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Abbreviation

TSH -Thyroid stimulating hormone
FT4 - Free T4

FSH - Follicle stimulating hormone
LH - Luteinizing hormone

HDL - High density lipoprotein

BP - Blood pressure

HR - Heart rate
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INTRODUCTION

Hypothyroidism is a common endocrine disorder which results from
deficiency of thyroid hormone. The nationwide programs for congenital
hypothyroidism reported 1 in 4000 infant world wide . In endocrinology
department of ICH&HC for children, madras medical college, chennai around
250 to 300 children are being treated for hypothyroidism. Hypothyroidism
can be classified into

(1) primary hypothyroidism- due to defect in the thyroid gland itself.

(2) Hypopituitary Hypothyroidism (Central hypothyroidism) - due to
decreased TSH production in pituitary gland, which may be due to defect in
pituitary gland or due defect in hypothalamus (TRH deficiency).

Central hypothyroidism usually presens as multiple congenital pituitary
hormone deficiency.

Hypothyroidism may be present since birth (congenital) or it may
present late (acute). Levo-thyroxine is used in treatment of both congenital and
acquired hypothyroidism. Levo-thyroxine commonly used because of its
stability, content uniformity, low cost, lack of allergenic foreign proteins and
long half life which allow once daily administration.

Compared to Levo-thyroxine, Liothyronine(T3) is three to four time
more potent but it is not recommended for routine replacement therapy because
of its shorter half life (24Hrs) which needs multiple daily dose, higher cost and
difficulty in monitoring adequacy of replacement. Liothyronine is used as

intravenous preparation in emergency condition of myxedema coma.
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Normally Levo-thyroxine is given in morning empty stomach 30 to 60
minutes before breakfast as its adsorption is influenced by the food. In previous
pilot study changing of Levo-thyroxine regimen from morning to evening time
has improved the TSH level.

THYROID GLAND

Thyroid is a meticulous gland.

Embryology

Thyroglossal duct gives rise to the thyroid. Tuberculum impar is a
midline swelling present in the medial end of first pharyngeal arch (mandibular
arch). The epithelium of floor of the pharynx just behind the tuberculum impar
shows a thickening in the midline and soon gets depressed below the surface to
form a diverticulum called the thyroglossal duct. Foramen caecum is the name
given to the site of origin of diverticulum. Thyroglossal duct grows down in the
midline into the neck. The tip of diverticulum bifurcates and gives rise to the

two lobes of thyroid gland.

12
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Thyroid gland situated in the lower part of the front and sides of the
neck. Thyroid gland consists of right lobe and left lobe which are joined to
each other by the isthmus. Pyramidal lobe is a third lobe which projects
upwards from the isthmus or from one of the lobes. Levator of the thyroid
gland is a fibromuscular band which descends from the body of the hyoid bone
to the isthmus or to the pyramidal lobe. Accessory thyroid glands are small
detached masses which contain thyroid tissue sometimes found in the vicinity

of the lobes or above the isthmus.
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Thyroid Pyramidal Lobe

(neck ventral view)

right B ' left
lobe trachea lobe
The vertebral level of thyroid gland is C5, C6, C7 & T1. Each lobe
extends from the middle of the thyroid cartilage to the fourth or fifth tracheal
ring. The extent of isthmus is from second tracheal ring to fourth tracheal ring
Thyroid gland is surrounded by two capsules. The true capsule is the
inner layer which is the peripheral condensation of the connective tissue of the
thyroid gland. A dense capsular plexus is present deep to the true capsule. The
capsule is derived from the pretracheal layer of deep cervical fascia. The
suspensory ligament of berry is thick part of false capsule present in inner
surface of the gland which connects the lobes to cricoid cartilage .
Isthmus is occasionally absent in some individual. The anterior surface
of isthmus is covered by sternothyroid muscle, sternohyoid muscle, anterior
jugular vein, fascia and skin. Posterior surface of isthmus lies over second and

fourth tracheal rings. Inferior thyroid vein leaves the lower border of the

14



iIsthmus. The anastomosis between the right and left superior thyroid arteries is
related to the upper isthmus border.

The right and left thyroid lobes are conical in shape. Lobes are divided
into apex, base, lateral surface, medial surface, posterolateral surface, right
border and left border. The isthmus is divided into anterior and posterior
surface with superior and inferior border.

The apex of each lobe is directed upwards and laterally which is limited
by the attachment of the sternothyroid muscle to the oblique line of the thyroid
cartilage .

The base of each lobe occupies the 4™ or 5™ tracheal ring . The anterior
border is thin and posterior border is thickened and rounded. Posterior border
separates the medial and posterior surfaces. The inferior thyroid artery is
related to posterior border and superior thyroid artery is related to anterior
border. The parathyroid gland and the anastomosis between superior and
inferior thyroid arteries are related to posterior border of thyroid lobes. The
posterior border of the left lobe is related to thoracic duct.

There are three surfaces for each lobe. Lateral surface also known as
superficial surface is convex one and covered by the muscles sternohyoid,
superior  belly of omohyoid, sternothyroid, anterior border of
sternocleidomastoid. Trachea and esophagus are related to medial surface of
each lobe. Medial surface is also related to inferior constrictor, cricothyroid,

external laryngeal nerve and recurrent laryngeal nerve. The posterior or

15



posterolateral surface is related to carotid sheath and overlaps the common
carotid artery.

Superior thyroid arteries and inferior thyroid arteries are the major blood
suppliers to thyroid gland. The superior thyroid artery divides into two
branches the anterior and posterior branch. The division occurs when the artery
pierces the pretracheal fascia, before which it gives branches to adjacent
structures while originating from external carotid artery. The anterior branch of
superior thyroid artery descends over the anterior border of the lobe and
continues along the upper border of isthmus to anastomose with its fellow of
the opposite side. But the posterior branch anastomoses with the descending
branch of the inferior thyroid artery. The inferior thyroid artery is a branch of
the thyrocervical trunk. It passes behind the carotid sheath and the middle
cervical sympathetic ganglion and in front of the vertebral vessels. The
terminal branch is related to the recurrent laryngeal nerve. Before entering the
gland, the artery divides into four to five glandular branches which pierce the
fascia separately. Ascending branch of inferior thyroid artery supplies the
parathyroid gland and anastomoses with the posterior branch of the superior
thyroid artery. About three percent of individuals have blood supply from
thyroid ima artery which is arises from the brachiocephalic trunk or directly
from the arch of aorta. The thyroidea ima artery is also called lower thyroid
artery. Accessory thyroid arteries from tracheal and esophageal arteries, also

supply the thyroid gland.
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Three veins namely superior, middle and inferior thyroid veins drain the
thyroid gland. The superior thyroid vein accompanies the superior thyroid
artery, which emerges at the upper pole and drains either in the internal jugular
vein or in the common facial vein. The middle thyroid vein is a short and
emerges at the middle of the thyroid lobes and drains into internal jugular vein.
The inferior thyroid vein emerges at lower border of isthmus and form a plexus
in front of the trachea and drains into the left brachiocephalic vein. Vein of
kocher, a fourth thyroid vein is an inconsistent one which may emerge between
the middle and inferior veins and drain into the internal jugular vein.

Nerve supply of the thyroid gland is mainly from the middle cervical

ganglion and also partly from superior and inferior cervical ganglia.
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Follicular cell

Parafollicular cell

Histology of thyroid

Thyroid gland is divided into lobules. Each lobules consists of 20 to 40
round to oval follicle, each measures about 50-500 micron with single layer of
cuboid to low columnar epithelium . The hormone is present within the cavity
surrounded by secretary cell which make up a follicle. The lumen contains
colloid which is pale during active secretion , densely eosinophilic during
inactive stage and more flocculent and basophilic in elderly. “C” cell occupies

the 0.1% of the gland
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THYROID HORMONE

Thyroxine (T4) and Triiodothyronine (T3) are produced by the thyroid
follicles and have similar biological activity.
CHEMISTRY AND SYNTHESIS

Both the hormones are iodine containing derivatives of thyronine. They
are stored in the thyroid follicles bound to the thyroglobulin molecule.
Synthesis involves the following processes
IODINE UPTAKE:

Under the stimulation of TSH thyroid cells trap iodine by an active
transport process which is mediated by Na* : I symporter. An uptake gradient
more than 100 fold is present.

OXIDATION AND IODINATION:

The trapped iodine is then carried across apical membrane by pendrin
and oxidized to iodinium (I") ions by thyroid peroxidase enzyme or to
hypoiodous acid (HOI) or enzyme linked hypoiodate (E-OI) with the help of
H202. These forms combine with tyrosil residues of thyroglobulin to form
monoiodotyrosine (MIT) and diiodotyrosine (DIT).

COUPLING:

Under the catalysis of thyroid peroxidase, iodinated tyrosil residues

couple to form T3 and T4. Normally more T4 than T3 is formed , but in lodine

deficiency state more MIT is available and more T3 is formed.
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STORAGE AND RELEASE:

lodinated tyrosil residues are stored as colloids in the interior of the
follicles. Hydrolysis of the thyroglobulin leads to release of free T3 and T4
and MIT & DIT is the next step. Then the later are deiodinated to give raise to

iodide and it is reused by the thyrocyte.

Basolateral Apical
membrane membrane Coloid
Na* Na* Tg

TPO

:| i i TPO
r/' | . [om
202 °’ Tg DIT Heoz MIT
Dehalogenase ( — T,

(Tl C

E DIT {0 4

MIT g J
D]«

TyTye 14
3
METABOLIC STEP INHIBITOR
A lodine transport ClO,~, SCN
B lodination PTU, MMI
C Coupling PTU, MMI
D Colloid Resorption  Colchicine, Li*, I
E  Deiodination of Dinitrotyrosine
DIT + MIT
F  Deodination of T, PTU
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Thyroid hormones are transported in the serum bound to thyroxine
binding globulin (TBG), thyroxine binding pre aloumin (TPBA) and albumin.
Only a small amount of T4 (0.03%-0.08%) and T3 (0.2%-0.5%) is free , and it
is physiologically active. 99.98% of the T4 and 99.8% of T3 is in bound form.

T3 is 3 to 4 times more potent than T4. The T3 is less tightly bound to
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protiens, hence the circulating levels are much lower than T4. It enters the
tissues more easily. Half life of T3 is one day while half life of T4 is seven

days. Normal T4 : T3 secretion in human thyroid is 11:1.

Factors that Alter Binding of Thyroxine
to Thyroxine-Binding Globulin

INCREASE BINDING DECREASE BINDING
Drugs
Estrogens Glucocorticoids
Methadone Androgens
Clofibrate L-Asparaginase
5-Fluorouracil Salicylates
Heroin Mefenamic acid
Tamoxifen Antiseizure medications
Selective estrogen (phenytoin,
receptor modulators carbamazepine)
Furosemide

Systemic Factors

Liver disease Inheritance

Porphyria Acute and chronic illness
HIV infection

Inheritance

The condition that cause increased TBG site there is shift of hormone
from free site to bound site so there is increase in total and bound hormone but
no changes in free hormone ,decrease in rate of elimination. When TBG site

decreases reverse will occur.
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T4 is entirely released by thyroid gland while only 20% of T3 is
released by thyroid gland, and the remaining 80% of T3 is produced by de-

iodination of T4 in liver, muscles and kidneys.

Metabolism and excretion of thyroid hormone:

The metabolic inactivation of T4 and T3 occurs in the liver, kidneys
and salivary glands. Glucuronide / sulfate conjugation and de-iodination occurs
and then they are excreted in bile. In the intestines a major fraction is
deconjugated and reabsorbed into entero hepatic circulation and finally
excreted in urine. Recommended iodine intake 90-120micrograms per day.
lodine present in food, water and medication. Thyroid gland requires 75
microgram per day for thyroid hormone synthesis, remaining amount of iodine
excreted in urine. Increased metabolic clearance and decreased half life of
thyroid hormone occurs in hyperthyroidism, decreased metabolic clearance and
increased half life of thyroid hormone occurs in hypothyroidism. T4 converted
to T3 by iodothyronine de-iodinase. Deiodinase enzymes are of three different
varieties namely D1, D2 and D3. The three enzymes have a common
aminoacid selenocystine which is a rare aminoacid which adds uniqueness to
thyroid system.

D1- liver,kidneys ; peripheral conversion of T4 to T3
D2 - brain , pituitary ; production of T3

D3 - brain; production of RT3

23



Properties of Iodothyronine Deiodinases

TYPE 1 (D1) TYPE 2 (D2) TYPE 3 (D3)
Outer ring deiodinase Yes Yes No
Inner ring deiodinase Yes No Yes
Inhibited by PTU Yes No No
Inhibited by amiodarone Yes Yes Unknown
Regulation by thyroid T, induces D1 gene Substrate (T,) causes T, induces D3 gene
hormone expression D2 protein degradation expression
Location Liver, kidney, thyroid, Brain, pituitary, hypothalamus, Brain, placenta, some
pituitary thyroid, brown fat, skeletal sites of inflammation

muscle (very low levels)

Selenocysteine Yes Yes Yes
in active site

TSH:

TSH is a glycoprotein containing 211 amino acid residues. It consists of
one alpha and one beta sub unit encoded by genes on chromosome 6 and 1
respectively. TSH alpha is identical to the alpha sub unit of other pituitary
hormones namely LH ,FSH , hCG-alpha and the specificity of TSH is
conferred by the beta sub unit. Half life of TSH is 60 minutes and mostly
degraded in kidneys and lesser amounts in liver. TSH exerts its action through
TSH receptor which is a G protein coupled receptor.

Regulation :

Thyroid hormone secretion is regulated by pituitary hormone Thyroid
Stimulating Hormone(TSH) which in turn is controlled by hypothalamic
Thyrotropin Releasing Hormone(TRH).

Maintenance of normal thyroid secretion is due to the feedback interplay
of thyroid hormones with TSH and TRH. TRH stimulates pituitary TSH which

stimulates thyroid gland to secrete T3 and T4. High level of T3 and T4 by a
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negative feedback mechanism suppress TSH and TRH secretion there by
reduces thyroid hormone synthesis. Stress has a inhibitory effect on TRH.

Dopamine and Somatostatin inhibit TSH secretion.

Orther Ermin Centers

ieg.cokd expo surs)

g
Hypothalamus TRH;’/- +—
Anteri =
ey T ) <
ituitary |
|
Thyroid Thyroid
]
gland Hurmunf_s//

target cells throug hout body

Mechanism of action:

T3 penetrates the cells and combines with the specific DNA sequences
called “ thyroid hormone response element” over the nuclear receptor which
leads to suppression or direct activation of gene transcription resulting in
expression of predetermined pattern of protein synthesis. By sensitization of
adrenergic receptors to catecholamines,many of the clinical manifestations of
thyroid  hormones  like  tachycardia, arrhythmias,  hypertension,
hyperglycaemia, tremor occurs. Throid receptor genes is of two types alpha and
beta. Alpha encoded by a gene on chromosome 17 and beta on chromosome 3.
TRbeta2 is found only in brain while TRalphal, TRalpha2 , TRbetal is widely

distributed. The complexity of mechanisms involved in action of thyroid
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hormone at nuclear level explains the ability of thyroid hormones to produce a
variety of biologic actions.
Pharmacokinetics:

Thyroxine is absorbed in stomach and small intestine but best absorbed
in duodenum and ileum. Absorption influenced by the food ,various drugs,
gastric acidity and intestinal flora. Oral bioavailability of levo-thyroxine is 60-

80% due to relation with food intake. T3 oral bioavailability is 95%.

Factors Influencing Oral Levothyroxine Therapy

Drugs and other factors that may increase
levothyroxine dosage requirements
Impaired levothyroxine absorption
Aluminum-containing antacids
Bile acid sequestrants (cholestyramine, colestipol,
colesevelam)
Calcium carbonate (effect generally small)
Chromium picolinate
Food
Iron salts
Lactose intolerance (single case report)
Phosphate binders (lanthanum carbonate,
sevelamer)
Proton pump inhibitors
Raloxifene
Soy products (effect generally very small)
Sucralfate
Increased thyroxine metabolism, CYP3A4 induction of
hepatic
Bexarotene
Carbamapzepine
Phenytoin
Rifampin
Sertraline
Impaired T, — T, conversion
Amiodarone
Mechanisms uncertain or multifactorial
Estrogen pregnancy
Ethionamide
Tyrosine kinase inhibitors (imatinib, sunitinib)
Lovastatin, simvastatin
Drugs and other factors that may decrease
levothyroxine dosage requirements
Advancing age (>05 years)
Androgen therapy in women
Drugs that may decrease TSH without
changing free T, in levothyroxine-treated

patients
Metformin
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THYROID HORMONE FUNCTIONS

Thyroid hormones affect almost every system in the body.
Growth and development

Thyroid hormones exert a critical control over protein synthesis.
Thyroid hormone deficiency affects mainly the nervous system in early fetal
life. In cretinism there is mental retardation and neural deficit due to paucity of
synaptic formation, dendritic and axonal ramification and reduced myelination.
Overt hypothyroidism in the adult causes impairment of intelligence and slow
movements.
Carbohydrate Metabolism:

Thyroid hormones stimulate carbohydrate metabolism. Though the
utilization of carbohydrates is raised, Basal Metabolic Rate (BMR),
glycogenolysis& gluconeogenesis in Liver as well as faster absorption of
glucose  compensate for it. In hyperthyroidism there is a state of

hyperglycaemia with diabetic like state.

Protein Metabolism:

The effect of T4 over the proteins is catabolic. Prolonged action results
In negative nitrogen balance and tissue wasting. Hence there is loss of weight in
hyperthyroidism. Mucoprotein synthesis is inhibited by thyroid hormones. Due
to loss of inhibition they accumulate and causes myxedema and hence weight

gain occurs in hypothyroidism.
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Lipid Metabolism:

Though lipogenesis is also stimulatedT3 and T4 enhance lipolysis
through potentiating action of other hormones. Many phase of metabolism of
Cholesterol is accelerated, though its conversion to bile acids dominates.
Hence there is hypocholesterolemia in hyperthyroidism and obesity &
hypercholesterolemia in hypothyroidism.LDL levels in blood are also
reduced.

Calorigenesis:

BMR is raised by stimulating cellular metabolism and resetting the
energystat level. But BMR in gonads, uterus, spleen, brain and lymph nodes is
not significantly affected. Uncoupling of oxidative phosphorylation results in
release of excess energy as heat.

Cardio vascular system:

Contractility, heart rate, and cardiac output are all increased which
results in fast & bounding pulse. Upregulation of beta adrenergic receptors by
thyroid hormones results in positivechronotropic and inotropic effect . Effects of
catecholamines are augmented, hence atrial fibrillation, arrhythmias, and angina

are more common in hyperthyroidism. Systolic blood pressure is often raised.
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Nervous system

Thyroid hormones are essential for CNS maturation. Thyroid hormones
maintain the normal hypoxic and hypercapnic drive of the respiratory centre in
the brain. There is mental retardation in cretinism. Tremors,hyperreflexia, &
anxiety are seen in hyperthyroidism whereas sluggishness is seen in
hypothyroidism.
Skeletal muscle

T3&T4 increase the protein metabolism resulting in increased speed of
muscle contraction and relaxation. Thus muscle weakness is seen in myxedema
and tremor, increased muscle tone is seen in thyrotoxicosis.
Gastro intestinal system

T3&T4 increase gastric motility. Constipation is seen in hypothyroidism
while diarrhoea is seen in hyperthyroidism.
Haemopoiesis:

Anaemia occurs in hypothyroid patients hence it is proven that thyroid
hormones play a role in haemopoiesis.
Reproduction:

Hypothyroid women have oligomenorrhea& infertility. Hence it is
proven that thyroid hormones are essential for the maintenance of pregnancy

and lactation.
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Target

: Effect Mechanism
Tissue
Increased number of adrenergic receptors
Chronotropic |Enhanced  responses  to  circulating
Heart : holami
|0n0trop|c catecholamines
Increased proportion of myosin heavy chain
(with higher ATPase activity)
i Stimulated lipolysis
Aleose Catabolic POy
tissue
) Increased protein breakdown
Muscle Catabolic
Promote normal growth and skeletal
Bone Developmental development
Nervous Promote normal brain development
Developmental
system
) Increased rate of carbohydrate absorption
Gut Metabolic
] ] ] Formation of LDL receptors
Lipoprotein Metabolic
Stimulated oxygen  consumption by
metabolically active tissues (exceptions:
o testes, uterus, lymph nodes, spleen, anterior
Other Calorigenic pituitary)

Increased metabolic rate

USES OF THYROXINE:

a) Cretinism

b) Non toxic goitre

c) Myxoedema coma
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d) Adult hypothyroidism
e) Thyroid nodule

f) Papillary carcinoma of thyroid

ADVERSE EFFECTS :
The unwanted effects of thyroid hormone is related to their physiologic
function and include
1. Cardiac dysrhythmia
2. Angina
3. Congestive cardiac failure
Lid lag , eyelid retraction , excessive sweating , tremor, restlessness , heat
intolerance, diarrhoea and other effect of hyperthyroidism are dose dependent
toxic effect of this hormone. Chronic excess of thyroid hormone lead to
osteoporosis.
Thyroid hormone preparation :
Synthetic preparation of sodium salts of the natural isomer of the
thyroid hormone are as follows
1. Levothyroxine is available in tablet and powder form for injection.
Tablet form used for daily maintenance dose. Follow up blood
testing typically are done 6 weeks after any dosage changes because
of its plasma half life is 1 week.
2. Liothyronine - salt of trilodothyronine. It is available in tablet and

injectable form. When more rapid onset of action or rapid
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termination is desired, liothyronine is indicated because its half life
is 1 day. Peak serum level following oral intake occurs in 2 to 4
hours.

3. Other preparations - mixture of thyroxine and triiodothyronine is

available in ratio of 4:1.
ASSESMENT OF THYROID FUNCTION

Thyroid function can be assessed by levels of serum TSH ,free T3&T4
and total T3 &T4.

TSH is most sensitive indicator of primary hypothyroidism and not
useful in central hypothyroidism.

T4 level is better indicator than T3 due to increased peripheral
conversion in thyroid depleted states. Estimation of free thyroid hormone is
superior to total hormone due to variability in levels of thyroid binding
globulin.

Low free T4 and TSH levels indicates Central hypothyroidism.

High TSH indicates primary hypothyroidism.

Persistent elevation of TSH and normal free T4 indicates Subclinical
hypothyroidism.

Elevated FT4 and undetectable TSH indicates Hyperthyroidism.
HYPOTHYROIDISM

Decreased thyroid hormone has significant impact on growth and

development.Untreated congenital hypothyroidism leads to devastating
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intellectual and developmental consequences.Acquired hypothyroidism affects

growth and school performance.

Etiology

Hypothyroidism can be caused by defects in hypothalamus —pituitary

axis,thyroid gland or peripheral sensitivity to thyroxine.

Primary causes (Thyroid)

Autoimmune thyroiditis

Enzyme defects: Trapping, Organification, Thyroglobulin synthesis,
Deiodination

lodine deficiency:Endemic goiter

Dysgenesis: Aplasia, dysplasia, ectopic

Thyroid injury :Surgery, Radiation , Infection

Goitrogens : Thiocyanates, lodine ,Amiodarone

Transient :Maternal TSH receptor blocking antibody, maternal antithyroid

drug.

Secondary or Tertiary ( Hypothalamus or Pituitary )

Malformations : septo optic dysplasia, holoprosencephaly
Genetic defects

CNS insults : Trauma , surgery, radiation, infection

CNS tumors :Craniopharyngioma , germinoma
Peripheral (Extremely rare )

Resistance to thyroxine
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Clinical features of Hypothyroidism

CONGENITAL ACQUIRED
Open Posterior fontanelle Growth retardation
Umbilical Hernia Delayed skeletal maturation
Characteristic edematous facies Delayed Dental development
Constipation Delayed Puberty
Pallor Myopathy and Pseudohypertrophy
Hypothermia Enlarged Sella
Large tongue Pseudotumor cerebri
Rough dry skin
Hypotonia
Large Abdomen

Recommended dose of Thyroxine

LEVOTHYROXINE DOSAGE
AGE
(mcg/kg)

0-3 mths 10-15

3-6 mths 8-10
6-12 mths 6-8

1-3yrs 4-6

3-10 yrs 3-4

10-15yrs 2-4
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ETIOLOGY OF HYPERTHYROIDISM

Infancy

® Transplacental transfer of thyroid antibodies

® TSH receptor activating mutation

After Infancy

® Grave’s disease

® Subacute thyroiditis

® Toxic thyroid nodule , Toxic multinodular Goitre
latrogenic

® Pituitary resistance to T3
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REVIEW OF LITERATURE

Nienke bolk et al' conducted a randomized double-blind crossover trial
in Netherlands to evaluate the effects of evening versus morning Levothyroxine
intake,105 patients with primary hypothyroidism were enrolled for the study.
Patients were followed up for 6 months during which instructions were given
to take 1 capsule in the early morning empty stomach and 1 capsule at night
2 hour after dinner (one tablet contained levothyroxine and the other a
placebo), patients were advised a switch after 3 months. Primary outcome of
the study was estimating thyroid hormone levels; secondary outcome was to
measure serum creatinine and lipid levels, change in body mass index, heart
rate, and quality of life.

Total of 90subjects completed the trial and results were analyzed.
Authors observed a significant fall in TSH concentration of 1.25mIU/L (95%ClI
0.60-1.89 mlIU/L; p< .001) when levothyroxine was taken in bed time when
compared with morning intake, similarly they also observed significant
increase in free thyroxine level of 0.07 ng/dL (95% CI 0.02-0.13ng/dL; P =
.01) and significant increase in concentration of total triiodothyronine of
6.5ng/dL (95% CI 0.9-12.1ng/dL; p = .02) when levothyroxine was
administered during night time. Secondary outcomes did not show significant
changes between morning versus night time intake of levothyroxine.

Authors concluded that bedtime intake of levothyroxine will

significantly improve thyroid hormone levels.
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Shivshankar et al® did a study tom evaluate the effect of levo-thyoxine
intake 45-60 minutes before the breakfast on elevated TSH levels.

To analyze the effectiveness of above change 10 patients with

hypothyroidism were enrolled which included 9 female and 1 male individual.
Median age was 39 years, median duration of hypothyroidism 6 years, serum
free T4 : 13pmol/L and TSH 12.63mIU/L. These subjects were advised to take
levo thyroxine 45-60 minutes prior to breakfast or other oral medications.
After two months all 10 patients show biochemical improvement with
decreased mean TSH and increased free T4 values. Compared to baseline
values (TSH 12.63(6.2-48.3)), free T4(13(10.5-17.1)) after 2 months show
following improvement TSH (3.15(0.04-6.8)) , free T4(17.7(14-21.3)) that is
statistically significant(p value <0.05 and p value <0.01) respectively.
Changing the levothyroxine 45 — 60 minutes before breakfast and other
medication reduce the TSH level by 40 to 96 % in all patients. We advised to
all patients to follow the protocol.

T-G bach-huynh et al® did a randomized double-blind crossover study
to evaluate the effect of timing of Levothyroxine administration in relation
food on serum thyrotropin concentration.

Individuals taking levo-thyroxine treatment for hypothyroidism or
thyroid malignancies were selected as study participants. Among 84 individuals
who were willing to participate, 65 completed the study.

Three-period cross over study was designed. Primary outcome was to

evaluate the difference between serum TSH concentration in fasting state and
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during other 8 week regimen. Individuals were randomized to one of the six
sequences. Each sequence consisted of three eight week regimen. The regimens
were fasting state, bed time and with breakfast. TSH, free T4, and total T3
concentrations were measured during each regimen.

65 patients completed the study. Authors found that mean TSH
concentration when levo-thyroxine administered in fasting state (1.06 £ 1.23
mIU/L) was significantly low when compared to TSH levels when
levothyroxine was taken with breakfast(2.93+ 3.29 mlU/L) and during
bedtime(2.19 £ 2.66 mIU/L).

They concluded that levo-thyroxine intake in fasting state ensures to maintain
TSH levels within the target range and levothyroxine in non-fasting state is
associated with higher and varying levels of TSH.

Studies also demonstrate that optimal absorption of levo-thyroxine
during fasting condition was 80% and it decreases to 40-64% with food
intake..

Rajesh Rajput et al* conducted a study to evaluate the effect of
morning against Evening levothyroxine in treatment of hypothyroidism.

152 newly detected primary hypothyroid individuals were enrolled for
the study. This population was divided into two groups. Group 1: morning dose
of levothyroxine in empty stomach (n=77). Group 2: night dose of
levothyroxine 2hours after dinner (n=75). These subjects were followed up for
a period of 12 weeks. Improvement in Quality of life, clinical profile and

biochemical parameters were assessed at baseline, 2 , 6 and 12 weeks.
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Authors found that 90.90% of group 1 subjects and 96% of group 2
subjects attained euthyroidism at the end of 12 weeks of observation period.
Group 2 attained euthyroidism early when compared to group 1, however it
was not statistically significant. In both the groups clinical symptoms, clinical
scores and thyroid profile showed significant improvement at the end of 6 and
12 weeks. No significant difference was noted in thyroid profile between two
groups upon intergroup comparison at 6 and 12 weeks. And in both groups
similar dose of levo-thyroxine was used to achieve euthyroidism. Authors
concluded that “ evening dose is as efficacious as morning dose and may
provide an alternate dosing regimen.”

Ala S et al® conducted a study to find out the effect on levels of TSH
and T4 due to change in administering levothyroxine from before breakfast to
before dinner.

50 hypothyroid patient was included in the study and were divided into
two groups. Both group received two tablets (one containing levothyroxine and
another containing placebo) one before breakfast and another one before
dinner. 2months later time of tablet administration was changed for both group,
and was continued for another 2 month. Serum levels of TSH and T4 was
measure in each group before start of study, at 2 month and completion of
study.

Authors found that by changing time of administering levothyroxine
TSH level significantly increased by 1.47+.51ulU/ml with P value of 0.001 and

T4 level reduced by 0.35x£1.05ug/dl with P value of 0.3. Authors concluded
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that changing the timing of administering levothyroxine from before breakfast
to before dinner minimally reduced the therapeutic efficacy of levothyroxine.
In patient who are taking exogenous levothyroxine, it is reported that higher
total and free serum thyroxin level can be seen than in euthyroid controls. This
can be due to artifact of the serum sample collection time.

Ain KB et al° did a study to find out the effect of serum sample
collection time on thyroid hormone levels in patient taking levothyroxine
therapy for replacement(26 patient)and for suppression of thyrotropin(25
patient).

Blood samples were collected during regular clinic visits (random
sample), and following more than 22 hours of levothyroxine intake(trough
sample).Total and free thyroxine, triiodohyronine, and thyrotropin level were
assessed .

Authors found that “Random sample had increased total thyroxine
levels in patient receiving replacement(8.1+1.2%,mean =SE,P = 0.0001)and
patient receiving suppression therapy(8.8+£1.6%,P =0.0001) as compared to
corresponding trough sample”. Free thyroxine was increased by 12.7+2.6 %, (P
=0.0003)

Pilot study conducted by Bolk N et al’ Objective: Standard
pharmacology textbook recommends that levothyroxine should be ingested 30
to 60 minutes before breakfast in empty stomach to decrease the interference of

food with drug absorption. They observed changing of levothyroxine schedule
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from fasting to late evening to decrease in TSH levels. so they planned for pilot
study to analyse the change of levothyroxine at bed time

12 primary hypothyroid women treated with levothyroxine included in
study.patient were instructed to take morning dose of thyroxine regularly, two
months later patients were switched to night dose, same dose of levothyroxine
was used. Patients were tested for two times, first time on stable regimen
morning thyroxine intake, second time two month after switching to night.

Patient was admitted in hospital for 24 hour, blood withdraw was done
hourly for 24 hour. After 2 month of patient switch to night ,patient again
admitted for blood sampling. Blood withdraw hourly for 24 hours. Outcome
was measured in form of TSH, free T4,T4, reverse T3,serum levels of TBG
and albumin concentration.

A significant decrease was present in TSH and thyroid hormone level
after switching from morning to bed time. 24 hour average value (meantSD,
morning vs bed time ingestion).TSH 5.1+0.9 vs 1.2+0.3(p<0.01),free T4
16.7£1.0 vs 19.3+0.7(p<0.01),T3 1.5+0.05 vs 1.6£0.1(p,0.01). There is no
significant changes in T4, rT3, albumin, TBG serum level normal in T3/rT3
ratio. The relative amplitude and time of nocturnal TSH surge remain intact.
High level thyroid hormone and low TSH concentration was present in primary
hypothyroidism taking bed time levothyroxine Circadian rhythm of TSH stay
intact

Effect of levothyroxine administration time on serum TSH in elderly

patients Retrospective study conducted by Elliott DP et al®
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In common clinical practice levothyroxine was taken morning before
breakfast due to food and other medication interferes the absorption of
levothyroxine . Objective was to find out effect of changing the levothyroxine
from morning to midnight. Done in 187 bedded skilled nursing facility. 15
patients of nursing home facility receiving levothyroxine was included mean
age of 84 years , inclusion criteria was patients should have atleast two TSH
value (1)before the change of levothyroxine from morning to midnight (2) after
the change of levothyroxine from morning to midnight.

There was decrease in TSH value (0.286+1.722) after changing the
levothyroxine taking midnight . that was not statistically significant (p=0.532).
Levothyroxine could be routinely administered after taking breakfast
STUDY JUSTIFICATION

There had been many studies in adults to assess the effectiveness of
bedtime levothyroxine intake when compared to morning levothyroxine
administration. To the best of our knowledge, no such type of study has been
designed in children. Many parents with hypothyroid children found it
inconvenient to administer the drug on an empty stomach in the morning
because of

= Busy schedule of parents.
= Difficulty in cajoling the school going children in the morning.
= Many parents are not willing to administer the drugs for the fear

that the child may skip the breakfast
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If proved that evening dose of levothyroxine is equally efficacious as
morning dose in children, it will be useful for parents of hypothyroid children.
OBJECTIVES-

Primary objective

To assess effectiveness of bedtime Levothyroxine administration as

compared to morning Levothyroxine administration.
Secondary objective

To assess changes in other biochemical parameters like creatinine and

lipid levels, in anthropometry indices like body mass index, in vital

signs like heart rate, blood pressure when compared to early morning

empty stomach regimen.
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MATERIALS AND METHODS

STUDY DESIGN

Open label randomized control study
STUDY SETTING

Endocrinology OPD of Institute of Child Health and Hospital for
Children.
STUDY PERIOD

September 2015 to August 2016.
TIMELINE
DATA COLLECTION - September 2015 to August 2016
DATA ANALYSIS AND MANUSCRIPT PREPARATION - August 2016
SUBMISSION OF REPORT - September 2016
STUDY POPULATION

Children on follow up in endocrinology OPD who were diagnosed to
have hypothyroidism, on levothyroxine supplementation and in euthyroid state
at the start of study after meeting inclusion and exclusion criteria.
SAMPLE SIZE

For calculation of sample size, results from the pilot study conducted by
Bolk et al was used where it was found that to get a significant difference in
TSH of 1.5 mIU/L in both the groups at the end of study with a power of 80%,

77 subjects should be enrolled in each group hence the same was followed.
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INCLUSION CRITERIA
All children above 3 years of age who have been diagnosed to have
hypothyroidism and on treatment, with T3,T4 and TSH within normal range.
EXCLUSION CRITERIA
Children with GIT disorder, malabsorption syndrome or taking
medication known to interfere with uptake of levothyroxine.
CASE DEFINITION
All biochemically confirmed cases of hypothyroidism under treatment.
ETHICAL CONSIDERATIONS
Ethical clearance was obtained from the Institutional Review Board.
Informed written consent was obtained from the parents of the study subjects.
Strict confidentiality of data was maintained throughout the study.
STUDY MANOUVERE
1. Out of 250 children who are on regular follow up, 154 children
satisfying inclusion and exclusion criteria were recruited into the study.
2. Informed written consent was obtained from the parents of study
subjects.
3. Children were randomly allocated into two groups. One group received
levothyroxine in early morning (1hr before food) and another group
received levothyroxine in bedtime (2hrs after food) upto 3 months.

4. Recommended levothyroxine dosage:
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LEVOTHYROXINE DOSAGE
AGE
(mcg/kQg)

0-3 mths 10-15

3-6 mths 8-10
6-12 mths 6-8

1-3yrs 4-6

3-10 yrs 3-4

10-15yrs 2-4

The above dosage was used to treat hypothyroidism. Before the start of
the study dose of levothyroxine was adjusted to achieve the euthyroid
state but after starting the study, same dose of levothyroxine was
maintained throughout.

5. Though it was difficult to change over the patient from morning to
bedtime regimen because patients were already adapted to particular
regimen and this change of timing of levothyroxine may lead to poor
compliance of levothyroxine intake, this problem was overcome with
daily maintenance of diary of recording the time of levothyroxine and
food intake, regular clinic follow up and through phone call.

6. The baseline demographic characteristics and clinical characteristics
were obtained from all the children at the time of start of study.

7. Age was calculated in months from the date of birth.

46



8. Anthropometric parameters (height, weight and BMI) were measured at
baseline and 12 weeks. Vital parameters, TSH, free T4, lipid profile and
renal parameters were measured at baseline, 6 weeks and 12 weeks.

9. Height was measured by making the child stand bare-footed and the
heel, buttocks, shoulders and occiput touching the wall and looking
straight ahead. Measurements were read directly after lowering the
cursor or placing horizontally held wooden board to touch the top of the
head. Accuracy to the nearest 0.2 cm. Z-score was calculated by using
WHO charts for children below 5 years and IAP chart above 5 years.

10. Weight was measured with subjects wearing light cloths and no shoes
using calibrated electronic scale. Accuracy to the nearest 100 grams.
Z-score was calculated by using WHO charts for children below 5 years
and AP chart above 5 years.

11.BMI was calculated from standardized formula.

Weight in kg

(Height in meter)?
Z-score was calculated using WHO charts for children below 5 years
and AP chart above 5 years

12. Heart rate was counted for one full minute in sitting position.

Normal heart rate by age
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Approximate age range Heart rate
Newborn 100-160/min
0-5months 90-150/min
6-12months 80-140/min
1-3years 80-130/min
3-5years 80-120/min
6-10years 70-110/min
11-14years 60-105/min

13.BP was measured thrice at an interval of 1 minute using appropriate
sized cuff in the right upper limb in sitting position after 5 minutes of

rest. Sphygmomanometer was held at the level of heart. Mean value of

second and third measurements was taken.

Z-score was calculated for
measurements separately. Data such as height, weight and age were

taken into consideration while calculating the Z-score

14. Thyroid function tests:

Thyroid function test was performed on early morning venous

blood sample after 12 hours of fasting. TSH and free T4 levels were

measured using enzyme immunoassay method.

Normal values:

Parameters Normal values

TSH 0.3-6.0mIU/L
Free T4 0.78-2.1mIU/L
Free T3 0.89-2.62mlU/L
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15.Serum lipid profile:
Early morning fasting venous blood sample was collected for lipid
profile analysis. Serum concentrations of Total cholesterol (CHOD POD

method), HDL (direct assay method), Triglycerides (GPO method) were

measured.

Cholesterol and Lipid distribution in children (50" percentile values)

Male Female

Lipid/Lipoprotein | 1-4 | 59 | 10-14 | 14 | 59 | 10-14

years | years | years |years| years | years
Total cholesterol | o0 |\ 153 | 151 | 156 | 164 | 159
(mg/dl)
Triglycerides | o | 4g 58 | 64 | 57 | 68
(mg/dl)
High-density
lipoprotein - 55 55 - 52 52
(mg/dl)

16. Renal parameters like blood urea (enzymatic GLDH method) and serum

creatinine (kinetic Joffe’s method) were measured.

Normal values:

Blood urea: 15-39 mg/dl

Serum creatinine: 0-4 yrs: 0.03-0.5mg/dl, 7-10yrs: 0.22-0.59mg/dl, 10-

14yrs:0.31-0.88mg/dl
STATISTICAL ANALYSIS

All the descriptive statistics, frequency histograms and bar charts were
created using Gnumeric spreadsheet (version: 1.12.28), a light weight spread

sheet developed by Gnome open source project.
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All parametric and non parametric tests and tests for categorical data
were done in R programming language (R version 3.2.3 (2015-12-10)
— “Wooden Christmas-Tree” Copyright © 2015 The R Foundation for
statistical computing).

The computing platform was x86_64-Arch-Linux-gnu (64-bit).
ETHICAL CONSIDERATIONS

The study was commenced after the ethical committee clearance.
Informed consent was obtained from parent. Strict confidentiality was

maintained while analysing and presenting the data.
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RESULTS

AGE & SEX DISTRIBUTION

Age Distribution

14

121

10+

Morning Bed Time

The mean age for morning group is 8.32
The mean age for bedtime group is 8.44
The difference in the mean age between these group is statistically not

significant (P=0.8)
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Gender Distribution
Morning

[ Mae
[ Female

Bed Time

[0 Mde
B [ emale

POPULATION MALE FEMALE
MORNING 26 o1
BEDTIME 25 52

Two sample test for equality of proportion with continuity correction

The difference in sex distribution among these two group statistically

not significant
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Initial Serum TSH Levels -Morning
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' DIFFERENCE
MORNING 2.17 +0.36
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BED TIME 193+0.34

The initial mean TSH value of morning group (2.17) is higher than

bedtime group (1.93). The difference in mean TSH levels of two group (0.24)

is statistically not significant (p = 0.32).
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Initial Free T4 Levels - Morning
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MORNING 1.39 + 0.66
0.01 -0.27 0.79
BED TIME 1.40 + 0.094

The initial mean free T4 value of bedtime group (1.40) is higher than
morning group (1.39). The difference in initial mean free T4 levels of two

group (0.01) is statistically not significant (p=0.79).
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Initial Blood Urea Levels -Morning
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The initial mean blood urea value of morning group (23.79) is higher
than bedtime group (23.70). The difference in initial mean blood urea levels of

two group is statistically not significant (p=0.88).
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Initial Serum Creatinine Levels -Morning
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The initial mean serum creatinine value of morning group (0.60) is
higher than bedtime group (0.59). The difference in initial mean serum

creatinine levels of two group (0.01) is statistically not significant (p=0.51).
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Initial Serum Cholesterol Levels -Morning
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The initial mean serum cholesterol value of bedtime group (152.13) is
higher than morning group (151.57). The difference in initial mean serum

cholesterol levels of two group (-0.56) is statistically not significant (p=0.88).
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Initial Serum Triglyceride Levels -Morning
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The initial mean serum triglyceride value of morning group (54.29) is

higher than bedtime group (53.47). The difference in initial mean serum

trigylceride levels of two group (0.82) is statistically not significant (p=0.58).
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Initial Serum HDL Cholesterol Levels -Morning
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The initial mean serum HDL cholesterol value of bedtime group (51.79)
is higher than morning group (50.90). The difference in initial mean serum
HDL cholesterol levels of two group (-0.89) is statistically not significant

(p=0.54).
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Initial Height in Z Scores -Morning
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0.1 1.08 0.28
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The initial mean height in Z score of morning group value(-0.30) is

higher than bedtime group (-0.40). The difference in initial mean height in Z

score of two group(0.1) is statistically not significant (p=0.28).
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Initial Weight in Z Scores - Morning
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MORNING 0.03£0.12
0.10 1.20 0.23
BED TIME -0.07 £0.12

The initial mean weight in Z score value of morning group (-0.03) is

higher than bedtime group (-0.07). The difference in initial mean weight in Z

score value of two group(0.10) is statistically not significant (p=0.23).
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POPULATION | MEAN+2S.E MEAN T STAT | P VALUE
DIFFERENCE
MORNING 0.28 +0.16
0.09 0.82 0.41
BED TIME 0.19 £0.17

The initial mean BMI in Z score value of morning group (0.28) is higher

than bedtime group (0.19). The difference in initial mean BMI in Z score value

of two group(0.09) is statistically not significant (p=0.41).
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Initial Heart Rate

100
90

Morning Bed Time
1ST 3RD
POPULATION | MINIMUM QUARTILE MEDIAN | MEAN QUARTILE MAXIMUM
MORNING 68.00 89.00 96.00 95.29 103.00 118.00
BEDTIME 74.00 88.00 96.00 95.71 101.00 125.00

In morning group Heart rate ranged from 68 to 118 . In bedtime group
Heart rate ranged from 74 to 125. The difference in the mean Heart rate of

these two group is very minimal.
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Initial Systolic Blood Pressure in Z Scores -Morning
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MORNING -0.02 +0.19
0.01 0.11 0.91
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The initial mean systolic BP in Z score value of morning group (-0.02)
is higher than bedtime group (-0.03). The difference in initial mean systolic BP

in Z score value of two group(0.01) is statistically not significant (p=0.91).
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Initial Diastolic Blood Pressure in Z Scores - Morning
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OBSERVED p
POPULATION MEAN+ 2 S.E MEAN T STAT VALUE
DIFFERENCE
MORNING -0.05+0.18
-0.01 -0.09 0.92
BED TIME -0.04 +0.18

The initial mean diastolic BP in Z score value of bedtime group (-0.04)
is higher than morning group (-0.05). The difference in initial mean diastolic

BP in Z score value of two group(-0.01) is statistically not significant (p=0.92).
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Serum TSH Levels at 6 Week -Morning
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DIFFERENCE
MORNING 2.35 £0.38
-0.07 -0.25 0.8
BED TIME 2.42 £0.40

The sixth week TSH value of bedtime group (2.42) is higher than
morning group (2.35). The difference in sixth week mean TSH levels of two

group(-0.07) is statistically not significant (p=0.8).
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Serum Free T4 Levels at 6 Week -Morning
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-0.12 -2.14 0.03
BED TIME 1.45 +£0.08

The sixth week mean free T4 levels of bedtime group (1.45) is higher
than morning group (1.33). The difference in sixth week mean free T4 levels of

two group(-0.12) is statistically significant (p=0.03).
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Blood Urea Levels at 6 Weeks -Morning
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OBSERVED
POPULATION | MEAN+2S.E MEAN T STAT | P VALUE
DIFFERENCE
MORNING 24.14 +0.82
0.35 0.59 0.56
BED TIME 23.79 +0.86

The sixth week mean blood urea levels of morning group (24.14) is
higher than bedtime group (23.79). The difference in sixth week mean blood

urea levels of two group(0.35) is statistically not significant (p=0.56).
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Serum Creatinine (mg/dl)
OBSERVED T
POPULATION | MEANx2S.E MEAN STAT P VALUE
DIFFERENCE
MORNING 0.60 +0.02
0.01 0.57 0.57
BED TIME 0.59 £0.02

The sixth week mean serum creatinine levels of morning group (0.60) is

higher than bedtime group (0.59). The difference in sixth week mean serum

creatinine levels of two group(0.01) is statistically not significant (p=0.57).
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Serum Cholesterol at 6 Week -Morning
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POPUI,\]ATIO MEAN+ 2 S.E MEAN STTAT P VALUE
DIFFERENCE
MORNING 151 .17 £5.6
3.46 0.85 0.39

BED TIME 147.71 +5.82

The sixth week mean serum cholestrol value of morning group (151.17)

is higher than bedtime group (147.71). The difference in sixth week mean

serum cholesterol value of two group(3.46) is statistically not significant

(p=0.39).
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Serum Triglyceride Levels at 6 Week -Morning
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' DIFFERENCE
MORNING 53.88 +1.92
-0.12 -0.07 0.94

BED TIME 54 +2.56

The sixth week mean serum triglyceride value of bedtime group (54) is
higher than morning group (53.88). The difference in sixth week mean serum

triglyceride value of two group(-0.12) is statistically not significant (p=0.94).
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Serum HDL Cholesterol Levels at 6 Week -Morning
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POPULATION MEéA\giz MEAN T STAT P VALUE
' DIFFERENCE
MORNING 53.95 +1.98
0.38 0.28 0.78
BED TIME 5357 +1.8

The sixth week mean serum HDL cholesterol value of morning group

(53.95) is higher than bedtime group (53.57). The difference in sixth week

mean serum HDL cholesterol value of two group(0.38) is statistically not

significant (p=0.78).
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In morning group Heart rate ranged from 73 to 127 . In bedtime group

Heart rate ranged from 73 to 117. The difference in the mean Heart rate of

these two group is very minimal.
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Systolic Blood Pressure in Z Scores at 6 Week -Morning
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OBSERVED
POPULATION | MEAN+2S.E MEAN T STAT P VALUE
DIFFERENCE
MORNING -0.04+0.18
-0.18 -1.36 0.18

BED TIME 0.14+0.18

The sixth week mean systolic BP in Z score of bedtime group (0.14) is
higher than morning group (-0.04). The difference in sixth week mean systolic

BP in Z score of two group(-0.18) is statistically not significant (p=0.18).
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Diastolic Blood Pressure in Z Scores at 6 Week -Morning
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OBSERVED
POPULATION | MEAN+t2S.E MEAN T STAT P VALUE
DIFFERENCE
MORNING 0.07+0.17
0.09 0.69 0.5
BED TIME -0.02+0.20

The sixth week mean diastolic BP in Z score of morning group (0.07) is
higher than bedtime group (-0.02). The difference in sixth week mean diastolic

BP in Z score of two group(0.09) is statistically not significant (p=0.5).
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Serum TSH Levels at 12 Week -Morning
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OBSERVED
POPULATION | MEAN+2S.E MEAN T STAT P VALUE
DIFFERENCE
MORNING 2.18+0.34
0.28 1.19 0.24
BED TIME 1.90 +0.33

The twelfth week mean TSH level of morning group (2.18) is higher
than bedtime group (1.90). The difference in twelfth week mean TSH level of

two group(.028) is statistically not significant (p=0.24).
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Serum Free T4 Levels at 12 Week -Bed Time
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MORNING 1.31+£0.06
-0.34 -9.33 <0.00001
BED TIME 1.65+0.04

The twelfth week mean Free T4 level of bedtime group (1.65) is higher
than morning group (1.31). The difference in twelfth week mean Free T4 level

of two group(-0.34) is statistically significant (p<0.00001).
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Blood Urea Levels at 12 Week -Morning
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OBSERVED
POPULATION | MEARE2 MEAN T STAT |P VALUE
' DIFFERENCE
MORNING 23.36 + 0.88
0.18 0.28 0.78
BED TIME 23.54 +0.94

The tweflth week mean blood urea level of bedtime group (23.54) is
higher than morning group (23.36). The difference in twelfth week mean blood

urea level of two group(-0.18) is statistically not significant (p=0.78).
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Serum Creatinine Levels at 12 Week -Morning
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Serum Creatinine (mg/dl)

POPULATION | MEAN+2 | OBSERVED | T STAT |P VALUE

SEE MEAN
DIFFERENCE

MORNING 0.597 +0.02

0.001 0.08 0.93

BED TIME 0.596 + 0.02

The twelfth week mean serum creatinine level of morning group

(0.597) is higher than bedtime group (0.596). The difference in twelfth week

mean serum creatinine level of two group(0.001) is statistically not significant

(p=0.93).

79




Serum Cholesterol Levels at 12 Weeks -Bed Time
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OBSERVED
POPULATION | MEAN+2S.E MEAN T STAT P VALUE
DIFFERENCE
MORNING 152.79 £ 4.59
9.21 3.34 0.001
BED TIME 143.58 + 3.059

The twelfth week mean serum cholesterol level of morning group
(152.79) is higher than bedtime group (143.58). The difference in twelfth week
mean serum cholesterol level of two group(9.21) is statistically significant

(p=0.001).
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OBSERVED
POPULATION | MEANx 2 S.E MEAN T STAT P VALUE
DIFFERENCE
MORNING 53.78 £ 2.21
0.61 0.40 0.69
BED TIME 53.17£2.12

The twelfth week mean serum triglyceride level of morning group

(53.78) is higher than bedtime group (53.17). The difference in twelfth week

mean serum triglyceride level of two group(0.61) is statistically not significant

(p=0.69).
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Serum HDL Cholesterol Levels at 12 Week -Morning
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OBSERVED
POPULATION ME?Ei 2 MEAN T STAT | P VALUE
' DIFFERENCE
MORNING 52.29 +2.04
0.82 0.55 0.58
BED TIME 51.47 +2.15

The twelfth week mean serum HDL cholesterol level of morning group
(52.29) is higher than bedtime group (51.47). The difference in twelfth week
mean serum HDL cholesterol level of two group (0.82) is statistically not

significant (p=0.58).
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Height in Z Scores at 12 Week -Morning
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' DIFFERENCE
MORNING -0.32+0.13
0.11 1.14 0.25
BED TIME -0.43 +0.13

The twelfth week mean Height in Z score of morning group (-0.32) is
higher than bedtime group (-0.43). The difference in twelfth  week mean

Height in Z score of two group(0.11) is statistically not significant (p=0.25).
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OBSERVED
POPULATION ME?E& 2 MEAN T STAT VAEUE
' DIFFERENCE
MORNING -0.02 £0.12
0.01 1.17 0.25
BED TIME -0.12+0.12

The twelfth week mean Weight in Z score of morning group (-0.02) is

higher than bedtime group (-0.12). The difference in twelfth week mean

Weight in Z score of two group(0.01) is statistically not significant (p=0.25).
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BMI in Z Scores at 12 Week -Morning
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OBSERVED
poPULATION | VEATEZ | "MEAN | T STAT | P VALUE
' DIFFERENCE
MORNING | 0.22+0.16
0.07 0.62 054
BEDTIME | 0.15+0.18

The twelfth week mean BMI in Z score of morning group (0.22) is
higher than bedtime group (0.15). The difference in twelfth week mean BMI in

Z score of two group(0.07) is statistically not significant (p=0.54).
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Heart Rate at 12 Week
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POPULATION | MINIMUM 157 MEDIAN | MEAN 3RP MAXIMUM
QUARTILE QUARTILE

MORNING 74.00 89.00 96.00 96.87 104.00 126.00

BEDTIME 67.00 92.00 100.00 98.48 105.00 120.00

In morning group Heart rate ranged from 74 to 126. In bedtime group
Heart rate ranged from 67 to 120. The difference in the mean Heart rate of

these two groups is very minimal.
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Systolic Blood Pressure in Z Scores at 12 Week -Morning
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' DIFFERENCE
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The twelfth week mean systolic BP in Z score of bedtime group (-
0.015) is higher than morning group (-0.024). The difference in twelfth week
mean systolic BP in Z score of two group(0.008) is statistically not significant

(p=0.94).
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Diastolic Blood Pressure in Z Scores at 12 Week -Bed Time
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The twelfth week mean diastolic BP in Z score of bedtime group (0.02)
is higher than morning group (-0.15). The difference in twelfth week mean
diastolic BP in Z scoe of two group(-0.17) is statistically not significant

(p=0.16).
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Intra group comparison of initial and twelfth week levels of various

parameters of bedtime group

PARAMETER 0 Weeks 12 Weeks P Value
TSH 1.93+0.34 1.90 £ 0.33 0.91
FREE T4 1.40 £ 0.09 1.65 £ 0.04 <0.0001
UREA 23.70 £ 0.94 23.54+0.94 0.80
CREATININE 0.59 +0.02 0.596 £ 0.02 0.80
CHOLESTROL 152.13 +4.14 143.58 + 3.059 <0.0001
TRIGLYCERIDE 53.47 £2.16 53.17 £2.12 0.84
HDL 51.79+0.20 51.47 +2.15 0.83
HEIGHT -0.40 £ 0.128 -0.437 £0.13 <0.0001
WEIGHT -0.070 £ 0.12 -0.12£0.12 <0.0001
BMI 0.19+0.17 0.15+0.18 <0.0001
SYSTOLIC BP -0.03+£0.17 -0.015+0.16 0.88
DIASTOLIC BP -0.04 £0.18 0.02+0.16 0.64
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Difference in mean free T4 levels between these two group(0.25) is

statistically significant(p<0.0001)
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Initial Serum Cholesterol Levels -Bed Time
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Difference in mean serum cholesterol levels between these two

group(8.55) is statistically significant(p<0.0001)
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Initial Height in Z scores -Bed Time
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Difference in mean height in Z score levels between these two

group(0.03) is statistically significant(p<0.0001)
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Initial Weight in Z Scores -Bed Time
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Difference in mean weight in Z score levels between these two

group(0.05) is statistically significant(p<0.0001)
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Initial BMI in Z Scores -Bed Time
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Difference in mean BMI in Z score levels between these two group

(0.04) is statistically significant (p<0.0001)
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DISCUSSION

For treatment of hypothyroidism, levothyroxine is supplemented in early
morning in empty stomach because food intake interferes with levothyroxine
absorption. Adherence to the timing of levothyroxine administration before
breakfast is cumbersome in children, especially who are school going. The
refusal of children and forgetfulness of parents are quite common, when
parents are busy preparing the children for school. If proved evening dose of
levothyroxine is equally efficacious as morning dose in children it will be
useful for parents of hypothyroid children. Hence we performed this study to
assess the effectiveness of bedtime levothyroxine administration as compared
to morning levothyroxine administration. It is an open label randomized control
study done in pediatric endocrinology department of ICH & HC, Chennai.

There are many studies done in adults to assess the effectiveness of
morning levothyroxine administration versus bedtime levothyroxine
administration with mixed results. To the best of our knowledge, this is the first
pediatric study done till date to evaluate the effectiveness of bedtime
levothyroxine as compared to morning levothyroxine administration.

At the start of study, all the demographic, clinical and biochemical
parameters did not show any significant difference in both morning and
bedtime group.

In our study mean age of children in morning group is 8.32 years and in
bedtime group is 8.44 years. There is no statistically significant difference in

mean age of two groups (p=0.8). Sex distribution ratio of male: female in
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morning group is 0.51:1 and in bedtime group is 0.48:1. The difference in sex

distribution among these two groups is not statistically significant (p=1).
Between the morning and bedtime group, the baseline level of TSH, free

T4, blood urea, Serum creatinine, cholesterol, triglycerides, HDL cholesterol

and Z scores of height, weight, BMI, systolic BP and diastolic BP do not show

any statistical significant difference.

pnpavierens | Monhg | ST | vy
TSH 2.17+0.36 1.93£0.34 0.24
FREE T4 1.39+0.066 | 1.40%+0.094 0.79
UREA 23.79+£0.87 | 23.70+£0.94 0.88
CREATININE 0.60+0.02 0.59+0.02 0.51
CHOLESTEROL | 151.5745.86 | 152.13+4.14 0.88
TGL 54.29+2.02 | 53.47+2.16 0.58
HDL 50.90+2.12 51.97+£2.0 0.54
HEIGHT -0.30£0.136 | -0.40+0.128 0.28
WIGHT 0.03+0.12 -0.07+0.12 0.23
BMI 0.28+0.16 0.19+0.17 0.41
SYSTOLIC BP -0.02+0.19 | -0.03+0.17 0.91
DIASTOLIC BP -0.05+0.18 -0.04+0.18 0.92
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COMPARISON OF TSH LEVELS

In 6™ week analysis, mean TSH level of morning group (2.35+0.38
mlU/L) and bedtime group (2.42+0.40 mIU/L) did not show any statistical
difference (p=0.8). In 12" week analysis mean TSH level of morning group
(2.18+£0.34 mlIU/L) and bedtime group (1.90+0.33 mlU/L) did not show any
statistical difference (p=0.24). This finding is consistent with the study done by
Nienke Bolk et al', Rajesh Rajput et al* and Elliot DP® but is in contrast to the
study done by TG Bach-Huynh et al.

Nienke Bolk et al' conducted a randomised double blind cross over trial
in 105 adult patients with primary hypothyroidism over a period of 6 months
with switch over from morning to bedtime and viceversa at 3 months. The
difference in TSH (at 12wks and 24wks) between morning (-0.92 mIU/L) and
bedtime group (1.57 mIU/L) is statistically significant (p<0.001). Rajesh
Rajput et al* conducted a clinical study in 2011. 152 newly diagnosed primary
hypothyroid adults were chosen and divided into two groups (group 1 given
levothyroxine in morning and group 2 at bedtime). Mean serum TSH levels
between morning (5.13+9.36 mIU/L) and bedtime group (3.27+4.19 mIU/L)
done at the end of 12wks did not show any statistical significant difference
(p=0.31). Elliot DP® conducted a retrospective chart review in 2001. 15 elderly
hypothyroid patients were chosen. The decrease in mean serum TSH level
(0.286+1.722 mIU/L) when levothyroxine supplementation was changed from
morning to midnight did not show any statistical significance (p=0.532). TG

Bach-Huynh et al® conducted a randomised cross over study in 2009. 65 adult
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study subjects were chosen and randomised into three 8wk regimens (fasting,
bedtime, with breakfast) in a three period crossover design. Mean serum TSH
levels was significantly high in bedtime group (2.19 mIU/L) when compared to
before breakfast group (1.06 mIU/L) (p<0.001).

At 6 weeks, 2 children in morning group and 3 children in bed time
group had marginal rise in their TSH levels. These values became normal at 12
weeks.

COMPARISON OF FREE T4

At 6™ week analysis, mean free T4 level of bedtime group (1.45 + 0.08
ng/dl) is higher than morning group (1.33+0.2 ng/dl). This difference is
statistically significant (p= 0.03). At 12" week analysis, mean free T4 level of
bedtime group (1.65+0.04 ng/dl) is higher than morning group (1.31+0.06
ng/dl). This difference is statistically significant (p<0.00001). These findings
are consistent with the study done by Nienke Bolk et al', Rajesh Rajput et al’
but contradictory to the study done by TG Bach-Huynh et al°.

In Nienke Bolk et al' study, the difference in free T4 (at 12wks and
24wks) between morning (0.11 ng/dl) and bedtime group (-0.04 ng/dl) is
statistically significant (p=0.01). In Rajesh Rajput et al* study, mean serum free
T4 levels between morning (1.5+£0.33 ng/dl) and bedtime group (1.48+0.31
ng/dl) done at the end of 12wks did not show any statistical significant
difference (p=0.31). In T G Bach-Hyunh et al® study, free T4 value was less in
bedtime group (1.34 ng/dl) when compared to morning group (1.35 ng/dl) but

this difference is not statistically significant (p=0.72).
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In our study the increase in mean free T4 value in bedtime group may be
due to the better bioavailability of levothyroxine in bedtime (2 hours after
dinner), decreased gastrointestinal movement during night time, more gastric
acidity (circadian rhythm) in night and no food or drug intake after
levothyroxine intake. In morning children usually wakeup very late and there is
very less time gap between levothyroxine intake and breakfast. So there is less
bioavailability of levothyroxine compared to bedtime group. Also shacks or
other drug intake interferes with levothyroxine absorption. In hypothyroid
children on levothyroxine, free T4 increases without any change of TSH.
COMPARISON OF RENAL PARAMETERS

At 6™ week, mean blood urea level of morning group (24.14+0.82
mg/dl) and bedtime group (23.79+0.86 mg/dl) did not show any statistical
significant difference (p=0.56). At 12" week, mean blood urea level of morning
group (23.36+0.88 mg/dl) and bedtime group (23.54+0.94 mg/dl) did not show
any statistical significant difference (p=0.78).

At 6™ week, mean serum creatinine level of morning group (0.6+0.02
mg/dl) and bedtime group (0.59+0.02 mg/dl) did not show any statistical
significant difference (p=0.57). At 12" week, mean serum creatinine level of
morning group (0.597+0.02 mg/dl) and bedtime group (0.596+0.02 mg/dl) did
not show any statistical significant difference (p=0.93). This finding is
consistent with the study done by Nienke Bolk et al* in which the difference in
serum creatinine level (at 12wks and 24wks) between morning (-0.03 mg/dl)

and bedtime group (0.00 mg/dl) did not show any statistically significant
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difference (p=0.13). The possible explanation may be that, alteration in renal
function occurs only in chronic uncontrolled hypothyroid subjects but in our
study all children were in euthyroid state at the start of study and throughout
the study.

COMPARISON OF LIPID PROFILE

At 6 weeks, mean serum cholesterol, triglycerides, HDL cholesterol of
morning group (151.17+£5.6mg/dl, 53.88+1.92mg/dl, 53.95+1.98mg/dl) and
bedtime group (147.71+£5.82mg/dl, 54+2.56mg/dl, 53.57£1.8mg/dl) did not
show any statistical significant difference.

A 12 weeks, the difference in mean serum cholesterol of morning group
(152.79+4.59 mg/dl) and bedtime group (143.58+3.059 mg/dl) is statistically
significant (p=0.001). This may due to the better bioavailability of
levothyroxine at bedtime that stimulates the expression of hepatic LDL
receptor and metabolism of cholesterol to bile acids that lead to decrease in
mean cholesterol level in bedtime. This finding is contradictory to the study
done by Rajesh Rajput et al* in which there was no significant difference in
serum cholesterol levels between morning and bedtime group. Also in the study
done by Nienke Bolk et al', there was no significant difference in serum
cholesterol levels between morning and bedtime group (p=0.22).

At 12 weeks, mean serum triglycerides and HDL cholesterol of morning
group  (53.78+2.21 mg/dl, 52.29+2.04 mg/dl) and bedtime group (53.17+2.12
mg/dl, 51.47+£2.15 mg/dl) did not show any statistical significant difference

(p=0.69,p=0.58). This is similar to the study done by Rajesh Rajput et al* in
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which there was no significant difference in serum triglyceride and HDL levels
between morning and bedtime group.
COMPARISON OF ANTHROPOMETRIC PARAMETES

At 12 weeks, anthropometric indices like height, weight and BMI
in Z score of morning group (-0.32+0.13, -0.02+0.12, 0.22+0.16 respectively)
and bedtime group (-0.43+0.13, -0.12+0.12, 0.15+0.18 respectively) did not
show any statistical significant difference (p=0.25, p=0.25, p=0.54
respectively). This finding is similar to the study done by Nienke Bolk et al*, in
which there was no significant difference in BMI between morning and
bedtime group (p=0.09).
COMPARISON OF VITAL PARAMETERS

At 6 weeks, the mean heart rate in morning group was 99.04 beats/min
and in bedtime group was 98.43 beats/min. The mean Z score of Systolic BP
and Diastolic BP of morning group (-0.04+.18, 0.07+0.17) and bedtime group
(0.14+0.18, -0.02+0.20) did not show any statistical significant difference
(p=0.18 and 0.5 respectively).

At 12 weeks, the mean heart rate in morning group was 96.84 beats/min
and in bedtime group was 98.48 beats/min. In Nienke Bolk et al' study, there
was no significant difference in heart rate between morning and bedtime group
(p=0.40). The mean Z score of Systolic BP, Diastolic BP of morning group (-
0.024+0.18, -0.15+£0.18) and bedtime group (-0.015+0.16, 0.02+0.16) did not

show any statistical significant difference (p=0.94 and 0.16 respectively).
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INTRAGROUP COMPARISON

In intragroup comparison of bedtime group at initial and 12" week
levels show following significance. In bedtime group, the difference in mean
free T4 level at 0 weeks (1.40+0.09ng/dl) and 12 weeks (1.65+0.04ng/dl) is
statistically significant (p<0.0001). This is similar to the study done by Rajesh
Rajput et al* in which intragroup comparison of free T4 levels at Oweeks
(0.74£0.5 ng/dl) and 12weeks (1.48+0.31 ng/dl) in bedtime group showed
statistical significant difference (p<0.0001).

In bedtime group, the difference in mean cholesterol level at 0 weeks
(152.13+4.14) and 12" week (143.52+3.059) is statistically significant
(p<0.0001). This is similar to the study done by Rajesh Rajput et al* in which
intragroup comparison of mean cholesterol levels at Oweeks (196.88+75.69
mg/dl) and 12weeks (173.85+38.25 mg/dl) in bedtime group showed statistical
significant difference (p=0.015).

Anthropometry indices like height, weight and BMI in Z score of
bedtime group measured at 0 week (-0.40£0.128,-0.070+0.12, 0.19+0.17) in
comparison to 12" week (-0.43+0.13, -0.12+0.12, 0.15+0.18) showed statistical
significant difference (p<0.0001, p<0.0001, p<0.0001).

The mean Z score in weight and BMI have reduced at 12" week when
compared to O weeks in bedtime group. The decrease in their mean is
statistically significant but mean Z score for height has also reduced at 12

weeks when compared to 0 week. As BMI has not increased, the clinical
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significance of reduction in Z score of height is not discernible. The reduction
in Z score of height may be due to short time follow up and observer error.

TY of levothyroxine is seven days, so follow up assessment of thyroid
hormone profile and other secondary outcomes were measured at six weeks
and to overcome the “carry over effect”, assessment of thyroid hormone profile
was extended to 12" week. In Nienke Bolk et al' study, assessment of primary
and second outcome was measured at twelfth and twenty fourth weeks. In T G
Bach-Huynh et al® study, assessment of primary and secondary outcome was
done at eighth, sixteenth and twenty fourth week. In Rajesh rajput et al* study,
assessment of primary and secondary outcome was done in sixth and twelfth
week and mainly intra group comparison was done.

In our study, same dosage of levothyroxine was maintained in all
children throughout the study. However the cause of hypothyroidism was not
taken into account since irrespective of the cause being congenital or acquired,
dosage of levothyroxine supplementation was calculated only based on the age

and weight of the child and does not differ depending on the cause.
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CONCLUSION

The dosage of levothyroxine which maintained euthyroid status (as
reflected by TSH and fT4 level) when taken in early morning empty stomach is
also likely to maintain euthyroid status when it is administered at bedtime.
There is a significant improvement in free T4 level when levothyroxine was
taken at bedtime. There is considerable decrease in serum cholesterol level
when levothyroxine was taken at bedtime.

Effects of bedtime levothyroxine administration on anthropometry, vital
parameters and other parameters in lipid profile are comparable to those

observed in children taking morning levothyroxine.
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LIMITATIONS

The ideal design would have been cross over design providing adequate
time to nullify the carry over effect.

To assess the real impact of bedtime levothyroxine on anthropometric
parameters, a longer prospective follow up may be needed.

We failed to employ any scale to assess the quality of life and symptom

alleviation.
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RECOMMENDATIONS

The efficacy of bedtime regimen of levothyroxine is quite comparable to
the efficacy of morning regimen. Bedtime regimen may result in good
compliance in school going children. Parents should be allowed to choose

either morning or bedtime regimen depending on their convenience.
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PROFORMA
|. Study Id:
2. Name:
3.0P Number:
4.Age: DOB-

Actual age- years months

5.Sex: A)Male B)Female
EXAMINATION
1.Height

2.Weight

3.Body mass index
4.Heart rate

5.BP
INVESTIGATIONS
1.TSH

2.Free T4:

3.Lipid profile

4.Creatinine level
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PATIENT INFORMATION SHEET

Place of study: Institute Of Child Health And Hospital for Children,
Egmore, Chennai-8.
Name of Investigator: Dr.RADHAKRISHNAN.R

Name of Participant: Age: Sex:

Hospital No:

Study title: EFFECTIVENESS OF BEDTIME LEVOTHYROXINE
INTAKE AS COMPARED TO STANDARD REGIMEN IN
CHILDREN”

We request y our child to participate in the study.

Aim of the study-

To assess effectiveness of morning Levothyroxine administration as
compared to bedtime Levothyroxine administration to bring down
thyrotropin level in hypothyroid children

Methods-

In order to find out effect of bedtime levothyroxine intake , we will
be examining your child, measure his height, weight,HR,BP and BMI and
we will be drawing 5ml blood to look for TSH,free T4, lipid level and
creatinine.

Can | refuse to participate in the study?

Participation in the study is purely voluntary. You may refuse to
participate or withdraw from the study at any time. In both cases the
treatment and care your child receives from this hospital will not be
affected in any manner.

Benefits and harms of participating in the study-

Your child will not benefit directly by participating in this study.

But by way of participating in this study, your child is contributing to
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updation of science which may benefit her/him and all other patients with
this disease in future.
Confidentiality-

The data collected from the study will be used for the purpose of
study only. The results of the study will be published. Personal
information of the children participating in the study will be kept
confidential. There will not be any disclosure about your child’s
information without your permission.

Subject rights-

If you wish further information regarding your child’s rights as a

research participant, you may contact the principal investigator in the

mobile number or address mentioned below.

Principal Investigator — Dr Radhakrishnan.R

Mobile number - 9629596767

Contact Address MD 2™ yr Post Graduate, Institute of
Child Health and Hospital for Children,

Halls Road, Egmore, Chennai.

Place:

Date: Signature of Parent
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INFORMED CONSENT FORM

Study place: Institute Of Child Health And Hospital For Children,
Egmore, Chennai-8.

Title of the study : “EFFECTIVENESS OF BEDTIME
LEVOTHYROXINE INTAKE AS COMPARED TO STANDARD
REGIMEN IN CHILDREN".

Name of the investigator: Dr. RADHAKRISHNAN.R

Name of the Participant: Age: Sex:
Hospital number:

1. | have read and understood the patient information sheet provided to
me regarding the participation of my child in the study.

2. | have been explained about the nature of the study and had my
questions answered to my satisfaction.

3. | have been explained about my rights and responsibilities by the
investigator.

4. 1 will allow my child to cooperate with the investigator and undergo
clinical tests subjected during the study whole heartedly.

5. | have been advised about the risks associated with my child’s
participation in this study.

6. | am aware of the fact that | can opt out of the study at any time
without having to give any reason and this will not affect my child’s
future treatment in this hospital.

7. | hereby give permission to the investigators to release the information
obtained from my child as result of participation in this study to medical
journals/conference proceedings.

8. | understand that my child’s identity will be kept confidential if my
child’s data are publicly presented/published.

9. | have decided my child can participate in the research study. | am
aware that if |1 have any question during this study, | should contact the
investigator.

10. By signing this consent form | attest that the information given in this
document has been clearly explained to me and understood by me, I will
be given a copy of this consent document.

Name and signature / thumb impression of the parent/guardian
Name Signature

Date
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Name and Signature of the investigator
Name Signature

Date

Name and Signature of impartial witness 1:
Name Signature

Date

Name and Signature of impartial witness 2:
Name Signature

Date
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	FINAL-1
	Shivshankar et al2 did a study tom evaluate the effect of levo-thyoxine intake 45-60 minutes before the breakfast on elevated TSH levels.
	To analyze the effectiveness of above change 10 patients with hypothyroidism were enrolled which included 9 female and 1 male individual. Median age was 39 years, median duration of hypothyroidism 6 years, serum free T4 : 13pmol/L and TSH 12.63mIU/L. ...
	After two months all 10 patients show biochemical improvement with decreased mean TSH and increased free T4 values. Compared to baseline values (TSH 12.63(6.2-48.3)), free T4(13(10.5-17.1)) after 2 months show following improvement TSH (3.15(0.04-6.8)...
	65 patients completed the study. Authors found that mean TSH concentration when levo-thyroxine administered in fasting state (1.06 ± 1.23 mIU/L) was significantly low when compared to TSH levels when levothyroxine was taken with breakfast(2.93± 3.29 m...
	They concluded that levo-thyroxine intake in fasting state ensures to maintain TSH levels within the target range and levothyroxine in non-fasting state is associated with higher and varying levels of TSH.
	Studies also demonstrate that optimal absorption of levo-thyroxine during fasting condition was 80% and it decreases to 40-64% with food intake..
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