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Abstract

Thyroid disorder is the second most common endocrine disorder in pregnancy, after diabetes. The increased prevalence of
thyroid disorders makes it necessary to start universal screening of pregnant women for thyroid disorders which would
help in the early identification and rectification of thyroid disorders in pregnant women. Further, early screening and
treatment of thyroid disorders would prevent to a large extent the incidence of thyroid disorders in the newborns, which
is one of the leading causes of mental retardation.

1. INTRODUCTION

Pregnancy is a period of life in which a lot of endocrine disorders occur along with pregnancy,
physio|ogica| Changes occur in body Various then the adverse outcomes can be immensel,
complex hormonal changes also occur. When some Thyroid disorder is found to be most commonly

occurring endocrine disorder in pregnancy after
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dlabetes In context to gender thyrord drseases are
four to five times more commonly observed in
women in contrast to men (primarily in
gestational period). According to thyroidologist,
pregnancy is a prolonged bodily condition in which
a number of events occur that can modify thyroid
function. Furthermore these events occur at varied
times in pregnancy, so it is difficult to interpret the
complications arising from it &I,

Thyroid disease has highly significant maternal and
fetal implications. Children born to untreated or
undertreated mother has a deep impact on future
intellective growth of the child. Thyroid disease is
increasing the risk of miscarriage, premature birth,
preeclampsia and increased fetal mortality. !

The primary function of the cells of the thyroid
follicles is synthesis of thyroid hormones that is
thyroxine or L- tetraiodothyronine or T4 and L-
triiodothyronine or T3 BlL.The secretion of these
thyroid  hormones is  stimulated through
hypothalamus pituitary thyroid axis. Thyrotropin
releasing hormone (TRH)secreted from the
Hypothalamus in brain stimulate the release of
thyrotropin or thyroid stimulating hormone (TSH)
from the anterior pituitary . Negative feedback
mechanism regulates the release of TSH from the
anterior pituitary. Thyroid hormones, T3 and Ta
hormones travel in blood stream as bound to
thyroxine binding proteins and reach their target
sites(Sl,

Thyroid gland is perceptibly altered in case of
normal pregnancy which occurs throughout
gestation. These modifications are important so that
the maternal thyroid gland could meet the demands
of pregnancy and these modifications have much
more importance in first trimester as the fetus
thyroid is able to make enough thyroid hormones
only after 20 weeks of gestation so it is completely
dependent on maternal TH hormones in this
durationt™.,

In pregnancy there is increased production of
thyroid hormones binding proteins, majorly TBG,
that is thyroid binding globulin as a result of
estrogen stimulation. TBG has prolonged half life
in pregnancy due to increased sialylation of TBG
during gestational period. Also, affinity of TBG for
thyroid hormones increases (€1,

The production of hormones by thyroid gland

expands by 50% in pregnancy Thrs is a direct
consequence of elevated levels of TBG. T3 and T4
levels, both are known to be elevated in pregnancy.
Therefore, non-pregnancy reference intervals
cannot be used in pregnancy as they can mislead on
the detectionof thyroid disorder and can hence
result in delay in treatment of thyroid disorder
during pregnancy [,

There is also an increased degradation of THs by A
placental hormone, type 3
iodothyroninedeiodinase, causes increased
degradation of Thyroid hormones. This further
necessitates the production of increased levels of

thyroid hormones by thyroid gland of the mother
[0

B-hCG (Human Chorionic Gonadotropin) share the
similarity in structure with TSH (Thyroid
Stimulating Hormone).Hence, it has a stimulatory
effect of on thyrocyteswhich induces causes a
transient increase in free T4 levels which ultimately
cause TSH suppression.The level of thyroglobulin,
that is the precursor protein for thyroid hormones is
also controlled by B-hCG secreted in pregnancy.
Some studies have reported that TG levels are
increased in pregnancy. Increase in TG is
associated with transient thyroid stimulation by
hCG because of its thyrotrophic action 1,

As iodine is most important element required for
thyroid hormone synthesis, In small level iodine
deprived areas, the thyroid gland is unable to
achieve the required adjustments in pregnancy and
the pathological condition develop. Complications
severity increases with decrease in iodine intake.
The most visible consequence is goiter in mother
and fetus. These alterations can be prevented by
iodine supplementation if detected early 112,

For mother, pregnancy is known to act as strong
goitrogenic stimulus, even in areas where there is
only moderate iodine deficiency. Maternal goiter
formation can be a result of continuous glandular
stimulation that occurs during pregnancy. Fetal
thyroid is also affected by the maternal thyroid
disorder as goitrogenesis has been seen in fetus of
mothers with thyroid disorder 131,

Considering variations in the maternal thyroid
economy during pregnancy, use of normal
reference range for pregnant women can mislead
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d treatment of thyroid disorder
during pregnancy, hence trimester specific
reference has been established. In thyroid disease
during pregnancy, maternal thyroid gland is not
able to cope with all the situations and there is
excessive or insufficient release of thyroid
hormones. Thyroid autoimmunity is also reported
to be associated with increased premature delivery
and cases of abortion. Measuring levels of
autoantibody can therefore act as marker to
diagnose women who have probability of getting
hypothyroidism in pregnancy. Hence, women
positive for thyroid autoantibody should be
monitored closely and given possible treatment [41,

Hence thyroid dysfunction including
hyperthyroidism and hypothyroidism require close
monitoring in pregnancy.Hypothyroidism is much
common in pregnancy than hyperthyroidism. f51A
close relationship has been observed in
hypothyroidism and reduced fertility. Thyroid
dysfunction varies according to region and is
reported to 4.5% prevalent in western countries and
11 % in Indial*®. The significant association
between pregnancy and thyroid function has been
recognized only in last few years. As
hypothyroidism and goitrogenesis has been
observed in normal women living in geographical
areas with iodine restriction, this gives a clue that
pregnancy serve as a goitrogenic stimulus.

Although hCG has indirect effect on thyroid
functioning but it is no doubt a thyroid-regulating
hormone in pregnancy. 1 Thyroid disorders like
goiter formation, hyperthyroidism, autoimmune
thyroid disease and subclinical hypothyroidism
have been found to affect a significant number of
pregnant women. These differences can be due to
population specific factors such as ethnicity and
Body Mass Index. Hence it is very necessary to
compare the results with a correct reference
interval for every population rather than just
relying on universal cut off. Reference interval is
different for different range of BMI in pregnant
women. Hence BMI index of every woman under
study should be measured and taken into
considerationt*®l,

Thyroid gland is a butterfly shaped structure which
has two lobes joined in the midline by thin tissue
called isthmus L1t receives blood supply from the
superior thyroid arteries (arising from the external
carotids) and the inferior thyroid arteries (arising
from the subclavian arteries) %, Thyroid gland
constitutes a number of follicles which are
encapsulated by fibrous capsule layer®IFollicles
are the functional unit of the thyroid gland.
Follicles are spherical cells which enclose a
proteinaceous material called colloid. Colloid
consists primarily of thyroid hormone precursor
protein thyroglobulin 22,

3. THYROID HORMONES SYNTHESIS AND
REGULATION

The primary function of the cells of the thyroid
follicles is synthesis of thyroid hormones that is
thyroxine or L- tetraiodothyronine(T4) and L-
triiodothyronine (T3) [3.The release of thyroid
hormones is stimulated through hypothalamus
pituitary thyroid axis. Thyrotropin releasing
hormone (TRH) from the Hypothalamus stimulates
the release of thyrotropin or thyroid stimulating
hormone (TSH) from the anterior pituitary.

TSH further binds to TSH receptor which is present
on the follicular cells. This in turn stimulates the
release of thyroglobulin which is an inactive
protein into the follicle lumen as colloid 241,

Sodium lodide (Nal)co-transporter is an energy
dependent transporterthrough which dietary iodide
ion travel from blood stream intothe thyroid follicle
cells or thyrocytes 2],
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TH SYNTHESIS
AND STORAGE

lodide ion is oxidized to iodine by thyroperoxidase
enzyme in the presence of hydrogen peroxide,
H20,. (Autoantibodies to thyroid peroxidase are a
common  cause of  hypothyroidism).Then
thyroglobulin is iodinated on tyrosine residues.
Then coupling of iodothyroninesoccur to form L-
Thyroxine  or  tetraiodothyronine and L-
Triiodothyronine [4,2]. Therefore, lodine is a very
important component of thyroid hormones
constituting 65% of the mass of T, and 58% of the
mass of T3 Two diiodotyrosyl residues form T,
and diodotyrosyl and one monoiodotyrosyl
combine to form T3.The release of thyroid hormone
is under regulation by negative feedback loop.
Increased level of THs majorly Ts inhibit the
release of Thyroid Stimulating Hormone in turn
suppressing secretion of thyroid hormones by
thyroid gland.Ts and T4 hormones travel in blood
stream as bound to thyroxine binding proteins and
reach their target sites. T4 makes up 90 percent of
the THs but Ts is highly bioactive as compared to
T4,

4. FUNCTIONS OF THYROID HORMONES

Thyroid hormones increases Body Mass Ratio,
body temperature, gluconeogenesis, glucose
absorption lipolysis and proteolysis. Thyroid
hormones elevate stroke volume and heart rate thus

TH ; LOSS OF -

VE FEEDBACK,
TSH

causing upsurged cardiac output which shows that
thyroid hormones affect heart also. Thyroid
hormones also help in bone maturation and hence
overall growth. These hormones are also necessary
for central nervous system (CNS) development.
Para follicular cells are also present in the thyroid
gland which secrete calcitonin hormone. This
hormone is important for calcium homeostasis [?61,

5. THYROID GLAND DISORDERS

Thyroid gland disorders are one of the common
endocrine gland disorders in India. Thyroid gland
is affected by environmental factors because of its
dependency on dietary lodine further increase the
subject with thyroid disorders. Some common
thyroid disorders are listed below.

6. HYPOTHYROIDISM-

Hypothyroidism is one of the very common thyroid
related pathologies. Hypothyroidism is a condition
of decreased production of thyroid hormones. It
can be because of several reasons some of which
are listed below:

e lodine restriction or lodine-deficient diet

e surgical removal of the thyroid gland
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. Radlo ablatlon of the thyroid gland (done to
treat hyperthyroidism)

e Malignancy or tumor of the thyroid gland
e  Medications, e.g. lithium

e Loss of upstream signaling because pituitary
or hypothalamic disorder (secondary and
tertiary hypothyroidism respectively).

e Autoimmunity (one the most common cause
of hypothyroidism). Autoimmunity is because
of antibodies which attack self-thyroid gland
constitutents. Examples of such
autoantibodies are antithyroglobulin and
antithyroid peroxidase (ATPO). Thyroid
peroxidase enzyme is required for converting
iodide into iodine for synthesis of thyroid
hormones in the follicle [2627],

The severity of signs and symptoms varies with
delay in diagnosis and age of onset of
hypothyroidism .

7. HYPERTHYROIDISM

Increased concentration of thyroid hormones in
blood is called hyperthyroidism. Hyperthyroidism
can be due to several reasons. Some of them are
listed below:

e  Hyper functional adenoma
. Thyroid malignancy

. Increased TSH secretion from pituitary
adenoma (secondary hyperthyroidism)

e  Thyroid damage from radiation
e  Trauma or stress
. External thyroid hormone ingestion

e  Grave’s disease (responsible for about 85%
cases of hyperthyroidism). Grave’s disease
occur because of development of
autoantibodies to the TSH receptors present
on the follicular cells This results in
perpetual stimulation of follicular cells
resulting in release of thyroid hormones(?®l,

Increased thyroid hormones inhibit TSH release;
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hence TSH IeveIs are Iow in hyperthyr0|d|sm
Myxedema, coma, congenital hypothyroidism,
carcinoma of the thyroid, multinodular goiter,
Hashimoto thyroiditis are some of the other major
disorders of the thyroid gland %,

8. THYROID GLAND DEVELOPMENT:

Thyroid gland which is a type of endocrine gland is
first to develop in fetus during pregnancy.
Development starts approximately at 3" week of
gestation. First and second pharyngeal pouches
present near the base of the tongue act as precursor
for development of thyroid gland in fetus. A
diverticular overgrowth develops from the
primitive pharynx. Thyroid is still attached to
tongue by thyroglossal duct during migration.
Thyroid solidifies during migration and follicular
element of the thyroid differentiates (3%,

Differentiation of left and right lobe of thyroid also
occurs in the 5" week of gestation. By the seventh
week of gestation thyroid reaches its final
destination in the neck. By the 10" week of
gestation, thyroglossal duct degenerates, then
cellular differentiation and maturation occurs and
thyroid become functionally mature by 12" week
of gestation B4 Thyroid then starts forming little
amount of thyroid hormones but the enough
amount of thyroid hormones start to release at 20%"
week of gestation. So, mainly in the first trimester
of pregnancy, fetus development is dependent on

maternal thyroid which it receives through placenta
[32]

9. PREGNANCY AND THYROID GLAND

A number of physiological changes occur in
maternal thyroid gland in pregnancy to release
more TH to meet maternal and fetal needs. Human
chorionic gonadotropin levels are high during the
first trimester of pregnancy and HCG acts as TSH
as alpha subunit of hCG is similar to TSH. Hence
levels of TSH are reduced in first trimester of
pregnancy under the influence of hCG. According
to previous studies TSH upper limit has been
defined to be approximately 2.51U/L during the
first trimester (331,

As estrogen levels increase rapidly during
pregnancy which in stimulate synthesis of
thyroxine binding globulin in liver increasing the
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gestatlon[35] Avallablllty of |od|de is decreased
because of increased renal clearance of iodide and
fetal uptake.

Ievels of thyroxme bmdmg globulln in blood in

pregnancy®. Estrogen mediated prolongation of

half life of TBG also occur increasing half life of

TBG from 15 minutes to 3 days just a week after
. Physiological Changes

Thyroid-related consequences

Increased 24-hr RATU

Increased renal I- clearance

Reduced plasma Iodine and placental Iodine In Iodine deficient mother, reduced T4, elevated
delivery to the fetus TSH, and goitre formation

High O; consumption by fetoplacental unit,  Increased Basal metabolic rate
heavvuterus

High hCG in first trimester of pregnancy free T and T; above normal,

Table - Effects of pregnancy on thyroid gland 36 37]

Intact thyroid gland in a healthy pregnant woman
will be able to supply the hormone according to
need but any disorder in thyroid will result in
improper supply of hormones to the child and can
have drastic effects like miscarriages, prenatal
mortality and affect on neurological development
of the fetus®®l. According to a study done by
Haddow et. al, a 7-point 1Q deficit is found in
children who are born to mother with thyroid
disorder as compared to children born to mother
with normal thyroid function B9

10. DETECTION OF THYROID DISORDER IN
PREGNANCY

Thyroid disorder can be diagnosed by measuring
the level of thyroid related hormones most
promising of which is TSH.According to most
recent endocrinology guidelines, reference value in
first trimester of pregnancy for TSH is 0.1-
2.5plU/L. and 0.2- 3.0 mIU/L in the second and
third trimesters of pregnancy 1. Along with TSH,
levels of FT4 and FT3 should be measured so as to
prevent misdiagnosis due to changes in levels of
thyroxine binding globulinl*l,  Besides this,
detection of autoantibodies (e.g. autoantibodies to
thyroid peroxidase enzyme) should also not be
ignored®,

11. PREGNANCY AND HYPOTHYROIDISM

Clinical and subclinical hypothyroidism is found be
present in approximately 2.5% of the pregnant

women 131 but, Subclinical hypothyroidism would
have a prevalence of 50% if universal screening of
pregnant women would have been done. Indian
thyroid society guidelines have suggested that
universal screening of pregnant women for thyroid
disorders should be norm [l  Clinical
hypothyroidism (CH) is a condition of free T4
levels below normal accompanied by increased
levels of TSH, that is TSH levels higher than 10
mIU/L. Its incidence ranges from 0.3 to 0.5% in
pregnant womentl,

Subclinical hypothyroidism (SCH): A person is
said to be suffering from  subclinical
hypothyroidism if he has increased TSH (>
4.5mIU/L) but T4 levels are within the normal
range. Population, region, age, sex and race are
major factors in deciding the prevalence of
subclinical hypothyroidism in an area. Its
prevalence ranges from 3 to 17% in the adult
population. Its frequency is higher in women and
elderly people. Prevalence among pregnant women
is reported to be between 2% and 4%[“Sl.Impaired
nerve cell differentiation, inadequate CNS
development, increased risk of perinatal defects,
low birth weight babies, and neurological defect
have been observed in fetus who do not get
sufficient amount of maternal thyroid hormones
especially during first trimester of pregnancy.
“Placental abruption and increased risk of preterm
birth, spontaneous abortion, gestational
hypertension and severe preeclampsia” are some of
the complications which a pregnant women with
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hypothyroidim facel”],
12. Pathophysiology

Triiodothyronine is known to upregulateReelin.
Reelin is glycoproteinaceous in nature. It is
involved in the signaling of neuronal migration in
the cortex, hippocampus and cerebellum.
Hypothyroidism is thus associated with decreased
reelin levels which can result in aberrant neuronal
migrationt®l,

Hypothyroidism is associated with reduced
expression of “Egr-1, Arc, Erk and Brdf” in the
child’s  hippocampus.EGR-1 isa transcription
factor that is involved in the Long-term
potentiation process. [*.

13. PREGNANCY AND HYPERTHYROIDISM

Hyperthyroidism has been reported to be3.3%
prevalently in Indian pregnant women.

14. Causes of hyperthyroidism

“Graves’ disease, Transient gestational
hyperthyroidism, Toxic multinodular goiter, Single
toxic adenoma, Subacute thyroiditis, Trophoblastic
tumor, lodide induced hyperthyroidism, Struma
ovarii, Thyrotropin receptor activation”
159, According to certain reports if only the hisk
groups are analyzed for thyroid disorder then one
third of the affected person will be missed out of
diagnosis.PUAs a result of this a large number of
pregnant women with thyroid disorder will enter
second and third trimester of pregnancy without
being diagnosed. Hence it becomes very important
to analyze the levels of various thyroid related
hormones in early pregnhancy so as to prevent the
irreversible damage to fetus. 2,

Thyroid disorders are very commonly observed in
female in reproductive age. It is the second most
frequent endocrine disorder after (DM) diabetes
mellitus 531, To date, there is not much study done
on thyroid function in pregnancy in central India.
Hence, exact data is not known about the
prevalence of thyroid dysfunction in pregnancy.

The geographic location is a very important factor
in deciding the prevalence of thyroid dysfunction
because lodine levels in salt in different regions
vary and also the consumption of salt vary B4, First

because these are much more important than
second and third trimester values as it has immense
role in preventing thyroid complications later on
1551, Maternal thyroid disorder in early pregnancy is
known to influence fetal development and
pregnancy outcome. It can lead to premature birth,
fetal mortality, hypertension and low infant birth
weight B8LIt can negatively affect fetal brain
development and can cause mental retardation 71,
The most appropriate test for diagnosing thyroid
dysfunction is estimating TSH levels as it is more
sensitive parameter than FT4 and FT3 levels 8],
TPOAb measurement is also considered when
examining thyroid disorder because these Abs are
majorly responsible for autoimmune disorder of
thyroid 159,

According to studies done by Wang et al. case
finding strategy for screening thyroid problems can
results in missing many cases of hyperthyroidism
and hypothyroidism ©%,Hence universal screening
of pregnant women should be done to prevent
adverse outcomes on fetal of maternal thyroid
dysfunction. If thyroid disorder will be diagnosed
early than proper treatment can be given on time
and fetal outcomes of thyroid dysfunction can be
prevented.

One hundred and forty two pregnant women
selected for the study were evaluated for thyroid
function and autoimmunity by ECLIA method.
ECLIA has been found to highly sensitive
technique for diagnosing thyroid dysfunction 4,

In the studies done by Pietro et al. it was observed
that hypothyroidism is much more commonly
observed in pregnancy as compared to
hyperthyroidism [62.1 of the pregnant women were
found to have hyperthyroidism as they had TSH
levels less than normal and high FT4
levels(®3. According to previous studies SCH is
known to be present 1-2% of all pregnancies but
this is older estimate of prevalence and based on
region, assay, and trimester-specific TSH cut-offs
for the diagnosis 64,

Endocrinology studies done recently suggest much
higher prevalence of any kind of hypothyroidism in
pregnant women “(12.3%  Finnish, 15.5%
American to 35.3% South American)”.This is in
accordance with studies done by Jacob J. who
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suggested that SCH in the flrs trlmester of
pregnancy would be having prevalence of more

than 50% in pregnant women of Northern
population if universal screening in pregnancy was
done (651,

Exposure to much higher intakes of dietary iodine
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M
Patlents can be tested for presence of antibodies to

TSH receptor and genomic study of pregnant
women diagnosed with autoimmune disorder can
be done.
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