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INTRODUCTION 

Thyroid gland anatomy and embryology 

The primary event in the phylogeny of the thyroid was 

the development in living forms of the capability of 

collecting iodide ion and binding it to protein. These 

activities have been observed widely among plants and in 

the invertebrate members of the animal kingdom.
1
 

The thyroid gland develops from an endodermal 

thickening of cells that originate from the third branchial 

pouch. Some cells originate from the fourth branchial 

pouch. During development, the thyroid is actually 

located in the back of the tongue, to a point known as the 

foramen caecum and has to migrate to the front of the 

neck before birth, and after birth located anteriorly in the 

neck.
2,3

 The thyroid originates from two main structures: 

the primitive pharynx and the neural crest. The 

rudimentary lateral thyroid develops from neural crest 

cells, while the median thyroid, which forms the bulk of 

the gland, arises from the primitive pharynx. The thyroid 

gland is the first of the body's endocrine glands to 

develop, on approximately the 24th day or 3-4 weeks of 

gestation, but at around 10-12 weeks the thyroid begins to 

function on its own.
4-7

 The gland consists of two 

elongated lateral lobes (left and right) connected by a 

thin, median isthmus overlying the second to fourth 

tracheal rings, typically forming an “H” or “U” shape. 

The lateral lobes and median isthmus fuse when the 

embryo is 13 mm long.
5 

Lateral lobes can be likened to a 

butterfly. Occasionally the isthmus is absent and the 
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thyroid exists as two distinct lobes, each lobe is 50-60 

mm long. Almost always thyroid lobes are asymmetrical 

with the right lobe larger than the left lobe. Thyroid gland 

weight is from 20 g to 30 g.
8,9

 Thyroid gland is a highly 

vascularized. The blood flow has been estimated to be 

approximately 5ml/gram of tissue, which is almost twice 

as rich as that of the kidney. It receives its blood supply 

from the superior and inferior thyroid arteries and 

extending from the fifth cervical to the first thoracic 

vertebrae. In some cases is the one more artery which 

calls thyroidea ima artery or thyroid artery of Neubauer. 

The thyroidea ima artery is an uncommon variant of the 

blood supply to the inferior aspect of the thyroid gland. It 

is reported in ~7.5%.
5 

There are three main veins that 

drain the venous plexus on the anterior surface of the 

thyroid, superior, middle, and inferior thyroid veins. 

Superior and middle thyroid veins drains into the internal 

jugular vein, but inferior thyroid vein drains into the left 

brachiocephalic vein. Thyroid gland has innervation from 

sympathetic and parasympathetic nerves. 

Parasympathetic fibers come from the nervus vagus, and 

sympathetic fibers are from the superior, middle, and 

inferior ganglia of the sympathetic trunk.
9,10

 

WHAT DOES THE THYROID GLAND DO? 

The thyroid gland has an inner capsule, which is thin and 

adheres closely to the gland. Extensions of this capsule 

form numerous septae, which divide thyroid gland into 

many lobes and lobules.
10

 The lobules are composed of 

follicles. The follicles are the functional units of the gland 

in which thyroid hormone is synthesized and stored. Each 

follicle consists of a single layer of epithelial cells or 

follicular cells or thyrocytes. The follicular cells are 

produced the thyroid hormones T3 or triiodothyronine and 

T4 or tetraiodothyroninene, also called thyroxine. The T3 

is more biologically active than T4. The follicular cells 

also resting on a basement membrane and secluding an 

inner follicular cavity, the lumen, which serves as the 

actual production place of thyroid hormones and storage 

after their synthesis. Calcitonin producing C-cells located 

between the follicles in a so-called parafollicular 

cells.
3,5,10

 

THE SYNTHESIS OF T3 AND T4 

The synthesis of thyroid hormones is dependent on iodine 

from the diet. Ingested iodine is absorbed through the 

small intestine. The thyrocytes concentrate iodine in the 

form of the iodide using an iodine trap or sodium-iodide 

symporter. The iodine trap actively pumps iodide from 

the blood circulation into the follicles. In the thyroid 

gland iodine is concentrated, oxidized, and then 

incorporated into thyroglobulin to form T4 and T3.
3,11

 

Thyroperoxidase is an enzyme involved in thyroid 

hormone synthesis, catalysing the oxidation of iodide on 

tyrosine.
10 

The synthesis of thyroid hormone is regulated 

by thyroid stimulating hormone from the anterior 

pituitary gland by a negative feedback mechanism. The 

release of thyroid stimulating hormone is modulated by 

thyrotropin-releasing hormone produced by the 

hypothalamus.
3
 The normal thyroid maintains a 

concentration of free iodide 20 to 50 times higher than 

that of plasma, depending on the amount of available 

iodine and the activity of the gland.
10

 Iodine is an 

indispensable component of the thyroid hormones, 

comprising 65% of T4 weight, and 58% of T3. The thyroid 

hormones are the only iodine-containing compounds with 

established physiologic significance in humans. After 

metabolic effect iodide is reused or excreted in kidney.
11

 

THYROID GLAND FUNCTION 

Thyroid hormones are involved in regulation of vital 

body function. In general normal development, growth 

and reproduction cannot occur without them. Without the 

presence of thyroid hormones full effect of many other 

hormones cannot be realised. Growth can be an increase 

in cell size or an increase in the number of cells.
3,12 

THYROID GLAND AND PREGNANCY 

Two pregnancy-related hormones: human chorionic 

gonadotropin and estrogen cause increased thyroid 

hormone levels in the blood. Made by the placenta, 

human chorionic gonadotropin is similar to thyroid 

stimulating hormone and mildly stimulates the thyroid to 

produce more T3 and T4 (Table 2). Increased estrogen 

produces higher levels of thyroid-binding globulin that 

transports thyroid hormone in the blood.
6
 The thyroid 

gland can increase in size during pregnancy. This is 

usually only a 10-15% increase in size and is not apparent 

on physical examination by the physician.
7
 

Thyroid problems can be difficult to diagnose in 

pregnancy due to higher levels of thyroid hormone in the 

blood, increased thyroid size, fatigue, & other symptoms 

common to both pregnancy and thyroid disorders.
6
 

HYPOTHYROIDISM AND PREGNANCY 

OUTCOMES 

In women in the reproductive age autoimmune thyroid 

disease or Hashimoto’s disease is the most common 

cause of hypothyroidism. Hashimoto’s disease is a form 

of chronic inflammation of the thyroid gland.
6,14 

Hypothyroidism is estimated to occur in 0.3-0.5% of 

pregnancies, but subclinical hypothyroidism appears to 

occur 2-3% of pregnancies. Hypothyroidism can cause 

menstrual disorders and infertility.
15

 

Recommendations for TSH levels during pregnancy are 

the following: first trimester, 0.1-2.5 mIU/L; second 

trimester, 0.2-3.0 mIU/L; third trimester, 0.3-3.0 mIU/L. 

If the TSH is greater than 2.5 at any time during 

pregnancy, T4 levels should be checked to determine 

whether the hypothyroidism is overt or subclinical. If T4 

is low, the diagnosis is overt hypothyroidism. If TSH is 

high and the T4 is normal, the diagnosis is subclinical 

hypothyroidism.
15,16
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Table 1: Thyroid hormone effects in the humans body.
3,13,15-18,30-33  

Function Effect 

Basal metabolic rate 

Increase the basal metabolic rate of almost all the cells in the body. 

High levels of iodothyronines can cause a slight increase in body temperature and a decrease in 

heat tolerance. 

Low levels of iodothyronines can cause a decrease in basal metabolic rate and a decreased 

tolerance to the cold. 

Fat metabolism 

Increase lipolysis. 

 High levels of T3 and T4 will result in a fall in body weight.  

Low levels of T3 and T4 will result in increased blood cholesterol concentration. 

Carbohydrate metabolism 

Thyroid hormones stimulate almost all aspects of carbohydrate metabolism, including enhancement 

of insulin-dependent entry of glucose into cells and increased gluconeogenesis and glycogenolysis 

to generate free glucose. 

Protein metabolism 

Iodothyronines stimulate both protein synthesis and degradation. High levels of T3 and T4 will 

result in a fall in muscle mass and body weight.  

Thyroid hormone excess induces cardiac hypertrophy 

Iodothyronines play an important role in normal growth and development. 

Cardiovascular system 

The iodothyronines have a direct effect on the heart by potentiating the catecholamine. Palpitation 

is one of the most-common symptoms associated with overt hyperthyroidism. 

Thyroid hormones also promote vasodilation, which leads to enhanced blood flow to many organs. 

Skeletal system 

High levels of T3 and T4 are associated with increased bone turnover.  

Hypothyroidism and hyperthyroidism are both associated with an increased risk of fracture.  

Bone cells are stimulated to both increase bone resorption and bone synthesis.  

Reproductive system  

Thyroid disorders can cause abnormally early or late onset of puberty and menstruation. 

Decreased function of thyroid gland can lead a menstrual disorders - menstrual cycle irregularities, 

ranging from absent or infrequent periods to very frequent and heavy periods.  

Thyroid disorders may cause the early onset of menopause. 

Central nervous system 

The effects of the iodothyronines on the central nervous system are thought to be due to the 

potentiation of their catecholamine activity.  

Hypothyroidism or hyperthyroidism can lead to mood disorders, dementia, confusion, and 

personality changes. 

Thyroid hormone deficiency, even of short duration may lead to irreversible brain damage. 

 

Table 2: Thyroid hormones during pregnancy.  

 1
st 

trimester 2
nd 

trimester 3
rd 

trimester 

TSH 
Normal or 

decreased 
Normal Normal 

Free T4 Normal Normal Normal 

Free T3 Normal Normal Normal 

Total T4 High High High 

Total T3 High High High 

The adverse outcomes of uncontrolled hypothyroidism 

during pregnancy include:  

 Anaemia; 

 Preeclampsia; 

 Increased risk of miscarriage; 

 Placental abruption; 

 Premature birth; 

 Congestive heart failure; 

 Stillbirth; 

 Low birth weight; 

 Myopathy; 

 Postpartum haemorrhage; 

 Impaired neuropsychological development of the 

baby.
6,7,17

 

Decrease level of thyroid hormone, even of short duration 

may lead to irreversible brain damage.
18 

T3 and T4 

regulate the processes of terminal brain differentiation:  

dendritic and axonal growth, synaptogenesis, neuronal 

migration and myelination.
19

 Thyroid hormone exerts 

important influences on cell migration in the cerebral 

cortex, hippocampus and cerebellum. Neuronal migration 

in the cerebral cortex is extremely sensitive to thyroid 

hormones, and even minor deficiencies are associated 
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with migration defects. In the cerebellum thyroid 

hormones are involved in the late phase of granular cell 

migration from the external germinal layer to the internal 

granular layer. Hypothyroidism causes delayed and poor 

deposition of myelin whereas hyperthyroidism 

accelerates myelination.
18

 

The thyroid status of neonates and children has a 

significant long-term impact on their behaviour, 

locomotors ability, speech, hearing and cognition, lower 

IQs later in childhood. Deficiency of thyroid hormones in 

children results in retarded skeletal development, delayed 

bone age, growth arrest because of epiphyseal disgenesia. 

Observational studies performed in iodine-deficient parts 

of the world have shown that iodine supplementation 

before pregnancy and in the first and second trimesters 

reduces the incidence of cretinism but supplementation 

beginning later in pregnancy does not improve the 

neurodevelopmental status of the offspring. Mothers who 

stopped smoking during pregnancy their thyroid hormone 

levels were comparable to levels found in non-smokers, 

which suggests that changes in thyroid function are 

rapidly reversible, and doctor should ask mother to stop 

smoking.
17,19,20 

 

Before pregnancy, during pregnancy and at the breast 

feeding time woman needs 150-250 µg/per day of 

potassium iodine. Seafood is naturally rich in iodine. 

Cod, sea bass, haddock, and perch are good sources. Kelp 

is the most common vegetable-seafood that is a rich 

source of iodine. If a daily diet including 75 grams of 

salmon, 100 grams of flounder, cod 165 grams, 270 

grams of golden perch or 250 grams of kelp (from 200 to 

4500 mcg) a person will get the required quantity of 

iodine.
21

 

During the pregnancy women need more potassium 

iodine because:  

 T4 synthesis during pregnancy is higher; 

 T4 and potassium iodine transportation to foetus; 

 Iodine excretion in urine increases.
16

 

If woman has hypothyroidism she should have her 

levothyroxine dose optimized before pregnancy. Women 

with known hypothyroidism should have their thyroid 

function tested as soon as pregnancy is detected. The 

levothyroxine dose needed to maintain a TSH in the 

normal range. Thyroid function tests should be checked 

approximately every 6-8 weeks during pregnancy to 

ensure that the woman has normal thyroid function 

throughout pregnancy.
7,15

 

Some physician groups recommend checking a woman’s 

TSH value either before becoming pregnant or as soon as 

pregnancy is confirmed. Women with: 

 History of thyroid dysfunction and/or thyroid 

surgery, miscarriage, preterm delivery, infertility, 

head or neck irradiation; 

 Family history of thyroid disease; 

 Goitre; 

 Thyroid antibodies; 

 Symptoms of hypothyroidism. It is important to note 

that women with overt hypothyroidism are not 

invariably symptomatic; 

 Type I diabetes, in whom the rate of development of 

new onset hypothyroidism in pregnancy was 16% in 

one series; 

 Autoimmune disorders that are frequently associated 

with autoimmune thyroid dysfunction, including 

vitiligo, adrenal insufficiency, hypoparathyroidism, 

atrophic gastritis, pernicious anemia, systemic 

sclerosis, systemic lupus erythematous, and 

Sjögren’s syndrome; 

 A body mass index greater than or equal to 40 

kg/m2 has been associated with an increased 

prevalence of hypothyroidism; 

 Women age 30 or older; 

 Women treated with amiodarone, lithium; 

 Recent (in the past 6 weeks) exposure to iodinated 

radiological contrast agents.
7,22

 

HYPOTHYREOSIS IN LATVIAN PREGNANT 

WOMEN 

Iodine content in urine was used in studies to select 

people with iodine deficiency, because urine contains 

90% of the dietary iodine. 

- Norm 100 to 300 mg/L 

- Light deficit from 50 to 99 mg/L 

- Moderate deficit of 20 to 49 mg/L 

- Severe deficiency <20 mg /L
21

 

Pregnant women urinary iodine levels should be between 

150 and 249 mg/L, during breastfeeding ≥100 µg/l, 

because breast milk contains iodine. In Latvian study 

among pregnant women iodine deficiency was found. In 

this study, it was found that 81% of pregnant women 

receive less iodine than recommended and only 19% of 

pregnant women have sufficient iodine levels in the urine 

(>150 mg/L).
23
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To promote adequate iodine intake, ensure a varied diet, 

including foods that are natural sources of iodine, such as 

marine fish, legumes and vegetables as well as milk and 

dairy products. Iodised salt use is recommended for 

household. During pregnancy more than 500 mg of 

iodine should be taken with a diet, because it can 

contribute to the development of foetal 

hypothyroidism.
23-25

 

In 2014 was conducted retrograde study 

“Hypothyroidism and pregnancy process”. The study 

aims to evaluate the effects of hypothyroidism on 

pregnancy and its outcome in P. Stradins Clinical 

University Hospital and “Riga Maternity Hospital” Ltd. 

in the period from 2010 to 2011. 160 histories of 

childbirth of pregnant women with hypothyroidism 

(Group 1) were summarised and included into 

hypothyroidism group and 308 histories of childbirth in 

control group (Group 2). Data were processed statistically 

using SPSS 20.0 and Excel 2010. The study and control 

groups were compared using T - test of two independent 

samples with a 95% confidence interval. 

Preeclampsia incidence in hypothyroidism group is 6.9%, 

and 2.6% in the control group. The incidence of 

preeclampsia statistically differs in both study groups (P 

= 0.02642). 

Comparing the two groups according to delivery type 

frequency in each of them, statistical difference was not 

observed (Table 3). Results of the study show that 

hypothyroidism does not affect the delivery type. 

Table 3: Types of delivery.  

 1
st
 group 2

nd 
group 

Vaginal delivery 62.5% 65.9% 

Planned caesarean section 26.3% 21.4% 

Emergency caesarean section 11.3% 12.6% 

Literature data show an increased risk of postpartum 

haemorrhage.
26

 Increased vaginal bleeding during 

childbirth is a blood loss of more than 500 ml, more than 

1000 ml during caesarean section. Hypothyroidism group 

enhanced postpartum haemorrhage occurred in 3.75% of 

cases, 3.89%of cases in the control group. (P = 0.93624). 

The research results show that hypothyroidism does not 

affect postpartum bleeding. 

Results of the study conducted in New Jersey show that 

hypothyroidism and autoimmune thyroid disease in 

euthyroid women are associated with preterm delivery. 

Incidence of preterm delivery decrease in thyroid 

antibody-positive women treated with levothyroxine.
27

 

Our study results do not show statistically significant 

difference between the two study groups. In 

hypothyroidism group preterm birth has occurred in 

8.75% of cases, and 8.44% in the control group (P = 

0.9124). 

Mothers with hypothyroidism are under the risk of foetus 

to be born with low birth weight. New Jersey study 

results show that there is a statistically significant 

difference between the control and hypothyroidism 

groups. In hypothyroidism group women are more likely 

to give birth to new-borns with low birth weight, but 

subclinical hypothyroidism does not affect birth weight.
27

 

Latvian study shows that there is no statistically 

significant difference between the two study groups. The 

rate of new-borns with low birth weight in 

hypothyroidism group was 5.62% and 6.46% in the 

control group (P = 0.71138). 

Hypothyroidism affects foetal weight by altering the 

proliferative activity, apoptosis and vascularisation of the 

placenta.
28 

Study results also do not show statistically 

significant difference in foetal intrauterine growth 

between the two study groups.  

In hypothyroidism group anaemia was experienced 

18.1% of cases and 18.5% in the control group. 

Numerous factors can cause anaemia; it’s well known 

that hypothyroidism can cause various types of anaemia, 

including microcytic, macrocytic, and normocytic 

anaemia.
29

 The survey data are not broad enough to be 

able to assess the reasons for the development of anaemia 

for pregnant women. 

It should be noted that 92.5% of patients in 

hypothyroidism group were receiving L-thyroxin therapy 

during pregnancy. 

CONCLUSIONS 

 We Iodine deficiency can cause hypothyroidism 

development and has an important role in the course 

of pregnancy and foetal development; 

 In case of hypothyroidism central nervous system 

development of foetus is incomplete as a result the 

child may be born with cretinism or reduced IQ; 

 Normal level of iodine in the urine is 150 to 249 

mg/L. In Latvia only 19% of pregnant women have 

enough iodine in the urine; 

 Women with hypothyroidism have preeclampsia 

more often. 
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