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Zusammenfassung

Die Behandlung von Schilddriisenunter- bzw. —Uberfunktion und deren

Auswirkung auf das kardiovaskulare Risiko der Patientlnnen

Einleitung

Das Ziel der vorliegenden Arbeit ist es den Einfluss der Therapie von
Schilddriisenerkrankungen, sowohl bei Unter- als auch bei Uberfunktion, auf die
korrelierenden kardiovaskuldren Risikofaktoren zu untersuchen. Wir nehmen an,
dass eine Schilddrisenfehlfunktion mit einem hoheren kardiovaskularen Risiko
einhergeht und folglich die Therapie prophylaktisch flr koronare Herzerkrankung

wirkt, wenn sich Patientinnen im euthyroiden Zustand befinden.
Patienten und Methoden

An unserer Studie nahmen insgesamt 96 Patientlnnen, die basierend auf ihrer
Schilddrisenfunktion in hyper-, hypo- und euthyreot unterteilt wurden, teil. Bei den
Patientinnen wurden am Beginn und nach 6 Monaten Therapie Schilddrisen-,

Fettstoffwechsel und anthropometrische Daten analysiert.
Ergebnisse

Es zeigten sich eindeutige Veranderungen der Schilddrisenparameter
entsprechend der zugrundeliegenden Schilddrusenfehlfunktion. Es konnten bei
Patientinnen erhohte Fett- und Blutdruckwerte, systolisch und diastolisch,
festgestellt werden. Im follow up zeigten sich bei den euthyreoten ProbandIinnen
signifikante Veranderungen betreffend BMI, Taillenumfamg, im Taillen zur Lange
Verhaltnis und beim diastolischen Blutdruck. Hypothyreote Probandinnen wiesen
zusatzlich noch signifikante Unterschiede beim systolischen Blutdruck auf. Bei den
Fettwerten wiesen Patientinnen mit Schilddrisenunterfunktion signifikante
Unterschiede in HDL und LDL/HDL- Verhaltnis im Vergleich zu den
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Ausgangswerten auf. Bei den euthyreoten Probandlnnen konnten hingegen nur
signifikante Veranderungen im LDL/HDL- Verhaltnis festgestellt werden. In allen 3
Gruppen konnten signifikant niedrige ADMA-Spiegel nachgewiesen werden, wobei
die Gruppe der Unterfunktion hochsignifikant niedrige Werte hatte. Hinsichtlich der
Entzindungswerte konnten keine signifikanten Veranderungen beobachtet
werden. Die Regressionsanalyse machte einen Zusammenhang zwischen

Schilddrisen- und Fettstoffwechsel im speziellen mit HDL und LDL deutlich.

Fazit

Zusammenfassend weisen die Ergebnisse auf eine mogliche praventive Wirkung
der Therapie von Schilddrisenerkrankungen bei normalgewichtigen Patientinnen
hinsichtlich Arteriosklerose und in Folge koronare Herzerkrankungen sowohl bei
Schilddriisenunter- als auch Uberfunktion hin. Es ist allerdings zu berlicksichtigen,
dass die vorliegende Arbeit eine Pilot Study ist, deren Ergebnisse erst in weiteren

Studien bestatigt werden mussen.

Zukunftsperspektive

Weitere Untersuchungen werden noétig sein, um den Einfluss der
unterschiedlichen Schweregrade von Schilddrisenfehlfunktionen auf die

Entwicklung von Arteriosklerose und folglich koronare Herzerkrankung darzulegen

und im speziellen der therapeutische Ansatz bei adipdsen Patientinnen.
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Abstract

The impact of thyroid therapy, both in hypo- and hyperthyroid patients

on cardiovascular risk

Introduction

The various thyroid diseases, including hyper-, eu- or hypothyroidism, represent a
complex network depending on the functional behaviour of the thyroid, which is the
basis for diagnosis and therapy. The aim of the present study is to investigate the
implication of thyroid therapy and the related cardiovascular risk factors both in
hyper- and hypothyroid patients. We hypothesise that thyroid dysfunctions are
associated with cardiovascular risk factors and therefore thyroid therapy
intervenes as prophylaxis for cardiovascular diseases after achieving normal state

in patients.

Patients

In our case-based study we investigated a total number of 96 subjects. Patients
were sub-grouped regarding their thyroid function into hyper- hypo and euthyroid.
We analysed baseline characteristics including thyroid, lipid and anthropometric
parameters at the beginning of the study and in the follow up after 6 months of

treatment.

Results

Patients displayed significant thyroid abnormalities according to their underlying
thyroid disorder. Further probands featured alterations of lipid, systolic and
diastolic blood pressure levels. After 6 months of treatment hypothyroid patients
revealed significantly lower ft 3 levels. Analyses exhibited significant differences of

BMI, waist circumference, waist-to-length ratio and diastolic blood pressure in
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euthyroid and significant changes in systolic blood pressure in hypothyroid
patients. We found significant variations of HDL in hypothyroids and of LDL/HDL-
ratio in hypothyroids just as in euthyroids. Investigation of ADMA unveiled
significant low levels in hyper- and euthyroid patients and even highly significant
low ones in hypothyroids. No significant changes were found regarding
inflammatory parameters. Regression analyses revealed significant correlation

between thyroid hormones and lipid parameters, especially HDL and LDL.

Conclusion

Recapitulating, our findings suggest a preventive impact of thyroid therapy in
normal weight patients on atherosclerosis and subsequently on cardiovascular
disease both in hypo- and hyperthyroidism. However, we have to notice that the
present study is a pilot study and findings have to be proven in further clinical

trials.
Interpretation/Future perspective
Further research is required to clarify the influence of various degrees of thyroid

dysfunction in the development of atherosclerosis and cardiovascular morbidity,

especially in terms of therapeutic approaches in obese patients.
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Glossary and acronyms

The following abbreviations are used in this diploma thesis:
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Introduction

1 Introduction
1.1 Anatomy of the thyroid gland (1-3)

Figure 1. Anatomy of the thyroid gland. Adapted from Haffer A. (1)

The thyroid gland is situated in the front of the lower neck about the 5™ cervical to
the 1! thoracic vertebrae directly in front of the trachea. It is made up of two lobes,
which are connected by a narrow, median Isthmus. The left and the right lobe of
the thyroid gland are conical and piriform. Further the two lobes diverge laterally
and reach up to the oblique lines on the laminae of the thyroid cartilages.
Figuratively spoken the thyroid gland appears to be like an “H”, which has two
shorter lower arms than the two upper arms. Very often a small lobe, pyramidal
lobe, ascends towards the hyoid bone incipient from the isthmus or one of the two
lobes. The pyramidal lobe is attached to the hyoid bone by a string of connective
tissue. In rare cases the pyramidal lobe can reach to the base of the tongue, which

is then a remnant of the thyroglossal duct.
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Figure 2. Anatomy of the thyroid gland. Modified from Hafferl A, (1)

A thproidea - = A canotis Mirnileara W larynges
q".‘pﬂmr axiema ey rd Iyeionlend P
A, Gt W thyroides - — W juguisis
nbema SUpsErar nterma
~ Pl thyrn
——— M.waiqus Wothyroidea i
A theraidea /] madia
Inferics Badbyii naferine
Bl wilerion e jugularis
Trumeus M laryngeus verae |Lgularis urasE
- inferios deater
wwpviialis W oeptladia
Unad bus yrm
N kayrgeus phatices dosted Dusctun
T sk
et W Ehyrosdea
inleviin W brachio
cophaliia wnistel
K. Larymgeus W bwachio.
TeER e wephalics dewtir W e perior

S

Picture 3. Biood supply of the thyroid gland. Adapted from Schiinke M at al. (3]
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Introduction

Two capsules cover the gland. The capsula interna and externa (fibrosa). The
former is a thin layer, which accompanies the vessels into the lobes (septa) and
simultaneously divides the lobes into lobules. The latter consists of several layers.
The capsula fibrosa affixes the thyroid gland to the larynx and trachea. In contrast
the thyroid gland is relocatable in its periphery, which enables the gland to follow
the laryngeal movements. Between the capsula interna and externa run the main
vessels of the thyroid gland. The blood supply is managed by Aa. thyroideae
superiores et inferiors and at times by an arteria thyroidea ima. The venous
drainage is generally via Vv. Thyroideae superiores, mediae et inferiors. The
thyroid gland receives its innervation from fibres of the vagus nerve, sympathic

trunk and at times the glossopharyngeal nerve.

The colour is brownish-red. The normal weight is approximately 20 - 25 grams.
Unfortunately actual imaging devices can’t plot the follicular structure. So the
imaging displays a homogenous texture on cross-sectional imaging (US, CT,
MRI). Because of its superficial location the thyroid gland is the perfect organ for
ultrasound examination. Due to its highly vascularisation the thyroid gland
presents intense contrast enhancement and increased signal on T, —weighted
MRI. Radionuclide imaging can be performed with technetium pertechnetate
(Tc®M).
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1.2 Histology (4)

Figure 4. Histological structure of the thyroid gland. Adapted from Schiinke M et al. (3).

Follicles are the main histological characteristic and simultaneously the functional
units of the thyroid gland. Follicles are spheric and cystical cells, which are
surrounded by a single-layered epithelium. The thyroid gland hormones are
triiodthyronine (T3) and thyroxine (T4). The synthesis of thyroid hormones in the
follicular cells starts with thyroglobulin (TG). lodine is incorporated and linked to
TG by the enzyme thyroid peroxidase (TPO). Then iodinated TG will be stored in
the lumen of the thyroid follicles and gets released in response to thyroid
stimulating hormone (TSH), which is produced by the anterior pituitary gland and
stimulated by thyroid releasing hormone (TRH). Following TG reabsorption by
thyrocytes and subsequent degradation, thyroid hormones T3 and T4 are secreted

in the bloodstream. TRH is produced in the hypothalamus upon stimulation.
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1.3 Physiology (5-8)

1.3.1 Synthesis and secretion of thyroid hormones

<)

I I-
OE /rq‘., Thyroglobulin rﬂxldase
=f £ ;Egg_, precursor (Tg) + lodination
£ [ .
-_g E !JEE-—F- —l" P "._'. anq
a8 !.ﬁif eroxidase coupling
a ER  Golgi i
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. DIT
T: Secretion Ta
T, T Pinocytosis

4 Proteases Cullclld
droplet

Figure 5. Thyroid callular mechanisms for iodine transpaort, thyraxine and triodathyronine
formation, and thyroxine and triicdothyronine release into the blood. MIT, mencicdotyrasine; DIT.
diicdotyrosine; T3, fricdothyraning; T4, thyroxine; TG, thyroglobulin. Modified from Guyton AC. {5).

The thyroid gland secrets two metabolically active hormones thyroxine (T4) and
triiodothyronine (T3). 93 % of T4 to 7% of T3. The function is qualitatively the
same. But rapidity and effectiveness of performance is what makes the difference.
T3 is approximately four times as potent as T4 although it persists in much smaller
amounts and less time than T4. Normally the cells of the thyroid gland absorb
around 20% of the ingested iodides from the circulating blood and provide them for
synthesis of the thyroid hormones. The process, which is done by the basal
membrane of the cells, is called iodide trapping. The working rate of these pumps
depends on several factors, but the most important one is the concentration of
thyroid-stimulating hormone (TSH). The thyroid cells are protein- secreting
glandular cells, which synthesize and secrete thyroglobulin (TG) into the follicles.
TG is composed of approximately 70 tyrosine amino acids, which mainly interact

with iodine and form the thyroid hormones. The first essential step of formation is
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to build the basis for combining iodide with tyrosine. That means oxidising iodide
to either nascent iodine (I°) or Is- performed by the enzyme peroxidase. Then the
iodinase promotes the binding of iodine with tyrosine (organification of
thyroglobulin). First tyrosine gets iodised to monoiodotyrosine and then to
diiodotyrosine. After that mono- and diiodotyrosine residues are coupled with one
another. As a result we get the major hormone product thyroxine and the by-
product triiodothyronine. After synthesis each thyroglobulin contains up to 30
thyroxine molecules and a few triiodothyronine molecules. In the end thyroglobulin
is stored in the follicles of the thyroid gland. This amount of thyroxine and
triiodothyronine can cope with the supply of the body for up to 2 to 3 months in
normal demand of thyroid hormones. As a matter of fact declining of synthesis of
thyroid hormones and their corresponding physiologic effects do not appear within
several months. The release of thyroxine and triiodothyronine from the thyroid
gland is accomplished as follows. Thyroxine and triiodothyronine have to be
separated from thyroglobulin to be released into the bloodstream. Thyroid cells
digest thyroglobulin. This process starts with incorporating thyroglobulin by
pinocytosis. Then these vesicles merge with lysosomes and form digestive
vesicles. Multiple proteases digest thyroglobulin and release thyroxine and
triiodothyronine, which diffuse into the surrounding capillaries. A big part of the
iodinated tyrosine never gets released from the thyroid gland but will be recycled
in formation of new thyroid hormones. In general the thyroid hormones activate
nuclear transcription of large numbers of genes in their target cells e.g. enzymes,
transport proteins and many others. But before interacting with the genes,
thyroxine has to be converted into triiodothyronine by removing one iodide,
because intracellular thyroid hormone receptors have higher affinity to

triiodothyronine.
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1.3.2 Effects of thyroid hormones on specific body mechanisms
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Figure 6. Thyroid hormone sctivation of target cells. Thyroxine (T4) and friiodothyronine (T3)
readily diffuse through the cell membrane. Much of the T4 is deiodinated to form T3, which
interacts with the thyroid hormone recepior, bound as a8 hetercdimer with a retinoid X receptor, of
the thyroid hormone response element of the gene. This causes either increases or decreases in
transcription of genes that lead to formation of proteins, thus preducing the thyroid homone
response of the cell. The actions of thyroid hormone on cells of several different systems are
shown. mRMA, messenger ribonucleic acid. Adapted from Guyton AC. (5).

Generally speaking thyroid hormones increase cellular metabolic activity of nearly
all tissues of the body. That means an increase in metabolic rate to 60 to 100 per
cent above normal, protein synthesis, as well as protein catabolism, growth rate of
young people. Further more an enhancement of activities in most of the other
endocrine glands can be observed. Additionally we find acceleration in growth rate

of young people and the rate of utilisation of foods for energy.

Considering the impact on the carbohydrate metabolism thyroid hormones induce
rapid uptake of glucose, enhanced glycolysis and gluconeogenesis, augmented
rate of absorption from the gastrointestinal tract and as a result even increased

insulin secretion.

Concerning the fat metabolism thyroid hormones cause mobilisation of lipids from

the fat tissue and therefore decrease of fat stores of the body, elevated free fatty
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acid concentration in the plasma and expedited oxidation of free fatty acids by the

cells.

Relating to the liver, highly concentrated thyroid hormones lower the amount of
cholesterol, phospholipids and triglycerides in the plasma despite increasing the
fatty acids. In contrast low thyroid levels mainly raise plasma concentration of
cholesterol, phospholipids and triglycerides, which also leads to excessive storage
of fat in the liver. On top of that persistent high levels of plasma cholesterol in

hypothyroidism are associated with severe atherosclerosis and heart attack.

The enhanced production and use of enzymes for metabolism requires higher
levels respectively uptake of vitamins, because vitamins are essential components
not only of enzymes but also of coenzymes. Otherwise people can develop
deficiencies.

As mentioned before extreme high thyroid hormones raise the basal metabolic
rate 60 to 100 per cent above normal state. In contrast low levels reduce the rate

to about 50 per cent normal.

Generally increased thyroid hormones diminish body weight and reverse. But
sometimes people experience more appetite, which can cause contrasting effects

on body weight.

To have a look at the cardiovascular system thyroid hormones induce the following

effects.

First it shows increased blood flow and cardiac output. The fact of enhanced
metabolism causes higher utilisation of oxygen, which means greater amounts of
metabolic end- products. As a consequence the body augments the blood supply
by vasodilatation and the cardiac output to more than 60 per cent than normal.
And finally more work induces more heat, which has to be eliminated in the
periphery thanks to vasodilation mentioned before. Further on thyroid hormones
seem to have a special effect on the excitability of the heart rate leading to a
remarkable rise in heart rate. This striking effect is of characteristic significance
that it is clinically used for assessment of exaggerated or decreased thyroid
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hormone levels in patients. Moreover slightly raised thyroid hormone levels
increase the strength of the heart. This effect can also be observed in case of mild
fever or during exercise. Apart from that enhanced thyroid hormones provoke loss
of strength because of the exuberant protein catabolism. Sadly some patients die
of cardiac decompensation on the basis of myocardial failure and the increased
cardiac load caused by elevated cardiac output. And finally the average arterial
pressure remains unspoiled but there are often enhanced systolic and lowered
diastolic pressure levels in hyperthyroidism. The discordant systolic and diastolic

values lie between 10 — 15 mmHg.

In terms of the respiratory system the body has to get rid of the accruing carbon
dioxide by activating all necessary mechanisms of the respiratory system due to

high metabolic rates.

In relation to the gastrointestinal system high levels of thyroid hormones provoke
augmentation of secretion of digestive juices and motility of the gastrointestinal

tract, which often leads to diarrhoea and constipation in contrast.

Referring to the central nervous system, thyroid hormones help in developing the
brain by influencing the cerebration. Hyperthyroids often develop extreme
nervousness and psychoneurotic tendencies like anxiety complexes or paranoia
among others due to the excitatory effects of thyroid hormones on the central

nervous system.

Furthermore thyroid hormones take effect on the musculoskeletal system. The
effect on muscles is equivalent to the heart muscle. Slightly elevated thyroid
hormones induce vigour but excessive levels weaken the muscle because of the
high protein catabolism, whereas absence of thyroid hormones causes
sluggishness and slow relaxation after contraction. Additionally patients often
develop a fine muscle tremor, which is a characteristic sign in hyperthyroidism.
This kind of tremor is different to Parkinson’s tremor and as well to shivering. The
frequency is about 10 — 15 times per second. Enhanced reactivity of the neuronal

synapses for muscle tonus is thought to be the genesis of the tremor. In clinical

Diploma thesis Manuel Labacher Page 20 of 64



Introduction

practice the tremor serves to get a slight idea of the impact on the central nervous
system by thyroid hormones.
Moreover hyperthyroidism leads to osteoporosis and elevated levels of calcium in

blood and urine.

In respect of the effects on the renal system hyperthyroids show elevated
glomerular filtration rate (GFR) whereas hypothyroids emerge disturbed renal

perfusion and consequently a decrease of glomerular filtration rate.

Regarding the circadian rhythm hyperthyroid patients often report constant
tiredness and sleep deficit. These symptoms arise from the effects of thyroid
hormones on the muscle system and the nervous system explained further up. On
the contrary hypothyroids display extreme somnolence despite having sleep

between 12 and 14 hours.

Finally examining the effects on the endocrine system high levels of thyroid
hormones concomitantly demand high levels of secretion of most of other
endocrine glands e.g. glucose metabolism, insulin, glucocorticoid metabolism
among others. Examining the effects on the gonads approximate normal level of
thyroid hormones is essential for normal sexual function. A specific effect on the
gonads can’t be displayed, because of the great variety and complexity of effects
on them. The current scientific consensus delineates that the impact on the
gonads proceeds from a combination of direct metabolic effects on the gonads as
well as excitatory and inhibitory feedback mechanisms on the pituitary gland and

subsequently on the gonads.
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1.3.4 Regulation of thyroid hormone secretion
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Figure 7. Regulation and feedback mechanism of the thyroid gland Modified from Nussey 5. and Whitehead 54 (8).

Concerning the importance of normal metabolic activity the body has to measure
out precisely the secretion of the thyroid hormones at all time. The body gets by
with specific feedback mechanisms, which control the frequency of secretion of the
thyroid gland accomplished by the hypothalamus and the anterior pituitary gland in

the following way.

Thyroid stimulating hormone (TSH) or thyrotropin is released by the anterior
pituitary gland and induces secretion of thyroxine and triiodothyronine from the
thyroid gland by increasing proteolysis of thyroglobulin, activity of iodide pump,
iodination of tyrosine, size and secretory activity of the thyroid cells as well as
increased numbers of thyroid cells. All in all TSH activates all secretory
mechanisms of the thyroid glandular cells. But the most important one is to initiate
the cleaving of thyroglobulin in thyroxine and triiodothyronine. The specific effect of

TSH on its target cells in the thyroid gland is transmitted by “second messenger”
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cyclic adenosine monophosphate (cCAMP) system. To achieve that, TSH has to
bind with specific TSH receptors on the basal membrane surfaces of the thyroid
cell. The binding activates adenyl cyclase in the membrane, which again leads to
more cAMP inside the cell. Subsequently cAMP operates as a second messenger
to activate protein kinase, which starts off phosphorylation throughout the cell
implying an immediate boost in secretion of thyroid hormones as well as prolonged

growth of the thyroid glandular tissue itself.

TSH itself is regulated by thyrotropin-releasing hormone (TRH), which is produced
in the hypothalamus and secreted by nerve endings in the median eminence of the
hypothalamus. TRH is conveyed to the anterior pituitary gland by the
hypothalamic-hypophyseal portal blood where TRH itself induces enhanced
secretion of TSH after binding to TRH receptors in the pituitary cell membrane.
This subsequently activates the phospholipase second messenger system inside
the pituitary cells to produce large amounts of phospholipase C. Finally a cascade
of second messengers including calcium ions and diacylglycerol eventually leads
to TSH release. Many stimuli like cold and emotional reactions provoke increase
respectively decrease of TRH and consequently TSH. High levels of thyroid
hormones in plasma decrease right up to inhibit secretion of TSH even if the
anterior pituitary gland has been separated from the hypothalamus. The purpose
of this control is to ensure a constant concentration of free thyroid hormones in the

circulating blood.
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1.4 Diseases (9-14)

1.4.1 Overview of thyroid diseases

The various thyroid diseases represent a complex network depending on the
functional behaviour of the thyroid, which is the basis for diagnosis and therapy
(15). Classification guidelines define these diseases upon functional aspects into
hyper-, eu- or hypothyroidism reflecting excessive, normal or defective levels of
thyroid hormones as outlined in detail by Monaco (16). It is necessary to
distinguish whether hormone levels reflect a primary biosynthetic problem of the
thyroid gland, destruction of thyroid cells, e.g. by autoimmune diseases, iatrogenic
causes or target tissue abnormalities. Euthyroid diseases include euthyroid goitre,
most tumours, both benign and malign as well as various thyroiditis including
acute and subacute thyroiditis, chronic autoimmune thyroiditis or Hashimoto's
disease in the euthyroid phase (17). Disease characterised by hyperthyroidism
include diseases with thyroid gland hyperthyroidism, thyrotoxicosis and transient
hyperthyroidism. The sub- group of thyroid gland hyperthyroidism includes
hyperthyroid goitre, Basedow-Graves’ disease, Plummer’s” disease and some rare
forms like hyperthyroidism due to Hashimoto’s disease (Hashitoxicosis), inborn
pituitary resistance to thyroid hormones and TSH-secreting tumours (18).
Hypothyroidism includes thyroid gland hypofunction, both primary and secondary.
Primary hypothyroidism includes chronic autoimmune thyroiditis in the hypothyroid
phase (Hashimoto’s disease), end-stage Graves’ disease and several late forms
of diffuse and nodular goitre. Hypothyroidism may also be caused by iodine
deficiency and very rare, by peripheral resistance to thyroid hormones (19).
Wilders-Truschnig et al also suggest a strong involvement of active antigen-
presenting cells in the iodine deficient goiter (20-23). Moreover, Truschnig et al
provide evidence that IgG is responsible for thyroid cell growth in vitro and suggest
that autoimmune growth mechanisms may be involved in the pathogenesis of both
endemic and sporadic goiters (24). The function of the thyroid gland appears
diverse in many thyroid disease onsets. Diffuse goitre, which becomes nodular
with time may maintain normal hormonal production for many years but can also
be associated with hypothyroidism depending on iodine supply (25-28).
Hypothyroidism or hyperthyroidism are frequently caused by autoimmune thyroid
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diseases as outlined above (29). Autoimmune hypo- or hyperthyroidism may
depend on the presence of stimulating or blocking autoantibodies, which existence
varies with time. It is now clear that Hashimoto’s thyroiditis can remit or progress
to hyperthyroidism due to occurrence of TSH receptor auto-antibodies or
destructive changes causing excessive hormone secretion (30). Frequently it may
also develop to hypothyroidism in consequence of blocking antibodies or
destruction of the thyroid gland. Recapitulatory it is obvious that history and
modification of the disease have to be noticed concerning the therapeutic
approaches because of the high variability of thyroid diseases. E.g. Graves’
disease and postpartum thyroiditis are treated with anti-thyroid drugs at the onset
of disease but subsequently thyroid hormone supplementation will be needed after

patients becoming hypothyroid (31).

1.4.2 Graves’ disease or Mb. Basedow

Graves’ disease is an autoimmune disease. It is characterised by hyperthyroidism
caused by circulating autoantibodies. These antibodies, Thyroid-stimulating
immunoglobulins (TSI), bind to the thyrotropin receptor and induce growth of the
gland itself as well as augmentation of synthesis of thyroid hormone. At times
Graves’ disease is part of more extensive autoimmune processes resulting in
multiple organ dysfunction, which means that Graves’ disease is associated with
polyglandular syndromes e.g. diabetes mellitus type 1, systemic lupus

erythematosus (SLE), autoimmune adrenal insufficiency among others (32).

The autoimmune process in Graves’ disease is B and T lymphocyte mediated. The
B and T cells are targeted at 4 established thyroid antigens: thyroglobulin, thyroid
peroxidase, sodium-iodide symporter and the thyrotropin receptor. Nevertheless
the thyrotropin receptor represents the primary autoantigen, causing
hyperthyroidism, in Graves’ disease. Therefore the circulating autoantibodies
permanently stimulate the thyroid gland to enhance production of thyroid
hormones, which consequently suppress pituitary thyrotropin secretion. The other
antigens mentioned before appear less likely to be responsible in aetiology of

hyperthyroidism in Graves’ disease.
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Further genetic predisposition to thyroid autoimmunity can be spotted in patients.
Several susceptibility genes have been identified such as CD40, CTLA-4,
thyroglobulin, TSH receptor, PTPN22 as well as HLA-DQA1 and HLA-DRS3
(33,34). Some of these genes are idiosyncratic to either Graves’ disease or
Hashimoto’s or to both of them. Additionally environmental factors or events in
combination with genetic predisposition may have an impact on precipitating onset
of Graves’ disease. The incidence of the autoimmune hyperthyroidism (Graves’
disease) is about 40 cases per 100 000 population per year. As with most
autoimmune diseases, susceptibility is augmented in females. Hyperthyroidism
caused by Graves’ disease has a female to male ratio of 5:1. Graves’ disease may
arise in persons of any age, but typically in young women. The characteristic age
range is 20 — 40 years of age. 2/3 of manifestations appear after the 35" year of
life. The Wickham Study in the United Kingdom revealed that incidence is
indicated to be 100 — 200 cases per 100 000 population per year (35). On top of
that the incidence in women has been indicated to be 80 cases per 100 000 per
year (36). Untreated Graves’ disease can lead into severe Thyrotoxicosis called
thyroid storm, which can be life-threatening. Long-lasting thyrotoxicosis causes
severe weight loss with extreme catabolism of muscle and bone (37). Further
Graves’ disease is accompanied by ophthalmopathy, dermopathy and acropachy.
Concerning the heart researches underline occurrence of cardiac hypertrophy in
thyrotoxicosis of different aetiologies, dysrhythmia such as extrasystolic
arrhythmia, atrial fibrillation and flutter as well as cardiomyopathy and congestive
heart failure (38). Regarding ophthalmopathy in Graves’ disease can lead to
compromised vision and blindness due to corneal lesions or optic nerve

compression in severe cases.

Clinical presentation of patients with Graves’ disease is as follows. 70 — 90 % of
patients present goitre with high vascularisation, which can be auscultated above
the thyroid gland. Further they show psychomotoric agitation with a fine tremor of
extended fingers, increased nervousness, restlessness, anxiety, irritability and
insomnia. Considering cardiac symptoms patients appear with Sinus tachycardia,
possible arrhythmias like extrasystoles and atrial fibrillation as well as increased
blood pressure amplitude and systolic hypertension. Many patients lose weight
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despite ravenous hunger because of high catabolism. Furthermore patients exhibit
warm moist skin and soft thin hair accompanied with sweat and possible subfebrile
temperatures due to intolerance to heat. Concerning the digestive system patients
report increased bowel frequency with possible diarrhoea. Moreover myopathy can
be found in patients with Graves’ disease. 50 % display pathologic glucose
tolerance. In respect of the endocrinal/reproductive system disturbances in
menstrual cycles as well as infertility can be detected. Additionally to these general
symptoms Graves’ disease features special findings such as endocrine
ophthalmopathy/orbitopathy in more than 90% of cases, the Graves’ triad
composed of goitre, exophthalmos and tachycardia in about 50% of cases, rarely
pretibial myxoedema (<5% of cases) and acropachy. Finally patients can also
appear with a specific form of hyperthyroidism called thyrotoxic crisis/coma. This
syndrome can be evolved spontaneous in hyperthyroidism, often after iodine
uptake in patients with autonomy of the thyroid gland, after stopping an antithyroid
therapy, after thyroidectomy among others. According to Hermann there are 3
stages in thyrotoxic crisis/coma. Stage 1 is characterised by Tachycardia
(>150/min) or tachyarrhythmia, fever up to 41°C, sweating, dehydration,
psychomotor agitation, tremor, anxiety, vomiting, diarrhoea, muscle weakness and
asthenia. Stage 2 shows additional disturbance of consciousness, somnolence,
psychotic states and disorientation. And the last stage arises with coma
accompanied by possible adrenocortical insufficiency and circulatory collapse.
According to a Danish population-based register study Graves’ disease patients
showed higher mortality rates, in terms of mortality due to cardiovascular and lung

disorders in comparison to general population (39).

Differential Diagnoses to Graves’ disease are psychosis, other febrile illness e.g.
infections, cocaine or amphetamine abuse, tachycardia of other origin, subacute
thyroiditis, hyperhidrosis and vegetative dystonia. Hyperthyroidism is characterised
by both increased sympathetic and decreased vagal modulation (40).

The workup of Graves’ disease starts with examining patients’ history for any
iodinated drug, topical agents such as povidone- iodine or contrast media followed
by the clinical picture of the patient. Afterwards laboratory studies are performed
investigating basal TSH, free T3 and free T4 levels as well as TSH receptor
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autoantibodies (TRAK-AB) and anti- TPO-AB. In detail the basal TSH-level, which
is the usual screening test for Hyperthyroidism, is reduced. Free T3 and T4 levels
are wusually elevated in overt Hyperthyroidism whereas in subclinical
hyperthyroidism the free T3 and T4 levels remain in normal range. In immunogenic
hyperthyroidism such as Graves’ disease TRAK-AB in > 95% and anti-TPO-AB in
about 70% can be detected. Further imaging procedures are necessary. The
ultrasound with colour-Doppler evaluation displays a defined or diffuse hypoechoic
picture as well as hypervascularisation of the thyroid gland. Further a scintigraphy
with Tc-99m-Pertechnetate (TcT) is performed to determine the TcT- uptake
(TcTU) of the thyroid gland. In Graves’ disease the TcTU is increased and shows
a homogenous intensive radionuclide accumulation in immunogenic

hyperthyroidism.

The treatment of Graves’ disease involves on the one hand the relief of symptoms
and on the other hand the restoration of euthyroid state. Restoration of
euthyroidism can be achieved with antithyroid drugs, which block the synthesis of
MIT and DIT but not the incretion of the already synthesized hormones T3 and T4,
so called sulphur containing antithyroid drugs. These are e.g. Propylthiouracil,
Thiamazol and Carbimazole. Other antithyroid drugs are perchlorates inhibiting the
iodide uptake into the thyroid gland. All the side effects of hyperthyroidism are
treated symptomatically if possible. E.g. adrenergic hyperfunction is treated with
beta-adrenergic blockade. Additionally radioactive can be used for therapy of
Graves’ disease. As radioiodine therapy has a delay of weeks to operate,
antithyroid drugs are applied before and afterwards. Indications for radioiodine
therapy over antithyroid agents involve immunogenic hyperthyroidism (Graves’
disease), thyroidal autonomy, recurrence of hyperthyroidism after thyroidectomy
and contraindications for surgery among others. Thyroidectomy is no longer the
recommended first-line therapy for Graves’ disease. Euthyroidism should always
be achieved first with antithyroid drugs. Subtotal resection of the thyroid gland (<
2ml residual thyroid gland) is the standard procedure in Graves’ disease. Total
thyroidectomy is executed in suspicion of malignancy. Surgery for hyperthyroidism
has negligible mortality and acceptable morbidity in experienced hands. It is a
definite option in selected cases. Immediate and permanent cure of
hyperthyroidism is achieved, with no recurrences, after total thyroidectomy (41,42).
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1.4.3 Hashimoto’s Thyroiditis

Hashimoto’s thyroiditis is part of the range of autoimmune thyroid diseases.
Hashimoto’s thyroiditis is accompanied by destruction of thyroid cells by various
cell- and antibody-mediated immune processes. lodine deficiency is the most
common reason for Hypothyroidism worldwide whereas Hashimoto’s thyroiditis is
ranked first in iodine-sufficient regions. Moreover Hashimoto is the most frequent
form of thyroiditis with a Prevalence of 5 — 10%. The incidence of Hashimoto is
estimated to be 9 times higher in females. Predominantly Hashimoto afflicts
women between 30 — 50 years. Additionally the average incidence of
hypothyroidism increases with age in both sexes. Further Hashimoto shows
increased incidence with other autoimmune disorders called polyendocrine
autoimmune syndromes (PAS). E.g. PAS type 2 (carpenter syndrome): Addison’s
disease, diabetes mellitus type 1 and Hashimoto’s or Graves’ disease; or Schmidt

syndrome: Addison’s disease and autoimmune Hashimoto’s thyroiditis.

Hashimoto’s Thyroiditis is mainly caused by autoreactive T-cell-mediated
cytotoxicity directed against thyroid cells mediating local inflammation and
apoptosis. Local infiltrating inflammatory cells, such as T-cells, macrophages and
dendritic cells mediate further expression of cytokines, which impair thyroid cell
function and enhance T-cell-mediated cytotoxicity. The role of autoantibodies in
inflammation and apoptosis has not really been cleared yet. People with classic
Hashimoto’s thyroiditis have antibodies interacting with thyroid peroxidase (anti-
TPO), thyroglobulin (anti-TG), and to a less extent, TSH receptor blocking
Antibodies (TBIl). The role of thyroid antibodies in thyroid cell destruction is
unclear but anti-TPO fix complement and may cause secondary damage. TBIl are
responsible for hypothyroidism. Anyway 10 — 15% remain serum antibody
negative, despite showing symptoms of Hashimoto’s thyroiditis. Aetiology of
Hashimoto’s thyroiditis combines genetic and environmental factors. Genetic
factors take the lead with 80 % in inducing immunity. In this process participate
some HLA genes (HLA-DR3, -DR4, -DR5) and non-HLA genes (CTLA-4, CDA40,
PTPN22, TG, TSH). The remaining 20 % are ascribed to environmental factors

(smoking, iodine intake, infectious conditions, physical and emotional stress
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among others) and physiological conditions such as pregnancy, aging and female

gender.

The onset of Hashimoto’s thyroiditis remains frequently unnoticed. The maijority of
patients are diagnosed in the late stage, when the lymphocytic inflammatory
destruction process has lead to a hypothyroidism. Nowadays, thanks to TSH
screening, a reliable screening test for thyroid diseases enabled an early
recognition of hypothyroid patients, who show unspecific initial symptoms like
tiredness, weight gain and poor concentration. Patients with overt hypothyroidism
present physical and mental decline in performance, poor motivation, tiredness,
slowing down, altered facial appearance and prolonged Achilles tendon reflex
time. Further they have increased sensitiveness to cold. Their skin appears to be
dry, cool, pasty, pale-yellow and scaly. Hair turns dry and brittle. Patients often feel
constipated. The voice sounds raw and hoarse. Due to hypercholesterinaemia
people show early signs of arteriosclerosis. Regarding the heart hypothyroids can
evolve a myedematous heart showing bradycardia, cardiac enlargement and low
voltage ECG. Considering the effects on gonads hypothyroids display disturbed
menstrual cycles, defects in spermatogenesis, infertility and increased abortion

rates.

Nowadays extremely rare but the most dramatic form of hypothyroidism is
myxoedema coma, which has high mortality despite intensive care. Apart from
usual symptoms myxoedema coma is accompanied by often not measurable
hypothermia, bradycardia, hypotonia, hypoventilation, seizures and coma.
Generally there are other factors for manifestation like infections, operations or

traumata.

As described above primary hypothyroidism in iodine sufficient areas is due to
autoimmune hypothyroidism. The presence of pathognomonic symptoms and
physical findings imply a serum TSH test to establish primary hypothyroidism.
Additionally free T4 levels are detected to correctly interpret high TSH levels. The
diagnosis is validated by evidence of anti-TPO-AB in 95 % of cases or anti-TG-AB
in 70 % of cases. Then Ultrasonography is performed to evaluate the thyroid gland
and exclude thyroid nodules. Further diagnostic measure is fine needle biopsy and
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histological workup. Typically the thyroid gland shows, appropriate for a
lymphocytic thyroiditis, diffuse lymphocytic and plasma cell infiltration and in end

stages fibroses and atrophy.

The treatment of choice for Hashimoto’s thyroiditis is thyroid hormone
replacement. The drug of choice is Levothyroxine (LT4). To approach the
individual dose LT4 has to be titrated by observing the well- being of the patient
and the basal TSH level, which should be in normal range if circumstances
respectively side effects permit to do so. Otherwise it is sufficient to approach TSH
levels to a slightly elevated state. Usually the titration process lasts between 6 — 8

weeks.

1.4.4 Atherosclerosis

B

Figure 8. Development of atherosclerctic plagua. A: Attachmant of a monocyte to an adhesion moleculs
on a damaged endothelial cell of an artery. The monocyte then migrates through the endothalium into the
intimal layer of the arterial wall and is transformed into 8 macrophage. The macrophags then ingests and
oxidizes lipoprotein molecules, becoming a macrophage foam cell. The foam cells release substances that
cause inflammation and growth of the intimal layer. B: Addifional accumulation of macrophages and growth
of the intima cause the plague to grow larger and accumulate lipids. Eventually, the plague could ccclude the
wesgel or rupture, causing the bleod in the artery to coagulate and form a thrombus. Modified from Guyton
AT (5]

The word atherosclerosis is derived from Greek. Athere means focal accumulation

of lipid and sclerosis thickening of arterial intima. Atherosclerosis is a systemic
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inflammatory disease and affects large and medium-sized muscular arteries. The
pathologic mechanisms are as follows: endothelial dysfunction, vascular
inflammation and accumulation of lipids, cholesterol, calcium and cellular debris

within the intima of the arterial wall.

Cardiovascular disease is the most common cause of death in Europa (4.35
million/year) and in the United States of America (2600/day). About 50% died from
coronary heart disease and 33% from stroke provoked by atherosclerosis. In
western industrial nations 300/100.000 inhabitants suffer myocardial infarction
yearly and 30% result in death. Predominantly Atherosclerosis is an asymptomatic
condition and therefore it is hard to determine the exact frequency. The process
starts in childhood with fatty streaks and progresses by the years into lesions and
culminates in organ specific clinical manifestations of the disease in the fifth and
sixth decade of life. Usually men have a higher prevalence in coronary artery
disease (CAD). Nevertheless women converge to men by 10 years after
menopause. Furthermore diabetes and smoking eliminate the protection from

heart disease associated with female sex.
The major risk factors for CAD can be classified in modifiable or non-modifiable:

.) Lipid alterations
Diabetes mellitus
Obesity

Age (m>45y; f>55y)

Arterial hypertension

1)
2)
3.)
4.)
5.)
6.) Coronary heart disease (CHD)/ myocardial infarction in first degree relatives

prior to the age of 55 in men or 65 in women

7.) Smoking

Beyond that other risk factors are e.g. physical inactivity, chronic kidney disease,
inflammatory states in CHD patients, systemic lupus erythemathosus, rheumatoid
arthritis, metabolic syndrome, chronic inflammation, lipid metabolism disorders
(differing to major risk factors: e.g. increased lipoprotein(a) levels), glucose

tolerance disorders and depression.
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1) Considering lipid metabolism hypothyroidism is frequently associated with
hypercholesterolemia and carries an increased risk for atherosclerosis. In contrast
to hypothyroidism, hyperthyroidism has not been associated with increased LDL
cholesterol, but is associated with increased oxidized LDL (43). Furthermore a
study by Roos et al. showed an association between subclinical hypothyroidism
and hyperlipidaemia (44). Igbal et al. also found a positive correlation between
TSH and increased total cholesterol and LDL cholesterol in subclinical hypothyroid
patients. (45)

2) Examining glucose metabolism a study by Maratou et al. clearly showed that
not only in hypothyroid patients, but also in patients with subclinical
hypothyroidism, insulin resistance was observed (46). Moreover, when
determining insulin secretion and insulin sensitivity in hypothyroid patients some
studies reveal no differences (47,48), others found decreased (49) as well as
increased rates are described (46). Beyond hypothyroidism, hyperthyroidism has
also been implicated in affecting insulin secretion and glucose metabolism.
However, results are also controversial as some studies found no differences
(50,51), or increased (52-56) and even decreased rates (57,58).

3) Obesity, beyond other dysfunctions contributes to an atherogenic lipid profile as
well as to insulin resistance, independent of thyroidal dysfunction. Gruber et al.
have shown lately that obesity reduces the bioavailability of nitric oxide, even in
juveniles (59). lacoballis et al. found an association between TSH, BMI and the
adipocytokine leptin in uncomplicated obese women (60). Obermayer-Pietsch et al
showed a direct influence of thyroid hormones on leptin regulation (61). In
morbidly obese euthyroid patients, fT3 and TSH levels were found to be
significantly increased compared to non-obese subject group (62). De Pergola et
al. found a direct association between fT3, TSH and waist circumference in
overweight and obese euthyroid women (63). Summarising there is substantial
evidence for an interaction of thyroid disease and obesity; however results are in

part conflicting.
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Thyroid dysfunction may contribute to atherogenic lipid profile alterations,
endothelial dysfunction, hormonal and hemodynamic changes and coagulation
disturbances (64,65). It is hypothesised that, the family of thyroid hormone
receptors (TR), which are ligand-binding transcription factors mediate these effects
via T3 (66). Gene expression via TR/T3 includes at least 149 genes of the lipid
and glucose metabolism, cell cycle, inflammation and stress response. Beyond
TR, the transcription factor nuclear factor (NF) kappa B may also be involved
(67,68). NF-kappa-B is a redox sensitive transcription factor, which is also involved
in a wide variety of physiological pathways, including metabolism, inflammation
and apoptosis. Antunes et al showed in a current study, that TSH strongly
activates the NF-kappa-B pathway in adipocytes, which have been identified as
TSH target cells (69,70).

Thyroid cells produce a number of pro-inflammatory molecules, which will tend to
exacerbate the autoimmune process (71). Further inflammation and (pro-)
inflammatory molecules accelerate atherosclerosis by impairing endothelial
function (72,73) Moreover inflammatory markers, especially CRP, have been
associated with thyroidal dysfunction and related cardiovascular risk in hypothyroid
patients (74-76). Additionally Ozcan et al. currently found in patients with
subclinical hypothyroidism increased CRP levels, which decreased during
replacement therapy to a level comparable to controls (77). An inflammatory status
and oxidative stress further contributes to atherogenic lipid-alterations, e.g. lipid
peroxidation of low-density lipoproteins (LDL). Recently a study indicates oxidative
stress, which contributed to lipid peroxidation, as MDA levels were significantly

elevated, in patients with primary hypothyroidism (78).

Considering the association between atherosclerosis and rheumatoid disorders
researches underline higher risk for respectively premature occurrence of

atherosclerosis (79).
Although the pathophysiologic pathways are unclear, investigations reveal that

patients with depressive symptoms exhibit increased risk of atherosclerotic

progression as well as cardiovascular events (80,81).

Diploma thesis Manuel Labacher Page 34 of 64



Introduction

1.4.5 Summary

Recapitulating, thyroid diseases display a wide variety of different disorders,
including inflammatory and hormonal diseases of the thyroid gland, autoimmune
diseases and malign and benign tumours. Moreover, dysfunction of the thyroid
gland varies dependent on the stage of the disease, resulting in hypo-, hyper- and
euthyroid function. Thyroid dysfunction has been implicated in numerous
pathophysiological mechanisms, including cardiovascular disease (CD). However,
the impact of thyroidal dysfunction on atherosclerosis, especially regarding the
different causes and stages of atherosclerosis remain elusive to date. Thyroid
dysfunction may be involved in CD, as it has been shown that thyroidal
dysfunction is involved in various concomitant pathophysiological mechanisms like
obesity, insulin resistance, inflammation and endothelial dysfunction.
Cardiovascular diseases are beyond cancer the most life threatening diseases in
the western world. As it has been shown not only the lipid metabolism but also
inflammatory processes are strongly involved in cardiovascular disease. The
impact of thyroidal diseases including autoimmune diseases of the thyroid gland is
not investigated in detail to date. Especially possible beneficial effects of thyroid
therapy on metabolic risk remain elusive. The current stage of knowledge on
thyroid dysfunction and atherosclerosis is that neither hyper- nor hypothyroidism is
advisable in respect of the cardiovascular system. Nevertheless a couple of

questions remain:

How does thyroid dysfunction influence the different stages of atherosclerosis?

How do thyroid therapies with thyroid hormone supplementation or anti-thyroid
drugs influence CD? Does thyroid therapy intervene in or probably prevent
atherosclerosis? What is the impact of thyroid therapy on atherosclerosis related
metabolic dysfunctions, especially regarding obesity, systemic low-grade

inflammation, atherogenic lipid alterations and insulin resistance?
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1.5. Hypothesis

We here hypothesise that thyroidal dysfunctions, especially hyper- and
hypothyroidism, are implicated in cardiovascular disease. Further the various
causes and stages of atherosclerosis may be influenced by thyroidal dysfunction.
Hyper- and hypothyroidism may further be implicated in cardiovascular related
disorders, thereby enhancing and triggering pathophysiological effects of
atherosclerosis. Thyroid therapy may therefore not only normalise thyroid hormone
levels, but also intervene in cardiovascular risk by reducing thyroid related

metabolic effects.

1.6 Aim

The aim of the present study is to examine the impact of thyroid therapy, both in
hypo- and hyperthyroid patients on cardiovascular risk. This is achieved by
investigating thyroid disease patients before and after 6 months of therapy in the
setting of the FWF Project NOTHYS (P22694-B18).

The clinical trial pilot study NOTHYS is designed to investigate various metabolites
and biomarkers in pre and post treated patients with thyroid dysfunctions and
healthy controls. In detail, parameters of thyroid function, the nitric oxide pathway,
inflammation, lipid profile, glucose metabolism, and hormones will be analysed in
hyper- eu- and hypothyroid patients before and after 6 months of medication as
well as in healthy controls. Additionally, body measurements including lipometry

and oral glucose tolerance test will be performed.
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2 Patients and Methods

2.1 Patients

Patients, who attended the Department of Endocrinology of the Medical University
Graz due to possible thyroid dysfunction with a mean age between 19-75 years,
were investigated, diagnosed and invited to participate in the study by an
endocrinologist. Healthy probands were patients” relatives and friends as well as
not related ones, who were also examined by an endocrinologist including
ultrasound of thyroid gland. They were age, gender and BMI matched. All subjects
were anonymised with identification numbers. Patients were asked to attend the
study before starting routine medication (baseline characteristics) and after 6
months of treatment (follow up). Every patient and proband was investigated by
thyroid ultrasound, thyroid scintigraphy and fine needle punction if necessary.
Subject examination implicated blood- and urine sampling as well as body
measurements by lipometry. Additionally both lifestyle behaviour like smoking,
physical activity and further medication, e.g. hormonal contraceptive was recorded

by questionnaire.

Exclusion criteria for attendance were: malignant thyroid disease, medication

affecting thyroid pathways, st. p. thyroidectomy, pregnancy and nursing.

A total number of 96 subjects, 48 patients and 48 healthy probands, joined the
study shown in Table 1. Patients were sub-grouped regarding their thyroid function
into hyper- hypo and euthyroid.

All probands signed an informed consent.

The ethics committee of the Medical University Graz, Austria approved the study.
(20 - 361 ex 08/09)
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2.2 Laboratory analyses and Lipometry

2.2.1 Analyses of thyroid parameters

The thyroid parameters free triiodothyronine (fT3), free thyroxine (fT4), thyroid
stimulating hormone (TSH) as well as the auto-Immune antibodies TPO-AB and
TRAK were analysed routinely at the Endocrinology Laboratory, Department of

Endocrinology and Metabolism, Medical University Graz.

2.2.2 Analyses of metabolic disease related parameters

Analyses of metabolic disease related parameters included parameters of the lipid
metabolism as well as inflammatory biomarkers and hormones. Parameters of the
lipid metabolism including cholesterol, HDL- cholesterol, LDL- cholesterol
triglycerides and oxidised LDL were analysed routinely at the KIMCL. Inflammatory
as well as anti-inflammatory parameters including CRP, IL-6 and IL-10 were
determined by ELISA (BenderMedSystems, Austria). The hormone status of PTH
was done routinely at the KIMCL and the Endocrinology Laboratory, Department

of Endocrinology and Metabolism, Medical University Graz.

2.2.3 Lipometry

The lipometer is a computerised optical system for precise evaluation of absolute
thicknesses of subcutaneous adipose tissue in mm (79-83). This device was
calibrated and evaluated by using computed tomography as reference. It has been
examined by TUV Austria Services and was cleared for medical use. The data
collection is a standardized set of 15 anatomically clearly defined body sites from
neck to calf. The device interprets the information of individual body fat
distribution. The topography of the subcutaneous adipose tissue is like an
individual ,fingerprint® of every examined person. The profile of patients with
metabolic syndrome shows a typical ,apple-like” body fat distribution. In addition to
lipometry, height, weight, waist and hip circumference as well as blood pressure

were quantified.
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2.2.4 Clinical safety parameters

To detect the physical condition the following parameters were examined routinely
at the KIMCL. |.LE. Hemogram, Electrolytes (Potassium, Phosphate, Sodium,
Chloride, Calcium, Magnesium), Kidney (Creatinine, Urea, Uric acid), Liver
(Bilirubin, Alkaline phosphatase, Gamma-glutamyltransferase, Aspartate-amino-
transferase, Alanine-amino-transferase, choline esterase), Heart (Lactate
dehydrogenase, Creatinekinase), Pancreas (P-amylase, Lipase), Serum proteins
(Total protein, Albumin, Immunoglobulin (Ig)-G, Ig-A, Ig-M, Ig-E), Iron-Metabolism
(Iron, Transferrin, Ferritin), Uretic parameters (Leukocytes, pH, Protein, Glucose,

Ketone, Erythrocyte, Bilirubin, Haemoglobin, Albumin, Creatinine, Osmolarity)

2.3 Statistics

2.3.1 Statistical analysis

Results are presented as means * standard deviations. Continuous variables were
compared using student’s t-test for independent samples or Mann-Whitney U test,
depending on distribution of data. Paired variables were analysed using t-test for
paired samples. Correlations between parameters were elaborated by linear
regression analysis according to Pearson. P-values <0,05 were considered as
statistically significant and P-values <0,01 as highly significant. Subsequent
multiple testing by linear stepwise regression analysis was performed to determine

the significance of test variables.
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3 Results

3.1 Study cohort

339, 8% O Control females

B Hyperthyroid females
W Hypothyroid females
W Euthyroid females

O Control males

E Hyperthyroid males

B Hypothyroid males
T qey 18% | Euthyroid males

Figur\e 8. Relative distribution of study cohort

The relative distribution of the study cohort is displayed in Figure 9. Study cohort is
based on 65% females and 35% males. In detail there are 31 healthy, 8
hyperthyroid, 14 hypothyroid and 9 euthyroid females compared with 17 healthy, 1
hyperthyroid, 7 hypothyroid and 9 euthyroid males.
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3.2 Baseline characteristics

Results

Table 1: Baseline characteristics of study cohort

Characteristics Healthy Hyperthyroid Hypothyroid Euthyroid
Sex [f/m] 31\7 8\1 14\7 9\9

Age [years] 376+114 416 +38,0 34,2+ 10,6 43,7 + 14,6*
Smoker [yes/no] 741 2\7 2\19 5\13
Physical Activity [h/w] 3,56 + 2,86 1,44 + 1,65* 2,36 + 2,53 2,83 + 3,31
BMI [kg/m?] 24,86 + 5,09 26,18 £ 7,26 25,33 £ 5,58 25,03 +4,83
Bodyweight [kg] 72,30+ 16,11 77,53+20,55 72,81+20,85 7547 £17,36
Body length [cm] 1709+ 7,4 172,2+ 3,6 168,4 + 8,1 173,1+9,4
Waist circumference [cm] 85,69+11,74 9411+1859 87,33+16,86 89,19 + 14,67
waist-to-hip ratio 0,86 + 0,07 0,92+ 0,10 0,87 + 0,10 0,88 + 0,08
waist-to-length ratio 0,50 + 0,07 0,54 £ 0,11 0,51+ 0,09 0,51 +£ 0,07
systolic BP [mmHg] 118,1+ 13,1 131,0+£17,2" 126,9+14,8*" 126,6 + 16,9*'
diastolic BP [mmHg] 7456+9,71 7500+ 1553 8125+7,78*" 7578+971

* p<0,05 (parametric, T-test); 1 compared to control; 2 compared to hypothyroid

Baseline characteristics are summarised in Table 1. The facts are presented as
mean * standard deviation (SD). Thyroid patients and healthy controls showed
similar results in BMI, bodyweight, body length, waist circumference, waist-to-hip
as well as waist-to-length ratio. Age was significantly higher (p<0,05) in euthyroid
patients compared to hypothyroid ones. In terms of smoking we had 7 smokers out
of 48 in healthy controls, 2 out of 9 in hyperthyroid, 2 out of 21 in hypothyroid and
5 out of 18 in euthyroid patients. We found a significant lower (p<0,05) amount of
physical activity [h/w] in hyperthyroid group as against controls. Considering blood
pressure (BP) we detected significantly elevated (p<0,05) systolic BP levels in
thyroid patients than in healthy controls and further we discovered a highly
significant (p<0,01) increased diastolic BP level in hypothyroids in comparison to

controls.
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Results
Table 2: Thyroid parameters of study cohort
Characteristics healthy Hyperthyroid Hypothyroid Euthyroid

TSH basal [pUnits/I] 2,06 + 085 0,01 £ 0,022 7,10 £ 7,147 1,80 £ 1,093

T3 [pmol/l] 5,04 + 0,61 8,04 +3,62" 5,08 + 0,61 5,02 + 0,46

T4 [pmol/l] 13,80 +2,02 19,17 + 12,07" 13,93 + 2,55 14,84 + 2,62
TPO-AB [U/ml] 8,96+ 3,69 688,11+834,34™"" 307,71 +438,38""" 246,67 + 594,95
TRAK-AB [U/ml] 0,69+1,27 22253+24892™"  345+751" 6,92 + 13,04™"
PTHi [pg/ml] 36,32+ 11,10 33,34 + 14,40 34,26 + 11,23 32,83+ 12,15

+ p<0,05 (non parametric, Mann-Whitney-U-test); ++ p<0,01 (non parametric, Mann-Whitney-U-test); +++ p<0,001 (non
parametric, Mann-Whitney-U-test);
1 compared to control; 2 compared to hypothyroid; 3 compared to hyperthyroid

Investigating the thyroid parameters, including TSH, fT3, fT4, TPO-AB and TRAK-
AB revealed significant differences in levels of all groups (Table 2). We spotted
highly significant (p<0,001) differences in levels of thyroid patients compared to
controls. Beyond that we found highly significant lower (p<0,001) levels of TSH in
hyperthyroids as well as in euthyroids compared with hypothyroid patients.
Analysis of fT3 and fT4 showed significant differences (p<0,05) between
hyperthyroid patients and healthy controls. Further we detected highly significant
elevated parameters in TPO-AB in hyperthyroids compared to controls (p<0,001)
as well as hypo- and euthyroid against controls (p<0,01). Investigations of TRAK-
AB showed a highly significant difference between hyperthyroid patients and
control group. Moreover TRAK-AB levels in hypothyroid and euthyroid patients
were highly significant lower (p<0,01) in comparison to hyperthyroids. Patients and

controls showed similar results in PTHi.
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Table 3: parameters of lipid metabolism and cardiovascular risk factors in healthy controls and

thyroid dysfunction patients

Characteristics

Cholesterol
HDL

LDL

LDL/HDL ratio
Triglyceride
Ox-LDL
ADMA

CRP
IL-6
IL-10

+ p<0,05 (non parametric, Mann-Whitney-U-test);
1 compared to control; 3 compared to hyperthyroid

healthy

187,10 £ 32,54
68,88 + 18,71
106,71 £ 26,48
2,88 +0,85
84,40 + 47,22
34,44 + 13,28
0,91+ 0,34

1,84 £ 2,08
2,194,770
4,44 + 6,92

Hyperthyroid

207,33 £47,23
65,33 + 33,26
114,57 £ 35,85
4,02 +2,37
147,22 + 152,21
34,82 + 13,04
1,07 + 0,41

3,80 + 4,07
5,30 + 9,31
4,16 + 1,60

Hypothyroid

202,14 + 33,28
69,62 + 17,87
114,48 £ 38,59
3,21+ 1,48
90,67 + 32,21
36,18 + 12,12
0,78 + 0,25

3,03 £ 3,98
7,94 + 22,07
4,99 +6,78

Euthyroid

189,11 + 34,35
65,39 + 20,76
110,94 + 26,45
3,12+0,93
92,72 + 37,96
34,11 £ 14,50
0,73+0,20"™°

1,94 £ 2,09
2,71 +4,89
7,03 + 8,50

Investigation of parameters of lipid metabolism and cardiovascular risk factors
including Cholesterol, HDL, LDL, LDL/HDL- ratio, triglycerides, ox— LDL, CRP, IL-6

and IL-10 in healthy controls and thyroid dysfunction patients revealed no

significant difference except ADMA. Euthyroid patients showed significant lower

ADMA-scores compared to healthy controls and hyperthyroids (Table 3).
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Figure 10. Box and Whisker Plat of TSH

Analysis of participants regarding gender revealed no significant disparity (Fig.

10).
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Figure 11. Box and Whisker Plot of baseline and follow up

Analyses of LDL/HDL ratio before and after 6 months of treatment summarised in

Figure 11
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3.3 Regression analyses of thyroid parameters

LDL (mgldi)
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Figure 12a. Regression analysis of TSH and LDL in study cohort
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Figure 12b. Regressicn analysis of T3 and HOL in study cohort
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Figure 12d. Regression analysis of T4 and HDL in study cohert
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Figure 12e. Regression analysis of T4 and LOL in study cohort

To determine possible correlations of thyroid parameters, we performed linear

regression analyses between thyroid parameters and physical activity, body

measurement parameters, BP and lipid parameters (Figure 12a — e). We found
significant correlations between TSH and LDL (p = 0,003; r = 0,235), T3 and HDL
(p =0,019; r =-0,239), T3 and LDL/HDL- ratio (p = 0,039; r = 0.211), T4 and HDL
(p =0,009; r =-0,264) also between T4 and LDL (p = 0,019; r = 0,255).
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3.4 Effects of thyroid therapy

Results

Table 4: characteristics of patients before and after 6 months of treatment

Characteristics

Physical Activity [hours/week]

BMI [kg/m?]
Bodyweight [kg]

Body length [cm]

Waist circumference [cm]
waist-to-hip ratio
waist-to-length ratio
systolic BP [mmH(g]
diastolic BP [mmHg]

Cholesterol
HDL

LDL

LDL/HDL- ratio
Triglyceride
Ox-LDL

ADMA

Diploma thesis

Hyperthyroid Hypothyroid
Baseline follow up Baseline follow up

1,44 + 1,65 2,39 +2,29 2,36 + 2,53 2,55+ 2,24
26,18 £ 7,26 26,40 £ 6,28 25,33+ 5,58 26,34 £ 7,15
77,53 £ 20,55 79,73 £ 18,65 72,81+20,85 73,04 £20,05
172,22 + 3,63 172,44 £ 3,54 168,43 £ 8,16 168,75+ 7,94
94,11 £ 18,59 96,67 + 15,26 87,33+16,86 88,69 + 15,37

0,92+0,10 0,92 £ 0,06 0,87 £ 0,10 0,88 £ 0,09

0,54 £ 0,11 0,56 £+ 0,09 0,51 £ 0,09 2,64 £ 9,70
131,00 £ 17,23 127,22 +23,46 126,95+ 14,82 120,56 + 12,94*
75,00 + 15,53 76,33+ 12,85 81,25+7,78 79,06 + 7,59

207,33 £ 47,23
65,33 £ 33,26
114,57 £ 35,85
4,02 + 2,37
147,22 + 152,21
34,82 £ 13,04
1,07 + 0,41

206,33 +60,48 202,14 +33,28 169,52 + 35,51

60,67 + 22,93 69,62 +17,87 64,71 £21,22%
130,86 £ 50,83 114,48 £ 38,59 122,44 + 33,72
3,10 £ 2,40 3,21+ 1,48 3,44 +1,63*
124,67 £ 133,77 90,67 £ 32,21 85,62 + 28,56
39,64 + 25,18 36,18 +12,12 32,77 10,90
0,68 + 0,13* 0,78 £ 0,25 0,58 + 0,17**

Manuel Labacher

Euthyroid
Baseline follow up

2,83 + 3,31 2,28 +£2,23
25,03 + 4,83 25,33 + 4,69*
75,47 £17,36 76,23 +17,19
173,11 £ 9,44 172,89 +£ 9,08
89,19+ 14,67 92,28 + 12,38*

0,88 £ 0,08 0,91+ 0,09

0,51+ 0,07 0,52 £ 0,07*
126,67 + 16,96 119,59 + 12,39

75,78 £ 9,71

189,11 + 34,35
65,39 £ 20,76
110,94 + 26,45
3,12+ 0,93
92,72 + 37,96
34,11 £ 14,50
0,73+0,20

71,24 £ 10,25*

187,29 + 38,39
60,47 + 21,51
117,50 = 25,84
3,35+ 1,11
85,59 + 43,57
34,46 + 9,40
0,60 + 0,08*
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CRP
IL-6
IL-10

TSH basal [pUnits/I]
T3 [pmol/l]

T4 [pmol/l]

TPO-AB [U/ml]
TRAK-AB [U/ml]
PTHi [pg/mi]

3,80 + 4,07
5,30 + 9,31
4,16 + 1,60

0,01 £ 0,02
8,04 + 3,62

19,17 £ 12,07

14,86 + 37,24

3,71 £5,19
4,59 + 3,09

3,28 +5,42
9,19+ 9,83

20,31+ 19,93

222,53 £248,92 83,14 + 150,86

33,34 + 14,40 44,03 + 11,66*

Results

* p<0,05 (parametric, T-test); ** p<0,01 (parametric, T-test); compared to appropriate baseline group

Diploma thesis
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3,03 + 3,98 2,36 + 3,07 1,94 £ 2,09 1,65+ 1,70
7,94 + 22,07 5,93 + 23,36 2,71 +4,89 1,56 £ 2,84
4,99 + 6,78 5,41 + 8,34 7,03 + 8,50 417 £ 4,11
7,10+ 7,14 6,24 + 14,78 1,80 £ 1,09 1,88 £ 1,39
5,08 + 0,61 4,71 £0,67* 5,02 + 0,46 5,48 + 1,37
13,93 + 2,55 14,86 + 2,12 14,84 + 2,62 16,08 + 2,76
688,11 + 834,34 661,38 + 1177,92 307,71 + 438,38 193,94 + 339,06 246,67 £ 594,95 148,81 + 276,02
3,45+ 7,51 1,66 + 2,35 6,92 + 13,04 9,75 + 20,80
34,26 £ 11,23 32,59 + 8,01 32,83+12,15 36,43 + 13,61

Page 49 of 64



Results

Characteristics of patients before and after 6 months of treatment are summarised
in table 4. After 6 months of treatment probands showed no difference in physical
activity, bodyweight, waist-to-hip ratio and of course in body length. But we
detected a significant difference (p<0,05) of BMI, waist circumference, waist-to-
length ratio and diastolic blood pressure in euthyroid patients compared to their
appropriate baseline group. Furthermore we found significant (p<0,05) changes of
systolic blood pressure levels in hypothyroids compared to their initial value.
Considering the lipid metabolism we revealed significant variation (p<0,05) of
HDL-value in hypothyroid probands in comparison to their baseline group.
Analysis of LDL/HDL-ratio showed significant differences (p<0,05) in hypo- and
euthyroid patients in relation to their appropriate baseline group. Investigation of
ADMA-score indicated significant lower (p<0,05) levels in hyper- and euthyroid
patients and even highly significant lower (p<0,01) ones in hypothyroids regarding
their baseline group. Analysis of inflammatory parameters displayed no significant
variation. Referring to thyroid parameters we spotted significant lower (p<0,05)
levels of T3 in hypothyroid and significant higher (p<0,05) levels of PTHi in
hyperthyroid patients compared with their appropriate baseline group.
Investigation of remaining thyroid parameters including TSH, T4, TPO-AB, TRAK-

AB unveiled no significant changes.
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Discussion

4 Discussion

In the present study, we investigated the impact of thyroid therapy in hypo-, hyper-
and euthyroid patients and appropriate healthy controls on cardiovascular risk. In
Respect of thyroid parameters we spotted highly significant distinguishing levels of
TSH both in comparison to controls and within subgroups of thyroid patients.
Further analyses showed significant high levels of fT3 as well as fT4 levels in
hyperthyroids in relation to controls. On top of that we investigated TPO- and
TRAK-AB. The results demonstrated highly significant changes in TPO-AB level in
thyroid disorders as against in control group. TRAK-AB were higher in thyroid
patients but highly significant raised in hyperthyroids compared to controls,
whereas highly significant low levels were detected in hypo- and euthyroid patients
in relation to hyperthyroids. These findings are congruent to current knowledge
and understanding of thyroid diseases, as described in detail. Analyses of BP
exhibited significant elevated systolic BP levels in patients with thyroid disorder
compared to control group. Moreover we unveiled highly significant altered
diastolic BP levels in hypothyroids against controls. Our findings exactly go along
with current knowledge and researches of thyroid disorders (82—85). Mittag j. et al.
discovered an association between thyroid hormone and the central nervous
system in regulating cardiovascular functions (86). Furthermore Inal S. et al
detected a risk of developing non-dipper blood pressure in normotensive patients
with either overt or subclinical hypothyroidism induced by elevated TSH levels
(87). Additionally Spitzweg C and Reincke M. outlined that raised systolic BP is
typical for hyperthyroidism and high diastolic BP can be found regularly in
hypothyroid patients (88). In contrast to literature investigation of patients lipid
profile featured no significant alterations in lipid parameters including cholesterol,
HDL, LDL, triglycerides and ox-LDL (82,89,90). Interestingly ADMA was

significantly lower in euthyroids in comparison to control group (91).
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Discussion

After 6 months of treatment we re-examined thyroid patients in our study cohort. In
view of anthropometric parameters analyses we detected significant lower systolic
BP levels in hypothyroids as well as lower diastolic BP levels in euthyroids
compared to appropriate baseline group. According to researches thyroid therapy
has a favourable effect on blood pressure, both systolic and diastolic. Dernellis J.
and Panaretou M. elaborated the effect of hormone replacement therapy on aortic
stiffness and hypertension (92). Faber J. et al. hypothesize potentially beneficial
changes in hemodynamic parameters in subclinical hypothyroidism (93). Further
on Lakshmi V. et al. detected a positive impact on autonomic status in hypothyroid
patients (94). Euthyroids slightly but significantly displayed an increase in BMI and
waist circumference contrary to 6 months before. Svare A. et al. suggest a
possible weight gain due to elevated TSH levels after evaluating data from the
HUNT study in Norway (95). In respect of lipid parameters examinations revealed
a slightly but not significant improvement in total cholesterol and triglycerides.
Even if investigations unveiled lower HDL and higher LDL values und
subsequently changes in LDL/HDL- ratio, patients remained in normal range.
These outcomes contradict Pearce EN (96) and Dullaart RP (97). Furthermore we
detected significant lower levels of HDL and highly significant lower levels of
ADMA in hypothyroids. Additionally euthyroids presented significant lower ADMA
levels. Our findings correspond in part to outcomes of the following studies. Arikan
E. et al. outlined alterations of ADMA levels both in hypo- and hyperthyroid
patients (98). By contrast Hermenegildo C. et al. only revealed altered ADMA
levels in hyperthyroids (99). Moreover Ozcan O. et al. discovered reduction of
ADMA levels after thyroxine treatment in subclinical hypothyroid patients (77).
Further investigations illustrated a significant increase in LDL/HDL- ratio in hypo-
and euthyroid patients. Considering the inflammatory parameters we could not find
any significant changes to baseline characteristics partly contradicting literature,
despite inflammation being a factor in thyroid diseases as well as atherosclerosis
and cardiovascular disease. Taddei S. et al. claim endothelial dysfunction in
Hashimoto’s thyroiditis induced by low-grade inflammation (100). Additionally
Nanda N. et al. assert low-grade inflammation being the link between higher
oxidative stress and the underlying cardiovascular risk in hypothyroid patients
(101). Whereas the study of Hueston WJ. et al. suggests no association between
cardiac inflammation respectively CRP and subclinical hypothyroidism (102).
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Discussion

Finally examination of thyroid parameters including TSH, fT3, fT4, TPO-AB and
TRAK-AB demonstrated no significant changes except fT3 levels in hypothyroid
patients. Generally the thyroid parameters were all approximating their optimum

levels thanks to thyroid therapy.

The fascinating results of lipid parameters drove us to perform regression
analyses of thyroid parameters with lipid and anthropometric parameters.
Regression analyses revealed on the one hand positive correlations between TSH
and LDL, fT3 and LDL/HDL- ratio as well as fT4 and LDL and on the other hand
negative correlation between fT3 and HDL as well as fT4 and HDL. Our findings

go exactly along with literature.

Recapitulating, our findings demonstrate here that thyroid therapy in normal weight
patients has a preventive impact on atherosclerosis and subsequently on
cardiovascular disease both in hypo- and hyperthyroidism. The pathophysiologic
mechanisms of atherosclerosis combined with thyroid disorders remain still
unclear to date. However, the association between thyroid disorders and
cardiovascular disease have already been attested because of the implication of
thyroid dysfunction in hypertension, metabolic disorders such as dyslipidaemia,
metabolic syndrome, obesity, diabetes mellitus and glucose tolerance disorders.
Therefore thyroid therapy achieves restoration of normal thyroid conditions in
patients, resolving of comorbidities in thyroid disorders and subsequently
prophylaxis of atherosclerosis and cardiovascular disease. Finally further research
is required to clarify the influence of various degrees of thyroid dysfunction in the
development of atherosclerosis and cardiovascular morbidity, especially in terms

of therapeutic approaches in obese patients.
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Appendix

Medical Univ

Thyroid dysfunctions influence patients’ anthropometric parameters, lipid
metabolism and oxidative stress — a clinical trial pilot follow-up study

C. Ragginer, MSc; C. Bernecker, PhD; P. Kieslinger; S. Pailer; B. Rehberger, M. Labacher, M.
Truschnig-Wilders, MD; HJ Gruber, PhD

Clinical Institute of Medical and Chemical Laboratory Diagnostics, Medical University Graz, Austria;

Object

Thyroid dysfunctions are supposed o be implicated in metabaolic
risk. We assessed the effects of hyper-. hypo- and eu-thyroidism
on patients” lipid metabolism and oxidative stress from a six
month follow-up clinical pilo? study.

Methods

# A study cohorl of 96 Caucasian probands was grouped into
hyparthyraid (n=8), hypathyroid (n=21) and euthyraid (n= 18)
patients and healthy contrals (n=48) (Figure 1).
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# Blood collaction was performed by venous puncture after an
avernight fast. Blood was immediately cantrifuged and sarum
samples ware aliquoted and stored at -B0 *C until analysis.

# After the first blood collection, patients received their individual
medication and underwant a six month follow-up.

# The following parameters were analysed in patienls before and
after six months of medication and in healthy controls:

thyroid status
Thyroid Stimulating Hormeona (TSH basal), free Triiodothyronine
{T3), frae Thyroxine (T4), Thyroid Paroxidase Antibody (TPO-
AB), Thyroid Receplor Antibody (TRAK), intact Parathormonsa
{PTHI)
inf ;
C-raaclive protein (CRP), interlaukin & (IL-8).
interlaukin 10 (IL-10)

lipid metabolism and sirass parametars
chaolesterad, high-density ipoprotains (HOL), low-density
lipoproteins (LDL), trighycerides {TS), oxidized LOL {ox-LDL),
asymmetric dimethylarginine [ADMA)

+ Addilionally, we measured the body weight, length, waist and hip
aircurnferenca, BMI as wall as blood pressure (BP). e

Acknowledgemant:
The research was funded by the Austrian Sclence Funds PWFP22684-8138

Cheistine Ragginer, Clinlcal institute of Medical and Chemical Laboratory

stics, Medical University Graz, Avenbruggerplalz 15, 8038 Graz, Austia.

(Tel.: ++43 316 385 72914; Emall: chrstine ragginerdii&linikem-graz.at)

Diploma thesis Manuel Labacher

Results

Analyses of rouline thyroid parameters confirmed patient's status
Anthropomeltric bassline charactaristics wara comparable betwean
groups. BP was significantly higher in all baseline patient groups
comparad o controls. Bassline versus follow-up analyses revealed that
euthyroid follow-ups had a significant increased BMI, waist circumference
and waist-io-lengih ratio. Further, suthyroid and hypothyroid follow-ups
had a significantly lower BP.
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Cbsarvations on lipid metabolism revealed that hypothyroid and euthyroid
fallow-ups showed dedlined HOL levals and significant higher HLD-LDL
ratios compared lo their pre-trealed slate. Chaolesterin, LOL, TG, oxLDL
lewals and inflammatory markers were comparable in baseline and follow-
ups. Furhtarmore, we found significantly declined asymmetric
dimathylarginine (ADMA] leveals in all three follow-up groups.

Conclusion

The prasent follow-up study revealed that thyroid dysfunctions influance
patiants’ anthropomefric parameters, HOL-LDL ratio and ADMA lavels
indicating a highar risk for developing the metabolic syndrome.
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