care Utilization Projection Nationwide Inpatient
Sample (HCUP-NIS) from 1999 to 2005). Ninety-two patients (46%) underwent
surgery for thyroid cancer and procedures included total and partial thyroidec-
tomy. Patients in the cohort were compared to 31,155 contemporary nonpregnant
patients undergoing the same procedures. The authors compared rates of endocrine
complications, including maternal hypoparathyroidism, hypocalcemia, tetany, and
recurrent laryngeal nerve injury, and general surgical complications, such as car-
diovascular and infectious or wound events. Pregnant patients had higher endocrine
and general surgical complications (15.9 vs 8.1% and 11.4 vs 3.6%, p = 0.001 for
both), longer length of hospital stay (2 days vs 1 day; p = 0.001), and higher hospital
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costs ($6873 vs $5963; p = 0.007). Pregnancy remained a significant predictor of
these worse clinical outcomes in a multivariate regression analysis. Other indepen-
dent predictors of worse clinical outcomes were lower surgeon volume, non-White
race, Charlson comorbidity score >2, and non-private insurance. A thyroid cancer
diagnosis (vs benign thyroid disease or hyperparathyroidism) was not a predictor
of maternal or fetal complications, but was an independent predictor of surgical
complications. Performance of the operation by a high-volume surgeon, defined as
one in the >75th percentile, was associated with decreased maternal (0% vs 12%,
p =0.002) and fetal (1.2% vs 12%, p = 0.01) among pregnant patients.

Two smaller studies have also evaluated surgical outcomes in pregnant patients
with differentiated thyroid cancer [47, 48]. Ureno et al. [47] compared outcomes of
patients with papillary thyroid cancer who underwent thyroid surgery during preg-
nancy (second trimester, n = 24) versus the year following delivery (n = 21). Patients
were similar in age (median 32 years in both groups) and tumor characteristics with
well-differentiated pathology, moderate rates of lymph node metastases (14/24,
58% in pregnant vs 14/21, 66% in postpartum surgery patients), rare extrathyroidal
extension (1/24, 4% vs 2/21, 9.5%), and no distant metastases. Among pregnant
patients, most underwent lobectomy (21/24, 87.5% vs 17/21, 80.9% in postpartum
surgery group) with lymph node dissection (24/24, 100% vs 21/21, 100% postpartum
group) during the second trimester (19/24, 79.2%). The authors reported no surgical
complications, such as postoperative bleeding, hoarseness, hypoparathyroidism, or
anaphylactic reactions, in either group. Operative and anesthesia times were simi-
lar between groups, with a trend toward increased blood loss in pregnant patients
(102.5 mL, range 20497 mL vs 70 mL, range 14436 mL; p = 0.05). Regarding
maternal-fetal outcomes, all infants were delivered at >40 weeks gestation with no
significant difference in mode of delivery or peri-natal complications or fetal birth
weight. There were no miscarriages in either group. Boucek and colleagues [48]
evaluated maternal and obstetric outcomes of well-differentiated thyroid cancer in
a cohort of 35 women who were pregnant or became pregnant during thyroid can-
cer treatment. Patients were identified from the International Network on Cancer,
Infertility, and Pregnancy registry in Europe from 2004 to 2016. Twenty-nine of 35
(83%) underwent surgery for thyroid cancer during pregnancy, and 6 delayed surgi-
cal treatment until after delivery. Of surgeries, 24/29 (83%) had total thyroidectomy
and 4/29 (14%) had lobectomy including LN dissection in 6 of these patients; 1
additional patient underwent only LN resection without primary thyroid surgery.
Surgery was performed for most patients in the second trimester. All women had
Stage 1 (AJCCR) disease without distant metastasis, and 22 of 29 went on to receive
radioactive iodine therapy after delivery. Surgical outcomes were not reported in
this study. Regarding maternal-fetal outcomes, three pregnancies were electively
terminated. Two patients elected for termination in the first trimester following a
diagnosis of DTC with lymph node metastasis, and one pregnancy was terminated
in the second trimester for congenital malformations of the fetus unrelated to thy-
roid cancer diagnosis. Of remaining pregnant patients, the mean gestational age at
delivery was 40 weeks and there were not preterm deliveries. The study reported no
other fetal or maternal complications. Several other case series of pregnant patients
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who underwent surgery for thyroid cancer have been reported in the literature with
fewer than ten cases each and are reviewed elsewhere [46].

Taken together, these data suggest that surgery for thyroid cancer performed
during the second trimester may carry an increased risk of surgical complications,
as well as maternal-fetal complications. These risks are reduced, though perhaps
not to the level expected in nonpregnant patients, when the surgery is performed
by a high-volume thyroid surgeon. Furthermore, data from Asia [47] suggests that
when thyroid cancer surgery is performed during pregnancy, partial thyroidectomy
is associated with a lower rate of surgical complications, as is generally recognized
for nonpregnant patients. It is important to note that these data derive primarily
from patients with DTC, which has an overall excellent prognosis [60]. The risk of
delayed surgery for patients with more aggressive forms of thyroid cancer during
pregnancy, including poorly differentiated and anaplastic thyroid cancer, is likely
greater and requires a patient-specific assessment and approach.

Management of Preexisting Thyroid Cancer
During Pregnancy

The relatively high incidence of thyroid cancer in reproductive aged women com-
bined with its excellent prognosis means that many women with a previous diagnosis
of thyroid cancer may become pregnant. The monitoring of women with preexisting
thyroid carcinoma remains ongoing during any pregnancies, though the decision to
perform noninvasive and/or invasive evaluations should balance the likelihood of
detecting disease that would be treated during pregnancy against the risks of testing.
A maternal serum Tg concentration <2 ng/dL supports the absence of active
thyroid malignancy. In contrast, Tg >2 IU/L or rising concentrations over time [1,
61] suggest recurrence or progression of disease, though precise cut-offs predict-
ing disease in patients who have not undergone RAI therapy are less well defined.
Approximately 20% of thyroid cancer patients harbor antibodies to Tg (TgAb),
which can interfere with Tg measurement and cause falsely low Tg values [61, 62].
TgAb assessment should be performed when assessing Tg, and if TgAb is present,
any Tg result should be cautiously interpreted given the possibility of interpretation
interference. For patients in whom Tg or TgAb suggests persistent thyroid cancer, a
thorough physical examination and neck ultrasound should be performed to identify
an anatomic source. Whole body diagnostic radioactive iodine scanning must not be
performed due to the ability for iodine to cross the placenta and radiation exposure.
Other high-energy imaging modalities such as CT, positron emission tomography
(PET), or MRI to search for metastatic disease is complicated by contraindications
that exist during pregnancy and the need for such testing should be individualized.
Studies investigating the influence that pregnancy may exert on thyroid cancer
have generally found no effect on progression [63—66], but may have consequences
in some populations [63, 64, 67]. In a retrospective study of 235 women with previ-
ous DTC who went through pregnancy, Rakhlin et al. found that no woman who had
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excellent, indeterminate, or biochemically incomplete response to thyroid accord-
ing to the American Thyroid Association criteria [ 1] developed structural recurrence
[63]. In a separate study by Hirsch et al. [64], 63 women with a previous diagno-
sis of PTC were followed through a pregnancy at a median time after diagnosis
of 5.08 + 4.39 years after cancer treatment and no progression of PTC was noted
in women who were considered disease-free prior to pregnancy. Contrary to these
reassuring findings, thyroid cancer progression may be a concern in patients with
persistent cancer at the time of pregnancy. Of the 13 women with persistent PTC
pre-pregnancy in the study by Hirsch et al., six showed either structural or biochem-
ical progression [64]. Of the 38 women with preexisting structurally incomplete
response to therapy in Rakhlin et al. [63], 11 (29%) had progression during gesta-
tion, though new treatment recommendations were only considered necessary in
8% of cases. Recently, Xi et al. collected data on 124 women 16-25 years old who
underwent thyroidectomy and RAI for DTC who had lung metastases and compared
37 patients who had a gestation >6 months after treatment to 87 controls without
pregnancy [65]. Disease recurrence was defined as identification of progression on
imaging or a >25% increase in Tg or TgAb. Progression-free survival between the
pregnancy and nonpregnancy groups was similar at 5 years (94.5% vs. 89.8%) and
10 years (63.2% vs. 58.1%). 5-year and 10-year overall survival was also similar
between groups. Reports from individual cases, however, demonstrate that disease
progression can result in clinical worsening of disease and morbidity [67].

Monitoring of thyroid hormone status and degree of TSH suppression is also
essential to the ongoing management of women with DTC during pregnancy.
During pregnancy, thyroid hormone production by the thyroid would typically
increase substantially due to the physiologic effects of hCG and other gestational
changes [68, 69]. Previous thyroidectomy and reliance on exogenous levothyroxine
supplementation results in an inability to endogenously augment thyroid hormone
supply and maternal hypothyroidism will frequently result with an increase in the
dose of levothyroxine provided. This demand for greater amounts of thyroid hor-
mone begins early in gestation and increases until approximately 16-20 weeks of
gestation, after which the increased demand remain stable until returning to pre-
pregnancy requirements [69]. For women with a diagnosis of thyroid cancer, before
or during the pregnancy, The TSH goal should reflect the goal for TSH suppression
that would otherwise be recommended for thyroid cancer management based on
the underlying risk of recurrence and response to therapy, while avoiding clinical
evidence of thyroid hormone excess [1]. Even mild suppression (0.5-2.0 mIU/L)
advocated for patients at very low risk of DTC recurrence provides sufficient thy-
roid hormone to minimize the risks to pregnancy [21].

In summary, progression of DTC during pregnancy rarely occurs in women who
do not have evidence of disease prior to pregnancy. For women who have persis-
tent DTC, particularly if there is known structural disease in lymph nodes or at
distant metastatic sites such as the lungs, there is an increased risk of observable
progression, but often this will not be symptomatic or require new intervention
during pregnancy. During pregnancy, TSH should be maintained at stable levels
through proactive monitoring and adjustment of levothyroxine therapy. Of note, Tg
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concentrations may rise during pregnancy due potentially to the stimulatory effects
of hCG on the TSH receptor. In euthyroid women from an iodine-sufficient popula-
tion thyroglobulin concentration at 8 weeks gestation was significantly greater than
pre-pregnancy levels and returned to baseline postpartum [70]. While historically,
DTC patients lacked any thyroid tissue due to total thyroidectomy and radioactive
iodine (RAI) ablation, women who become pregnant after treatment without use of
RATI or after lobectomy alone could have increased Tg from normal thyroid tissue
that should not be automatically construed as a sign of disease progression.

Pregnancy and Radioactive Iodine

Many women with DTC will have received treatment with radioactive iodine (RAI)
after initial surgery, which may impact future pregnancy planning. The results of
large studies [71] and systemic review [72] from more than a decade ago assess-
ing of fertility outcomes in patients with thyroid cancer who received RAI ther-
apy provided reassuring findings that there was not an increased risk of infertility,
miscarriage, birth defects, or other adverse maternal-fetal outcomes. Results from
newer studies have conflicted, with some showing lower rates of pregnancy in DTC
women who received RAI [73, 74] and another finding no associated risk [75]. A
current meta-analysis of 22 studies by Piek et al. focusing on the effects of RAI on
fertility did not find that RAI therapy was associated with an increased risk of not
having a pregnancy [76].

Several studies have investigated the effect of RAI treatment on concentration of
anti-Mullerian Hormone (AMH), which is a marker of ovarian reserve and poten-
tially reproductive capacity. While results have varied, numerous data suggest sig-
nificant reduction in AMH levels in the 12 months following RAI treatment for
DTC [77-80], though not confirmed in all studies [81, 82] and lower AMH levels
have not been specifically linked to infertility. In the analysis by Van Velsen et al.
[80], AMH decline was more pronounced in women >35 years old and the analysis
of women with DTC in the California Cancer Registry by Wu et al. [73] found a
significantly lower birth rate in women aged 35-39 years who received RAI com-
pared to those who did not.

These data suggest that RAI does not have a consistently detectable deleterious
effect on fertility, but more careful consideration should be given more cautious to
use and lower dosing in women >35 years old who desire fertility. Existing data
often lack granularity with respect to other variables that may affect fertility, such as
TSH levels, burden of disease, and patient desire for fertility. Indeed, treatment with
RAI may alter a woman’s pregnancy desire [80] and influence observed birth rates.

The timing of pregnancy after RAI for DTC should also be considered. RAI
therapy is often used following surgical resection [1], but is contraindicated during
gestation due to direct radiation-related risk of teratogenicity or effects on fetal thy-
roid tissue after placental transfer of RAI into the fetal circulation. If RAI therapy
is indicated, treatment must be delayed until after pregnancy, and ideally until after
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the conclusion of lactation because of the potential for high RAI concentrations
in breast milk. Preparation for RAI treatment may lead to unstable thyroid hor-
mone levels that may require medication adjustments and monitoring. Because of
the possible deleterious effects of abnormal thyroid hormone status on fertility and
pregnancy, as well as concerns regarding direct effects of residual radiation on fetal
tissue, recommendations have maintained that women should refrain from attempt-
ing pregnancy for at least 6 months after receiving therapeutic radioactive iodine
treatment [21].

Summary

The identification of thyroid nodules occurs frequently during pregnancy.
Assessment with TSH, ultrasound, and FNAB when indicated can be safely per-
formed during pregnancy and provide cancer risk assessment. In rare, high-risk
scenarios thyroidectomy during pregnancy is necessary, reinforcing the need for
careful initial diagnostic evaluation. But most thyroid cancers detected during preg-
nancy do not pose an immediate risk during gestation and outcomes are similar
when surgery is deferred until the postpartum. Therefore, the approach to thyroid
nodules and cancer during pregnancy should be generally more conservative and
decisions to pursue evaluation and thyroidectomy should be individualized, weigh-
ing the risks and benefits of interventions against those of the condition itself.

Disclosures Dr. Angell (none).
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Postpartum Thyroiditis: Diagnosis
and Management

Caroline T. Nguyen

Definition

In 1948, Roberton first reported on the frequent occurrence of hypothyroidism in
the postpartum period [1]. However, it was not until the 1970s when physicians
increasingly reported the observation of postpartum thyroid dysfunction in the lit-
erature [2, 3]. In 1982, the seminal paper by Amino et al. drew attention to the entity
of postpartum thyroiditis (PPT), defined as transient new onset thyroid dysfunction
occurring in the first year postpartum with the majority of patients returning to a
euthyroid state by the end of the first postpartum year. The authors reported a 5%
prevalence and speculated that PPT had to do with the immunologic changes associ-
ated with pregnancy [4].

Epidemiology

More than two decades and several studies later, the prevalence of PPT ranges from
1 to 22% in the literature, but is generally accepted to be about 5%. Such variation
in prevalence is due to factors such as study design, definition of PPT, hormone
assay methodology, and frequency of screening [5-9]. Affecting 1 in 20 women in
the postpartum period, PPT is one of the most common endocrine conditions affect-
ing women.
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Etiology

The data suggests PPT is most likely an autoimmune-mediated destructive thyroid-
itis [10]. There is a strong association with thyroid antibody positivity, both thyroid
peroxidase antibody (TPOADb) as well as thyroglobulin antibody (TgAb) [11] with
higher antibody levels being associated with an increased risk [5, 12]. A pregnant
woman with TPO Ab+ in early pregnancy has up to a 50% chance of developing
PPT [12-14]. There is an association between PPT and HLA haplotypes consistent
with autoimmune thyroid disease [15—-17]. Furthermore, PPT occurs in the postpar-
tum period, a time of immune reconstitution and rise of antibody titers after immune
suppression during pregnancy. PPT has been associated with both humoral and cel-
lular immune reactions including lymphocyte changes, complement activation,
dynamic changes in TPO IgG subtypes, and increased natural killer (NK) and cyto-
toxic T cells [18-23]. Histologically, PPT is similar to Hashimoto’s thyroiditis,
characterized by chronic lymphocytic infiltration and tissue injury [24].

Clinical Presentation

While PPT typically occurs in the early postpartum period, PPT can occur after a
spontaneous or induced abortion as well [2, 25, 26]. The immunologic changes that
occur after a termination of a pregnancy are similar to those during the postpartum
period. Furthermore, women taking levothyroxine therapy (LT4) for mild hypothy-
roidism [27-29] can develop PPT if there is sufficient functional parenchymal thy-
roid tissue remaining. Women with a history of Graves’ disease (GD) prior to
pregnancy or during pregnancy can also develop PPT [30].

Similar to other types of thyroiditis, PPT may present in approximately 25% of
cases with a classic biphasic presentation consisting of transient thyrotoxicosis
occurring rather abruptly between 2 and 4 months postpartum due to release of pre-
formed thyroid hormone from the gland, followed by a hypothyroid phase 4—6 months
postpartum with eventual restoration to a euthyroid state by 7—-12 months postpar-
tum. The most common presentation which occurs in 50% of cases of PPT consists
of a transient hypothyroid phase occurring between 3 and 7 months. The remainder
of patients present with isolated transient thyrotoxicosis beginning between 2 and
4 months postpartum (Fig. 1) [5]. Most patients with PPT will return to a euthyroid
state by the end of 12 months [32, 33]. However, the incidence of persistent hypo-
thyroidism at 12 months has ranged from 0.1 to 50% in the literature [18, 32, 34].

Patients presenting with thyrotoxicosis may have a non-tender goiter and symp-
toms such as fatigue, palpitations, heat-intolerance, or increased irritability [5, 8,
35]. The symptoms tend to be relatively mild. Symptoms of hypothyroidism can
include fatigue, impaired memory or concentration, dry skin, muscle aches, cold
intolerance, hair changes, and difficulty losing weight and may be more clinically
significant [35].
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Fig.1 The varying clinical courses of postpartum thyroiditis. Roughly 50% present with transient
hypothyroidism, 25% with transient hyperthyroidism, and 25% with biphasic destructive thyroid-
itis [31]

PPT and Postpartum Depression

The relationship between PPT and postpartum depression remains unclear. The
symptoms for PPT can overlap with those for postpartum depression. While some
studies have shown an increased prevalence of depression in women with PPT com-
pared to controls [36-38], other studies have not shown an association [8, 39, 40].
In a recent population-based study of over 300,000 people, the rate of first-onset
psychiatric disorders was higher in women with first-onset autoimmune thyroid
disease postpartum compared to those without postpartum autoimmune disease
(RR 1.88 CI 1.25-2.81). The study reported that the comorbidity index, or likeli-
hood of co-occurrence of these two events was 2.26 times as common than if they
were independent events [41]. Treatment with LT4 in a prospective randomized
control study did not show an effect on the rate of postpartum depression in patients
with TPOAb+ [42]. All patients with depression should be screened for thyroid
dysfunction [32].

Thyroid Dysfunction and Breastfeeding

Hyperthyroidism and hypothyroidism can potentially impact milk letdown and
inhibit successful breastfeeding. The data is sparse consisting mainly of case stud-
ies. Nevertheless, thyroid function should be evaluated in women experiencing poor
lactation as the general recommendation is to treat women with hypothyroidism.
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While antithyroid drugs (ATDs) are safe in lactating women [43, 44], ATDs are
not used in the treatment of the thyrotoxic phase of PPT as it is a destructive thy-
roiditis [32].

Laboratory Studies

Thyroid function tests correspond to the phase of PPT and are helpful in making the
diagnosis. During the thyrotoxic phase, TSH is suppressed with moderately ele-
vated thyroxine (T4) levels. During the hypothyroid phase, T4 and triiodothyronine
(T3) are low. TSH may “lag” and remain suppressed in the hypothyroid phase
before rising. In addition, TSH can be suppressed with normal T4 and T3 during the
transition between the thyrotoxic and hypothyroid phases in the biphasic course
[45]. TPOAD is positive in the majority of patients. TgAb may also be positive.
Third-generation TSH-receptor antibody (TRAb) assay or thyroid-stimulating
immunoglobulin (TSI), involved in the pathogenesis of GD are not generally pres-
ent in PPT unless the patient had a prior history of GD. Levels of thyroglobulin
(Tg), a protein made by thyroid follicular cells and a substrate for the synthesis of
thyroid hormones, may be elevated during the thyrotoxic phase although is not typi-
cally used in the diagnosis of PPT.

Ultrasound

The diagnosis of PPT is generally made using the history and physical along with
the laboratory findings. However, ultrasound (US) findings have been described that
may be helpful [46]. The thyroid blood flow in PPT will typically be low [47].
Hypoechogenicity has been associated with PPT. In one study, hypoechogenicity
was present in 98.5% of patients with PPT compared to 7% in the control group
(p» <0.001). Mean thyroid volume at the time of diagnosis was 77% greater in those
with PPT than in the control group [48]. In another study evaluating women who did
not have detectable antibodies, US revealed evidence of thyroiditis in 60% of
women who developed PPT compared to 21% in those who did not develop PPT [6].

Differential Diagnosis

The thyrotoxic phase of PPT can present similarly to thyrotoxicosis due to GD,
which can recur or present for the first time in the postpartum period. However, the
frequency of GD in the postpartum period is significantly lower than that of PPT,
affecting 0.54% of the population [49]. Nevertheless, diagnosis is challenging
because PPT can affect patients with a history of GD [30]. Distinguishing between
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Table 1 Graves’ disease compared to postpartum thyroiditis (PPT)

Graves’ disease Postpartum thyroiditis (PPT)
Onset 3-12 months 1-6 months
Physical exam Goiter Goiter +/—

Thyroid bruit
Graves’ ophthalmopathy

Symptoms Moderate/Severe Mild
Labs Total T3/total T4 > 20 <20
FT3/FT4 >2.8 FT3/FT4<2.8
TSH-receptor antibody + TSH-receptor antibody —
Thyroid blood flow High Low
Radioactive iodine uptake High Low

PPT and GD is important because the clinical course and management of the two
conditions differ (Table 1). Patients with GD will require treatment with antithyroid
drugs (ATDs) and possible definitive treatment with radioactive iodine or surgery.
Patients with PPT may require no treatment at all.

The timing of onset of symptoms may be helpful. In one study, 86% of patients
who presented with thyrotoxicosis within the first 3 months had PPT while all
patients who developed thyrotoxicosis symptoms after 6.5 months had GD [47].
The symptoms of hyperthyroidism are generally more mild in PPT compared to
GD. Physical exam findings diagnostic of GD include Graves’ ophthalmopathy or
visible goiter with thyroid bruit.

As stated above, TRAD or TSI titers are elevated in patients with GD and typi-
cally undetectable in patients with PPT. A T3:T4 ratio <20 is more suggestive of
PPT, which consists of release of preformed thyroid hormone compared to GD
where T3 is preferentially elevated [50]. The use of FT3:FT4 is less well estab-
lished. In one study the FT3:FT4 ratio of those with PPT was statistically lower than
those with GD, with all patients with PPT having a ratio <3.2 [30]. FT3:FT4 <2.8
has also been used [18].

Thyroid blood flow on ultrasonography is high in patients with GD and low in
PPT [47]. If the diagnosis remains unclear, a radioactive iodine uptake (RAIU) can
help establish the diagnosis although this is rarely necessary with the current sensi-
tive and specific TRAB/TSI assays. If a RAIU is performed, the uptake will be low
in PPT compared to normal or elevated in women with GD. Women who receive
1231 or technetium (Tc-99m) scans should discard breastmilk for several days after
the study [32]. 13'-I is contraindicated in women who are breastfeeding.

Permanent Hypothyroidism

The prevalence of permanent hypothyroidism 12 months after delivery ranges from 2
to 54% [6, 34, 51]. Long-term data of permanent hypothyroidism has been more con-
sistent [51-54]. At 3—12 years postpartum, the incidence of permanent hypothyroidism
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is 30-50% [45, 55]. Higher titers of thyroid antibodies and TSH levels during the ini-
tial hypothyroid phase, greater maternal age, multiparity, history of pregnancy loss,
and greater degree of thyroid hypoechogenicity on ultrasound have been associated
with an increased risk for developing permanent hypothyroidism [5, 51-54, 56].

Treatment

While most cases of PPT resolve spontaneously, treatment may be indicated for
symptomatic patients for symptom relief. B-blockers such as propranolol or meto-
prolol are effective at controlling adrenergic symptoms. In women who are breast-
feeding, the lowest dose necessary to alleviate symptoms should be used. Atenolol
is avoided as it is more highly protein-bound and may concentrate in breast milk. At
high doses, atenolol has been associated with bradycardia and hypoglycemia in
infants [57]. ATDs are not effective to treat the thyrotoxicosis phase of PPT which
is due to a destructive thyroiditis and the release of preformed thyroid hormone
rather than increased thyroid hormone production. In patients who become euthy-
roid after the thyrotoxic phase, TSH should be checked in 4-8 weeks to screen for
hypothyroidism [32].

Women with significant hypothyroid symptoms or women attempting preg-
nancy or breastfeeding should be treated with levothyroxine (LT4) 50-100 mcg/
day and adjusted as needed for symptom relief. Treatment can then be gradually
weaned at approximately 12 months to see whether patients have had resolution of
the thyroiditis and return to a euthyroid state [5]. Treatment should not be weaned
if a patient is attempting pregnancy or is again pregnant. Women who are success-
fully weaned off of LT4 should have their TSH checked annually as the rate for
permanent hypothyroidism is high several years after PPT as reported above. In
addition, women with subclinical hypothyroidism in the postpartum period should
also be followed closely as they are at increased risk for permanent hypothyroidism
as well [45].

One paper has suggested T3 as a treatment alternative. The premise is to use a
submaximal dose of triiodothyronine (T3) that will provide symptom relief but
enable FT4 levels to rise, signifying spontaneous recovery of thyroid function [18].
There are no randomized controlled trials assessing treatment options for PPT. At
this time, the data on using T3 is sparse. If the patient is not treated with thyroid
hormone, thyroid function should be checked periodically until euthyroidism is
restored and women should be counseled on use of contraception until euthyroid.

Risk Factors

As stated above, 30-50% of TPOAb+ women will develop PPT with higher TPOAb
titers in the first trimester associated with greater risk of development [12, 58]. Two
studies from Italy report rates as high as 60-70% [6, 9]. Accordingly, the majority
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of women who develop PPT have positive TPOADb [7]. However, in one study 15%
of women who develop PPT had isolated TgAb and 5% may have neither TPOAb
or TgAb [6].

The incidence of PPT is higher in women with autoimmune diseases. Women
with Type 1 diabetes mellitus (T1DM) have incidence rates 3—4 times that of women
in the general population [59-61]. The incidence of PPT is also higher in women
with systemic lupus erythematous [62], Sjogren’s syndrome [63], and chronic viral
hepatitis [64]. The prevalence of PPT in women who have a prior history of GD is
reported to be 44% [30]. Interestingly, an increased incidence of PPT has also been
described in patients with gestational diabetes compared to healthy pregnant women
19.6% vs 10.2% respectively [65].

As stated above, PPT can occur in women who have hypothyroidism on treat-
ment antedating pregnancy. In a recent study by Moleti et al. women with
Hashimoto’s disease (HD) who were euthyroid on no treatment in the first trimester
compared to women with HD who were hypothyroid on levothyroxine in the first
trimester had four times higher risk of PPT. This suggest that the risk of PPT
depends on the amount of thyroid gland that is unaffected by HD [29].

A study evaluating recurrent episodes of PPT found that women who have had
an episode of PPT have a 70% chance of developing PPT in subsequent pregnan-
cies. Women who were TPO Ab+ and euthyroid after their first pregnancy still have
a 25% risk of developing PPT in a future pregnancy [66].

Prevention

Treatment with levothyroxine or iodine during pregnancy or in the postpartum
period have not been effective at reducing the incidence of PPT as demonstrated by
two randomized placebo-controlled trials [67, 68]. One randomized controlled
study showed that selenium supplementation of 200 mg daily reduced TPOAD lev-
els and the incidence of PPT and hypothyroidism in women treated compared to
those taking placebo [69]. Mantovani et al. showed selenium decreased TPOADb
levels [70]. However, a smaller randomized controlled study did not show that low
dose selenium of 60 mg per day had any effect on TPOAD levels throughout preg-
nancy compared to placebo [71]. The latter two studies looked at TPOAD status but
not PPT incidence. Currently, the data is insufficient to recommend routine sele-
nium supplementation during pregnancy especially because treatment may not be
harmless. Selenium use has been associated with an increased risk of DM2 [72, 73].
Vitamin D supplementation has been shown in one study to decrease antibody
titers in women with a history of PPT with either normal or deficient vitamin D
levels [74]. However, whether vitamin D supplementation can reduce the risk of
PPT or permanent hypothyroidism remains to be studied. Another study found that
consuming oily fish high in omega-3 compared to larger predator fish such as sword-
fish was associated with lower TPOAD levels. The authors speculated that it may
have to do with larger fish having higher levels of immunotoxicants such as mercury
and other pollutants [75]. The incidence of PPT was not measured in this study.
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Conclusion

PPT is a common endocrine condition that can be easily missed. PPT can occur in
women with no history of thyroid disease and symptoms of thyroid dysfunction can
overlap with new motherhood or postpartum depression. However, diagnosis is
important because effectively treating women who are symptomatic will help them
feel better during a critical time in their lives. In addition, women with a history of
PPT should have their thyroid function monitored as they are at high risk to develop
permanent hypothyroidism and recurrence of PPT in future pregnancies.
Distinguishing between PPT and GD is key as the latter requires treatment with
ATD while ATD are not helpful in treating PPT. By being aware of the risk factors,
clinical course, and progression of PPT, a physician can provide symptom relief,
avoid unnecessary use of ATD, and counsel patients in order to optimize thyroid
function for future pregnancies.

Summary

Physicians caring for patients who are pregnant or have a desire to become pregnant
need to be aware of risk factors for postpartum thyroiditis (PPT) such as + TPO Ab
status, history of autoimmune disease, and history of hypothyroidism not on full
replacement levothyroxine. By understanding the clinical course, which can vary
from hyperthyroidism to hypothyroidism and span a year’s time, a physician can
help counsel the patient in regard to expectations and appropriate monitoring.
Patients with a history of PPT need to be counseled on the increased risk of subse-
quent episodes with future pregnancies and have their thyroid hormone levels
checked prior to future pregnancy as some may remain hypothyroid. Although PPT
affects 5% of women, the diagnosis is missed because signs and symptoms are often
attributed to new motherhood. All mothers with symptoms of postpartum depres-
sion should be evaluated for thyroid dysfunction. Educating patients on the signs
and symptoms of PPT and encouraging them to speak to their physicians will facili-
tate early diagnosis and symptomatic treatment if needed.
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Postpartum Thyrotoxicosis

Fereidoun Azizi

Introduction

Profound alterations in the immune system, in particular protective mechanisms of
the placenta and systemic immune response, occur during pregnancy [1, 2]. In the
postpartum period, these specific immune responses are slowly lost and may be
accompanied by “a period of exacerbation” of autoimmune activity, 3—12 months
following delivery [3], which may cause beginning, relapse, or worsening of auto-
immune thyroid disorders, namely postpartum thyroiditis and Graves’ disease.
Thyrotoxicosis phase of postpartum thyroiditis and hyperthyroidism caused by
Graves’ disease are the most frequent causes of hyperthyroid state during postpar-
tum period [4]. However, other causes of thyrotoxicosis such as painless sporadic
thyrotoxicosis, subacute painful thyroiditis, toxic nodular goiter, and iodine-induced
and iatrogenic thyrotoxicosis may also be seen in the first year after delivery [5].

The objective of this article is to discuss changes of thyroid antibodies during
postpartum period and to review causes, clinical presentations, diagnosis, manage-
ment, and monitoring of postpartum thyrotoxicosis.

Postpartum Alterations of Thyroid Antibodies

Several changes occur in the immune system following conception. These are cat-
egorized as cell immune mediated response by T helper 1 (Thl) and humoral reac-
tion by T helper 2 (Th2). Due to possibility of adverse effects from Th1 cytokine on
the fetus, during pregnancy a shift in T cell physiology from Thl to Th2 immune
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response may be observed [6, 7]. In addition, helper/suppressor (CD4/CDS) ratio is
increased during the first trimester of pregnancy, which will decline in the second
and third trimesters [3].

Following delivery, the immune suppression present during pregnancy is gradu-
ally lost; this will be followed by a period of exacerbation of autoimmunity between
3 and 12 months postpartum, before its return to complete normal status [8—10].
Therefore, women with autoimmune thyroid disorders, i.e., Hashimoto’s thyroiditis
or Graves’ disease, may experience recurrence or worsening of their illness. In addi-
tion, postpartum period may be the first appearance of these disorders due to exac-
erbation of already present autoimmune disarrangement [9].

Postpartum thyroid dysfunction (PPTD) is distinguished by the occurrence of
transient or permanent thyroid dysfunction in the postpartum period. PPTD is a
common autoimmune disease with a prevalence of 1.1-11.4%, mean 7% [11-16] in
women worldwide and as high as 18-25% in women with other autoimmune dis-
ease, such as type 1 diabetes [17, 18]. This disease may present as hypo- or hyper-
thyroidism or may have a course of both presentations. Symptoms and signs of
thyrotoxicosis commonly occur between 1 and 6 months, mostly at 3 months post-
partum [19]. In about 30% of women with PPTD, the thyrotoxic phase is not clini-
cally recognized because of lack of symptoms of hyperthyroidism. It has been
reported that 20-30% of PPTD patients experience only hyperthyroid phase and
other 40-50% may develop hypothyroidism following thyrotoxic state [19, 20].

The incidence of Graves’ disease in the postpartum period is 0.2% [21]. This is
10-20 times lower than the incidence of thyrotoxicosis due to PPTD [9, 22]. Women
with a history of Graves’ hyperthyroidism, in particular in the first trimester of preg-
nancy, are more prone to exacerbation or relapse of disease after delivery [8—10].
Few weeks after delivery. There is a rise in TSH receptor antibodies (TRAD) titer
following postpartum autoimmune response, which stimulates thyroid hormone
synthesis, production, and release by binding to TSH receptors of thyrocytes [23].
The TRADb production is suppressed during late pregnancy, which explains remis-
sion or improvement of Graves’ hyperthyroid manifestations in the third trimester
of pregnancy. Less frequently, hyperthyroidism may occur as a first presentation in
woman with Graves’ disease during postpartum period [20, 21].

Clinical Presentation

Symptoms of hyperthyroidism may be mild and resemble those of the normal puer-
perium experience. Irritability, palpitation, increased sweating, heat intolerance,
mood swings, tremor, and anxiety are usually present in women with postpartum
thyrotoxicosis and may overlap with normal postpartum symptoms [22]. However,
some patients may experience excessive fatigue, sleepiness, or manic behavior in
this period [23].
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In postpartum thyrotoxicosis caused by Graves’ disease signs of tachycardia,
weight loss, tremor, and thyroid eye disease often are present, while in patients with
thyrotoxic phase of PPTD, symptoms and signs of hyperthyroidism are milder and
may even be partly or totally absent [9, 22].

Laboratory Findings

In overt hyperthyroidism, there is increase in serum free T4 (fT4) and/or T3 and
suppressed or undetectable serum TSH [24]. A combination of serum TSH less than
0.4 mU/L and normal serum fT4 and T3 concentration denotes diagnosis of sub-
clinical hyperthyroidism. Elevated serum T3 with normal fT4 titer and suppressed
serum TSH denotes T3 toxicosis. It is noteworthy that low serum TSH may be pres-
ent in central hypothyroidism, postpartum hypophysitis, and non-thyroidal illness,
as well. The differential diagnosis of an elevated fT4 includes non-thyroidal illness,
familial dysalbuminemic hyperthyroxinemia, and consumption of high doses of
propranolol, oral cholecystographic agents, amiodarone and amphetamine abuse
[8, 20].

Etiology

Thyrotoxic phase of PPTD and Graves’ hyperthyroidism are two most common
causes of postpartum thyrotoxicosis. Rarely other causes such as painless sporadic
thyroiditis, subacute painful thyroiditis and very rarely iatrogenic thyrotoxicosis,
toxic nodular goiter and iodine-induced thyrotoxicosis may occur during postpar-
tum period. Table 1 summarizes clinical and laboratory findings of various causes
of postpartum thyrotoxicosis.

PPTD: Women may have mild symptoms of hyperthyroidism or may be asymp-
tomatic. During pregnancy and postpartum period these women have higher preva-
lence of positive TPOAD titers, and exaggerated autoimmune response, with lesser
changes in T helper/suppressor ratio [25]. In PPTD women the state of hyperthy-
roidism occurs between 2 and 6 months after delivery. This phase is self-limited and
subsides without any treatment. Either euthyroidism or hypothyroid state may fol-
low the thyrotoxic state in PPTD. Coexistence of Graves’ disease and PPTD may
rarely complicate the diagnosis [26].

Graves’ disease: Postpartum Graves’ disease occurs during the first year, in
particular 1-3 months after delivery; this period is associated with a greater fre-
quency of the relapse, exacerbation, or onset of Graves’ hyperthyroidism. 12-40%
of Graves’ hyperthyroidism in women of childbearing age may occur in the postpar-
tum period [27], where there is a significant rise in serum TRADb, {T4, T3, and fT3/
fT4 ratio [28].
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Table 1 Clinical and laboratory characteristics of main causes of postpartum thyrotoxicosis®

Painless
Postpartum sporadic Painful subacute
Characteristic Graves’ disease thyroiditis thyroiditis thyroiditis
Frequency Common Most common | Rare Rare
Timing 4-7 months 2—-6 months Any time Any time
postpartum postpartum (seasonal)
Symptoms Hyperthyroidism | Mild None Fever, malaise
hyperthyroidism
Signs Goiter, Goiter Goiter Tender goiter,
exophthalmos, mild
hyperthyroidism hyperthyroidism
Etiology Autoimmune Autoimmune Autoimmune | Unknown
Erythrocyte Normal Normal Normal High
sedimentation rate
Radioiodine uptake | High Low Low Low
Triiodothyronine/ High Low Low Variable
thyroxine ratio
Thyroid peroxidase | High High High Low or absent
antibodies
Thyrotropin Present Absent Absent Absent
receptor-stimulating
antibodies (TRADb)

aRare etiologies are toxic nodular goiter, iodine-induced and iatrogenic thyrotoxicosis

Painless sporadic thyroiditis: Clinical and laboratory characteristics and man-
agement of this rare autoimmune disorder are similar to those of the PPTD. Patients
have no or very mild symptoms with the presence of a small diffuse goiter in about
half of the patients [29].

Subacute painful thyroiditis: It may rarely occur during the postpartum period
and is not related to autoimmune alteration of this period. Patient often presents
with pain in the region of the thyroid and constitutional symptoms. Elevated eryth-
rocyte sedimentation rate and a low radioiodine thyroid uptake (RAIU) confirm the
diagnosis of subacute thyroiditis. Serum TSH is usually suppressed and FT4 and T3
may mildly be increased [29].

Other causes: Iodine-indued thyrotoxicosis and toxic nodular goiter may also
occur in the postpartum period. Iatrogenic thyrotoxicosis may complicate very
rarely the differential diagnosis of thyrotoxicosis in a young mother. The diagnosis
is confirmed by the absence of goiter, a low RAIU, and low serum thyroglobu-
lin [30].

Differential diagnosis: Diagnosis of the cause of hyperthyroidism may be pos-
sible based on history and physical examination. Presence of thyroid eye disease in
Graves’ disease and a painful thyroid in subacute thyroiditis are the most helpful
clinical findings in differential diagnosis.
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Postpartum woman with sign and
symptoms of thyrotoxicosis
|
Serum fT4, fT3 (T3), TSH
Normal :
I routine
Increased fT4, fT3 (T3) follow up
suppressed TSH
|
Clinical findings
i Moderate to severe
Mild inosi Painful thyroid
thyrotoxicosis thyrotoxicosis ainiul thyrol
exophthalmus or pretibial
| myxedema |
Low RAI High ESR
uptake
[ Negative TRAD | | Positive TRAb | Low RAI uptake
l I NSAID
Symptomatic ; or
);rera’tment | Methimazole | prednisolone
Diagnosis ® Postpartum thyroiditis (common) ® Graves’ disease ® Subacute
® Painless sporadic thyroiditis (Rare) thyroiditis

RAI: Radioactive iodine; ESR: Erythrocyte sedimentation rate; TRAb: TSH receptor antibodies;
NSAID: Non steroidal anti-inflammatory drugs

Fig. 1 Proposed evaluation and management schema for postpartum thyrotoxicosis

The major task of physician is differentiation of thyrotoxic phase of PPTD from
Graves’ disease [31]. Goiter usually occurs in both diseases but is often more prom-
inent in the latter. The RAIU is always low in PPT, elevated or normal in Graves’;
TRAD titer is elevated in Graves’ and negative in PPT. Serum triiodothyronine/thy-
roxine ratio and FT3/FT4 ratio are increased in Graves’ and decreased in most
patients with destructive thyroiditis, iatrogenic, or iodine-induced thyrotoxicosis.
Figure 1 demonstrates workup of women with thyrotoxicosis in the postpar-
tum period.

Various types of thyroiditis are accompanied by a low RAIU because inflamma-
tory changes in the thyroid result in suppressed TSH and an inability to iodine con-
centration [32]. While RAIU is increased in Graves’ disease where hyperthyroidism
is caused by excessive thyroid hormone synthesis and release. Low thyroid RAIU is
also detected in exogenous thyroid hormone ingestion, struma ovarii, and iodine-
induced thyrotoxicosis.

An elevated thyroglobulin is accompanied by increase in FT4 and FT3 in Graves’
disease, while in PPTD, increase in serum thyroglobulin concentrations precedes
the onset of thyrotoxicosis [21].
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Subacute thyroiditis is differentiated from PPTD by the presence of systematic
symptoms, thyroid pain, increased erythrocyte sedimentation rate, and C-reactive
protein. In addition, TPOAD titers are elevated in PPTD [33, 34]. Thyroid blood
flow in Doppler ultrasonography is increased in Graves’ disease, while it is low in
PPTD [35].

Management

Patients in the thyrotoxic phase of PPT have relatively few symptoms lasting only a
few weeks and do not need any treatment. Antithyroid drugs are not indicated
because the biosynthesis is not increased and etiology of hyperthyroidism is exces-
sive release of thyroid hormones [36]. Sodium ipodate remarkably inhibits the
peripheral deiodination of T4 to generate T3 and may be administered 500 mg daily
in severe thyrotoxicosis caused by destruction-induced thyrotoxicosis [37].

Antithyroid drug (methimazole) is the treatment of choice of postpartum Graves’
hyperthyroidism [10, 36]. The doses, duration, and follow-up management of hyper-
thyroidism with antithyroid drugs are the same as those for patients with Graves’
who are not in the postpartum period. Continuing antithyroid drugs for 12—18 months
is recommended followed by appropriate monitoring for detection of relapse.

Radioiodine administration is one therapeutic modality for postpartum Graves’;
however, infant care for up to 7 days or longer according to radiation safety instruc-
tions may be very difficult for the mother; likewise, radioiodine treatment is contra-
indicated in the breast-feeding mother [9].

If the mother is not breast-feeding, radioiodine therapy becomes the treatment of
choice when there is contraindication for antithyroid drugs or in women who
develop side effects during medical treatment. For the occasional patient who devel-
ops side effects of antithyroid drugs and avoids radioiodine treatment, subtotal thy-
roidectomy would be advisable, following careful control of hyperthyroidism
[20, 21]. Subacute painful thyroiditis may be treated with p-blockers. Non-steroidal
anti-inflammatory agents or prednisolone may be considered for women with
moderate to severe signs and symptoms.

Management of Breast-Feeding Women

Breast-feeding women with thyrotoxicosis require special considerations both in
diagnosis and management of hyperthyroidism. Radioiodine therapy should not be
given to breast-feeding women, because it is secreted in the milk. Ingestion of as
low as 5-10 pCi doses of '**T and 'T for thyroid uptake test requires discontinuation
of nursing for 2 days and few weeks, respectively [37]. Use of thyroid RAIU test for
the differential diagnosis of thyrotoxicosis should be avoided; in special cases,
123T should be used because of its extremely short physical half-life of 13 h, compared
to the 8-day half-life of 'L
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It has been shown that the thyroid function and physical and intellectual develop-
ment of children breast-fed by thyrotoxic mothers on antithyroid drugs remain unaf-
fected [38]. Treatment of breast-feeding mothers for up to 1 year with daily doses of
20 and 30 mg MMI at initiation with following titration method to maintenance
dose does not disturb the thyroid function of breast-fed infants [38—40]. Furthermore,
thyroid function tests and physical and intellectual growth of these children remain
normal [39, 41]. It is estimated that peak concentration of milk MMI after a dose of
40 mg is 0.72 = 0.07 pg/mL, and that following ingestion of a single 20 mg dose of
MMI by mother, the breast-fed infant receives approximately 50 pg MMI (7 pg/kg
for a 5-month-old infant). Serum MMI concentration of breast-fed infants whose
mothers received 20-30 mg MMI daily was in safe range of less than 0.03 pg/mL
[39, 41]. Therefore, no routine screening of thyroid function in breast-fed infants is
recommended unless abnormal growth or cognition is observed [20, 38].

Monitoring and follow-Up

Follow-up of patients with postpartum thyrotoxicosis differs depending on the etiol-
ogy of disease. The thyrotoxic phase of PPTD is self-limited; however, patient
should be carefully followed in the second half of postpartum year for the occur-
rence of hypothyroidism, which may require levothyroxine treatment, for at least
1 year [4]. Permanent hypothyroidism may occur in long-term follow-up of PPTD,
even those with original presentation of subclinical hypothyroidism [42].

Patients with postpartum Graves’ disease should be treated with MMI for
12-18 months. It has been shown that TRAb titers were lower in these patients
compared to MMI-treated non-postpartum hyperthyroidism after 12 months of
MMI treatment [43]. Recurrence rate of hyperthyroidism after MMI withdrawal is
much lower than women with non-postpartum hyperthyroidism (21 vs 68%,
p = 0.002). This difference is probably due to peculiar immunologic aggravation
after delivery which lasts up to 12 months and is followed by a restoration of the
pre-pregnancy immune balance [44]. This phenomenon may synergize with the
MMI effect in immune modulation and reduction of circulating thyroid
antibodies [45].

Summary

Thyrotoxicosis during postpartum period must be looked for and careful manage-
ment should be given for proper health of mother and neonate. Physicians should
carefully precede with proper differential diagnosis, in particular that of PPTD and
Graves’ disease, and deliver appropriate care to postpartum women and ensure that
correct management will improve the quality of life of mothers and their infants in
this important period of life.
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Thyroid and Infertility

Gesthimani Mintziori

Introduction

Infertility is defined as the failure to achieve a clinical pregnancy after at least
12 months of regular unprotected sexual intercourse [1]. Infertility which can be
either attributed to male factor, female factor, or both, while in some cases the cause
is not detected (idiopathic infertility), represents an ongoing challenge globally [2].

Thyroxine is essential in early pregnancy and crucial for fetal brain develop-
ment and growth and thyroid dysfunction and/or autoimmunity are quite common
in women of reproductive age, as reported in previous chapters. Apart from that, it
is now well reported that the hypothalamus-pituitary-thyroid axis interacts with the
hypothalamus-pituitary-gonads axis in various levels and ways. Recent evidence
suggests that on top of these interactions, a local action of thyroid hormones in
reproductive tissues is highly probable. Thyroid hormone and TSH receptors (TRs
and TSHRs respectively) have been detected in the granulosa cells, the follicular
fluid, and the endometrium; and deiodinases 2 and 3 have been detected in the
ovaries [3]. Interestingly TRs that are located in the endometrium seem to cross
talk with the estrogen receptors (ERs) and are expressed differently during the dif-
ferent phases of menstrual cycle [4]. According to experimental data, TRal and
TRpPlare expressed in mid-luteal phase. An increase has been reported during
secretory phase, followed by a decrease [4]. This is clinically interested as it has
been suggested that TR and TSHR expression is related to human endometrium
receptivity [5].

TR and TSHR are also found in granulosa and ovarian stromal cells [6]. TR al
and TR B1 are found in the epithelium, but the receptors are differently distributed
in the oocytes and granulosa cells at the different developmental stages of the folli-
cle. The presence of the thyroid and TSH receptors in the reproductive tissues
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implies a local action of thyroid hormone and TSH, respectively. It is already known
that T inhibits aromatase activity in granulosa cells and that, together with FSH,
enhances granulosa cells proliferation and inhibits granulosa cells apoptosis by the
PI3K/Akt pathway [7].

Hypothyroidism and Infertility

Hypothyroidism, including subclinical hypothyroidism, is a common disease in
women of reproductive age. Subclinical hypothyroidism is defined as an elevated
serum TSH with a normal serum free thyroxine concentrations. Both overt and sub-
clinical hypothyroidism have been linked to infertility, higher miscarriage rate,
lower live birth rate, preterm deliveries, and low birthweight for gestational age
(Fig. 1). Hypothyroidism per se can cause ovulatory disorders that in turn can com-
prise a challenge to fertility.

According to an observational cohort study involving women desiring pregnancy
with history of miscarriage or subfertility from 49 hospitals across the UK [8], overt
hypothyroidism, defined as having a TSH > 4.50 mIU/L and fT4 < 10 pmol/L, was
diagnosed in 0.2% of women (95% CI, 0.1-0.3) and overt hyperthyroidism, defined
as having a TSH < 0.44 mIU/L and fT4 > 21 pmol/L, in 0.3% (95% CI, 0.2-0.3) of
the women. Interestingly, only 2.4% (95% CI, 2.1-2.6) of the women were diag-
nosed with subclinical hypothyroidism, defined as having a TSH > 4.50 mIU/L. Of
course, if the cutoff for TSH is lowered to 2.50 mIU/L, then subclinical hypothy-
roidism would have been diagnosed in 19.9% (95% CI, 19.3-20.5) of the women.
TPOAb were detected in 9.5% of the women. A retrospective study that involved
2279 women with normal thyroid function and 289 with subclinical hypothyroidism
has shown that subclinical hypothyroidism is linked to lower AMH concentrations
(median: 2.05 vs. 2.51 ng/mL, p = 0.015) and lower antral follicle counts (median:
10.0 vs. 11.0, p = 0.013) in comparison to euthyroidism [9]. A Cochrane meta-
analysis with the aim to evaluate levothyroxine replacement in subfertile women
with either subclinical hypothyroidism or euthyroidism with thyroid autoimmunity
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Fig. 1 Targets of thyroid hormone actions and reproduction-related symptoms of thyroid
dysfunction
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undergoing assisted reproduction was unable to draw strong conclusions mainly
because of the low quality of the available evidence [10]. Another meta-analysis on
the same topic though had suggested that LT, supplementation may be recom-
mended for women with subclinical hypothyroidism or euthyroidism with thyroid
autoimmunity undergoing IVF/ICSI, mainly as a protection from miscarriages [11].

According to the 2021 European Thyroid Association (ETA) guidelines [12] all
women planning assisted reproduction should be screened for TSH and TPOAb/and
TPOADb concentrations. Treatment with LT4 should be discussed in infertile women
with TAI and serum TSH >2.5 mIU/L. In fact, as infertility per se is a risk factor of
thyroid dysfunction, all women with infertility should be screened for thyroid dys-
function and autoimmunity.

Among infertile men subclinical hypothyroidism may affect up to 7.4%. It has
been suggested that in men with hypothyroidism the increased oxidative stress in
the testis may be the main trigger for sperm abnormalities reported in these men [13].
Though the effects of overt hypothyroidism in the male reproductive system have
been thoroughly described (abnormal sperm parameters including morphology and
motility) less is known about subclinical hypothyroidism. In specific, hypothyroid-
ism seems to decrease both the activity of glutathione reductase and catalase tran-
script expression and activity [14]. This is believed to cause a reduction in sperm
mitochondrial activity and acrosome integrity [15]. Regarding the erectile function,
there is evidence to support that this is strongly affected by thyroid hormone con-
centrations. It has been reported that untreated hypothyroidism may lead to delayed
ejaculation [16].

It has been suggested that men with subclinical hypothyroidism may have dete-
riorated reproductive outcomes after assisted reproduction technology (ART) in
comparison to euthyroid men [17]. However, it seems that this is the case for men
older than 35 years [17]. In any case, according to the 2021 ETA guidelines all men
with impaired sperm parameters should be screened for thyroid disease [12].

To sum up, all infertile women as well as infertile men with impaired sperm
parameters should be screened for thyroid dysfunction. Thyroid supplementation, if
necessary. Should start at the earliest convenience, as thyroid function is crucial for
the normal development of the pregnancy.

Hyperthyroidism and Infertility

Hyperthyroidism both men and women has been linked to compromised reproduc-
tive outcomes. Hyperthyroidism is defined as an excess of thyroid hormone produc-
tion and is commonly symptomatic. Similar to hypothyroidism, hyperthyroidism
can be either overt or subclinical (TSH below the reference range, T3 and fT4 within
the normal range). Thyrotoxicosis is another entity, defined as an excess of thyroid
hormone concentration (and not necessarily production). Graves’ disease is the
leading cause of hyperthyroidism in both men and women. Other causes of hyper-
thyroidism and/or thyrotoxicosis include toxic multinodular goiter, thyroid toxic
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adenoma, iodine-induced hyperthyroidism (Jod-Basedow phenomenon), de
Quervain, postpartum, and factitious thyroiditis. Main symptoms include fatigue,
excessive sweating and tremor, palpitations, anxiety, heat intolerance, and diarrhea.
Menstrual irregularities in women are not uncommon, and sometimes they com-
prise the main presenting symptom. It has been suggested that 5.8% of hyperthyroid
women may be infertile [18].

Men with hyperthyroidism may experience symptoms related to decreased
libido, gynecomastia, and/or premature ejaculation. Their sperm parameters may be
strongly affected (sperm motility and morphology) [3]. As such infertility can be
caused by hyperthyroidism either due to decreased libido, erectile dysfunction, or
impaired spermatogenesis.

Hyperthyroid women commonly present with symptoms related to menstrual
irregularities, including amenorrhea, oligomenorrhea, and hypomenorrhea [3]. It
has been reported that in women with hyperthyroidism testosterone,
A4-androstenedione but also estradiol and sex hormone binding globulin (SHBG)
are all increased. Luteinizing hormone (LH) response to gonadotropin-releasing
hormone (GnRH) is also higher in women with hyperthyroidism than those in
euthyroid state. In any case, the effects of hyperthyroidism in fertility potential
seem to be magnified when thyroid autoimmunity is also present, the latter being a
common clinical scenario. Indeed, the presence of anti-TSH antibodies have spe-
cifically been associated with infertility (both primary and secondary).

According to a multi-center observational cohort study from 49 centers in the
UK, overt hyperthyroidism (TSH < 0.44 mIU/L, fT4 > 21 pmol/L) was present in
0.3% (95% CI 0.2-0.3) of the 19,213 infertile women studied [8]. However, the
rates of thyroid dysfunction may be underestimated in this study due to its study
design. Older studies have calculated the prevalence of clinical and subclinical
hyperthyroidism to be 2.1% in infertile women [18]. Vice versa, it has been sug-
gested that infertility is present in 5.8% of women with hyperthyroidism [19].

In conclusion, both men and women with infertility and hyperthyroidism (sub-
clinical and clinical) may present with symptoms and signs that will lead to the
hyperthyroidism diagnosis. When treated hyperthyroidism, in both men and women,
reproductive plans should be discussed as they may affect the hyperthyroidism
treatment options.

Thyroid Autoimmunity and Infertility

Thyroid autoimmunity (TAI) is defined as the presence of Anti-TPO and/or anti-Tg
antibodies and comprises the most common endocrine disease in women of repro-
ductive age, with a prevalence between 5 and 20% [20]. It is now evident that when
TAI is present, the relative risk for female infertility increases. On top of that,
women with recurrent miscarriages have a higher incidence of Tg- and/or TPO-abs,
amounting as high as 25% [20].
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According to a meta-analysis involving nine studies and a total of 4396 women,
live birth rate (LBR) of women with TAI is lower in comparison to that of those
without TAI [odds ratio (OR): 0.73, 95% CI: 0.54-0.99, p = 0.04; I*: 41%)] [21].

Various theories have been put forward to explain how TAI may influence female
fertility: According to the first theory, it is not TAI per se, but the abnormal autoim-
mune background that results in the negative impact on fertility. A recent registry-
based retrospective study from Taiwan demonstrated that women with Hashimoto
thyroiditis had a 2.40-fold higher risk of premature ovarian failure than those with-
out Hashimoto thyroiditis with a hazard ratio (HR) of 2.40 (95% confidence interval
(CI) = 1.02-5.68) [22]. According to another theory on the same direction, TAI is
not a cause, just a confounding factor, with age being the main cause that results in
detrimental effects on female fertility [3]. The presence of TAI does increase with
age anyway. Another theory however suggests that TAI results in a relative defi-
ciency in thyroid hormone. Thus, women with TAI have a diminished “reservoir” of
thyroid hormone. Lastly it has been suggested that TAI may have a cytotoxic reac-
tion in the follicle fluid damaging the oocyte and, thus, can lead to poorer oocyte
quality and decreased developmental potential [3]. Thyroid antibodies have been
indeed detected in the follicular fluid and recent evidence demonstrates decreased T
cell cytotoxicity in women with repeated implantation failure and TAI in compari-
son to those without TAI [23]. Anyway, TAI has been directly linked with other
causes of infertility, such as endometriosis, ovarian failure, and polycystic ovarian
syndrome [3].

According to the guidelines of ETA all women with infertility should be screened
for thyroid function and presence of thyroid autoimmunity (anti-TPO and/or
antiTG) [12]. In these guidelines, the presence of thyroid autoimmunity has a sig-
nificant impact on the decision of providing thyroid hormone supplementation as
this is suggested for women with TSH levels >2.5 mIU/L and thyroid autoimmunity,
whereas this is not the case for those with same TSH values without thyroid autoim-
munity [12].

Summary

Thyroid dysfunction and/or autoimmunity are quite common in women of repro-
ductive age and thyroxine is essential in early pregnancy and crucial for fetal brain
development and growth. Thyroid disease in women (including hypothyroidism and
hyperthyroidism (both subclinical and overt) and/or thyroid autoimmunity have
been linked to adverse reproductive outcomes. Similarly thyroid dysfunction in men
is associated with erectile dysfunction and disturbances is sperm parameters. Early
detection of thyroid disorders and thyroid hormone supplementation, when needed,
is crucial for the improvement of fertility potential of both men and women.



238 G. Mintziori

References

1. World Health Organization (WHO). International classification of diseases, 11th revision
(ICD-11) Geneva: WHO; 2018.

2. Inhorn MC, Patrizio P. Infertility around the globe: new thinking on gender, reproductive tech-
nologies and global movements in the 21st century. Hum Reprod Update. 2015;21(4):411-26.

3. Mintziori G, Goulis DG. In vitro fertilization/intracytoplasmic insemination and thyroid func-
tion: reviewing the evidence. Metabolism. 2018;86:44-8.

4. Aghajanova L, Stavreus-Evers A, Lindeberg M, Landgren BM, Sparre LS, Hovatta O. Thyroid-
stimulating hormone receptor and thyroid hormone receptors are involved in human endome-
trial physiology. Fertil Steril. 2011;95:230-7.

5. Colicchia M, Campagnolo L, Baldini E, Ulisse S, Valensise H, Moretti C. Molecular basis
of thyrotropin and thyroid hormone action during implantation and early development. Hum
Reprod Update. 2014;20(6):884-904.

6. Wakim AN, Polizotto SL, Buffo MJ, Marrero MA, Burholt DR. Thyroid hormones in
human follicular fluid and thyroid hormone receptors in human granulosa cells. Fertil Steril.
1993;59:1187-90.

7. Dittrich R, Beckmann MW, Oppelt PG, Hoffmann I, Lotz L, Kuwert T, Mueller A. Thyroid
hormone receptors and reproduction. J Reprod Immunol. 2011;90(1):58-66.

8. Dhillon-Smith RK, Tobias A, Smith PP, Middleton LJ, Sunner KK, Baker K, Farrell-Carver
S, Bender-Atik R, Agrawal R, Bhatia K, Chu JJ, Edi-Osagie E, Ewies A, Ghobara T, Gupta P,
Jurkovic D, Khalaf'Y, Mulbagal K, Nunes N, Overton C, Quenby S, Rai R, Raine-Fenning N,
Robinson L, Ross J, Sizer A, Small R, Underwood M, Kilby MD, Daniels J, Thangaratinam
S, Chan S, Boelaert K, Coomarasamy A. The prevalence of thyroid dysfunction and auto-
immunity in women with history of miscarriage or subfertility. J Clin Endocrinol Metab.
2020;105(8):dgaa302.

9. Rao M, Wang H, Zhao S, Liu J, Wen Y, Wu Z, Yang Z, Su C, Su Z, Wang K, Tang L. Subclinical
hypothyroidism is associated with lower ovarian reserve in women aged 35 years or older.
Thyroid. 2020;30(1):95-105. https://doi.org/10.1089/thy.2019.0031.

10. Akhtar MA, Agrawal R, Brown J, Sajjad Y, Craciunas L. Thyroxine replacement for subfertile
women with euthyroid autoimmune thyroid disease or subclinical hypothyroidism. Cochrane
Database Syst Rev. 2019;6(6):CD011009.

11. Rao M, Zeng Z, Zhao S, Tang L. Effect of levothyroxine supplementation on pregnancy out-
comes in women with subclinical hypothyroidism and thyroid autoimmunity undergoing
in vitro fertilization/intracytoplasmic sperm injection: an updated meta-analysis of random-
ized controlled trials. Reprod Biol Endocrinol. 2018;16(1):92.

12. Poppe K, Bisschop P, Fugazzola L, Minziori G, Unuane D, Weghofer A. 2021 European thy-
roid association guideline on thyroid disorders prior to and during assisted reproduction. Eur
Thyroid J. 2020;9:281-95.

13. Sahoo DK, Roy A, Bhanja S, Chainy GB. Hypothyroidism impairs antioxidant defence sys-
tem and testicular physiology during development and maturation. Gen Comp Endocrinol.
2008;156(1):63-70.

14. Nascimento Gomes S, do Carmo Corréa DE, de Oliveira IM, Bargi-Souza P, Degraf Cavallin
M, Dobner Mariano D, Maissar Khalil N, Alves Figueiredo DL, Romano MA, de Oliveira
CA, Marino Romano R. Imbalanced testicular metabolism induced by thyroid disorders: new
evidences from quantitative proteome. Endocrine. 2020;67(1):209-23.

15. Romano RM, Gomes SN, Cardoso NC, Schiessl L, Romano MA, Oliveira CA. New insights
for male infertility revealed by alterations in spermatic function and differential testicular
expression of thyroid-related genes. Endocrine. 2017;55(2):607—-17. https://doi.org/10.1007/
$12020-016-0952-3.

16. Corona G, Jannini EA, Vignozzi L, Rastrelli G, Maggi M. The hormonal control of ejaculation.
Nat Rev Urol. 2012;9(9):508-19. https://doi.org/10.1038/nrurol.2012.147.


https://doi.org/10.1089/thy.2019.0031
https://doi.org/10.1007/s12020-016-0952-3
https://doi.org/10.1007/s12020-016-0952-3
https://doi.org/10.1038/nrurol.2012.147

Thyroid and Infertility 239

17.

18.

19.

20.

21.

22.

23.

Rao M, Yang Z, Su C, Zhao Z, Wan R, Liu J, Yao Y, Su Z, Wang K, Tang L, Zhao S. Paternal
subclinical hypothyroidism affects the clinical outcomes of in vitro fertilization/intracytoplas-
mic sperm injection. Thyroid. 2021;31(1):12-22. https://doi.org/10.1089/thy.2020.0154.
Poppe K, Glinoer D, Van Steirteghem A, Tournaye H, Devroey P, Schiettecatte J, Velkeniers
B. Thyroid dysfunction and autoimmunity in infertile women. Thyroid. 2002;12(11):997-1001.
Joshi JV, Bhandarkar SD, Chadha M, Balaiah D, Shah R. Menstrual irregularities and lactation
failure may precede thyroid dysfunction or goitre. J Postgrad Med. 1993;39(3):137—41.
Mintziori G, Goulis DG, Kolibianakis EM. Thyroid function and IVF outcome: when to inves-
tigate and when to intervene? Curr Opin Obstet Gynecol. 2016;28(3):191-7.

Busnelli A, Paffoni A, Fedele L, Somigliana E. The impact of thyroid autoimmunity
on IVF/ICSI outcome: a systematic review and meta-analysis. Hum Reprod Update.
2016;22(6):775-90. https://doi.org/10.1093/humupd/dmw019. Epub 2016 Jun 20. Erratum in:
Hum Reprod Update 2016 Nov;22(6):793-794.

Hsieh YT, Ho JYP. Thyroid autoimmunity is associated with higher risk of premature ovar-
ian insufficiency—a nationwide health insurance research database study. Hum Reprod.
2021;36(6):1621-9.

Mintziori G, Goulis DG. Endocrine causes of recurrent implantation failure. In: Recurrent
implantation failure, Ist edn. Imprint CRC Press; 2019. eBook ISBN 9781315165707.


https://doi.org/10.1089/thy.2020.0154
https://doi.org/10.1093/humupd/dmw019

®

Check for
updates

Thyroid Disorders and Hormonal
Contraceptives

Samira Behboudi-Gandevani

Introduction

Contraception is the intentional prevention of conception through the use of various
devices, sexual practices, chemicals, drugs, or surgical procedures. An effective
contraception allows a physical relationship without fear of an unwanted pregnancy
and ensures freedom to have children when desired.

The hormonal contraceptives (HCs), which contain a combination of the hor-
mones estrogen and progestin or progestin only contraceptives, are one of the most
popular form of contraception around the world (Table 1) [1]. They are highly effec-
tive for both spacing and limiting births [2], when used perfectly [3].

Combined oral contraceptives (OCs), including estrogen and a progesterone, are
the most common form of HCs worldwide [4]. A dose of 35 pg ethinylestradiol
(EE), a derivative of 17 beta-estradiol, has been the predominant estrogen in com-
bined contraceptive pills because of its high oral bioavailability. As such, levonorg-
estrel or norethisterone have been used as the main progestin in those pills. These
combination is considered the “gold standard” in OCs in relation to their safety
profile [5]. Newer progestogens such as gestodene and desogestrel are structurally
related to progesterone, but have greater specificity for progesterone receptors than
the older progestogens. They reduce the potential for androgenic, estrogenic, and
glucocorticoid effects. Drospirenone is a spironolactone analog and has a mild
diuretic effect [6]. Cyproterone has anti-androgenic effects which may be beneficial
in women with hyperandrogenic symptoms [7].

Generally, hormonal contraceptive could influence the hypothalamo-pituitary-
ovarian axis and reduce the ovarian production of sex steroids. Combined hormonal
contraceptives act primarily by preventing ovulation through the suppression of
ovulation by inhibition of gonadotropin-releasing hormone (GnRH), luteinizing
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Table 1 Female hormonal contraceptives choice
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Hormonal contraceptives

Drug formulations

Instruction for
use

Combined hormonal Estrogen Progestin
contraceptives
Oral
Conventional Low dose | Ethinylestradiol | One progestin: The package
(35 pgorless) |- Ethynodiol diacetate contains
(1 mg) 21 days of
— Norethindrone (1 mg) active pills
— Norethindrone (0.5 mg) |and 7 days off
— Norethindrone (0.4 mg)
— Norgestimate (0.25 mg)
— Desogestrel (0.15 mg)
— Drospirenone (3 pg)
— Levonorgestrel
(0.15 mg)
— Norethindrone acetate
(1.5 mg)
— Norgestrel (0.3 mg)
High dose | Ethinylestradiol | One progestin: The package
(50 pg) — Norethindrone (1 mg) contains
— Norgestrel (0.5 mg) 21 days of
— Ethynodiol diacetate active pills
(1 mg) and 7 days off
Triphasic | Ethinylestradiol | One progestin: The package
(day: 1-7, | (30,40, 30 ug) | — Levonorgestrel contains
8-14, (35, 35,35 pg) (0.05,0.075,0.125 mg) |21 days of
15-21) (20, 30,35 png) |- Norgestimate active pills
(0.18, 0.215, 0.25 mg) and 7 days off
— Desogestrel
(1.1, 0.125, 0.150 mg)
— Norethindrone
(1,1, I mg)
— Norethindrone
(0.5,0.75, 0.125 mg)
— Norethindrone
(0.5, 1,0.5mg)

Continuous dosing or
extended cycle

Ethinylestradiol
(35 pg)

Levonorgestrel (0.15 mg)

3-month pack
contains

84 days of
active pills
and 7 days off
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Table 1 (continued)
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Hormonal contraceptives

Drug formulations

Instruction for
use

Progesterone only

contraceptives
Oral, (mini-pill) One progestin: The package
— norethindrone (0.35 mg) | contains
— norgestrel (0.075 mg) 28-daily of
— levonorgestrel active pills
(0.030 mg) without
— lynestrenol (0.50 mg) interruption
— ethynodiol diacetate
(0.50 mg)
— desogestrel (0.075 mg)
Injectable Depot medroxyprogesterone | One shot
(DMPA) either once
— 150 mg/mL every month
— 400 mg/mL or once every
3 months
Implant Ethylene vinyl acetate Inserted
(68 mg etonogestrel in each | beneath the
implant) (release rate: skin of the
35-45 pg/day in first year, upper arm up
3040 pg/day in second to 3 years

year, in 25-30 pg/day third
year)

Hormonal intra uterine
devise

Levonorgestrel

— 13.5 mg/device (Skyla),
release rate: 14 pg/day)

— 19.5 mg/device
(Kyleena), release rate:
17.5 pg/day)

— 52 mg/device (Liletta,
Mirena), (release rate:
20 pg/day)

Inserted in the
uterine up to
5 years

hormone (LH), follicle-stimulating hormone (FSH), and the mid-cycle LH surge [8].
This effect is mediated by both the progestin and estrogen component of the COs
working synergistically, but estrogen suppression of FSH, which in turn prevents
folliculogenesis, is likely the most important mechanism. Additionally, the estrogen
component stabilizes the endometrium to maintain a regular withdrawal bleeding
pattern [9]. The progestin component also renders the cervical mucus relatively
impenetrable to sperm and reduces the receptivity of the endometrium to

implantation [10].

It is well documented that HCs have profound interactions with thyroid function
[11]. Those interactions are particularly important in women who suffer from thy-
roid disorders, since those diseases are very common in women of reproductive age

[12-14].
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This chapter focuses on the various aspects of interaction between thyroid hor-
mones and hormonal contraceptives in order to present the clinical guide for daily
practice.

Physiological Consideration

Thyroid hormones have been shown to exert a modulatory influence on female
reproductive function [15]. It was reported that thyroid hormone receptors (TRs) are
present in human ovarian surface epithelium and act on ovarian follicles and show
some slight localization in granulosa cells of ovarian follicles [16]. As such, ovarian
hormones could influence thyroid function. As such, thyroid function could be mod-
ulated by gonadal or sex steroids, primarily by altering the clearance of thyroxine-
binding globulin (TBG) [17], and peripheral deiodination of thyroxine [18].

Estrogen has a well-known direct and indirect effect on thyroid economy. States
of estrogen excess, either endogenous or exogenous, are associated with a rise in
serum TBG concentrations [19]. This occurs through the increased sialylation of
TBG, thereby slowing its clearance from the circulation by the liver and increasing
its half-life [20, 21]. However, same mechanism leads to increase the levels of simi-
lar glycoproteins, mainly sex hormone binding globulin (SHBG) [22, 23]. Whether
estrogen increases biosynthesis of TBG remains controversial [17].

These effects are modulated by the chemical structure of the steroid being used,
its dose, and the route of administration. In this respect it is reported that, in the
same therapeutic effects, transdermal administration of estradiol causes minimal
changes in serum TBG concentrations, but oral administration could lead to a
50-70% increase in serum TBG [24]. Moreover, since ethinyl estradiol undergoes
limited liver metabolism and remains longer in the liver, it is more potent to increase
the serum concentration of binding proteins compared to estradiol or other chemical
forms of estrogens [17, 25].

A rise of TBG results in a reduced clearance of thyroxine (T4) and triiodothyro-
nine (T3) and, hence, results in a new thyroid hormone equilibrium characterized by
an increase in total T3 and T4 by 20-40% and a reduced resin triiodothyronine (T3
uptake) level [26]. However, the free or bioactive fractions of thyroid hormones
remain normal or only slightly affected if the patient is euthyroid, because this is the
function of the circulating hormone regulated by the feedback “axis” [27-29]. In
this respect, serum free T4 may transiently decrease inducing a response from the
pituitary to increase TSH secretion, which, in turn, will stimulate the thyroid to
produce more T4. A new steady state is reached between free and bound T4 and
TSH levels remain normal [27, 30].

There are limited studies assessing the effect of progestins on thyroid function,
and mostly have not demonstrated any effect of progestins on TBG concentrations
[27]. Cyproterone acetate, a progestin with anti-androgenic effects, was not observed
to have any effect on TBG concentrations [26, 30].
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As well, only limited studies have been published on the effects of long-acting
drugs containing only progesterone on thyroid function. It is reported that depot
medroxyprogesterone acetate (DMPA) could significantly increase FT4 levels after
the 12-month follow-up [31]. Accordingly, a randomized placebo-controlled
12-week trial found that oral micronized progesterone at the daily dose of 300 mg
could decrease TSH, increase FT4, and did not have any effect on FT3 serum levels,
compared to placebo [32]. This evidence suggests a greater role for progestins in
influencing thyroid function.

It should be noted that these effects are generally transient and partly reversed in
the hormone-free interval of 1-8 weeks; also, maximal levels of SHBG are reached
at the end of the third cycle and no further rise occurs during the following cycles
[32,33].

Guide for Clinical Practice

Thyroid dysfunction is one of the most common endocrine disorders among
reproductive-aged women [34], the groups of women who most commonly use
effective hormonal contraception [35, 36]. Although women with no thyroid disease
adapt quickly to thyroid hormonal alterations induced by gonadal steroids, those
small alterations may be clinically important for women who suffer from thyroid
disorders and may cause significant biochemical and clinical alterations requiring
changes in the doses of thyroid medications. Likewise, there are limited studies sug-
gesting that thyroid hormones may affect the action of estrogen and subsequently
can affect the efficacy and safety of hormonal contraceptives [11, 37]. This suggests
that euthyroidism is important for the effectiveness of OCs.

Meanwhile, since thyroid disorders are not contraindications to pregnancy, if
pregnancy does occur, untreated thyroid dysfunctions are widely associated with
increased risk of feto-maternal and neonatal morbidity among pregnant women
[38—41], Therefore, it is advisable to treat the problem first and begin contraception,
when pregnancy is requested. However, side effects caused by those HCs, such as
weight changes, emotional lability, or changes in energy level, could be similar to
symptoms of hypothyroidism, hyperthyroidism, and other types of thyroid dysfunc-
tion, and might unmask thyroid illness in previously undiagnosed subjects.

Here we provided a guide for using the hormonal contraceptives among women
with thyroid dysfunction for clinical practice. However, in a the holistic approach,
the steps suggested here are intended to be general guidelines that would never sub-
stitute for clinical judgment. Each patient’s total clinical and psychosocial circum-
stances must be considered, since the physician should treat the patient and not the
disease.
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Hypothyroidism

In contrast to the findings in thyroid subjects, estrogen component of HCs causes
clinically significant alterations in thyroid function leading to increased levothyrox-
ine requirements in women with hypothyroidism [26]. In hypothyroid subjects,
estrogen leads to an increase in serum TBG levels quantitatively similar to that
observed in those with normal thyroid function [3]. This alteration in those patients
leads to slow the entry of thyroxine into cells, including pituitary cells, thereby
reducing thyroid hormone action in tissue. Alternatively, estrogen might lower the
serum free thyroxine concentration by increasing the clearance of thyroxine.
Therefore, the serum concentrations of both serum TSH levels and free thyroxine
[14] decrease in those patients and cannot stimulate by thyroid gland to produce
more T4. Although the alterations are small, those alterations are potentially clini-
cally important and may need thyroxine replacement. It should be noted that this
effect is dose dependent and is usually observed within 6 weeks after HCs contain-
ing estrogen initiation and reaches its peak at 12 weeks [33].

The influence of HCs containing estrogen in patients with subclinical hypothy-
roidism has not been clearly understood. But it might be possible that such patients
become overtly hypothyroid following HCs containing estrogen usage. Based on
current knowledge, there are no restrictions on the choice of HC methods in women
with controlled hypothyroidism with the same guidelines that are used for healthy
women. Moreover, in patients with levothyroxine treatment, it is recommended to
consider up-titration of the levothyroxine dose in new HC users. In this respect,
TSH and FT4 should be measured 4-8 weeks after the up-titration in order to check
the adequacy of replacement. However, it is unnecessary to stop the use of hormonal
contraceptive to evaluate thyroid function, but it would be prudent to assess thyroid
function in those patients after withdrawal of HCs.

Hyperthyroidism

There are limited studies addressing the influence of HCs in patients with hyperthy-
roidism. The increase in TBG and the associated decrease in free thyroxine levels
would explain the observed amelioration of Graves’ hyperthyroidism with exoge-
nous estrogen [42, 43]. Based on current knowledge, generally, there are no restric-
tions on the choice of hormonal contraceptive methods in women with
hyperthyroidism with the same guidelines that are used for healthy women. In
patients with antithyroid medications therapy, it is recommended to consider anti-
thyroid agents dosage in new hormonal contraceptive users. In this respect, TSH
and FT4 could be measured 4-8 weeks after initiation of those contraceptives to
show if your thyroid medication needs a dosage adjustment. Additionally, it is
unnecessary to stop the use of HCs to evaluate thyroid function, but it would be
prudent to assess thyroid function in those patients after withdrawal of HCs.
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Autoimmunity

Sex hormones regulate molecular mechanisms in the innate and adaptive immune
systems, and control immune responses in health [44]. Hormonal contraceptives
(HCs) are very potent hormones that have effects on the immune system [45].
Estrogens, in general, are considered immune-stimulatory due to enhanced cellular
proliferation and antibody secretion by decreasing the CD4+/CD8+ T cell ratio and
TNF-a cytotoxicity in T cells and increasing immunoglobulin secretion, B cell sur-
vival, and polyclonal activation of B cells as well as IgG and IgM production in
peripheral blood mononuclear cells [46—48]. In contrast, progestins clearly have
immunomodulatory and immunosuppressive effects on the immune system, by
inhibition of macrophage activation, nitric oxide production, and IFN-y production
by NK cells [44, 49] and therefore counteract the pathways affected by estrogen
[44]. Hormonal contraceptives also suppress pituitary gonadotropins, which have a
number of additional immunomodulatory effects [50, 51]. Thus, while a specific
mechanism linking HCs to autoimmune disease pathogenesis has not been eluci-
dated, it is speculate that the administration of HCs, either combined estrogen-
progestin contraceptives or progestin-only contraceptives, would modulate the
immune system and may affect the predisposition of hormonal contraceptive users
to autoimmune diseases [45]. Autoimmune thyroid diseases are usually accompa-
nied by the presence of antithyroid peroxidase (TPO), anti-thyroglobulin (Tg), and
antithyroid-stimulating hormone receptor (TSHR) antibodies [48]. There are some
evidence showing that sex hormones may play a role in thyroid autoimmunity. In
this respect, it is showed that higher circulating estradiol is related to thyroid auto-
immunity in males as reflected by positive TSH receptor antibody (TRAb) [52].

However, at current time there is the lack of literature supporting the effect of
HCs on autoimmune thyroid diseases. Therefore, based on indirect available evi-
dence, generally, there are no restrictions on the choice of hormonal contraceptive
methods in women with autoimmune thyroid diseases with the same guidelines that
are used for healthy women. However, it is recommended to consider thyroid agents
dosage in new hormonal contraceptive users. In this respect, TSH and FT4 could be
measured 4—6 weeks after initiation of those contraceptives to show if your thyroid
medication needs a dosage adjustment.

Summary

Hormonal contraceptives (HCs) are able to impact the thyroid gland function.
Although women with no thyroid dysfunction can tolerate thyroid hormonal altera-
tions induced by those agents, those small alterations in thyroid hormones concen-
trations may be clinically important for women who suffer from thyroid disorders.
In such cases, serum level of thyroid hormones should be measured at least 4-8 weeks
after initiation of HCs in order to check the adequacy of thyroid medications.
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