
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

T3, or no T3, that is the question : studies in the primary hypothydroidism and
major depression

Appelhof, B.C.

Publication date
2005

Link to publication

Citation for published version (APA):
Appelhof, B. C. (2005). T3, or no T3, that is the question : studies in the primary
hypothydroidism and major depression. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/t3-or-no-t3-that-is-the-question--studies-in-the-primary-hypothydroidism-and-major-depression(eb86f7a6-964c-4b25-be33-a2bf6071e767).html


General Introduction 





INTRODUCTION 

Since 1956, the biologically active thyroid hormone triiodothyronine (T3) is available in synthetic 

form: liothyronine. Its clinical use in the medical treatment of two relatively common diseases, 

primary hypothyroidism and major depression, is controversial. The main aim of this thesis is 

to investigate whether or not T3 is beneficial as an addition in the medical treatment of n 

primary hypothyroidism and major depression. ^ 
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Figure 1. Location of the thyroid gland. 
(From The Merck Manual of Medical Information -
Second Home Edition, p. 948, edited by Mark H. 
Beers. Copyright 2003 by Merck & Co., Inc., 
Whitehouse Station, NJ.) 

The thyroid and its hormones 

The human thyroid gland weighs about 20 grams, has two lobes and is located in the neck 

just below the Adam's apple (Figure 1). It produces two thyroid hormones, thyroxine (T4) 

and 3,5,3'-triiodothyronine (T3). In early life, thyroid hormone is of cardinal importance for 

growth and development. In adults, its main function is the regulation of energy metabolism, 

thyroid hormone stimulating the metabolic rate by modifying gene transcription in virtually 

all tissues, altering rates of protein synthesis and substrate turnover. 

The main secretory product of the thyroid gland is T4, which is considered to function largely 

as a "prohormone" (1). T4 is converted enzymatically to either its active metabolite T3, or its 

inactive metabolite reverse T3 (rT3), by means of the widely distributed deiodinases type I, II 

and III (Figure 2). Conversion of T4 to T3 accounts for about 80% of the daily T3 production. 

The remainder of T3, about 6 mg of the daily produced 30 mg, is produced by the thyroid 

gland itself (2). 

The production and secretion of thyroid hormones is regulated through a feedback system 

that involves the hypothalamus, pituitary and thyroid gland, known as the hypothalamic-
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Figure 2. Deiodination of T4 to T3 or rT3 (adapted from H.M. Merks - van Santen) 

pituitary-thyroid axis (HPT axis). When serum thyroid hormone levels are low, thyrotropin 

releasing hormone (TRH) is released from the paraventricular nucleus of the hypothalamus. 

TRH binds to its receptor in cells of the anterior pituitary, inciting the release of thyroid 

stimulating hormone (T5H). Independently, low serum thyroid hormone levels directly stimulate 

the release of TSH from the pituitary as well. TSH binds to its receptor located on the thyroid 

follicular cells, and thereby stimulates the production and secretion of thyroid hormones. T4 

and T3 each provide a strong negative feedback both at the level of the hypothalamus and 

the pituitary, decreasing the production of TRH and TSH (Figure 3). 

Figure 3. HPT axis 
^ >• hypothalamus 



PRIMARY HYPOTHYROIDISM 

Primary hypothyroidism is the pathophysiologic state of thyroid hormone deficiency caused 

by thyroid gland failure. The most common cause is chronic autoimmune (Hashimoto's) 

thyroiditis. The incidence of spontaneous (mostly autoimmune) hypothyroidism is 3.5 per 

1000 women per year, and 0.6 per 1000 men per year, with an increasing incidence as 

people age (3). The signs and symptoms of hypothyroidism are mostly nonspecific and vary 

according to the magnitude of thyroid hormone deficiency. The most common symptoms 

include fatigue, weight gain, cold intolerance, coarse and dry hair, dry skin, constipation, 

depressed mood, irritability, memory loss and decreased libido. The most common signs 

include bradycardia, muscle weakness, fluid retention and a delayed relaxation phase of the 

deep tendon reflexes. The diagnosis of primary hypothyroidism is based on laboratory results 

revealing a high serum TSH concentration (TSH > 4.0 mU/l) and a low serum free thyroxine 

(FT4) concentration (FT4 < 10 pmol/l). 

Trea tment of hypothyroidism 

Hypothyroidism was the first endocrine disorder treated by the replacement of the deficient 

hormone with extracts of animal thyroid glands which have been used since 1891 (4;5). A 

disadvantage of desiccated thyroid was the difficulty in controlling the exact concentrations 

of T4 and T3, leading to wide variations in thyroid hormone content. Synthetic preparations 

of T3 (liothyronine) and T4 (levothyroxine) became available in 1956 and 1958, respectively. 

But desiccated thyroid remained a popular preparation until the seventies, when it was 

generally recognized that T4 is converted to T3 peripherally, accounting for about 80% of 

daily T3 production (1 ;6). This led to the presumption that treatment of hypothyroidism with 

T4 alone would be sufficient. Indeed, treatment of hypothyroidism with T4 alone appears 

effective in restoring biochemical euthyroidism, as evidenced by serum TSH and T3 

concentrations within the normal range. T4 has the advantage of a long half-life of 7 days, 

leading to relatively constant levels of serum T4 and T3 after single daily orally administrated 

doses. Comparatively, T3 has a much shorter half-life of 1 day. Current standard therapy for 

primary hypothyroidism is therefore with T4 alone. 

The role of T3 in the t r e a t m e n t of hypothyroidism 

Given the above, the treatment of primary hypothyroidism used to be regarded as simple 

and straightforward. However, the results of several more recent studies suggest that current 



standard thyroid replacement therapy with T4 alone may not be completely effective after all. 

First, although many people with hypothyroidism have a good symptomatic response to T4, 

anecdotal reports have long since suggested that in some patients symptoms persist, despite 

apparently adequate hormone replacement. A recent community-based study indeed 

confirmed that patients on replacement therapy, even with a normal TSH, display significant 

impairment in psychological well-being compared to sex- and age matched controls (7). The 

foundation of a well-known patient platform named "HYPO maar niet HAPPY" (translated: 

"HYPO but not HAPPY") in 2001, with a website that has been visited over 375,000 times 

14 since, illustrates the existence of dissatisfaction with treatment among some patients in The 

Netherlands. 

Second, studies in thyroidectomized rats have shown that replacement therapy with T4 

alone does not ensure euthyroidism in all tissues, when compared to non-thyroidectomized 

rats treated with placebo. In most tissues, the dose of T4 needed to ensure normal T3 levels 

resulted in supraphysiological T4 concentrations. Euthyroidism in all tissues could only be 

achieved by combined treatment with levothyroxine (T4) and liothyronine (T3). These findings 

suggest that standard T4 therapy might not be sufficient to restore euthyroidism in all tissues 

in humans either. Interestingly, the cerebral cortex is able to maintain T3 homeostasis over 

a wide range of plasma T4 and T3 levels (8;9). 

Third, the use of T4 monotherapy as the treatment of choice for hypothyroidism was 

challenged in 1999 when the results of a crossover trial investigating combined treatment of 

hypothyroidism with T4 and T3 were published. The authors concluded that substitution of 

50 \xg T4 by 12,5 u.g T3 daily resulted in improved scores on mood scales and neurocognitive 

tests (10). This report was met with skepticism by some and enthusiasm by others, not in the 

least by symptomatic patients hoping that combined treatment with T4 and T3 might alleviate 

their symptoms. Taken together with the results of the animal studies described above, it 

caused a renewal of interest in the question whether combined therapy with T4 and T3 is to 

be preferred over T4 monotherapy. More recently, however, several subsequent studies 

have not confirmed these results (11-14). 

The question of whether T4 monotherapy really is the optimal treatment for primary 

hypothyroidism has become intriguing and relevant again. The clinical studies in this thesis 

aim to shed further light on the efficacy of current standard treatment and the value of T3 

in the treatment of hypothyroidism. 



MAJOR DEPRESSION 

In this manuscript, the official diagnostic term 'major depressive disorder' is often replaced 

by 'major depression' to improve readability. 

Major depression is sometimes referred to as the "common cold" of mental illness. However, 

unlike the common cold, major depression is a serious, disabling and sometimes fatal illness. 

The World Health Organization (WHO) estimates that it will be the second most important 

cause of loss in disability-adjusted life years worldwide by 2020 (43). A large community 

study among adults in The Netherlands in 1996 revealed a lifetime prevalence of depression 

of 15.4% and a 12-month prevalence of 5.8%. Women, who are at a higher risk to develop 

major depression, were found to have a lifetime prevalence of 20 .1% (15;16). 

The diagnosis of major depressive disorder (major depression) is based on an evaluation of 

symptoms. The Diagnostic and Statistical Manual of Mental Disorders (DSM) is the most 

widely accepted classification system of mental disorders, providing specified criteria for 

each specific mental disorder. The key symptoms of major depressive disorder are a depressed 

mood and a loss of interest or pleasure. For the diagnosis of depression, at least one of these 

symptoms is required, together with 4 (or more) additional symptoms that should all have 

been present for at least 2 weeks and have caused clinically significant distress or impairment 

in functioning (Figure 4). 

Figure 4. DSM-IV criteria for Major Depressive Episode 

A. Five (or more) of the following symptoms have been present during the same 2-week period and represent a 
change from previous functioning; at least one of the symptoms is either (1) depressed mood or (2) loss of 
interest or pleasure. 

(1) depressed mood most of the day, nearly every day, as indicated by either subjective report (e.g., feels sad or 
empty) or observation made by others (e.g., appears tearful). 

(2) markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every day (as 
indicated by either subjective account or observation made by others) 

(3) significant weight loss when not dieting or weight gain (e.g., a change of more than 5% of body weight in a 
month), or decrease or increase in appetite nearly every day. 

(4) insomnia or hypersomnia nearly every day 
(5) psychomotor agitation or retardation nearly every day (observable by others, not merely subjective feelings of 

restlessness or being slowed down) 
(6) fatigue or loss of energy nearly every day 
(7) feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) nearly every day (not 

merely self-reproach or guilt about being sick) 
(8) diminished ability to think or concentrate, or indecisiveness, nearly every day (either by subjective account or as 

observed by others) 
(9) recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific plan, or a 

suicide attempt or a specific plan for committing suicide 



Almost all depressed patients complain of fatigue or reduced energy and about 80% complain 

of trouble in sleeping. Many patients have decreased appetite and weight loss. Other patients, 

however, have increased appetite, weight gain and an excessive need to sleep. Those patients 

are classified in the fourth -and most recent- edition of the DSM (17) as having atypical 

features. Feelings of worthlessness or excessive guilt and a diminished ability to think or 

concentrate are other common symptoms. Often, there is generalized psychomotor 

retardation, although psychomotor agitation is also seen. Suicidal ideation is present in about 

two thirds of all depressed patients. As only 5 out of 9 symptoms are required for the 

16 diagnosis of major depressive disorder, the clinical presentation can vary substantially. 

The pathophysiological basis for major depressive disorder is not known. Considerable 

experimental and clinical evidence supports a fundamental role of monoamines in the 

pathogenesis of depression, of which norepinephrine and serotonin are the two 

neurotransmitters most implicated in the pathophysiology of mood disorders. The strongest 

support for the monoamine hypothesis may be that almost all effective antidepressants act 

by blocking the reuptake of neurotransmitters from the synaptic cleft, thereby increasing 

the amount of transmitter in the cleft. 

T r e a t m e n t of major depression 

Standard therapy for major depression is usually wi th psychotherapy, antidepressant 

medication, or a combination of both. Pharmacotherapy for the treatment of major depression 

was introduced about half a century ago. Nowadays, some 20 different antidepressants are 

available worldwide. For a long time, the treatment of choice was with tricyclic antidepressants. 

Although effective, these drugs were toxic in overdoses and sometimes caused severe cardiac 

side effects. In the nineteen eighties, selective serotonin reuptake-inhibitors (SSRIs) became 

available, which are much safer and better tolerated and have proven equally effective in the 

treatment of depression. SSRIs are therefore currently favored in therapeutic practice as a first 

step in the treatment of depression. SSRIs increase the availability of serotonin at the synapse. 

This increase has been found to induce desensitization of inhibitory autoreceptors involved in 

the feedback mechanism of serotonin release, leading to higher central serotonergic activity 

which is thought to elicit therapeutic response (44). 



A role for T3 in the t r e a t m e n t of major depression? 

The introduction of antidepressants has ameliorated treatment possibilities for major 

depressive disorder, but the delayed onset of therapeutic response of 2 to 6 weeks, as well 

as the fact that some 30-50% of patients fail to respond to the initial therapy (18; 19), are 

still major clinical problems. Surprisingly few studies have addressed the question what the 

next treatment step should be after a first treatment failure. The efficacy of antidepressants 

has been investigated in hundreds of trials but, for example, so far only one randomized 

controlled trial has compared the efficacy of two antidepressants (paroxetine and venlafaxine) 

in patients resistant to previous antidepressant treatments (18;20). Thus, whether one chooses 

to maximize the treatment dose, switch to another antidepressant, add psychotherapy, or 

add another medication to the first antidepressant, is currently a matter of practice based 

evidence than one of evidence based practice. 

The addition of the thyroid hormone triiodothyronine (T3) to antidepressant medication is 

one of the augmentation or addition strategies mentioned in practice guidelines for the 

treatment of patients with major depressive disorder (21 ;22). The evidence for a role of T3 

addition in the treatment of depression has been summarized in two meta-analyses. The 

first meta-analysis (23) investigated the addition of T3 in euthyroid patients, assessed as non-

responders following several weeks of treatment with a tricyclic antidepressant (TCA). It 

included 8 studies and reported a favorable and statistically significant effect of T3 addition 

on response rates, as well as on mean decrease in HRSD score (Hamilton Rating Scale for 

Depression). Another meta-analysis (24) summarized the studies investigating the addition 

of T3 from the start of TCA treatment in patients with non-refractory depression. This meta

analysis comprised 6 randomized, controlled, clinical trials and supported the efficacy of T3 

in accelerating clinical response to TCAs, especially in women. However, the authors of both 

meta-analyses stated that most clinical trials on T3 addition suffer from methodological 

limitations, such as small sample sizes, the lack of a randomized controlled design and the 

lack of standardization of treatment response. Consequently, these and other authors have 

expressed a need for larger controlled studies (5;23;25-27). Moreover, current therapeutic 

practice favours selective serotonin reuptake inhibitors (SSRIs) over tricyclic antidepressants, 

but the efficacy of T3 addition to SSRIs has never been studied. 

Major depression and the thyroid axis 

That the thyroid hormone T3 could have a place in the treatment of hypothyroidism goes 

without saying, but the use of thyroid hormone in the treatment of major depression is less 



obvious. On the other hand, it is clear that hypothyroidism and major depression share 

numerous key symptoms, such as depressed mood, fatigue, decreased concentration, apathy, 

pronounced loss of interest, appetite decrease, constipation and decreased libido. In fact, it 

has become common practice in psychiatry to rule out primary hypothyroidism in patients 

who present with a major depressive episode before beginning any treatment for depression. 

The observation that patients with hypothyroidism often had melancholic symptoms, led 

not only to the idea that thyroid hormones might be useful in the treatment of depression, 

but also to the assumption that patients with depressive illness might have abnormalities 

18 of their thyroid axis. 

Indeed, a number of thyroid parameter abnormalities have been described as summarized in 

two reviews (28;29). Relative to normal controls, patients with major depression show a 

decrease in serum TSH, a blunted TSH response to TRH and an increase in serum free T4 

(FT4). Serum T3 levels are often found normal, but several studies, especially in more severely 

depressed patients, have found reduced levels. These changes in thyroid axis parameters, 

which usually disappear upon adequate treatment, have all been demonstrated in psychiatric 

inpatients. Only one study reported on HPT axis parameters in depressed outpatients (30), 

but found no differences compared to controls. 

M a j o r depression and the adrenal axis 

Another hormonal system frequently associated with major depressive disorder, is the adrenal 

axis, which is thought to play an important role in the response to either physical or emotional 

stress. 

In similarity with the regulation of the HPT axis, the production and secretion of adrenal hormones 

is regulated through a feedback system that involves the hypothalamus, pituitary and adrenal 

glands, often referred to as the hypothalamic-pituitary-thyroid axis (HPA axis). Stress, either 

physical or emotional, prompts the release of corticotropin-releasing hormone (CRH) from the 

paraventricular nucleus of the hypothalamus. As a result, adrenocorticotrophic hormone (ACTH) 

is secreted from the anterior pituitary, which in turn causes the adrenal gland to release the 

adrenal hormone Cortisol. Cortisol provides a negative feedback both at the level of the 

hypothalamus and the pituitary, decreasing the production of CRH and ACTH (Figure 5). 

Hyperactivity of the HPA axis in patients with major depression is one of the most widely 

replicated findings in biological psychiatry. Both elevation of basal Cortisol and mean 24-hour 

serum Cortisol concentrations as well as an increased 24-hour urinary excretion of Cortisol 

have been reported. In addition, the hyperactivity is reflected in nonsuppression of plasma 



Cortisol concentrations following a dexamethasone-suppression test (DST) in about 20-50% 

of patients, and increased ACTH and Cortisol responses on the dexamethasone/CRH test in 

80-90% of patients (31). These alterations usually subside after successful treatment of the 

depression (31-33). 

Again, these changes were mainly found in populations of depressed inpatients. The few 

studies reporting on HPA axis alterations in outpatients with major depression found no 

elevation of 24-hour urinary Cortisol levels (32), and a much lower prevalence of DST 

nonsuppression (32;34) compared to inpatients. 

, Orcadian regulation 

. Stress: 
Physical stress 
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Pain 

Adrenal cortex 

Figure 5. HPA axis, (adapted from D. Klemm) 

Prediction of t r e a t m e n t outcome and relapse in major depressive disorder 

As already mentioned, some 40% of patients fail to respond to an initial antidepressant 

treatment. But even after successful treatment for major depression, approximately 50% of 

patients will experience a recurrent course of illness (35). For patients who have had two 

major depressive episodes, the chance of experiencing a third rises to 60-90% (36). So the 

course of major depression varies from complete recovery to significant impairment with 

chronicity and poor social functioning in as many as 10-20% of patients. Independent and 

reliable predictors of outcome and course of illness are of obvious clinical importance. 

Studies associating HPT axis parameters with response to antidepressant treatment have 

generally been small and their results conflicting. For example, both higher serum TSH as 

well as lower serum TSH values have been associated with a favorable response (32;37-39). 

The largest prospective study so far, however, has found no relation between the thyroid 



parameters of 166 depressed patients and their response to treatment (37;38). 

Studies on the predictive value of HPA axis parameters for treatment response have 

mainly focused on the DST as a predictor of short-term response to antidepressant 

t reatment . An extensive review concluded that baseline DST results are devoid of 

prognostic value. In contrast, posttreatment nonsuppression of Cortisol on the DST was 

strongly associated wi th early relapse of depression (33). Likewise, a persistently elevated 

Cortisol response in the DEX/CRH test after remission of symptoms has been associated 

wi th early relapse in a small population of inpatients (40;41). 

AIMS AND OUTLINE OF THIS THESIS 

The main aim of this thesis is to investigate whether or not the thyroid hormone 

triiodothyronine (T3) is beneficial as an addition in the clinical treatment of two disorders, 

primary hypothyroidism and major depression. To this end, two randomized clinical trials 

were carried out. The data of these trials provided us with the opportunity to investigate 

several other important issues. 

Studies in hypothyro id ism 

Hypothyroidism is associated with deficits in memory, psychomotor slowing, visuoperceptual 

and construction skills. A review of the literature shows that treatment of hypothyroidism, 

resulting in a return to euthyroidism, may be associated with only partial recovery of overall 

neurocognitive function (42). In chapter 2, we describe the results of several neurocognitive 

tests of our study population of patients with primary autoimmune hypothyroidism, all adequately 

treated wi th T4. We were interested to find out whether any objective impairment in 

neurocognitive functions persists in these patients despite biochemically adequate treatment. 

The issue whether combined T4/T3 treatment is superior to standard levothyroxine therapy, 

and if so, for whom, remains incompletely answered, despite the recent research reports in 

this field. In chapter 3, we present the results of a randomized clinical trial in a homogeneous 

group of 141 patients with primary autoimmune hypothyroidism. We studied whether 

combined treatment wi th T4 and T3 in any of two different weight ratios (5:1 and 10:1) was 

preferred over T4 monotherapy, and whether T4/T3 treatment resulted in improved scores 

on mood scales and neurocognitive tests. 



In chapter 4, we evaluate whether genotypes of two deiodinase type 2 (Dll) polymorphisms 

are a determinant of well-being and neurocognitive functioning in treated hypothyroid patients. 

In addition, we examine whether these genotypes were associated with a preference for 

combined T3/T4 replacement therapy. 

Studies in major depression 

As described in the introduction, several alterations in HPT and HPA axis parameters have 

been reported in major depression. The vast majority of these data is derived from studies in 

inpatient populations. Only a minority of severely ill depressed patients, however, needs 

inpatient treatment. Little is known about the presence of HPT and HPA alterations in 

outpatient populations of patients with major depression. In chapter 5, we present the 

results of a controlled study in a population of 113 unipolar depressed patients who had 

been free of antidepressant treatment for at least 3 months. We investigated whether 

endocrine changes that have been described in inpatients with major depression are present 

in this well-defined outpatient population. 

According to two meta-analyses, addition of T3 to a tricyclic antidepressant (TCA) may be 

effective in accelerating treatment response, and in turning TCA non-responders into 

responders. Current therapeutic practice favors selective serotonin reuptake inhibitors (SSRIs) 

over TCAs as a first step in the treatment of depression. In chapter 6, we therefore assess 

the efficacy and tolerability of T3 addition to paroxetine in 113 outpatients with major 

depressive disorder in a randomized clinical trial, the first to investigate whether T3 addition 

is beneficial in combination with a specific serotonin reuptake inhibitor. 

Conclusions from sparse literature concerning the predictive value of HPT axis parameters for 

treatment response remain inconclusive. In chapter 7, we investigate whether response to 

antidepressant treatment in major depression in our outpatient population is predicted by 

Hypothalamus-Pituitary-Thyroid (HPT) axis parameters, or by a recently discovered polymorphism 

in type II deiodinase (Dll). 

Likewise, in chapter 8, we establish whether treatment response in major depression in our 

outpatient population is predicted by Hypothalamus-Pituitary-Adrenal (HPA) axis parameters, 

or by genetic polymorphisms in the glucocorticoid receptor (GR). 



The results of one previous study suggest that results of the dexamethasone/corticotrophin-

releasing hormone (DEX/CRH) test predict relapse of major depression in a population of 

inpatients. 

In chapter 9, we investigate whether dexamethasone/corticotrophin-releasing hormone (DEX/ 

CRH) test parameters were related to the occurrence of relapse in a population of 45 

outpatients with clinically remitted major depression. 

In the general discussion (chapter 10), an overview of the abovementioned studies is 

22 presented, and their scientific and clinical implications are discussed. 
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