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Stell ingen behorend bij het proefschrift van Bente Cecilie Appelhof 

1 Het welbevinden en neurocognitief functioneren van adequaat behandelde hypothyreoïdiepatiënten 

blijft achter bij het niveau van de algemene Nederlandse bevolking 

(dit proefschrift) 

2 De vraag of T4/T3 combinatietherapie bij de behandeling van hypothyreoïdie te prefereren is boven 

T4 monotherapie blijft voorlopig actueel 

(dit proefschrift) 

3 Additie van het schildklierhormoon T3 aan een SSRI (paroxetine) bij de behandeling van depressie 

is niet zinvol 

(dit proefschrift) 

4 Hogere HPA as activiteit is geassocieerd met een ongunstig beloop van de depressieve stoornis 

(dit proefschrift) 

5 Biologisch psychiatrisch onderzoek wordt bemoeilijkt door de allesbehalve biologische definitie van 

psychiatrische ziektes 

6 Zolang studies met positieve uitkomsten makkelijker en 'hoger' te publiceren zijn dan die met negatieve, 

kan 'evidence based medicine' beter bestempeld worden als 'evidence biased medicine' 

7 Het boek 'Onder Professoren' van W.F. Hermans zou tot de standaard literatuurlijst van iedere 

promovendus moeten behoren 

8 De ogenschijnlijke toename van het aantal psychotici in de openbare ruimte is terug te voeren op de 

nieuwe gewoonte van velen om altijd en overal via een oortje mobiel in gesprek te zijn 

9 Als je ziet met welk een nieuwsgierigheid en verwondering jonge kinderen de wereld verkennen, is het 

verbazend dat ze later niet allemaal onderzoeker worden 

10 Entre toutes les faqons d'etre la confiante est la meilleure 

Van alle levenshoudingen is de vertrouwensvolle de beste 

(naar Paul Eluard) 

11 Het leven is onzeker, dus plannen kun je beter uitvoeren dan voor je uit schuiven 
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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 
Emotional stress 
Hypoglycemia 
CoW exposure 
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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Abstract 

Introduction 

Hypothyroidism is associated with neurocognitive impairment. Sparse data suggest that 

treatment of hypothyroidism, resulting in a return to euthyroidism, may be associated with 

only partial recovery of overall neurocognitive functioning. This study aimed to assess 

neurocognitive functioning and well-being in euthyroid patients with primary hypothyroidism 

on adequate thyroxine (T4) treatment. We also investigated whether serum TSH is a 

28 determinant of neurocognitive functioning and well-being. 

Methods 

We compared the neurocognitive test results and scores on questionnaires measuring well-

being of 141 patients with the reference values for these tests as published and used in 

Dutch clinical neuropsychological practice. Assessment of neurocognitive functioning included 

tests for cognitive or psychomotor speed, attention, working memory as well as learning 

and memory. Well-being was measured with the Symptom Check List-90 total score and 

Rand-36 subscales for 'mental health' and 'vitality'. 

Results 

Patients had poor performance on various domains of neurocognitive functioning compared 

to mean standard reference values, especially on a complex attention task and on verbal 

memory tests. Levels of well-being were significantly lower for patients compared to those 

of the general population. Serum TSH was not a determinant of neurocognitive functioning 

and well-being. 

Conclusion 

The results of this study suggest that neurocognitive functioning as well as psychological 

well-being may not be completely restored in patients with hypothyroidism, despite adequate 

T4 treatment. 



INTRODUCTION 

Overt hypothyroidism is associated with deficits in general intelligence, memory, attention, 

psychomotor speed, visuoperceptual and constructional skills (1). Standard treatment of 

hypothyroidism is with thyroxine (T4) replacement therapy, which appears effective in restoring 

biochemical euthyroidism as evidenced by serum TSH, free T4 and T3 concentrations within 

the normal range. Although hormonal substitution therapy has been very successful in reducing 

morbidity and mortality of primary hypothyroidism, it is well known in clinical practice that a 

minority of patients have persistent symptoms despite adequate T4 replacement therapy. 

These are often vague, aspecific complaints about fatigue, muscle aches, depressed mood 

or decreased memory function. A recent community study (2) provided the first evidence to 

indicate that patients on thyroxine replacement even with a normal serum TSH display 

significant impairment in psychological well-being compared to controls of similar age and 

sex. These findings raise the question whether neurocognitive functioning in T4 treated 

hypothyroid patients might be impaired as well. 

A review of neurocognitive aspects of hypothyroidism suggested that successful treatment 

of hypothyroidism may be associated with only partial and typically inconsistent patterns of 

recovery of overall neurocognitive functioning (1). 

This conclusion, however, was reached from only a few studies on neurocognitive functioning 

shortly after reestablishing euthyroidism with thyroid replacement therapy in hypothyroid 

patients. In 1969, Whybrow et al. reported on four such patients, and concluded that when 

the hypothyroidism had been long-standing, brain impairment persisted after thyroid 

replacement therapy (3). Osterweil etal. reported on neurocognitive functioning of 54 patients 

with overt or minimal hypothyroidism. A subset of 11 to 34 patients was available for 

neurocognitive retesting. It was concluded that the deleterious effect of hypothyroidism is at 

least partly reversible, but possibly not completely, as some test results remained significantly 

impaired compared to euthyroid controls without hypothyroidism (4). A single case report by 

Mennemeier et al. reported similar conclusions (5). 

As almost no data are available concerning neurocognitive functioning of patients with T4 

treated hypothyroidism, we investigated the level of cognitive functioning in a large group of 

Dutch patients, all adequately treated for primary autoimmune hypothyroidism compared to 

the normal reference values for these tests. This is the first study to evaluate neurocognitive 

functioning after long-standing T4 therapy (median duration of substitution therapy 5.5 years). 



Second, we investigated whether psychological well-being in this patient group differs from 

healthy subjects. Finally, we examined whether serum TSH is a determinant of neurocognitive 

performance and well-being. 

METHODS 

Subjects 

30 Patients were recruited from 13 general practices in the cities of Amsterdam and Almere. At 

these practices, prescribing records were checked to identify all patients receiving levothyroxine 

(T4) treatment. After checking for in- and exclusion criteria, patients eligible for participation 

were invited by letter. 

All patients were between 18 and 70 years of age and had been on T4 replacement therapy 

for primary autoimmune hypothyroidism for at least 6 months. At inclusion, all patients 

were on an adequate dose of T4 as evidenced by a serum TSH concentration between 0.11 

and 4.0 mU/L, as measured in the morning before levothyroxine intake. Hundred-and-forty-

one patients participated in the study. 

This study was carried out between October 2001 and December 2003 at the Academic 

Medical Center of the University of Amsterdam. The protocol was approved of by the 

institutional ethics review committee and all patients provided written informed consent. 

For more details see Appelhof et al. (6). 

Study design 

Patients arrived in the morning in fasting state. After blood sampling patients took their 

usual dose of levothyroxine and had breakfast at the Academic Medical Center. About an hour 

later they proceeded with the neurocognitive testing session which lasted for approximately 

1.5 hours, and handed over the baseline set of questionnaires that they had filled out on the 

day prior to the visit. 

Neurocogni t ive tests 

Assessment of neurocognitive functioning included neuropsychological domains that are 

believed to be affected in hypothyroid patients (7) and consisted of tests for cognitive or 

psychomotor speed, attention, working memory as well as learning and memory. 



Cognitive or psychomotor speed was measured by means of 

1) The Dutch adaptation of Digit Symbol subtest (8;9) in which patients are presented with 

a key that pairs digits to geometrical symbols. Subsequently, patients are presented with 

a string of symbols and are required to pair each symbol with the correct digit, using the 

key, during 90 seconds. The raw score consists of the total number of correctly completed 

entries. The score is transformed into a standard value based on a normative population 

(N=745) with a score range from 1 to 19, with a mean of 10 and a standard deviation 

(SD)of 3. 

2) The Memory Comparison Task, paper and pencil version (MCT) (10). During this task 

patients have to memorize visually presented target letters. Subsequently, they have to 

detect these on a paper amongst other non-target letters and strike out the target 

letter(s). The test consists of an example-task (%) and 4 subtasks with increasing memory 

load (1 , 2, 3 or 4 letters to memorize). The time in seconds needed to complete the 

respective subtasks is measured.The MCT is also known as Visual Scanning Test. 

Attention was measured by the Dutch adaptation of the Paced Auditory Serial Addition Task 

(PASAT) (11;12). In this task, tape recorded one digit numbers are presented in different 

blocks of 60 items at different rates. The test consists of 5 blocks with decreasing interstimulus 

intervals of 3.2 seconds, 2,8 seconds, 2,4 seconds, 2,0 seconds and 1,6 seconds, respectively. 

Patients are required to add every pair of successive numbers and immediately give the addition 

sum. The total number of correct answers, calculated over all 5 blocks, is scored (13). 

Working memory was measured by the Digit Span subtest (WAIS-III) (8;9) in which the 

patient is required to repeat spoken digit series in the same order (forward recall) or in 

reverse order (backward recall). With each series, the number of digits increases. The total 

score consists of the total number of correctly repeated digits of both the forward and 

backward tests. The total score is converted into a standard score in the same manner as for 

the Digit Symbol test (8). 

Learning and memory were tested by means of 

1) The Dutch adaptation of the California Verbal Learning Test (CVLT) (14). A shopping list is 

presented orally for 5 successive times. After each presentation the patient is asked to 

name as many of the items on the shopping list as he remembers. After a delay of 20 

minutes, the patient is asked again to name as many of the shopping list items as possible. 



Finally, he is also asked to recognize the items of the original shopping list amongst 

other distracting shopping list items. The outcome measures include a) the total number 

of items correctly recalled after 5 successive trials (immediate recall), b) the number of 

items recalled after the 20 minute delay (delayed recall) and c) the number of items 

correctly identified amongst distracting items (recognition). These three scores are 

transformed into a standard value with a mean of zero and a SD of two based on the 

Dutch CLVT-reference group (14). 

2) The Dutch version of the Rivermead Behavioural Memory Test, Story Recall (Rivermead, 

32 stories) (15; 16). Patients have to repeat two short stories immediately after oral presentation 

(immediate recall) and after a 20 minutes delay (absolute delayed recall). In addition, the 

ratio of the delayed recall score compared to the immediate recall score is calculated 

(proportion recalled), representing the delayed recall performance relative to the immediate 

recall. Each story consists of 21 elements. The sum of the correctly recalled elements of the 

two stories is calculated, both for the immediate recall as well as the delayed recall. The 

raw scores are converted into standard scores (T-scores, mean=50, SD=10 (17)). 

All tests are widely used and internationally accepted (18), or have been previously used in 

earlier research on neurocognitive functioning in hypothyroid patients before and after combined 

therapy with T4 and T3 (MCT, paper and pencil version, also known as visual scanning test) 

(19). Raw testscores, except for the PASAT, are all corrected for education, age and gender if 

these variables proved to be relevant in the transformation to standard values. The PA5AT-

score is corrected for education. All tests were administered by a trained psychometrician, 

under supervision of a clinical neuropsychologist (EW). The test results of the T4 treated 

hypothyroid patients were compared with the reference values of these tests as used in Dutch 

clinical neuropsychological practice. 

Questionnaires 

Well-being was measured by means of self-report questionnaires, filled out the day prior to 

the study visit and included the (Dutch version of) the Symptom Checklist (SCL-90) (20) and 

the 'mental health' and 'vitality' subscales of the Rand 36-item Health Survey (Rand-36) (21). 

The SCL-90 is a 90-item self-report scale containing 8 subscales, measuring multidimensional 

psychopathology. In his study the total score (the sum-score of all 90 items), is reported. This 

score can be considered as a measure of psychoneuroticism or general level of psychological 

and somatic well-being. The higher the total score, the higher the level of psychoneuroticism 



and the lower the level of well-being. The SCL-90 is a widely used international instrument in 

studies on psychological consequences of somatic diseases (22). The scores are compared with 

the reference values for the Dutch general population, based on a sample of 2368 individuals 

with a mean age of 41 years (20). 

The Rand-36 is the Dutch version of the MOS Short-Form General Health Survey (23) and 

measures health-related quality of life. It is known for its high standards of reliability and 

validity (24;25). In this study, only the subscales 'mental health' and 'vitality' were used, 

measuring feelings of depression and nervousness, and feelings of energy and fatigue, 

respectively. Scores are compared with reference values of an aselect sample of the Dutch 

population (N=1063) with a mean age of 44 years. 

Biochemical measurements 

A blood sample was collected in the morning before T4 medication was ingested. Serum TSH 

and FT4 were measured by time-resolved fluoroimmunoassay (Wallac Oy, Turku, Finland), 

serum T3 by in-house RIA methods (26). 

Statistical methods 

All data were analyzed with SPSS version 11.5 (SPSS, Chicago, IL). The mean scores of the 

neurocognitive tests were compared with the mean scores of the reference population by 

means of a one-sample T-test. Pearson correlation coefficients were used in order to study 

the relationship between neurocognitive functioning, well-being and serum TSH values. Serum 

TSH was log-transformed to normalize distribution before statistical analysis. Statistical 

significance was defined as a 2-tailed P<0.05. Test results were considered impaired if below 

the 5t percentile of the reference groups. 

RESULTS 

Hundred and forty one patients were included. For the patient characteristics, see Table 1. 

Patients were predominantly middle-aged females, with a mid-level educational level. 

Neurocognit ive tests and wel l -being questionnaires 

Table 2 shows the mean scores of the neurocognitive tests and well-being questionnaires of 

the patients and the reference populations. 



Table 1. Patient Characteristics 

N=141 

Female (n, %) 
Age (mean ± SD) 
Duration of substitution therapy (yr; median, range) 
Serum TSH at inclusion (mil/liter; median,range) 
Serum free T4 (pmol/L, mean, SD) 
Serum T3 (nmol/L, mean, SD) 

Educational level (n, %)1 

primary education 
education lower than mid-level 
mid-level education 
college level 

1 the level of education is not based on years of education but on level of education attained 

Cognitive speed/'psychomotor speed 

Digit symbol scores were not significantly different from those of the reference population. 

However, patients performed significantly slower on the easier parts of the MCT-paper and 

pencil tasks (% and 1 letter), compared to the reference population. In fact, for these tests 

26.4% and 16.4% of the patients, respectively, had impaired scores, i.e. scores below the 5th 

percentile of the reference values. By contrast, patients performed significantly better on 

the most complex task (4 letters) compared to the reference group. 

Attention 

PASAT-scores of the patients were significantly lower compared to the reference group, indicating 

impaired performance on this complex attention task. Impaired scores (below the 5th percentile 

of the reference values) were observed in 14,9 % of the patients. PASAT-scores were corrected 

for educational level but not for age. However, correlation analyses revealed no significant 

relationship between age and the (education-corrected) PASAT score (r= -0.12, p < 24). 

Working memory, learning and memory 

For Digit Span there were no significant differences between patients and the reference 

population. Patients had significantly lower CLVT-scores for immediate recall, and 10,6% of 

the patients scored more than 2 standard deviations below the mean of the reference 

population (normally about 2,5%). 

For the Rivermead (stories) patients had significantly lower scores on all indices, indicating 

121 (85.8%) 
47,8 ± 9,8 

5.5(0.5-25) 
1.4(0.11-4.0) 

14,8 ±2,9 
1,7 ±0,33 

15(10,6%) 
20(14,2%) 
61 (43.3%) 
45(31,5%) 



worse performance on this memory tests as compared to the reference population. Both 

immediate and delayed recall scores were impaired in 25% of the patients, for the proportion 

recalled this was 18.7%. 

Table 2. Scores on neurocognitive tests and well-being questionnaires 

N Patients N Reference 
population 

Cognitive/psychomotor speed 
Digit Symbol 

Total score 
MCT (paper & pencil version) 

% symbol (sec) 
1 letter (sec) 
2 letters (sec) 
3 letters (sec) 
4 letters (sec) 

Attention 
PASAT (no) 

Total score 

Working Memory 
Digit Span 
Total score 

Learning and Memory 
CVLT 

Immediate recall 
Delayed recall 
Recognition 

Rivermead (stories) 
Immediate recall 
Absolute delayed recall 
Relative delayed recall 

Well-being 
SCL-90 total score 
RAND-36 Mental Health 
RAND-36 Vitality 

140 

140 

134 

140 

141 

9.9 ± 3.8 

21.6 ±7.0 
26.2 ±6.6 
36.6 ±9.3 

45.0 ± 12.0 
57.0 ± 15.9 

146.5 ±45.5 

10 ± 3 

745 

1778 
10 ± 3 

17.7 ±3.7 
23.8 ±4.7 
35.2 + 7.6 
45.9 ± 11.2 
61.3 ± 17.4 

124 

745 

492 

170.9 ± 32.7 

10 ± 3 

139 

140 
140 
140 

-1.1 ±2.2 
0.19 ±2.6 
-0.11 ±1.9 

42.5 ± 11 
41.7 ± 11.6 
44.5 ± 15.6 

155.1 ±48.7 
64.9 ± 19.2 
43.2 ±21.0 

284 

2368 
1063 
1063 

0 ± 2 
0 ± 2 

-0.14 ± 1.9 

50 ± 10 
50 ± 10 
50 ± 10 

118.3 ±32.3 
76.8 ± 18.4 
67.4 ± 19.9 

p value 

0.001 
0.001 

0.07 
0.38 

0.002 

0.001 

0.73 

0.001 
0.38 
0.52 

0.001 
0.001 
0.001 

0.001 
0.001 
0.001 
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Higher scores indicate better performance / higher level of well-being except for MCT and SCL-90 

Questionnaires 

Figure 1 shows the scores on the SCL-90 and Rand-36 questionnaires. T4 treated patients 

had significantly higher SCL-90 total scores compared to the Dutch general reference 

population. The mean total score on SCL-90 of the patients would be classified as 'high' (a 

score between the 80 t h and 95 th percentile of the reference values for the general population), 
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indicating a lower mean level of general psychological and somatic well-being. 

Likewise, scores on the RAND-36 'mental health' and 'vitality' subscales were significantly 

lower as compared to healthy controls of grossly the same age, indicating a lower level of 

health related quality of life. The RAND-36 score for 'mental health' lies within 1 standard 

deviation below the mean of the reference population, whereas the score for 'vitality' was 

between 1 and 2 standard deviations below the mean. For the RAND-36 these figures indicate 

that especially the score for 'vitality', measuring feelings of energy and fatigue, is impaired in 

hypothyroid patients. 

Figure 1. Questionnaire scores. 
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Lower level of well-being is indicated by higher SCL-90 scores and lower RAND-36 scores. 

Serum TSH and its re lat ion w i t h neurocognit ive funct ioning an wel l -being 

Serum TSH concentrations were not significantly related to either the neurocognitive test 

results or SCL-90 and RAND-36 scores. 

DISCUSSION 

In this study we investigated several domains of neurocognitive functioning in a large group 

of patients with adequately treated hypothyroidism. The results were compared with standard 

reference values as applied in Dutch clinical neuropsychological practice. In addition, we 

evaluated whether psychological well-being in this patient group differed from healthy subjects 

and whether serum TSH was a determinant of neurocognitive performance and well-being. 

Patients had poor performance on various domains of neurocognitive functioning compared 



to mean standard reference values, especially on a complex attention task and on verbal 

memory tests. No less than a quarter of the patients had impaired scores (below the 5 th 

percentile) on the memory test story recall, both for immediate reproduction as for delayed 

recall. These findings support the sparse findings from earlier studies reporting a significant 

decrease in memory function in hypothyroid patients after adequate thyroid replacement 

treatment as compared to normal controls (4). Similarly, Burmeister et al. reported on the 

neurocognitive functioning of 13 athyrotic patients while on T4 therapy and again after 

discontinuing thyroid hormone (7). It was reported that discontinuing T4 therapy led to a 

decrement in delayed recall of verbal information, but not in other objective measures of 

cognition. 

Performance on tests for cognitive speed seemed contradictory: patients had significantly slower 

performance at the beginning of the tests (MCT paper and pencil), but could cope up with the 

reference group, or perform even better, when the task progressed and increased in difficulty. 

These findings could indicate some 'starting slowness'. This could also explain that Rivermead 

(stories) delayed recall scores were impaired, but not the CLVT delayed recall scores. In the 

former test the stories to memorize are presented only once, whereas in the latter, a shopping 

list is repeated 5 times, giving patients the opportunity to compensate for 'starting slowness'. 

This starting slowness could also account for part of the attention impairment. 

Levels of well-being, as measured with the SCL-90 total score and Rand-36 subscales for 

'mental health' and 'vitality', were significantly lower for patients compared to those of the 

general population. This corroborates the findings of the community based study of Saravahan 

et al. (2), who found that patients on thyroxine replacement display significant impairment in 

psychological well-being as compared to controls of similar age and-sex. 

One could hypothesize that a decreased level of well-being is the cause of decreased 

neurocognitive performance in this population. Indeed, correlation analyses revealed that 

the SCL-90 total score was weakly, but significantly correlated with about half, but not all of 

the neurocognitive test results (correlation coefficients between -0.19 and -0.24). 

Serum TSH concentrations were not correlated with outcome on neurocognitive function 

tests nor with scores on questionnaires concerning well-being. Apparently, serum TSHvalues 

within the reference range (0.11-4.0 mU/L) are not clearly related with neurocognitive 

functioning of well-being, but this might well be different for patients wi.th abnormal serum 

TSH concentrations. 

However, Osterweil et al. found no correlation between serum TSH levels and neurocognitive 

functioning in patients during hypothyroidism (mean serum TSH: 66 uU/mL) either (4). They 



suggested that the duration of untreated hypothyroidism may be a more significant determinant. 

A major limitation of this study is the lack of a proper control group, with controls individually 

matched for age, sex and educational level. Results of neurocognitive tests and questionnaires 

were compared to their reference values for the general population. Therefore, we cannot 

exclude the possibility that these results are due to differences in patient characteristics. On 

the other hand, the reference values of the neurocognitive tests have already been corrected 

for factors relevant to the specific test, such as age and education, and are commonly used 

to evaluate individual scores in Dutch clinical neuropsychological practice. 

38 In summary, despite its limitations, this study is the first to provide some evidence for cognitive 

impairment in a large group of adequately treated patients with hypothyroidism, especially 

on the domains of attention and memory. Results of tests for cognitive speed revealed some 

'starting slowness', but otherwise normal performance. Levels of well-being, as measured 

with the SCL-90 total score and Rand-36 subscales for 'mental health' and 'vitality', were 

significantly lower for patients compared to those of the general population. 

Our findings corroborate sparse earlier reports, as well as the widespread clinical notion that 

neurocognitive function and psychological well-being may not be completely restored in 

patients with hypothyroidism, despite adequate T4 treatment. 

Whether these impairments in neurocognitive functioning and well-being are due to 

imperfections of the substitution therapy, or to the autoimmune process that caused the 

hypothyroidism, or reflect "having a chronic disease" in general, remains to be clarified. 

Future studies might first attempt to confirm the presence of neurocognitive impairment in 

T4 treated patients in a controlled study, comparing with healthy individuals, closely matched 

for sex, age and educational level. In order to investigate whether symptoms may be due to 

chronic disease in general, it would be interesting to compare levels of well-being and 

neurocognitive function of T4 treated patients with hypothyroidism, to those of a group of 

patients who suffer from an equally chronic disease that can be treated with a single portion 

of medication a day, for example patients with essential hypertension. 
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ABSTRACT 

Introduction 

Controversy remains about the value of combined treatment with levothyroxine (T4) and 

liothyronine (T3) compared with T4 alone in primary hypothyroidism. We compared combined 

treatment with T4 and T3 in a ratio of 5:1 or 10:1 with T4 monotherapy. 

Methods 

42 We conducted a double-blind, randomized, controlled trial in 141 patients (18-70 years) 

with primary autoimmune hypothyroidism, recruited via general practitioners. Inclusion criteria 

included: T4 treatment for > 6 months, a stable dose for > 6 weeks and serum TSH levels 

between 0,11 - 4,0 u.U/ml (mU/L). Randomisation groups were: 1) continuation of T4 (n=48), 

2) T4/T3, ratio 10:1 (n=46), 3) T4/T3, ratio 5:1 (n=47). Subjective preference of study 

medication after 15 weeks compared with usual T4 was the primary outcome measure. 

Secondary outcomes included scores on questionnaires on mood, fatigue, psychological 

symptoms and a substantial set of neurocognitive tests. 

Results 

Study medication was preferred to usual treatment by 29,2%, 41,3% and 52,2% in the T4, 

10:1 ratio and 5:1 ratio groups respectively (Chi square test for trend, p=0.024). This linear 

trend was not substantiated by results on any of the secondary outcome measures: scores 

on questionnaires and neurocognitive tests consistently ameliorated, but the amelioration 

was not different between the treatment groups. Median endpoint serum TSH was 0.64 

uU/ml (mU/L), 0.35 uU/ml (mU/L) and 0.07 uU/ml (mU/L) respectively (ANOVA on In(TSH) 

for linear trend p < 0.01). Mean bodyweight change was +0.1 kg, -0.5 kg and -1.7 kg 

respectively (ANOVA for trend, p=0.01). Decrease in weight, but not decrease in serum TSH 

was correlated with increased satisfaction with study medication. Of the patients who 

preferred combined T4/T3 therapy, 44% had serum TSH <0.11uU/ml (mU/L). 

Conclusion 

Patients preferred combined T4/T3 therapy to usual T4 therapy, but changes in mood, 

fatigue, well-being and neurocognitive functions could not satisfactorily explain why the 

primary outcome was in favor of T4/T3 combination therapy. Decrease in bodyweight was 

associated with satisfaction with study medication. 



INTRODUCTION 

It is a well known clinical notion that a fair proportion of patients with hypothyroidism 

remains wi th health complaints, despite substitution therapy with levothyroxine and 

normalization of serum TSH values. The prevalence of these complaints was the subject of 

a recent survey study (1), reporting that in a group of hypothyroid patients with a recent 

normal TSH, compared with controls, an excess of 13% was not satisfied with their health 

status, which may reflect dissatisfaction with their substitution therapy. Four complaints in 

particular appeared to be prominent in patients compared with controls: feeling tired and 

lethargic, putting on weight, aches and pains all over the body, and clumsiness. 

Studies in thyroidectomized rats have shown that replacement therapy with T4 alone does 

not ensure euthyroidism in all tissues. Euthyroidism in all tissues could only be achieved by 

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

that, in humans, standard T4 therapy might not be sufficient to restore euthyroidism in all 

tissues either. The cerebral cortex however, is able to maintain T3 homeostasis over a wide 

range of plasma T4 and T3 levels (2;3). 

In 1999 the results of a crossover trial investigating combined treatment of hypothyroidism 

with T4 and T3 were published. The authors concluded that substitution of 50 u.g T4 by 

12,5 jig T3 daily resulted in improved scores on mood scales and neurocognitive tests (4). 

These remarkable findings elicited quite some discussion: is the current standard replacement 

therapy with T4 alone the optimal treatment for hypothyroidism? In 2003, the results of 

three more trials investigating the value of combined treatment with levothyroxine and 

liothyronine compared with levothyroxine alone, were published, but none of these replicated 

the finding of any advantageous effects of T4/T3 combined therapy on measures of well-

being and neurocognitive functioning (5-7). An extensive review of the qualities and pitfalls 

of these studies was published in this journal (8). 

A consistent limitation of these trials was that a fixed amount of T4 was substituted with a 

fixed amount of T3, leading to very variable ratios of T4 and T3 that are unlikely to have 

comparable effects. A more recent and equally negative trial did supply a fixed T4/T3 molar 

ratio of 14:1 to a small group of patients with mainly post-surgery and post-radioiodine 

hypothyroidism (9). In the present larger trial (n=141), we studied whether combined 

treatment with levothyroxine and liothyronine in any of two different weight ratio's (5:1 

and 10:1) was preferred over levothyroxine monotherapy in a homogeneous group of patients 

with primary autoimmune hypothyroidism. 



METHODS 
This study was carried out between October 2001 and December 2003 at the Academic 

Medical Center of the University of Amsterdam. The protocol was approved by the institutional 

ethics review committee and all randomized patients provided written informed consent. 

Subjects 

Patients could participate if they were between 18 and 70 years of age and had been on an 

adequate dosis of T4 replacement therapy for primary autoimmune hypothyroidism for at 

44 least 6 months. An adequate dosis of T4 was defined as resulting in a serum TSH between 

0.11 and 4.0 j iU/ml (mU/L), as measured in the morning before levothyroxine intake. 

Participants were excluded if they 1) had a history of congenital hypothyroidism, 

hyperthyroidism, thyroidectomy, 131 l-therapy or thyroid cancer; 2) had angina pectoris (New 

York Heart Association functional class > II), paroxysmal supraventricular tachycardia or any 

serious unstable medical condition; 3) were pregnant or within 6 months postpartum; and 

4) had insufficient understanding of the Dutch language. 

Patients were recruited from 13 general practices in the cities of Amsterdam and Almere. 

At these practices, prescribing records were checked to identify all patients receiving 

levothyroxine treatment (n=590). Subsequently clinical records were checked for apparent 

in- and exclusion criteria, after which 303 seemingly eligible patients were invited by a letter 

f rom the general practice to participate in this clinical trial. Of these, 246 patients (81%) 

responded to the letter, 237 of whom agreed to receive detailed information about the 

trial. Three patients could not be reached after the initial contact and 56 would or could not 

participate for personal reasons (e.g. not able to combine trial visits with work, no means of 

transportation, no interest in trial any longer). The remaining 178 were invited for a screening 

visit. If not adequately supplied with T4, patients received a dose adjustment and were 

invited for a new screening visit > 6 weeks later. Six patients failed to reach adequate T4 

supplementation before closure of the inclusion period. Another 31 had to be excluded 

from participation for the following reasons: no primary autoimmune hypothyroidism (n=9), 

no current T4 treatment (n=5), T4 treatment less than 6 months (n=3), pregnancy (n=5), 

insufficient understanding of Dutch language (n=6), age (n=1), angina pectoris (n=1), 

paroxysmal supraventricular tachycardia (n=1). One-hundred forty-one participated in the 

trial, 46 (33%) of them after dose adjustment(s) resulting in a serum TSH level within 

inclusion criteria. 



Study design 

During a screening visit at the Academic Medical Centre (AMC) in- and exclusion criteria 

were checked, an electrocardiogram was made and the presence of current major depressive 

disorder was assessed by means of the Structured Clinical Interview for Axis I DSM-IV Disorders 

(SCID) (10). If eligible, patients were randomly assigned to one of three treatment arms by 

means of a computer-generated list such that for every 6 patients, 2 were assigned to each 

treatment arm. Randomization was stratified for patients with current major depressive 

disorder (n=10). 

Patients in arm 1 were assigned to receive T4 only, patients in arm 2 received T4 and T3 in 

a ratio of 10:1, and patients in arm 3 received T4 and T3 in a ratio of 5:1. For patients in the 

combination treatment arms, the study medication dosage was calculated by subtracting 

25 |ig from their T4 dose at time of inclusion, then adding the amount of T3 conform 

treatment arm ratio. E.g. a patient adequately substituted with 100 j ig of T4 at inclusion, 

assigned to the 5:1 ratio treatment arm, would receive 75 u,g T4 (100 u.g -25 jig) and 15 u.g 

of T3 (75 j ig : 15 u.g, equivalent with 5:1 ratio), while one assigned to the 10:1 ratio treatment 

arm would receive 75 |ig T4 (100 (ig -25 jig) and 7.5 jug T3 (75 u.g :7.5 u.g, equivalent with 

10:1 ratio) . 

On the first day of the trial (baseline visit) patients arrived in the morning in fasting state. 

After laboratory testing and physical measurements, patients took their usual dose of 

levothyroxine and had breakfast at the AMC. About an hour later, they proceeded with the 

neurocognitive testing session which lasted for approximately 1.5 hours, and handed over the 

baseline set of questionnaires that they had filled out on the day before the baseline visit. 

From the next day on, patients were instructed to take the first portion of study medication in 

the morning before breakfast and the second portion 12 hours later. The daily dosage (T4 or 

both T4 and T3) was divided in two portions and filled out in weekly medication blister packs. 

After 5 weeks of study medication, serum T5H was measured again at our laboratory in the 

morning. If needed the study medication dose was adjusted: the T4 dose was decreased 

with 12,5 jug if serum T5H was between 0.01 and 0.11 j i l ) /ml (mU/L), or with 25 jag if TSH 

was < 0.01 f i l l /ml (mU/L). If serum TSH was > 4.0 j^U/ml (mU/L) the T4 dose was increased 

with 25 j ig T4. The T3 dose was subsequently adjusted according to the ratio to which the 

participant was randomized. 

In the T4 group, a dose adjustment was needed in 15 out of 45 participants (33%), in the 10:1 

T4/T3 group this was 20 out of 44 (46%) and in the 5:1 T4/T3 group 27 out of 46 (59%). 

The adjusted study medication was given from week 7 to 1 5. Both at 5 and at 10 weeks 



after the baseline visit, patients filled out the set of questionnaires, and the main outcome, 

side complaints and resting heart rate were assessed. 

For the endpoint visit after 15 weeks the same time schedule was maintained as for the 

baseline visit, repeating all measurements in the same order and at the same time of day. 

Neither the investigators nor the patients were aware of the treatment assignments 

throughout the trial. 

O u t c o m e Measures 

46 The main endpoint of the trial was the subjective appreciation of the study medication by 

the patient, which was rated on a 5 point scale as much better, somewhat better, the same, 

somewhat worse or much worse as compared with their usual T4 medication from before 

the trial at every visit. For the main outcome analysis a dichotomy was made between those 

who preferred study medication over their usual medication {i.e. somewhat or much better), 

and those who did not. Patients were encouraged to volunteer positive and negative effects 

of the study medication at each visit. 

Quest ionnaires 

Well-being of patients was measured by means of a set of self-report questionnaires at 

baseline and after 5, 10 and 15 weeks of treatment, filled out the day before the study visit. 

The set included the 32-item Profile of Mood States Dutch shortened version (POMS), 

designed to monitor changes in mood states (11); the original Dutch version of the 

Multidimensional Fatigue Inventory (MFI-20), consisting of 20 questions and designed to 

measure (changes in) fatigue (12); the mental health and vitality subscales of the Rand 36-

item Health Survey (Rand-36) (13); and the (Dutch version of) the Symptom Checklist (SCL-

90), a 90-item self-report scale containing 8 subscales, measuring multidimensional 

psychopathology (14). 

Neurocogni t ive tests 

Neurocognitive functioning was measured at baseline and after 15 weeks of study medication 

and included tests of attention and working memory (Digit Span subtest of the Wechsler 

Adult Intelligence Scale (WAIS-III) (15)), learning and memory (Dutch version of the Story 

Recall from the Rivermead Behavioural Memory Test (RBMT)( 16; 17) and the Dutch adaptation 

of the California Verbal Learning Test (CVLT) (18; 19)), psychomotor speed (Dutch adaptation 

of the Digit Symbol subtest of the WAIS-III) (15;20), speed of memory processing (Memory 



Comparison Task (MCT), computer version (21) and paper and pencil version (22)) and attention 

(Dutch adaptation of the Paced Auditory Serial Attention Task (PASAT) (23;24)). All tests 

were administered by a trained psychometrician, under supervision of a clinical 

neuropsychologist. 

Biochemical measurements 

All blood samples were collected in the morning before medication was ingested, so 

approximately 24 hours after the last usual medication dose (baseline measurements) and 

12 hours after the last study medication dose (at 5 and 15 weeks). 

Baseline and endpoint fasting laboratory tests included levels of serum TSH, free T4 

(FT4),T3, sex hormone binding globulin (SHBG), and anti-thyroid peroxidase antibodies 

(TPO-Ab), cholesterol and triglycerides, osteocalcin and bone fraction of alkaline phophatase 

(skeletal AP). 

Serum TSH and FT4 were measured by time-resolved fluoroimmunoassay (Wallac Oy, Turku, 

Finland), serum T3 by in-house RIA methods (25), SHBG by immunoradiometric assay (Farmos 

Diagnostica, Turku, Finland), TPO-Ab by chemiluminescence immunoassay (Brahms, Berlin, 

Germany), osteocalcin by immunoradiometrec assay INCSTAR (Stillwater, MN, USA), skeletal 

AP by enzyme immunoassay (Alkphase-B, Metra Biosystems Inc., Mountain View, CA, USA), 

cholesterol and triglycerides by enzymatic colorimetric methods on a Roche Hitachi Modular 

p800 (Roche Diagnostics, Indianapolis, IN, USA). 

Intra- and inter-assay coefficients of variation were, respectively, 1-2% and 3-4% (TSH), 4-6% 

and 5-8% (FT4), 3-4% and 7-8% (T3), 2-5% and 3-6% (SHBG), 3-7% and 8-12% (TPO-Ab), 4-

6% and 4-9% (osteocalcin), 4-7% and 6-9% (skeletal AP), 1-3% and 1-2% (cholesterol), 1-2% 

and 1 % (triglycerides). Detection limits were 0.01 (iU/ml (mU/L) for TSH, 0.2 ng/ dl (2 pmol/ 

L) for FT4, 20 ng/dl (0.3 nmol/L) for T3, 5 nmol/L for SHBG, 30 kU/L for TPO-Ab, 0.5 jig/L for 

osteocalcin, 0.7 U/L for skeletal AP, 1.0 mmol/L for cholesterol, 0.1 mmol/L for triglycerides. 

Statistical analysis 

Analyses for the primary outcome were performed according to the intention-to-treat principle. 

For all other analyses: last observations were carried forward; if no follow-up measurement 

was available for a certain parameter (because of drop out or not completing the test for 

other reasons), the patient was excluded from the analyses of that particular parameter. 

Within-group baseline and endpoint scores were analyzed by means of paired t-tests. 

Because the primary outcome showed a linear trend over the three treatment groups in 



accordance wi th an increasing proportion of T3, all statistical comparisons between the 

three treatment groups were analyzed by Chi square for trend or ANOVA for linear trend. 

Serum TSH was log-transformed to normalize the distribution before statistical analysis. 

Statistical significance was defined as a 2-tailed P O.05. All statistical analyses were performed 

using SPSS version 11.5 (SPSS, Chicago, IL). 

RESULTS 

Of 141 randomized patients 130 (92%) completed 15 weeks of study medication (Figure 

1). One participant (5:1 group) withdrew because of unexpected travel abroad for family 

matters and was excluded from all analyses. Seven patients withdrew because of side effects, 

4 in the T4 group and 3 in the 10:1 group. Various side effects were mentioned (e.g. fatigue, 

dizziness, muscle aches, irritability), but no specific complaints could be identified for those on 

combination therapy. Patients who withdrew because of side effects were considered not to 

prefer study medication to their usual treatment and were all included in the primary outcome 

analysis (n=140). Three patients did not show up for the endpoint visit, one because of illness 

unrelated to study medication (5:1 group), two because of personal time constraints (both 

10:1 group). When available, follow-up data were carried forward. 

Figure 1. Use of study medication 
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Baseline characteristics of the three groups were similar (Table 1). Ten patients with current 

major depressive disorder were included (3, 4 and 3 in the T4, 10:1 and 5:1 group respectively). 



Table 1. Baseline Characteristics 

T4 T4/T3 10:1 T4/T3 5:1 
1=48) (n=46) (n=47) 

Female (n, %) 41 (85%) 38 (83%) 41 (89%) 
Age(yr) 48.5 ± 9.4 46.8 ± 9.8 49.8 ± 9.4 
Duration of substitution therapy (yr) 6.5 ± 5.7 7.8 ± 5.7 8.3 ± 7.7 
Serum TSH at inclusion (uJJ/ml; median, range) 1.0(0.11-3.9) 1.1(0.17-4.0) 1.0(0.134.0) 
Levothyroxine dose (u.g/kg/d) 1.48 ±0.51 1.61 ± 0.63 1.73 ± 0.80 
Positive TPO-ab (n,%) t 38(79%) 37(80%) 36(78%) J 

n 
x > 

Current major depressive disorder (n,%) 3 (6%) 4 (9%) 3 (7%) ^ 

Data are presented as mean ± SD unless indicated otherwise. |Cut off value for positive TPO-ab was 60 kU/L. ^ 

49 
Conversion factor to SI units is x1 for TSH (mU/liter) 

Biochemistry results and clinical parameters ^ 

Endpoint serum TSH and FT4 were decreased in the combination therapy groups compared S3 

with baseline, whereas serum T3 increased. The changes showed a clear and significant " 

relationship with T3 proportions in the study medication, with the most prominent changes ^ 

in the 5:1 combination therapy group (Table 2). Regarding markers for peripheral ü 

thyrometabolic state, serum SHBG increased, cholesterol decreased and triglycerides did > 

not change in the combined treatment groups. Changes in osteocalin and bone fraction of i 

alkaline phophatase (skeletal AP) did not show a significant relationship with T3 proportion o 

in the study medication. However, skeletal AP and osteocalcin significantly increased for < 

patients in the 5:1 ratio group (paired t-tests). 5 

In both T4/T3 combination groups there was a decrease in weight, most pronounced in the K 

5:1 group (mean decrease of 1.7 kg), and pulse rate increased in the 5:1 group (mean 

increase 3.9 beats per minute) (Table 2). Blood pressure did not significantly change. 

Treatment preference, questionnaires and neurocognitive function tests 

Primary outcome analysis (Figure 2) shows that study medication was preferred to usual 

treatment by 14 of 48 patients (29,2%) in the T4 group, 19 of 46 patients (41,3%) in the 

10:1 ratio group, and 24 of 46 patients (52,2%) in the 5:1 ratio group (Chi square test for 

trend, p=0,024). This suggests a linear increase in satisfaction with study medication with 

an increasing proportion of T3. 

Table 3 shows the baseline and change scores on the questionnaires. Compared with baseline, 

all three treatment groups showed improvements in all subscale scores of all questionnaires 

at end point, with the only exceptions of the MFI-20 physical fatigue subscale score for the 



Table 2. Biochemical and Clinical Parameters at baseline and 15 weeks 

T4 
n=45 | 

T4/T3 10: 
n=44| 

T4/T3 5:1 
n=46| p-valuet 

50 

baseline 15 weeks baseline 15 weeks baseline 15 weeks 

TSH (U.U/ml)tT 

FT4 (ng/dl) 
T3 (ng/dl) 

1.0(0.46-1.6) 0.64(0.18-1.9)* 1.1(0.51-2.2) 0.35(0.09-1.3) 
1.15 ± 0.18 1.18 ± 0.21 1.15 ± 0.26 1.02+0.26* 

111+18 111 ± 19 109 ±21 119 + 26* 

1.0(0.52-2.7) 0.07(0.02-1.05)** <0.01 
1.18 ±0.24 1.00 ±0.34** <0.01 

115 ±25 143 ±38** <0.01 

SHBG (nmol/L) 
Cholesterol (mg/dl) 
Triglycerides (mg/dl) 
Osteocalcin ((Xg/L) 
Skeletal AP (U/L) 

Weight (kg) 
Pulse rate (bpm) 
Blood pressure 

systolic (mmHg) 
diastolic (mmHg) 

52 ± 33 
206 + 33 
106 ± 66 
1.1 ± 1.2 

16.8 ±4.3 

80.3 ± 19.3 
69 ± 10 

125 ± 22 
73 ± 11 

55 ±32 
200 + 32 
108 ± 70 
1.3 + 1.2 

17.9 ± 6.2 

80.4 ± 19.0 
69 ±8 

121 ±20* 
71 ±9.0 

55 ±37 
201 ±39 
94 ±50 
1.0 ±1.0 

19.8 ±6.6 

80.5 ±18.7 
71 ±9 

125 + 16 
73 ±9 

58 ±37 
189 + 4 1 * * 

100 ± 65 
1.4 ± 1.2 

20.5 ±8.2 

80.0+ 18.3 
71 ± 10 

125 ± 18.0 
73 ± 9.0 

53 ±35 
215 ± 46 
122 ± 59 
1.3 ±1.2 

19.8 + 10.1 

82.4 ±23.1 
72 ± 11 

133 ± 20 
75+ 12 

68 + 40** 
197 ±45** 

120 ± 52 
1.8 ± 1.6* 

22.4 ± 10.3* 

80.6 ± 23.2* 
76 ± 11* 

133 + 20 
74+12 

0.02 
0.03 
0.71 
0.18 
0.17 

0.01 
0.03 

0.09 
0.76 

Data are presented as mean ± SD unless otherwise specified. | n for TSH and pulse rate, for other parameters n= 
44 (T4);n=41 (10:1);n=45 (5:1). Conversion factors to SI units are x1 for TSH (mU/liter); x12.87 for fT4 (pmol / 
liter); x0.01563 for T3 (nmol/ l i ter);x0.02586 for cholesterol (mmol/l i ter); x0.01129 for triglycerides (mmol/l i ter). 
t t Data are presented as median (25 and 75 percentiles) and wi th statistical analysis after log-transformation to 
normalize distribution. X Anova test for linearity * Mean change within group significant on a p<0.05 level or * * 
on a p<0.01 level. Patients for whom no fol low up measurement was available were excluded from the analysis 

Figure 2. Percentage of participants preferring study medication to usual treatment 

% 60 

40 

20 

(29%) 

(41%) 

(52%) 

T4 
N=48 

T4/T3 10:1 
N=46 

T4/T3 5:1 
N=46 

Treatment group 

(Chi square test for trend: p=0.02) 

10:1 group and the SCL-90 agoraphobia subscale score for the T4 group. Many within-

group improvements were significant when baseline and endpoint scores were compared 

by means of paired t-tests. There was no significant difference between the three groups in 

the mean improvement on any of the subscale scores. 



Table 3. Questionnaires: baseline and change scores 

POMS 
depression 
anger 
fatigue 
vigour 
tension 

MFI-20 
general fatigue 
physical fatigue 
reduced activity 
reduced motivation 
mental fatigue 

Rand-36 
vitality 
mental health 

SCL-90 
agoraphobia 
anxiety 
depression 
somatic complaints 
insufficient functioning 
paranoid ideation 
hostility 
sleeping 
total score 

n= 

baseline 

6.5 ±7.9 
7.8 ±6.6 
12.4 ±6.6 
8.1 ±4.4 
6.3 ±6.0 

16.7 ±3.3 
14.7 ± 3.5 
12.6 ±4.6 
12.0 ±4.4 
13.2 ±5.5 

36.6 ± 19.1 
63.9 ± 19.9 

8.9 ± 4.4 
15.6 ±6.5 

31.5 ± 12.3 
24.6 ± 7.6 
20.7 ±7.5 

29.8 ± 12.9 
9.2 ±3.1 
7.4 ±3.8 

161. ± 50.9 

T4 
45T 

change 

-1.4 ±6.5 
-2.0 ±4.9 *" 
-3.0 + 6.2 ** 

0.9 ± 3.8 
-0.8 ± 3.9 

-2.4 ±3.5 ** 
-1.6 ±3.8 ** 
-1.7 ±3.8 ** 
-1.2 ±3.5 * 

-1.8 ±4.2 *" 

8.3 ± 18.5 ** 
5.4 ± 16.1 * 

0.1 ±2.5 
-1.0 ± 2 . 8 ' 
-6.2 ±8.1 ** 
-2.6 ±4.8 ** 
•3.4± 5.1 ** 
-3.8 ± 6 . 6 " 
-1.2 ±2.6 ** 
-1.3 ±3.2 ** 

-20.7 ±26 .0 * * 

T4/T3 10:1 
n=45| 

baseline 

4.9 ±6.8 
6.9 ± 5.8 
9.7 ±7.0 
8.8 ±3.8 
5.9 ± 6.0 

14.5 ±4.3 
12.4 ±4.1 
11.2 ±4.6 
10.7 ±3.7 
12.4 ±4.4 

44.6 ± 18.8 
65.2 ± 18.5 

8.7 ±2.7 
15.9 ±6.6 

27.9 ±11.5 
24.6 ±8.8 
18.3 ±6.6 

28.1 ±11.4 
9.1 ±3.4 
6.8 ±3.3 

152.0 ±49.4 

change 

-2.0 ±3.9 ** 
-1.7 ±5.3 * 
-2.2 ± 6.9 * 

0.1 ± 5.3 
-2.3 ± 5.3 ** 

-0.7 ± 4.4 
0.4 ± 4.4 
-0.3 ± 4.7 
-0.5 ±4.1 
-0.8 ± 3.9 

4.8 ±22.2 
5.4 ± 18.6 

-0.8 + 2.1 * 
-1.9 ±6.2 

-4.0 ± 7.9 ** 
-3.0 ± 8.8 * 
-2.1 ± 5.8* 
-3.9 ±7.3 ** 
-1.3 ±2.9 ** 

-0.7 + 2.6 
-19.0 ± 36.2 ** 

T4/T3 5:1 
n=45f 

baseline 

4.9 ±6.0 
5.3+ 5.1 
9.2 ±6.6 
8.8 ±4.3 
6.6 ±5.1 

14.0 ± 5.9 
11.7 ±4.2 
10.8 ±4.6 
10.5 ±4.6 
12.4 ±4.6 

48.1 ±24.2 
65.7 ± 19.9 

9.2 ±4.6 
15.8 ±6.3 

28.1 ± 10.7 
23.0 ±8.3 
18.9 ±6.6 
27.8 ±9.3 
7.8 + 3.3 
6.9 ±3.6 

150.5 ±48.5 

change 

-1.0 ±4.4 
-2.8 ±5.3 * 
-2.8 ±5.3 ** 
1.4 ±4.0 * 

-1.9 ±3.8 ** 

-2.5 ±4.0 ** 
-1.1 ±3.8 
-0.7 ± 3.6 
-0.9 ±4.0 

-1.2 ±4.0 * 

9.7 ± 16.2 ** 
6.0 ± 15.5 * 

-0.4 ±2.5 
-0.8 ±3.8 

-3.2 ± 6.4 * * 
-2.4 ± 5.6 ** 
-2.5 ±5.3 ** 
-3.5 ± 6 . 4 * * 

-0.4 ±2.1 
-0.6 ±2.1 

-14.5 ±24.1 * * 

p-valuef 

0.77 
0.74 
0.87 
0.54 
0.22 

0.86 
0.55 
0.27 
0.74 
0.51 

0.74 
0.86 

0.31 
0.86 
0.06 
0.94 
0.43 
0.81 
0.15 
0.21 
0.32 

Data are presented as mean ± 5D unless otherwise specified. * Mean change within group significant on a p<0.05 
level or * * on a p<0.01 level (paired t-test). jPatients for whom no follow up questionnaire was available were 
excluded from the analysis (n=3 inT4, n=1 in 10:1 and n=2 in 5:1 groups). Higher scores indicate more complaints, 
except for the POMS vigour and both Rand subscales, where lower scores indicate more complaints. $ Test for 
linearity 

Table 4 shows the raw baseline and change scores of the neurocognitive tests. One of the 

test results (CVLT immediate recall) showed a significant linear relation with treatment, but 

with the largest improvement in the T4 group and the least in the 5:1 T4/T3 group. Many 

of the within-group test results were improved at endpoint compared to baseline, several 

of them significantly. 

Subgroup analyses 

Patients with current major depressive disorder (n=10) had higher baseline scores on the 

questionnaires in comparison with those without depression (or lower in the case of vigour/ 

vitality subscales), indicative of more complaints. The primary outcome was in favor of T4/ 

T3 combination therapy: none of the 3 depressed patients having received T4 only preferred 



Table 4. Neurocognitive tests: baseline and change scores 

52 

Cognitive speed 
Digit Symbol 

Raw score (sec) 
MCT (paper & pencil versior 

1 letter (sec) 
2 letters (sec) 
3 letters (sec) 
4 letters (sec) 

MCT (computer version) 
3 letters (sec) 
4 letters (sec) 
5 letters (sec) 
Intercept (sec) 
Slope 

Attention 
PASAT 

Total score (No) 

Memory 
Digit Symbol 

Pairs 
Free reproduction 

Digit Span 
Forward recall 
Backward recall 

CVLT 
Immediate recall (No) 
Delayed recall (No) 
Recognition (No) 

Rivermead (stories) 
Immediate recall (No) 
Delayed recall (No) 
Proportion recalled (%) 

'J 

126 

) 
125 
125 
125 
124 

122 
122 

122 

122 
122 

114 

126 
126 

125 
123 

127 
127 
127 

125 
125 
125 

T4 

baseline 

76 ± 20 

26 ± 5 
36 ± 6 
44 ± 10 
57 ± 14 

608 ± 79 
607 ± 66 
662 ± 73 
545± 129 

27 ± 34 

231 ±42 

12 ±4 
7± 1 

9 ± 2 
6 ± 2 

52 ± 12 
13 ±3 
1 ± 2 

17 ±6 
15 ± 7 

84 ± 17 

change 

4* ± 12 

-1.1 ± 4 
0.0 ±6 
-1.0 ± 8 

-0.2 ± 10 

-1 ± 50 
-14 ± 52 
-18 ±62 
15± 110 
-9 + 36 

18** ± 20 

1.7* ±3 
0.6* ± 1 

-0.1 ± 2 
0.7* ± 2 

4.4* ± 11 
0.6 ± 2 
-0.4 ± 2 

1.6 ± 6 
0.4 ± 6 

-4.6 ± 23 

T4/T3 10:1 

baseline 

70 ±20 

27 ±8 
37 ±11 
46 ± 15 
58 ± 20 

645 ± 104 
640 ± 88 
699 ± 87 
579 ± 144 

27 ± 31 

229 1 49 

12 ±5 
7± 1 

8 ± 2 
6± 2 

50 ± 11 
12 ± 4 
1 ±2 

16 + 6 
13 ±6 

77 ±20 

change 

5* ± 12 

-1.3 ±7 
-1.0 ±8 

-1.7 ± 10 
0.4 ± 18 

-11 ±67 
-28* ± 50 
-25* ±45 
-1 ± 120 
-7 ±33 

23** ± 23 

0.6 ±3 
0.2 + 1 

0.2 ±2 
0.1 ±2 

3.3* ±8 
0.5 ±3 
0.5* ±2 

0.7 ±5 
0.5 ±5 

0.1 ±26 

T4/T3 5:1 

baseline 

74 ± 19 

26 ±7 
37 ± 10 
46 ± 12 
57 ± 15 

613 ±84 
609 ± 71 
671 ± 70 
545± 126 
29 ± 31 

221 ±47 

10 ± 5 
7 + 1 

9 ± 2 
6 ± 2 

51 ±9 
12 ±3 
1 ±2 

16 ± 6 
13 ± 6 

79 ± 17 

change 

5* ± 11 

-0.4 ± 5 
0.4 ±8 
-2.1 ±8 
-0.9 ± 13 

-23* ± 48 
-20 + 40 

-20* ± 50 
-25 ±91 
1 ± 29 

26** ±21 

1.5* ±3 
0.4* ± 1 

0.1 ± 1 
0.5 ±2 

0.4 ±7 
0.6 ±3 
0.0 ± 1 

0.6 ±4 
0.5 ±3 
1.6 ± 18 

p-valuet 

0.91 

0.52 
0.79 
0.57 
0.82 

0.08 
0.56 
0.93 
0.09 
0.15 

0.08 

0.89 
0.55 

0.58 
0.52 

0.03 
0.93 
0.23 

0.32 
0.96 
0.20 

Data are presented as mean ± SD unless otherwise specified. * Mean change within group significant on a p<0.05 

level or * * on a p<0.01 level. Patients for whom no follow up questionnaire was available were excluded from the 

analysis, t- Test for linearity 

study medication over usual therapy, whereas all 3 depressed patients who received T4/T3 

in a 5:1 ratio preferred study medication over usual T4 therapy. Of 4 patients in the 10:1 

group, 1 preferred study medication whereas 3 did not. Like in the total group, there were 

improvements on almost all questionnaire subscale scores but without clear differences 

between the treatment groups. As for the neurocognitive tests, most, but not all, baseline 

test results were worse for depressed patients compared with non-depressed patients, and 

most scores were somewhat improved at end point. Again, there were no clear differences 

in change scores between the treatment groups. 

To check whether the group with relatively many complaints would especially benefit from 



T4/T3 therapy, another subgroup analysis was performed on the tertile of patients with the 

highest SCL-90 total scores. However, results for this subgroup (n=47: 18, 16 and 13 in the 

T4, 10:1 and 5:1 groups, respectively) remained similar with those of the whole group. 

In several cases endpointTSH was suppressed, i.e. less than 0.11 (j.U/ml (mU/L). This occurred 

in 7 of 45 (16%) patients in the T4 group, 13 of 44 (30%) in the 10:1 group, and 25 of 46 

(54%) patients in the 5:1 ratio group, so there was a clear linear relation with treatment (Chi 

square test for trend, p <0,01). Of the patients who preferred combined T4/T3 therapy, 44% 

had serum TSH <0.11 (iU/ml (mU/L). At 15 weeks, serum TSH was above 4,0 pU/ml (mU/L) 

in 2 (4%) , 3 (7%), and 3 (7%) patients in the T4, 10:1 and 5:1 groups, respectively. 

A post hoc subgroup analysis (n=90) was carried out in subjects in whom end point serum 

TSH was not suppressed. For this subgroup the median TSH at 15 weeks was 0.84 u,U/ml 

(mU/L) for those who had received T4, and 0.82 j iU/ml (mU/L) and 1.2 | iU/ml (mU/L) for the 

patients in the 10:1 and 5:1 T4/T3 combination groups respectively (ANOVAfor linear trend 

p=0.61). Mean free T4 was 1.15 ng/dl (14.8 pmol/L), 0.92 ng/dl (11.9 pmol/L), and 0.78 

ng/dl (10.1 pmol/L) and mean T3 levels 110 ng/dl (1.69 nmol/L), 114 ng/dl (1.75 nmol/L) 

and 127 ng/dl (1.95 nmol/L) for patients in the T4, 10:1 T4/T3 and 5:1 T4/T3 groups, 

respectively (ANOVA for linear trend p < 0.01 and p = 0.01, respectively). SHBG did not differ 

among the groups. For the primary outcome, the results remained similar, with 29%, 45% 

and 48% in the T4, 10:1 and 5:1 treatment groups, respectively, preferring study medication 

over their usual mediation, but this was not significant anymore (Chi square test for trend, 

p=0.13). Again, this linear trend was not found on any of the secondary outcome measures. 

For the whole group, satisfaction with study medication was not correlated with either 

endpoint TSH, or change in TSH. Increased preference for study medication as measured on 

the original 5-point scale was correlated with weight loss (Pearson Correlation between 

primary outcome and baseline - endpoint difference in weight: -0.188; p=0.03). 

DISCUSSION 

The results of this study, with 140 patients included in the primary outcome analysis, show 

a linear relation in the proportion of patients preferring study medication over usual 

levothyroxine treatment in relation to the treatment group, with proportions of 29,2%, 

41,3% and 52,2% in the T4, 10:1 ratio and 5:1 ratio groups respectively. However, this 

increase in satisfaction with an increasing proportion of T3 in the study medication was not 



reflected on any of the secondary outcome measures, which included questionnaires on 

mood, fatigue, quality of life, and general psychopathology, as well as a substantial set of 

neurocognitive tests addressing attention- and memory-functions. Median end point serum 

T5H was 0.64 u.U/ml (mU/L), 0.35 l iU/ml (mU/L) and 0.07 (iU/ml (mU/L), respectively 

(ANOVA on In(TSH) for linear trend p < 0.01). Decrease in weight, but not decrease in 

serum TSH was correlated with increased satisfaction with study medication. 

This clinical trial investigating combined T4/T3 therapy is the largest thus far and the first to 

confirm a certain beneficial effect of combination therapy with both T4 and T3 since the 

54 publication by Bunevicius et al. on this matter (4). Several of the methodological issues that 

have been raised in relation to that trial were avoided in the present trial. Bunevicius included 

both patients with autoimmune hypothyroidism and patients with thyroid carcinoma. In a 

later subgroup analysis (26), it appeared that only patients who had been treated for thyroid 

cancer benefited from T4/T3 therapy, whereas beneficial effects were absent in the group of 

patients with autoimmune hypothyroidism. In the present trial we included a relatively large 

and homogeneous group of patients, all with autoimmune pathogenesis of hypothyroidism. 

As in the Dutch health-care system, all inhabitants are enlisted with a family physician, who 

will diagnose and treat most patients with hypothyroidism, we avoided selection bias by 

not recruiting from a second-line health care institution but from primary care. We invited 

all eligible patients to participate, regardless of their satisfaction with treatment. 

Patients were treated for a period of 1 5 weeks, which is long enough to reach a steady-

state balance after an eventual dose adjustment (27). To attenuate the effect of the rapid 

absorption and short half-life of T3, all study medication was divided into two equal daily 

portions. It has been argued that in studies on the effects of T4 plus T3, only sustained-

release T3 preparations should be used in order to avoid nonphysiological T3 peaks. We 

agree that this would probably better mimic the continuous physiological thyroid gland 

secretion. However, the fact is that sustained-release preparations are not commercially 

available as yet. A first report on the endocrine results of treatment with an in-house slow-

release liothyronine preparation has very recently been published, concluding that no T3 

serum peaks are present with this preparation (28). Nevertheless, no chemical characteristics 

of the preparation were given, and even with this preparation, T4/T3 ratios were not truly 

physiological (29). Furthermore, endocrine data were available on the first 9 hours 

postingestion only, leaving uncertainties about the slow-release properties over 24 hours. 

We considered it crucial to supply fixed proportions of T4 to T3, because is seems unlikely that 

the effect of combination therapy would be independent of the proportion of T3, which 



ranged from 3:1 to 15:1 in the trial by Bunevicius et al. A molar ratio of 14:1 has been 

reported to approach the physiological production of the human thyroid gland (30), but we 

cannot be certain about the comparability of bioavailability of secreted versus absorbed thyroid 

hormones, due to the first-pass effect of the liver for one reason. Therefore we chose to 

include two different ratios to further elucidate what proportion of T3 is most adequate. 

A l imitation of this study is that the combined therapy medication regimes led to 

overtreatment in many patients. E.g. the median endpoint TSH in the 5:1 group was 0.O7, 

which implies that serum TSH was suppressed below 0.07 u,U/ml (mU/L) in half of the 

patients in this group. The elevated heart rate in the 5:1 T4/T3 group and the weight loss in 

both combination groups are consistent with some degree of overreplacement. Apparently 

the problem of overtreatment was not sufficiently avoided by the dose adjustment after 5 

weeks according to the study protocol. It has been reported that some patients achieve the 

desired sense of well-being only when taking T4 in a dose of 50 jig in excess of that necessary 

to restore serum TSH to normal (31), so one might conclude that a certain degree of 

overtreatment results in satisfaction with study medication and might fully explain the primary 

outcome results. It is of interest that also in the study by Bunevicius et al., a significant 

number of patients had suppressed TSH levels. However, in this study we found no correlation 

between change in serum TSH and the primary outcome. 

The choice of outcome measures was complicated by the fact that, although the clinical 

notice that a substantial minority of hypothyroid patients remain with complaints is widespread, 

only sparse literature was available on the precise nature and prevalence of these complaints 

(32). By consequence, one could not be sure in what domains improvements were to be 

expected. We therefore chose to regard the subjective satisfaction with study medication as 

the primary outcome instead of one of the questionnaire or neurocognitive test outcomes, 

because that choice would have been an arbitrary one. And in fact, it is the subjective 

dissatisfaction of biochemically adequately treated patients that forms the main incentive for 

this line of research. Only recently, a community based study confirmed impairment in 

psychological well-being of patients on adequate levothyroxine replacement, compared with 

controls of similar age and sex (1). Putting on weight was one of the four complaints that 

were clearly more prevalent in hypothyroid patients than in controls. It is therefore interesting 

that we found weight loss to be correlated with satisfaction with study medication. 

Another notable finding is the fact that there was an improvement in scores on virtually all 

subscales of all outcome measures in all three groups. As improvements were not consistently 

related to the treatment arm, this is likely to result from a practice effect or Hawthorne effect: 



benefit from improved routine care within a trial and from being investigated (33). It has been 

noted before that many hypothyroid patients find their physicians to be unsympathetic and 

dismissive of their symptoms (1), which may explain the extent of these aspecific trial effects 

in this study investigating the possibility to relief these uncomprehended complaints. 

As for the safety of T4/T3 combination therapy; the majority of patients who dropped out 

because of side complaints appeared to belong to the T4 monotherapy group (4 of 7), 

whereas no one in the 5:1 T4/T3 group dropped out because of side complaints. However, 

in the 5:1 group one patient known to have recurrent episodes of atrial premature beats 

56 absent at baseline, was found to have atrial premature beats after the first 5 weeks of study 

medication, which disappeared again after a dose adjustment at 5 weeks. Although the 

apparent overtreatment with our T4/T3 medication schedules did not result in an excess of 

withdrawals in these groups, one should be aware that exogenous subclinical thyrotoxicosis 

is a risk factor for atrial fibrillation and may possibly lead to osteoporosis (34). 

Although the primary outcome was in favor of T4/T3 combination therapy, we feel the 

results of this study do not currently support T4/T3 therapy as a standard treatment of 

patients with hypothyroidism, given the fact that the subjective preference for combination 

therapy was not embodied by more objective secondary outcomes, while loss of body-

weight, the plausible explanation for the subjective preference, may be (at least partly) due 

to overtreatment. Nevertheless, the outcome of this study does not preclude the possibility 

that a certain subgroup of patients may benefit from combined T4/T3 therapy. Recently 

identified polymorphisms, for example in type II deiodinase, important in the regulation of T3 

availability, may help to identify subgroups more likely to benefit from T4/T3 therapy (35). 

In summary, we found that patients treated for autoimmune hypothyroidism preferred 

combination therapy with T4 and T3 over usual substitution therapy with T4 alone. This was 

not substantiated by larger improvements on questionnaires measuring mood, fatigue and 

well-being, nor on neurocognitive tests concerning attention and memory functions. 

However, we did find decrease in weight to be associated with the proportion of T3 in 

substitution treatment as well as with satisfaction with study medication, which might explain 

the satisfaction with T4/T3 combination therapy. A limitation of the study is that many patients 

in the combined therapy groups had endpoint TSH levels below the normally accepted range. 

We recommend that future studies assure that TSH levels are maintained within the reference 

range. These studies should take into account whether T4/T3 combination therapy improves 

control of body weight in patients with hypothyroidism. In addition, it may be that T4/T3 

combination therapy only proves beneficial for a certain subgroup. 
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ABSTRACT 

Introduction 

Some patients on levothyroxine replacement therapy display significant impairment in 

psychological well-being compared to sex- and age-matched controls. Levothyroxine-treated 

patients derive T3 predominantly from deiodination of T4 which, in the central nervous 

system, is regulated by type II deiodinase (DM). 

60 We investigated whether two recently identified polymorphisms in the Dll gene (DII-ORFa-

Gly3Asp and DII-Thr92Ala) are determinants of well-being and neurocognitive functioning. 

In addition we examined their association with a preference for replacement therapy with 

a combination of T3 and T4. 

Methods 

Genotypes for both polymorphisms were determined in 141 patients wi th primary 

autoimmune hypothyroidism, adequately treated with levothyroxine monotherapy. All 

outcome measures were determined during a randomized clinical trial comparing T4 therapy 

wi th T4/T3 combination therapy, before and after 15 weeks of study medication (T4 (n=48), 

T4/T3 in a 10:1 ratio (n=46) and T4/T3 in a 5:1 ratio (n=46)). 

Results 

Allele frequencies in patients wi th primary hypothyroidism were similar to those of healthy 

blood bank donors (32.0% vs. 33.9% for Dll- ORFa-Gly3Asp and 40.4% vs. 38.8% for Dll-

Thr92Ala). Dll polymorphism genotypes were not associated with measures of well-being, 

neurocognitive functioning or preference for combined T4/T3 therapy. 

Conclusion 

The DII-ORFa-Gly3Asp and DII-Thr92Ala polymorphisms do not explain differences in well-

being, neurocognitive functioning or appreciation of T4/T3 combination therapy in patients 

treated for hypothyroidism. 



INTRODUCTION 

Although most patients with hypothyroidism are adequately and satisfactorily treated with 

levothyroxine, a subset of patients remains with complaints. Indeed, a community-based study 

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 (1). 

Furthermore, there is some controversy about the optimal treatment for hypothyroidism. In 

1999 a clinical trial reported that combined therapy with T4 and T3 resulted in improved 

mood, well-being and cognitive function compared with T4 alone and that the combination 

was preferred by most patients (2). Several subsequent studies however, did not confirm 

these results (3-6). Interestingly, a very recent clinical trial did report patients to have a 

subjective preference for combined therapy wi th a fixed ratio of T4 and T3 over T4 

monotherapy, but this outcome in favor of T4/T3 therapy was not reflected in any of the 

secondary outcome measures, which included questionnaires on mood, fatigue, quality of 

life and general psychopathology, as well as a substantial set of neurocognitive tests 

addressing attention- and memory functions (7). At present, the issue whether combined 

T4/T3 treatment is superior to standard levothyroxine therapy, remains incompletely 

answered. It may well be that only a subgroup of patients benefits from combined therapy, 

which could explain these contrasting results. 

In patients on levothyroxine therapy, T3 is presumed to be exclusively derived from T4, as 

the production of T3 by the thyroid gland is absent. In the central nervous system, conversion 

of T4 to T3 is regulated by outer-ring deiodination by type II deiodinase (Dll). Recently two 

polymorphisms in the Dll gene have been identified: DII-Thr92Ala and DII-ORFa-Gly3Asp 

(8;9). 

Subtle changes in enzyme activity that may be linked to these Dll polymorphisms may have 

important consequences for the T3 availability in the central nervous system. From studies 

on subclinical hypothyroidism it is known that subtle changes in thyroid hormone bioactivity 

may have clear effects on well-being and neurocognitive functioning (10; 11). 

The first aim of this study was to investigate whether genotypes of these Dll polymorphisms 

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

levothyroxine. Secondly, we examined whether these genotypes were associated with a 

preference for replacement therapy with a combination of T3 and T4. 



METHODS 

Study populat ion 

Blood was collected from 141 patients (18-70 years of age) with autoimmune primary 

hypothyroidism, all on adequate T4 replacement therapy for at least 6 months. Patients 

were required to have a serum TSH level between 0.11 and 4.0 mU/L, as determined a 

morning blood sample before levothyroxine intake. The patients, recruited from general 

practices in the cities of Amsterdam and Almere, all participated in a trial investigating 

62 whether substitution therapy with a T4/T3 combination in a fixed ratio increased well-being 

and neurocognitive functioning (7). Patients were randomized for treatment with T4/T3 in 

a weight ratio of 5:1, T4/T3 in a ratio of 10:1 or T4 alone (control group). Patients with a 

history of congenital hypothyroidism, hyperthyroidism, thyroidectomy, 131l-therapy or thyroid 

cancer were excluded. The protocol was approved by the institutional ethics review committee 

of the Academic Medical Center of the University of Amsterdam, and all patients provided 

wri t ten informed consent. 

Quest ionnaires 

Well-being of patients was measured by means of a set of self-report questionnaires at 

baseline, i.e. before study medication for the clinical trial was supplied. The set included the 

32-item Profile of Mood States Dutch shortened version (POMS), designed to monitor changes 

in mood states (12); the original Dutch version of the Multidimensional Fatigue Inventory 

(MFI-20), consisting of 20 questions and designed to measure (changes in) fatigue (13); the 

mental health and vitality subscales of the Rand 36-item Health Survey (Rand-36) (14); and 

the (Dutch version of) the Symptom Checklist (SCL-90), a 90-item self-report scale containing 

8 subscales, measuring multidimensional psychopathology (15). 

Neurocogni t ive measures 

Neurocognitive functioning was measured at baseline and included tests of attention and 

working memory (Digit Span subtest of the Wechsler Adult Intelligence Scale (WAIS-III) 

(16)), learning and memory (Dutch version of the Story Recall from the Rivermead Behavioural 

Memory Test (RBMT) (17; 18) and the Dutch adaptation of the California Verbal Learning 

Test (CVLT) (19;20)), psychomotor speed (Dutch adaptation of the Digit Symbol subtest of 

the WAIS-III) (16;21), speed of memory processing (Memory Comparison Task (MCT), 

computer version (22) and paper and pencil version (23) and attention (Dutch adaptation 



of the Paced Auditory Serial Attention Task (PASAT) (24;25). All tests were administered by 

a trained psychometrician, under supervision of a clinical neuropsychologist. 

Preference for T4 /T3 combined therapy 

Subjective appreciation of the study medication by the patient was rated after 15 weeks of 

study medication on a 5-point scale as much better, somewhat better, the same, somewhat 

worse or much worse compared with their usual T4 medication from before the trial. For 

the outcome analysis a dichotomy was made between those who preferred study medication 

over their usual medication (i.e. somewhat or much better), and those who did not. Study 

medication was preferred to usual treatment by 29,2%, 41,3% and 52,2% in the T4, 10:1 

ratio and 5:1 ratio groups, respectively (Chi square test for trend, p=0.024) (7). 

Biochemical measurements 

Baseline blood samples were collected in the morning, all patients were in fasting state and 

had not yet taken their usual dose of levothyroxine. Serum TSH and FT4 were measured by 

time-resolved fluoroimmunoassay (Wallac Oy, Turku, Finland), serum T4 and T3 by in-house 

RIA methods (26). Intra- and inter-assay coefficients of variation were 1-2% and 3-4% for 

TSH, 2-4% and 3-6% for T4, 4-6% and 5-8% for FT4, and 3-4% and 7-8% for T3, respectively. 

D N A isolation and genotyp ing 

DNA was extracted from 200 ul of blood using the MagNa Pure LC DNA Isolation Kit 1, blood 

cells high performance (Roche, Germany). DNA concentration was measured at 260nm by the 

GeneQuant (Pharmacia Biotech), and all samples were diluted to a concentration of 40 ng/ul 

(stock) and 5 ng/ul (work solution). Purity was determined by measuring the 260/280 nm ratio. 

Allelic discrimination was performed to determine genotypes in 5 ng genomic DNA, using 

the Taqman allelic discrimination assay (Applied Biosystems, Foster City, Calif). Primer and 

probe sequences were optimized by using the SNP assay-by-design service of Applied 

Biosystems (for details, see http://store.appliedbiosystems.com). Reactions were performed 

with the Taqman Prism 7900HT 384 wells format. 

Statistical analysis 

Data were analysed using SPSS 11.5 for Windows (SPSS Inc., Chicago, IL). Deviation from 

Hardy-Weinberg equilibrium was analyzed using a Chi-square test. Differences between 

groups were compared by means of %2 and analysis of variance (ANOVA) as appropriate. 

Statistical significance was defined as a 2-tailed P<0.05. 

http://store.appliedbiosystems.com
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The allele frequencies of the Dll Thr92Ala variant and the ORFa variant in our population of 

T4-treated hypothyroid patients were 40.4% and 31.9%, respectively. The distribution of 

genotypes did not deviate from the Hardy-Weinberg equilibrium for either polymorphism. 

Table 1 shows the distribution of genotypes, sex, age and association with thyroid hormone 

parameters. No association was found between thyroid hormone parameters and either 

polymorphism. 

Table 1. Dll genotype frequencies and association with thyroid hormone parameters. 

Thr92Ala polymorphism 

Female (n. %) 
Age (yrs) 
TSH (mU/L)t 
T4 (nmol/L) 
FT4 (pmol/L) 
T3 (nmol/L) 

ORFa polymorphism 

Female (n. %) 
Age (yrs) 
TSH (mU/L)| 
T4 (nmol/L) 
FT4 (pmol/L) 
T3 (nmol/L) 

Wild Type 

(n=47) 

42 (89%) 
47.1 ±8.6 

1.1 (0.44-2.2) 
128 + 31 
14.5 ±2.9 
1.73 ±0.36 

(n=70) 

59 (84%) 
48.9 ± 10.5 

1.0(0.51-1.8) 
120 ±22 
14.8 ±3.2 

1.68 ±0.31 

Heterozygous 

(n=74) 

63 (85%) 
47.8+ 10.6 
1.0(049-2.1) 

123 ±22 
15.2 ±3.0 

1.72 ±0.30 

(n=52) 

44 (85%) 
48.1 ±8.9 

1.2 (0.52-2.5) 
126 ±25 
14.8 ±2.5 

1.77 ±0.35 

Homozygous 

(n=20) 

16(80%) 
52.4 ±8.1 

1.4(0.88-2.3) 
117 ± 18 
14.4 ±2.5 
1.71 ±0.36 

(n=19) 

18 (86%) 
45.9 ±9.1 

1.0(0.32-2.6) 
133 ±34 
15.1 ±3.0 
1.72 ±0.32 

Pt-

0.59 
0.10 
0.30 
0.23 
0.31 
0.96 

0.49 
p.49 
0.73 
0.12 
0.93 
0.36 

Data are presented as mean ± SD unless indicated otherwise. | Data are presented as median (25 and 75 
percentiles) and with statistical analysis after log-transformation to normalize distribution, f Chi-square for sex, 
ANOVA for other variables 

Table 2 shows the mean scores on questionnaires measuring several aspects of well-being 

for the three genotypes of each polymorphism. The group of patients homozygous for the 

Thr92Ala polymorphism consequently had the worst scores on all but one questionnaire 

subscales, but the difference between groups was only significant for one of the 21 subscales 

tested (POMS anger subscale). Concerning the ORFa polymorphism, in general the 

homozygous group had the most favorable questionnaire scores, but the mean questionnaire 

scores were not statistically different between the genotype groups. 

Table 3 shows the results of the neurocognitive tests in a similar manner. Of the Thr92Ala 

genotype groups, again, the homozygous group generally had the worst scores. However, 

the difference between the groups was only statistically significant for one of the 21 subtest 

scores (MCT paper & pencil version, 3 letter subtest). Among the three ORFa genotype 



Table 2. Dll genotypes and scores on well-being questionnaires 

POMS 
depression 

anger 
fatigue 
vigour 
tension 

MFI-20 
general fatigue 
physical fatigue 

reduced activity 
reduced motivation 
mental fatigue 

Rand-36 
vitality 
mental health 

SCL-90 
agoraphobia 
anxiety 
depression 
somatic complaints 

Wild Type 

5.2 ±6.7 
5.7 ±6.5 
10.1 ±7.2 
9.2 ±4.4 
5.7 ±6.2 

14.5 ±4.3 
12.4 ± 4.1 

10.9 ±4.9 
10.4 ±4.9 
11.9 ± 5.0 

45.8 ±22.0 
67.5 ± 20.0 

9.1 ±4.4 
15.5 ±6.6 

28.1 ± 12.1 
24.6 ±9.1 

insufficient functioning 18.8 ± 7.7 
paranoid ideation 
hostility 
sleeping 
total score 

27.7 ± 10.3 
8.4 ±3.3 
7.1 ±3.8 

152.5 ±54.4 

Higher scores indicate more com 
indicate more comp 

Thr92Ala 

Heterozygous 

5.2 ± 5.9 
6.4 ± 5.0 
10.1 ±6.5 
8.4 + 3.7 
6.3 ±5.2 

15.3 ±4.3 
13.4 ±4.0 

11.9 ±4.6 
11.1 ±4.2 
12.8 ±4.9 

44.0 ± 20.8 
65.4 ± 17.3 

8.8 ±3.8 
15.5 ±6.1 

28.9 ± 10.3 
23.2 ± 7.5 
18.8 ±6.2 
27.5 ±9.7 
8.6 ±3.3 
7.0 ±3.4 

151.1 ±43.7 

Homozygous 

7.3 ± 8.9 
9.7 ±6.7 
12.3 ±6.7 
8.0 ± 4.6 
7.9 ±6.1 

15.9 ±4.4 
13.2 ±4.5 

12.4 ±3.9 
11.5 ± 3.8 
14.3 ±4.0 

34.3 ± 17.6 
57.2 ±22.4 

9.2 ± 3.4 
18.1 ± 7.2 

33.6 ± 13.2 
26.4 ±7.8 
22.8 ±6.5 

34.1 ± 15.7 
9.7 ±3.2 
7.6 ±3.4 

176.0 ±49.1 

Pt 

0.41 
0.04 
0.43 
0.43 
0.35 

0.45 
0.43 

0.35 
0.53 
0.20 

0.11 
0.13 

0.92 
0.25 
0.18 
0.26 
0.05 
0.05 
0.34 
0.77 
0.12 

Wild Type 

5.6 ±7.2 
7.4 ±5.7 
10.4 ±7.4 
8.5 ±4.2 
6.3 + 5.9 

15.0 ±4.4 
13.5 ±4.2 

11.7 + 4.4 
11.0 ±4.3 
12.4 ± 5.2 

42.4 ± 20.1 
64.6 + 20.2 

8.9 ±3.8 
16.4 ±6.6 

29.6 ± 12.1 
25.1 ±8.2 
19.6 ± 7.4 

29.1 ± 11.7 
8.5 ±2.9 
7.1 ±3.7 

157.6 ±49.5 

plaints, except for the POMS vigour and both Ran 
aints. Data are presented as mean ±SD unless otherwise spec 

ORFa 

Heterozygous 

5.7 ±6.6 
6.3 ±6.4 
10.7 ±6.3 
8.5 ±3.8 
6.5 ± 5.8 

15.4 ±4.2 
12.6 ±4.0 

11.7 ±4.9 
10.6 ±4.3 
13.1 ±4.6 

42.5 ±21.4 
64.9 ±18.1 

9.4 ±4.6 
15.6 ±6.7 

29.6 ± 11.5 
23.4 + 8.1 
19.7 ±6.7 

28.6 ± 11.8 
9.0 ±3.8 
7.1 ±3.4 

155.8 ± 52.4 

Homozygous 

4.3 ± 4.5 
5.3 ± 5.3 
9.6 ±6.2 
8.9 ± 4.6 
5.9 ± 4.7 

14.6 ±4.5 
12.4 ±3.9 
11.2 +4.4 
11.5 ±5.0 
12.6 ±4.3 

47.9 ± 21.6 
65.9 ± 19.0 

8.1 ± 1.8 
14.6 + 5.1 
27.3 ±8.2 
22.8 ±8.1 
17.7 ±5.3 
26.4 + 6.3 
8.7 ±3.2 
7.2 ±3.5 

144.5 ± 34.6 

P + 

0.70 
0.32 
0.84 
0.94 
0.94 

0.79 
0.44 

0.90 
0.74 
0.75 

0.58 
0.97 

0.47 
0.50 
0.72 
0.38 
0.54 
0.65 
0.75 
0.99 
0.58 
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Figure 1. Dll genotypes and proportion of patients preferring T4/T3 over T4 alone-
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Differences in proportion between the genotype groups were not significant (Chi square) 



Table 3: Dl I genotypes and scores on neurocognitive tests 
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Cognitive speed 
Digit Symbol 

Raw score (sec) 

Wild Type 

71 ±20 
MCT (paper & pencil version) 

1 letter (sec) 25 ± 6 
2 letters (sec) 
3 letters (sec) 
4 letters (sec) 

MCT (computer version) 
3 letters (sec) 
4 letters (sec) 
5 letters (sec) 
Intercept (sec) 
Slope 

Attention 
PASAT 

Total score 

Memory 
Digit Symbol 

Pairs 
Free reproduction 

Digit Span 
Forward recall 
Backward recall 

CVLT 
Immediate recall 
Delayed recall 
Recognition 

Rivermead (stories) 
Immediate recall 
Delayed recall 
Proportion recalled (% 

37 ±9 
46 ± 13 
58 ± 17 

624 ± 98 
629 ± 85 
686 ± 82 
553 ± 134 
31 ± 28 

222 ± 53 

12 + 5 
7 ± 2 

8 + 2 
6 ± 2 

51 ± 11 
12 ±3 
1 ± 2 

16 ± 6 
13 ± 6 

) 78 ± 17 

Thr92Ala 

Heterozygous 

75 ± 19 

26 ± 6 
36 ± 9 
43 ± 10 
55 ± 13 

632 ± 95 
622 ± 79 
675 ± 76 
578 ± 149 
22 ± 36 

222 ± 50 

12 ± 4 
8± 1 

9 ± 2 
6 ± 2 

52 ± 10 
12 ±3 
1 ± 1 

18 ± 6 
15± 6 

81 ± 15 

Homozygous 

70 ±19 

29 ±9 
39 ±12 
51 ± 17 
61 ±20 

626 ±80 
615+64 
683 ± 75 
555 + 115 
29 ±30 

217 ±53 

10 ±5 
7± 1 

8 ± 2 
5±2 

48 ± 10 
11 ±4 
1 ±2 

14 ± 6 
12±7 

86 ±21 

P+ 

0.48 

0.15 
0.36 
0.04* 
0.31 

0.90 
0.79 
0.74 
0.60 
0.28 

0.94 

0.08 
0.46 

0.08 
0.24 

0.41 
0.24 
0.63 

0.07 
0.25 
0.19 

ORFa 

Wild Type 

72 ±21 

27 + 7 
37 ±9 

45 ± 12 
55 ± 14 

627 ± 98 
615 ± 76 
667 ± 82 
577 ± 143 
20 ±34 

217 ± 54 

12 + 5 
7 ± 1 

9 ± 2 
6 ± 2 

52 ± 11 
12+4 
1 ±2 

17 ±7 
14 ±7 

83 ± 18 

Heterozygous 

75 ± 19 

25 + 6 
35 ±9 
44 ± 12 
57 ± 16 

632 ± 90 
630 ± 82 
687 ± 73 
568 + 131 

27 + 28 

229 + 46 

12 ±4 
7± 1 

9 ± 2 
6 ± 2 

50 ± 10 
12 ± 3 
1 ±2 

17 ± 6 
14± 6 

79 ± 16 

Homozygous 

71 ± 16 

27 ±7 
39 ± 10 
48 ± 14 
63 1 22 

622 ± 92 
635 ± 82 
705 ± 66 
530 ± 149 
42 ±34 

215 ± 54 

12 ±4 
8± 1 

8± 2 
5 ± 2 

53 ±8 
12 ±3 
1 ± 1 

16 ±6 
13 ± 5 

78 ± 16 

Pt 

0.64 

0.26 
0,20 
0.48 
0.23 

0.92 
0.45 
0.13 
0.43 

0.04* 

0.42 

0.94 
0.52 

0.47 
0.20 

0.44 
0.81 
0.24 

0.78 
0.69 
0.32 

Lower scores on measures of cognitive speed and higher scores on measures of attention and memory indicate 
better neurocognitive functioning. Data are presented as mean ± SD unless otherwise specified. X Test for linearity 
* significant at a p < 0.05 level 

groups there was no group consistently scoring better or worse. Only on one of the subtest 

scores the difference between groups was statistically significant (slope in MCT computer 

version). 

To examine whether the polymorphism genotypes were associated with a preference for 

replacement therapy with a combination of T3 and T4 over conventional therapy with T4 

alone, an analysis was performed among the 92 patients only who received a combination 

of T4 and T3 for 15 weeks in a fixed 5:1 or 10:1 ratio. As is shown in Figure 1, subjective 

preference of combined T4/T3 treatment was not significantly associated with Thr92Ala or 

ORFa genotypes. This did not change when the analysis was performed for the 5:1 ratio 14/ 

T3 group (n=46) and the 10:1 ratio T4/T3 group (n=46) separately. 



DISCUSSION 

This study is the first to test the biological hypothesis that polymorphisms in type II deiodinase 

(DM) are determinants of a suboptimal response to treatment with T4 alone, or of preference 

for combined therapy with T4 and T3 over T4 alone. 

Because patients on replacement therapy with T4 are presumably dependent on Dll for 

their T3 production in the central nervous system (CNS), Dll enzyme activity in these patients 

may be a key determinant of well-being and neurocognitive function. 

To date two Dll polymorphisms, Thr92Ala and ORFa-Gly3Asp, have been described. The 

Thr92Ala polymorphism is a highly frequent A/G polymorphism at nucleotide 674 of the D2 

sequence predicting a change in amino acid 92 of the protein (9). The second polymorphism 

is in the most upstream short open reading frame (ORFa-Gly3Asp) of the 5' untranslated 

region (5'-UTR) of Dll (8). The presence of variant alleles may influence enzyme activity, and 

may therefore affect neurocognitive functions as well as various aspects of well-being such 

as mood and fatigue. 

The allele frequencies of both polymorphisms found in the present study were quite similar 

to those reported for a population of 158 healthy blood donors in which the polymorphisms 

were first reported: the allele frequency of the Thr92Ala variant in blood donors was 38.8% 

(9), in our population 40.4%. Likewise, the ORFa-Gly3Asp variant allele frequencies were 

33.9% (8) and 31.9%, respectively. Thus it appears that both variants equally occur in a 

population of patients with hypothyroidism and a control population. Therefore, these 

polymorphisms are unlikely to be related to the development of primary hypothyroidism. 

The results of this study revealed no association between genotypes of the Dll polymorphisms 

and well-being as measured by means of several questionnaires that included items about 

mood, fatigue, vitality, somatic symptoms and a variety of psychiatric subscales such as 

depression, anxiety and insufficient cognitive functioning. Neither was any of the Dll 

polymorphism genotypes specifically related to subjective preference for combined T4/T3 

treatment above usual T4 treatment. 

At this moment, it is unclear whether the two Dll polymorphisms have functional 

consequences for Dll enzyme activity. But, interestingly, previous studies have shown the 

Thr92Ala polymorphism to be related to insulin resistance (27), whereas the ORFa-Gly3Asp 

polymorphism was associated with lower serum T4 and free T4 levels, but unaltered serum 

TSH and T3 levels (8). Based on these data it has been suggested that Thr92Ala might be 

associated with lower, and ORFa-Gly3Asp with higher Dll enzyme activity (8). 



In summary, the DII-0RFa-Gly3Asp and DII-Thr92Ala polymorphisms do not explain differences 

in well-being, neurocognitive functioning or preference for T4/T3 combination therapy among 

patients with treated hypothyroidism. Thus, the determinants of suboptimal response to 

conventional T4 treatment and of a preference for T4/T3 combination therapy remain to 

be elucidated. 
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ABSTRACT 

Introduction 

Major depressive disorder has been associated with changes in the hypothalamus-pituitary-

thyroid (HPT) axis and with hypercortisolism. However, the changes reported have been at 

variance, probably related to in- or outpatient status, the use of antidepressant medication 

and the heterogeneity of depression. Therefore, we conducted a controlled study in unipolar 

depressed outpatients who had been free of antidepressants for at least three months. 

74 

Methods 

We assessed endocrine parameters in 113 depressed outpatients and in 113 sex- and age 

matched controls. Patients were included if they had a major depression according to the 

Structured Clinical Interview for Axis I DSM-IV Disorders (SCID) and if they had a 17-item 

Hamilton Rating Scale for Depression (HRSD)-scoreof >16. Endocrine parameters contained 

serum concentrations of TSH, (free) T4, T3, Cortisol, thyroid peroxidase (TPO)-antibody titre 

and 24h urinary excretion of Cortisol. 

Results 

The serum concentration of TSH was slightly higher in depressed patients as compared to 

controls (p <0.001), independent of the presence of subclinical hypothyroidism and/or TPO-

antibodies (n=28). All other HPT-axis parameters were similar in both groups. The 24-hour 

urinary Cortisol excretion was similar in patients and controls. In atypical depression serum 

Cortisol was lower than in non-atypical depression (p=0.01). Neither patients with melancholic 

depression or with severe depression (HRSD > 23) had altered endocrine parameters. Finally, 

serum TSH values could not be related to Cortisol values. 

Conclusion 

When compared to matched control subjects, outpatients with major depression have slightly 

higher serum TSH, while urinary Cortisol levels were similar. Furthermore, we observed 

lower serum Cortisol in atypical depression than in non-atypical depression. 



INTRODUCTION 

Major depressive disorder has been associated with changes in the hypothalamic-pituitary-

thyroid (HPT) axis and the hypothalamic-pituitary-adrenal (HPA) axis. In the HPT-axis a decrease 

in serum TSH, a blunted TSH response to TRH and an increase in serum free T4 (FT.) have 

been reported by various authors (for review see (1; 2). Furthermore, an increased prevalence 

of subclinical hypothyroidism and thyroid peroxidase (TPO) antibodies have been described 

(3;4). Hypercortisolism in depression has been reported in many studies as reflected by 

elevated mean 24-hour serum Cortisol concentrations and increased 24 hour urinary excretion 

of Cortisol. In endocrine tests, such as the dexamethasone-suppression test (DST), serum 

Cortisol and ACTH concentrations are not suppressed in the in some 20-50% of patients 

(for review see (5)). 

These endocrine alterations may be of pathogenic relevance. Kirkegaard and Faber (1) 

proposed that the alterations in the HPT axis are caused by serotonin and/or norepinephrine 

deficiency in depression. Alternatively, Jackson (2) postulated that the changes in the HPT-

axis are due to the hypercortisolism in depressed patients. Various explanations have been 

put forward for the activation of the HPA axis in major depression including glucocorticoid 

resistance and hypothalamic overdrive of corticotrophin releasing hormone (CRH) (for review 

see (5)). Furthermore, these changes are proposed to have clinical significance; Krog-Meyer 

et al (6) described that a persisting blunting of the TSH-response after treatment predicted 

early relapse. Likewise, patients with resistance to the suppressive effects of dexamethasone 

on Cortisol were reported to have higher relapse rates (7). 

However, the reports on part of the endocrine changes in major depression are inconsistent: 

several authors do not find changes in the HPT axis (8-10) and not all studies report 

hypercortisolism in major depression (11-13). The inconsistency in the literature may be due 

to several factors. First, studies differ with respect to the in-/outpatient status of the included 

patients. Studies on outpatient populations are less numerous, although outpatients comprise 

the majority of patients with major depression. Furthermore, in several studies patients 

were on antidepressant medication which may influence endocrine parameters (14-16), 

even after short-term discontinuation of these drugs (17; 18). The heterogeneity of depression 

is probably an important factor as well; several studies include unipolar as well as bipolar 

patients (19-22), and the prevalence of depression subtypes such as melancholic depression 

are often not mentioned. Some studies indicated that endocrine alterations are more 

pronounced in bipolar and melancholic patients (23;24). Additional factors are the absence 



of a control group, unclear sources of the reference values used (4;10;25) and small sample 

sizes (13;26-28). 

In view of the inconsistent studies and the potential clinical importance of endocrine changes 

in depression, we investigated HPT- and HPA-axis parameters in 113 outpatients with unipolar 

major depression who had been free of antidepressants for at least three months and in 

113 age- and sex matched control subjects. Furthermore, we evaluated whether changes in 

hormone levels were associated with atypical, melancholic or severe depression and if serum 

TSH was related to Cortisol concentrations. 

SUBJECTS AND METHODS 

Subjects 

The depressed patients took part in a randomised clinical trial evaluating the efficacy of thyroid 

hormone (T3) addition to treatment with an SSRI, as described elsewhere (29). In short, the 

study was carried out at two academic psychiatric outpatient clinics in Amsterdam, the 

Netherlands. To be eligible for the study the patients had to be between 18 and 65 years of 

age, fulfil the diagnostic criteria for major depressive disorder and, in case of previous depressive 

episodes, be free of antidepressant medication for at least 3 months. Diagnosis of depression 

and its subtypes was performed by the Structured Clinical Interview for Axis I DSM-IV Disorders 

(SCID). Patients were required to have a score of at least 16 on the 17-item Hamilton Rating 

Scale for Depression (HRSD), a commonly used questionnaire to rate depression severity. This 

study was approved by the Medical Ethical Committee of the Academic Medical Center and 

the Free University Medical Center. All 113 randomised patients provided written informed 

consent. 

Exclusion criteria were bipolar disorder, substance abuse or dependence disorder for alcohol or 

drugs, clinically manifest thyroid or adrenocortical disease. Patients were not allowed to have 

taken corticosteroids, drugs interfering with thyroid hormone metabolism (e.g. amiodarone), 

thyroid hormone, or psychotropic drugs during the last 3 months before inclusion, with the 

exception of a low dose benzodiazepine (equivalent to 30 mg oxazepam daily) and estrogens. 

For urinary Cortisol excretion values, only complete (n=84) were included (see later). 

Control subjects were recruited by advertisement between 1995 and 2000. These subjects 

took part in an ongoing project of the Department of Endocrinology and Metabolism of the 

Academic Medical Center (AMC) aimed at determining reference values for endocrinological 



parameters. Part of the results of this project has been published earlier (30;31). Control 

subjects had a self-declared good general health. Exclusion criteria were identical to the 

depressed patients except for some projects (30;31) in which estrogen medication was an 

exclusion criterion as well. From the eligible 200 control subjects, 113 were age (± 5 years) 

and sex matched to the depressed patients. If several control subjects could be matched to 

one depressed patient, the control was randomly selected. 

Procedure and Hormone Measurements 

Subjects had an intravenous puncture for blood withdrawal in the morning (before 10.00 

h) at the AMC and were instructed to collect two separate, refrigerated 24-hour urine 

samples. Serum, plasma and urine samples were kept at -20°C. Hormone assays were 

performed in the Laboratory of Endocrinology of the AMC. Serum T4 and T3 were measured 

by in-house RIA methods (32), with a detection limit of 5 nmol/L and 0.3 nmol/L, respectively. 

The intra-assay coefficient of variation was 2-4% and 3-4%, the inter-assay coefficient of 

variation was 3-6% and 7-8%, respectively. 

Free T4and TSH were measured by time-resolved fluoroimmuno-assay (respectively Delfia 

FT4 and hTSH Ultra, Wallac Oy, Turku, Finland), with a detection limit of 2 pmol/L and 0.01 

mU/L, respectively. The intra-assay coefficient of variation was 4-6% and 1-2%; the inter-

assay coefficient of variation was 5-8% and 3-4%, respectively. The reference range for serum 

TSH was 0.4 to 4.0 mU/L (33) and for FT4 10 to 23 pmol/L. Subclinical hypothyroidism was 

defined as an increased serum TSH and a normal serum FT4. Subclinical hyperthyroidism was 

defined as a decreased serum TSH and a normal serum FT4. Anti-TPO was measured by 

chemiluminescence immunoassay (LUMI-test anti-TPO, BRAHMS, Berlin, Germany) with a 

detection limit of 30 kU/L. The intra-assay coefficient of variation was 3-7%; the inter-assay 

coefficient of variation was 8-12%. The cut-off value for a positive anti-TPO titre was 60 kU/L. 

Cortisol levels were determined by luminescence enzyme immunoassay on an Immulite 

(Diagnostic Products Corporation, Los Angeles, CA), with a detection limit of 30 nmol/L. 

The intra-assay coefficient of variation was 5.8%; the inter-assay coefficient of variation was 

7.0%. Urinary Cortisol was measured by an in-house high-performance liquid chromatographic 

(HPLC) method with a detection limit of 5 nmol/L. The intra-assay coefficient of variation 

was 6.5%; the inter-assay coefficient of variation was 10.5%. Of the two 24h urine samples, 

total volume as well as concentrations of free Cortisol and creatinine were measured. In 50 

control subjects, Cortisol concentrations of only one urine sample were measured. These 

concentrations were not different from the mean concentration of other controls. For all 



subjects, total creatinine excretion was measured to assess the completeness of the collection. 

If total creatinine excretion in the sample with the highest creatinine excretion was > 150% 

of the creatinine excretion of the other sample, both samples were excluded (30). Six patients 

withdrew from the study protocol before the collection of urine samples had taken place 

and an additional 13 patients did not collect urine samples correctly, leaving 94 patients for 

the analysis of Cortisol in the urine. In the control group 100 subjects collected urine correctly. 

In the remaining 84 pairs comparisons of urinary Cortisol levels were made between depressed 

and control subjects. Hypercortisoluria was defined as values being more than 2 x S.D. of 

78 the control group yielding >187 nmol/24h. 

Data analysis 

The differences between groups for serum FT4, total T4, T3, Cortisol and urinary Cortisol 

were tested for statistical significance using the paired sample t-test. Serum total T4, T3 and 

Cortisol were also analysed after exclusion of estrogen medication, since estrogens (e.g. 

anti-conceptive medication) increase serum total T4, T3 and serum Cortisol. For TSH the 

dif ference between depressed patients and normal controls showed a non-normal 

distribution. Therefore, the Wilcoxon-Rank test was performed. For dichotomous paired 

variables (estrogen and benzodiazepine medication, positive TPO-antibodies, subclinical hyper-

or hypothyroidism) the McNemar test was used. To see whether endocrine parameters 

were different in a subtype of depression, we compared atypical and melancholic depression 

to a group of patients with neither subtype. In this way we prevented that possible changes 

were due to inclusion of the other subtype in the comparison group. Changes between 

these subtypes in serum TSH (after log transformation), FT4, and Cortisol were tested by 

the student's t-test. Since urinary Cortisol was not normally distributed, the Mann-Whitney 

U test was used for this comparison. 

The cut-off score for severe versus non-severe depression was 23 on the 17-item HRSD (34). 

For the correlation between serum TSH and serum Cortisol Pearson's correlation was used 

after log transformation of TSH. For the correlation between serum TSH and urinary Cortisol 

Spearman's correlation was used because of the non-normal distribution of urinary Cortisol. 

For all tests a p value <0.05 was considered to reflect statistical significance. 



RESULTS 

Sample Characteristics 

A total of 113 patients with depression met the criteria for eligibility and 113 control subjects 

were matched for age and sex. By definition, the age and sex of both groups were similar 

(Table 1). Significantly more subjects were present in the depressed group who took low-

dose benzodiazepines (27% vs. 1 %; p<0.001). Furthermore, more women in the depressed 

group used estrogens (anti-conceptive medication or postmenopausal estrogen replacement 

therapy) than in the control group ( 2 1 % vs. 4%; p<0.001).The 17-item HRSD score indicated 

that most patients had a moderately severe depression. Thirty-two patients (28%) had 

melancholic and 25 (22%) had atypical depression. The depressed patient group included a 

considerable number of patients with chronic (44%) and recurrent (52%) depression. 

Table 1. Demographic and Clinical Characteristics of Patients and Controls 

Patients Controls 
n=113 n=113 

Age (mean +SD) 
Woman (n, %) 
Benzodiazepines* (n, %) 
Estrogen use* (n, %) 
17-HRSD(mean±SD) 
Subtypes 

Melancholic (n, %) 
Atypical (n, %) 

Current episode Chronic (n, %) 
Lifetime course Recurrent (n, %) 

n.a. = not applicable. * Depressed patients are significantly different from controls (p<0.001). 

H o r m o n e Values 

Endocrine parameters are presented in Table 2. The serum concentration of TSH was slightly, 

but significantly, higher in depressed patients when compared to controls (median (p10'90): 

1.90 (0.93-4.26) vs. 1.50 (0.85-2.72) mU/L; pO.001). This difference was still present when 

patients with subclinical hypothyroidism and/or subjects with TPO-positive antibodies were 

excluded. Also after exclusion of subjects taking estrogens the difference in serum TSH 

persisted (median (p10"90): 1.80 (0.90-4.00) in depression vs. 1.50 (0.90-2.50) mU/L in control 

subjects; p=0.003). 

Serum FT4 was unaltered in depressed patients. There was a higher serum total T4 and T3 in 

the depressed group, but this difference disappeared after exclusion of subjects taking 

estrogens. 

47 ±11 
70 (62%) 
30 (27%) 
24(21%) 
21 ±3 

32 (28%) 
25 (22%) 
50 (44%) 
59 (52%) 

46 ± 12 
70 (62% 
1 (1%) 
5 (4%) 
n.a. 

n.a. 
n.a. 
n.a. 
n.a. 



Table 2. Endocrine Parameters of Patients and Controls 

Patients 
n-113 

Controls 
n=113 

TSH mU/L (median, p,M0) 
TPO-Ab and/or subclinical hypothyroidism0 

excluded (median, p'090) n=85 
FT4 pmol/L (mean ±SD) 
T4 nmol/L (mean ±SD) 

estrogen-use excluded (mean ±SD) n=89 
T3 nmol/L (mean ±SD) 

estrogen-use excluded (mean ±SD) n=89 
Positive TPO-antibodies (n, %) 
Subclinical hypothyroidism" (n, %) 
Cortisol nmol/L (mean ±SD) 

estrogen-use excluded (mean ±SD) n=89 
Urinary Cortisol nmol/24h* (median, p1090) n=84 

1.90(0.93-4.26) 
1.70(0.90-2.70) 

13.7 ± 2.0 
112 ±26 
106 ±23 
2.2 ±0.5 
2.1±0.4 
9 (8%) 

12(11%) 
417 ± 153 
391 ± 139 

63(17-125) 

1.50(0.85-2.72) 
1.40(0.83-2.30) 

13.7 ±2.0 
103 ± 18 
100 ± 17 
2.0 ±0.4 
2.0 ±0.4 
11 (10%) 
7 (6%) 

439± 172 
413 ±148 
59(32-123) 

O.001 
<0.00' 

0.93 
0.002 
0.10 

0.001 
0.28 
0.79 
0.33 
0.27 
0.27 
0.56 

"The reference values for TSH were 0.4-4.0 mU/L (33). * Urinary Cortisol values are presented of patients who 
collected urine samples correctly. 

Positive TPO antibodies occurred in 8% of the patients and in 10% of the control subjects 

(p=0.79). The prevalence of subclinical hypothyroidism was 1 1 % in patients with major 

depression and 6% in the control subjects (p=0.33). 

There was no alteration in serum Cortisol in the depressed group, or in the 24-hour excretion 

of Cortisol in the urine. In the depressed group, the prevalence of hypercortisoluria (2%) 

was similar to the control group ( 1 % ; p=1.00). 

H o r m o n e Values in Subtypes of Depression 

Serum Cortisol was significantly lower in patients with atypical depression as compared to 

non-atypical and non-melancholic depression (Table 3). This difference persisted after 

Table 3. Endocrine Parameters in Subtypes of Depression 

N vs A: N vs M: A vs M: A: 
Atypical 

Depression 
(n=25) 

N: 
Neither 
Subtype 
(n=56) 

M: 
Melancholic 
Depression 

(n=32) 

TSH mU/L 
(median, p,O90)n=113 
FT4 pmol/L 
(mean ±SD) n=113 
Cortisol nmol/L 
(mean±SD)n=113 
Urinary Cortisol* nmol/24hr 64 (9-260) 
(median, pia9°) n=94 n=22 

P P P_ 

1.90(1.064.70) 2.20(0.904.26) 1.70(0.85-4.15) 0.65 0.75 0.96 

13.2 ±2.4 14.0 ±.7 13.8 ±.9 0.27 0.63 0.18 

353 ±143 432 ±176 437 ±137 0.01 0.87 0.07 

0.87 0.08 0.29 59 (26140) 
n=46 

65(13-11! 
n=26 

Urinary Cortisol values are presented of patients who collected urine samples correctly. 



exclusion of patients taking estrogens (mean ± SD: 318 ± 124 and 420 ± 139 nmol/L, 

respectively; p<0.01), but it was not reflected in lower urinary Cortisol excretion. Patients 

with melancholic depression showed similar hormone values when compared to non-

melancholic and non-atypical depression. When we analysed the data according to severity of 

depression, we found no differences between severe and non-severe depression (Table 4). 

Interaction between Cortisol and serum TSH 

There was no significant correlation between serum or urinary Cortisol and serum TSH in 

depressed patients (r =0.16, p=0.08 and r =-0.03, p=0.79, respectively], and this was 

independent of estrogen use. 

Table 4. Endocrine Parameters and Severity of Depression" 

HRSD(mean±SD)n=113 
TSH mU/L (median, p'0"90) n=113 
FT4 pmol/L (mean ± SD) n=113 
Cortisol nmol/L (mean ± SD) n=113 
Urinary Cortisol* nmol/24hr 
(median, p10*>) n=94 

Non-severe 
Depression 

(n-75) 

19 ± 2 
1.80(0.95-4.24) 

13.7 ±2.1 
418± 161 
63(24-125) 

n=62 

Severe 
Depression 

(n-38) 

25±2 
2.20 (0.90-4.48) 

13.8 ± 1.9 
415± 138 
63(12-136) 

n=32 

P 

0.46 
0.82 
0.92 
0.77 

Severe depression was defined as having a HRSD-score > 23 (34). * Urinary Cortisol values are presented of 
patients who collected urine samples correctly. 

n 
I 
> 
3 
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> 
X 

DISCUSSION 

The present study included a large population of solely unipolar depressed outpatients who 

were compared to age- and sex matched controls. Diagnosis of subtypes of depression was 

performed by the Structured Interview for Axis I DSM-IV Disorders (SCID) to further investigate 

possible endocrine variances. Active screening for depressive symptoms in the control group 

was not performed. However, controls were included if they had a self-proclaimed good 

general health and subjects using antidepressants were excluded. It seems therefore unlikely 

that major depression was prevalent in our group and greatly obscured our results. 

Unexpectedly, the only difference we observed between patients and controls was a slightly 

higher serum TSH. Review articles described rather a decreased serum TSH referring to 

studies on inpatients (discussed later) (1 ;2). We are the first to compare age and sex matched 

patients with controls in such a large group of outpatients. Therefore, we may have been 



able to detect the subtle difference in outpatients described in the present study. Kirkegaard 

et al. (26) described that when depressed inpatients were compared with thyroxine treated 

hypothyroid patients, in whom T4 production rates were similar to the depressed patients, 

TSH was in fact inappropriately increased (0.90 mU/L in depressed patients and 0.11 mU/ 

L in treated hypothyroid patients). Possibly, because of the absence of hypercortisolism in 

these outpatients, such inappropriate higher TSH was revealed as well. Nevertheless, this 

finding should be replicated in future studies. 

Our observation that most HPT- or HPA axis parameters are unaltered in depressed outpatients 

82 is in contrast with a number of well-controlled studies reporting HPT-axis alterations or 

hypercortisolism in depressed patients. On close reading of the literature, it is striking that 

HPT-axis alterations and hypercortisolism have almost exclusively been described in inpatients 

(19;35-37) and to a much lesser extent in outpatients (9;13). This suggests that the in/ 

outpatient status is an important factor in the presence of endocrine alterations in major 

depression. Indeed, Rush at al (23) found that both an abnormal dexamethasone suppression 

test (DST) and blunting of TSH response to TRH are approximately twice as prevalent in 

depressed inpatients as compared to depressed outpatients. Also in a meta-analysis on the 

DST in major depression, non-suppression rates were higher in inpatients (36%) than in 

outpatients (22%) (24). Thus, the in-/outpatient status seems to be a determinant of the 

endocrine alterations described in depression. This is supported by studies describing the 

same endocrine alterations in patients with mania, schizophrenia and panic disorder as the 

changes described in depression (20;38-42). 

One can argue that the difference between in- and outpatients is due to a difference in the 

severity of depression. However, we did not find an association between baseline endocrine 

parameters and HRSD-ratings, which is in line with other studies (13;20;38;43). Post-

dexamethasone Cortisol concentrations have been related to depression severity (5), 

suggesting that the severity of depression is related to the DST, but not to hypercortisolism. 

In line wi th this, Brown et al. (24;44) showed that severe depression symptoms such as 

agitation and delusions were related to post-dexamethasone Cortisol but not to baseline 

Cortisol values. 

The unaltered values in the present study cannot be due to the use of antidepressants. This 

is important, since antidepressants seem to have opposite effects on the described endocrine 

alterations in major depression, possibly even after short-term discontinuation of these 

drugs (16-18). In fact, this is the first large study in which patients were free of antidepressants 

for three months. Only one small study (13) (n=25) measured 24-hour serum Cortisol 



concentrations and 24-hour urinary Cortisol in depressed outpatients, who were medication-

free for three months and reported no differences as compared to matched healthy subjects. 

We evaluated whether endocrine alterations were present in patients with melancholic or 

atypical depression. We are the first to report lower serum Cortisol in a large study wherein 

atypical depression was diagnosed according to international standards (45;46). Gold and 

Chrousos (47) proposed that atypical depression is not only in clinical terms the opposite of 

melancholic depression, but also in neuro-endocrinological terms. In this model melancholic 

depression is accompanied by a hyperactive stress response and, as a central component of 

the HPA axis, an activated CRH system. In contrast, atypical depression was proposed to go 

together with a CRH deficiency. These differences in CRH activity may explain part of the 

behavioural differences between melancholic and atypical depression (i.e. hyposomnia and 

hypophagia in the first and hypersomnia and hyperphagia in the latter). With respect to 

melancholic depression, increased rates of Cortisol non-suppression by dexamethasone in 

this subtype were reported in a meta-analysis by Nelson et al. (24) However, this difference 

between melancholies and non-melancholies was reduced after correction for in-/outpatient 

status. This may explain that in the outpatient setting of the present study, we did not 

measure hypercortisolism in melancholic patients. 

TSH is known to be suppressed by serum high Cortisol (48). However, neither serum Cortisol 

nor urinary Cortisol was related to serum TSH levels in the present study. This is in line with 

another study reporting no relation between baseline serum Cortisol and serum TSH in 

depressed inpatients (49). 

In conclusion, our data indicate that several of the reported endocrine alterations in major 

depression are absent in outpatients. We propose that the alterations described in the 

literature are influenced by the out-/inpatient status. Our data support an earlier finding, 

that the HPA axis is less active in atypical depression. 
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ABSTRACT 

Introduction 

There is evidence that thyroid hormone tri iodothyronine (T3) increases serotonergic 

neurotransmission. Therefore, T3 addition to antidepressants may improve treatment 

response in major depression. In non-refractory depression, T3 addition to tricyclic 

antidepressants indeed accelerates treatment response. Current therapeutic practice favours 

selective serotonin reuptake inhibitors (SSRIs). This is the first study to investigate the efficacy 

88 of T3 addition to paroxetine in major depression. 

Methods 

113 patients with major depressive disorder were randomly assigned to 8 weeks of double-

blind outpatient treatment with low dose T3 (25 ,ug), high dose T3 (25 u.g twice daily) or 

placebo, in addition to paroxetine 30 mg daily. 

Results 

106 patients started treatment and were included in the outcome analysis. Response rate 

after 8 weeks (reduction of Hamilton Rating Scale for Depression score > 50%), was 46% in 

all three treatment arms (P=0.99). T3 addition did not accelerate clinical response to 

paroxetine, nor was an effect of T3 found when only women were analysed. Patients on T3-

addition reported more adverse events than patients on placebo comedication. 

Conclusion 

These results do not support a role for T3 addition to SSRIs in the treatment of non refractory 

major depressive disorder. On the contrary, more adverse reactions occurred in T3-treated 

patients. 



INTRODUCTION 

Major depression is a serious and disabling illness, estimated by the World Health Organization 

(WHO) to be the second most important worldwide cause of loss in disability-adjusted life 

years by 2020 (1). The introduction of antidepressants about half a century ago has 

ameliorated treatment possibilities for major depressive disorder. However, both the delayed 

onset of therapeutic response to antidepressants of 2 to 6 weeks, as well as the lack of 

response to antidepressant therapy in 30 to 50% of patients remain important clinical 

problems. Therefore, the search for new treatment strategies that would either accelerate 

response or increase response rates is of importance. 

Although the pathogenetic mechanisms of major depressive disorder have not yet been 

clarified, considerable experimental and clinical evidence supports a fundamental role of 

monoamines in the etiology of depression, among which serotonin (2). Selective serotonin 

reuptake inhibitors (SSRIs), currently favoured in therapeutic practice as a first step in the 

treatment of depression, 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 (2). 

There is evidence from animal studies that triiodothyronine (T3) is also capable of increasing 

serotonergic neurotransmission by desensitization of the serotonin inhibitory 5-HT1a 

autoreceptor in the raphe nucleus, where the largest concentration of sertonergic neurons 

is found (3;4). In addition, various antidepressant treatments, among which SSRI, stimulate 

type II deiodinase (DM) in the rat brain, while type III deiodinase (Dill) is not increased or 

inhibited (5;6). These effects should theoretically lead to increased cerebral T3 concentrations, 

enhancing serotonergic neurotransmission. These experimental data suggest that T3 might 

be of value in the treatment of major depression. A meta-analysis (7) investigating the 

combined treatment of T3 and tricyclic antidepressant (TCA) in patients with nonrefractory 

depression supported the efficacy of T3 in accelerating clinical response to TCAs, especially 

in women. So far, no randomized controlled trials have been published addressing the 

efficacy of T3 addition to SSRIs, although three case reports suggested that T3 augmentation 

may be effective in combination with SSRI treatment in nonresponders (8-10). 

We hypothesized here that T3 not only accelerates but also increases response rates in 

nonrefractory depression. We therefore undertook a large, randomized, double-blind, 

placebo-controlled clinical trial to assess the efficacy and tolerability of T3 addition to 

paroxetine in patients with major depressive disorder. 



METHODS 

This study was carried out between October 1999 and June 2002 at two academic outpatient 

clinics (Departments of Psychiatry, Academic Medical Center, University of Amsterdam and 

Vrije Universiteit Medical Center, Amsterdam). The protocol was approved by the institutional 

ethics review committees of both clinics. 

Subjects 

90 Patients were recruited from response to newspaper articles and advertisements, community 

clinicians and the two psychiatric outpatient clinics. To be eligible for the study, patients had 

to be between 18 and 65 years of age, fulfill the diagnostic criteria for major depressive 

disorder according to DSM-IV criteria (11), and have a score >16 on the 17-item Hamilton 

Rating Scale for Depression (HRSD) (12) at baseline. The diagnosis of major depressive disorder 

was obtained at baseline by a clinician with use of the Structured Clinical Interview for Axis I 

DSM-IV Disorders (SCID) (13) and confirmed by a board-certified psychiatrist. 

Exclusion criteria were bipolar disorder; a history of psychotic symptoms; severe cognitive 

disturbances; severe antisocial or borderline personality disorder; current suicidal risk; substance 

abuse; overt thyroid (Free Thyroxine (FT4) outside reference range (10-23 pmol/L) or 

adrenocortical disease (physical examination); angina pectoris; any serious unstable medical 

condition; pregnancy or lactation. Patients were not allowed to have taken corticosteroids, 

thyroid hormone, or antithyroid or psychotropic drugs during the last 3 months before inclusion, 

with the exception of a low dose of benzodiazepines (equivalent to 30 mg oxazepam or 10 

mg temazepam daily). During the study, patients were not allowed to take Hypericum 

perforatum (St. John's Wort) (14) or more than 5 units of alcohol a day. After complete 

description of the study to the subjects, written informed consent was obtained. 

Study design 

After inclusion, the clinician provided participants wi th a consecutive study number, 

corresponding to an allocation code for study treatment. The randomization was organized 

by a computer-generated list such that for every 12 patients, 3 were assigned to receive 25 

u.g of triiodothyronine (T3), 3 to receive 50 u.g of triiodothyronine (T3), and 6 to receive 

placebo, in addition to treatment wi th paroxetine. Study medication was provided in 

containers marked wi th the study number. In order to avoid possible severe complaints of 

anxiety and agitation due to the shared side effects of T3 and paroxetine, the 8 week 



dosing schedule for paroxetine was titrated slowly: 10 mg/day during the first week, 20 

mg/day during the second week, and 30 mg/day for the remaining 6 weeks. Paroxetine 

was taken in the morning, together with half of the study medication dose (1 tablet of 25 

|ig T3 or 1 tablet of placebo). The other half of the study medication dose was taken in the 

evening (25 j ig of T3 for the 50 |ig T3 treatment arm, otherwise placebo). Placebo and T3 

tablets were identical in appearance. Paroxetine (Seroxat) and T3 (Cytomel) were kindly 

supplied by Glaxo Smith Kline. Placebo tablets were fabricated by and purchased from 

Terafarm, Netherlands. 

Efficacy assessments were performed at 1, 2, 4, 6, and 8 weeks after initiation of treatment 

by a clinician who was unaware of the treatment assignment and trained to have a high 

interrater reliability. Visits were limited to 60 minutes during which efficacy assessments 

were made with the 17-item HRSD, the Montgomery Asberg Depression Rating Scale 

(MADRS) (15), the Hamilton Anxiety Rating Scale (HARS) (16), the Beck Depression Inventory 

(BDI) (17) and the Clinical Global Impression Scale (CGI) (18). The ratings of HRSD, MADRS 

and HARS were obtained by means of a semi-structured interview (19). The primary end 

point was the score on the 17-item HRSD at 8 weeks. Response was defined as > 50% 

reduction in the HRSD score from baseline to week 8; remission was defined as an end 

point HRSD score < 8. Secondary outcomes analyzed were: response in terms of the MADRS, 

HARS and BDI scales (> 50% reduction), response on the CGI (end point score 1 or 2) and 

remission as measured by the MADRS (end point score <12). For safety monitoring, blood 

pressure and heart rate were measured at every visit. Spontaneous mentioned adverse 

events were documented at every visit. At 1, 4 and 8 weeks, patients were asked if they 

had experienced any of 11 common adverse events of T3 and/or paroxetine, whether or 

not thought to be related to treatment. In case of severe complaints a board-certified 

psychiatrist was consulted to discuss if participation should be discontinued. 

Thyroid function tests were measured at baseline and end point. Hormone assays were 

conducted in the Endocrinology Laboratory of the AMC. T3 was measured by in-house RIA 

method (20), FT4 and TSH were measured by time-resolved fluoroimmunoassay (Wallac 

Oy, Turku, Finland). Detection limits were 20 ng/dL (0.3 nmol/L), 0.2 ng/dL (2 pmol/L) and 

0.01 uU/mL(0.01 mU/L) respectively. 

Inter im Analysis 

The study was to enroll 150 patients with major depression. With 75 index patients and 75 

controls, the study had sufficient power (90%) to detect an increase in response rates from 



60% to 85%. After the first 100 participants had completed the trial, an interim analysis 

was to occur. A data-monitoring committee (DMC), composed of a psychiatrist, an 

endocrinologist, and a biostatistician, was established to provide an independent analysis 

of interim results. In May 2002, the DMC advised to terminate trial enrollment, because 

interim analysis revealed no effect whatsoever of T3, addition compared with placebo 

addition. 

Statistical analysis 

92 Patients who wi thdrew during the baseline assessment phase before having received 

medication were not included in outcome analyses (Figure 1). For patients who withdrew 

from the study protocol, data at the time of withdrawal were carried forward and used for 

outcome analysis. Paired t-tests were performed for comparison of baseline versus endpoint 

outcome measurements within treatment groups. Differences between groups were 

compared by means of %2 and analysis of variance (ANOVA) as appropriate. More patients 

were randomized to placebo to allow for two contrasts in the analysis after overall ANOVA: 

1) T3 addition versus placebo addition, and 2) a dose-dependant effect of T3 addition. 

Because overall ANOVA did not show any significance, these further contrasts were not 

presented in this manuscript. Statistical significance was defined as a 2-tailed P<0.05. 

RESULTS 

Baseline Clinical and Demographic Characteristics 

Of the 189 patients assessed for eligibility, 76 patients were excluded (Figure 1). A total of 

113 patients met the criteria for eligibility and were randomized: 53 were assigned to 

placebo addition, 30 to addition of 25 j ig T3, and 30 to addition of 50 |_ig T3. The three 

groups were similar at baseline wi th respect to a range of demographic and clinical 

characteristics (Table 1), with the exception of the number of patients with chronic major 

depression being somewhat higher in the 25 ug T3 group. 

Seven patients withdrew from the study protocol before initiation of treatment, leaving 

106 patients for outcome analysis (Figure 1). 



Figure 1. Flow diagram of participants 
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Efficacy 

Table 2 shows the mean baseline, end point and difference scores of the HRSD, MADRS 

and BDI scales, as well as the response and remission rates for the primary end point. 

Analyses revealed a significant improvement in the HRSD scores from baseline to week 8 

(or the last follow-up visit) within all three groups (paired-samples t-tests, all p <0.001). 

Similar significant improvement was seen in the baseline versus end point scores of all other 

psychiatric outcome measures (paired-samples t-tests, all p <0.001). 



Fable 1. Demographic and baseline characteristics (all patients) 
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Characteristic 

Female sex (%) 
Age (yr, mean ± SD) 
White (%) 
Major depressive disorde 
Severity Mild (%) 

Moderate (%) 
Severe (%) 

Course Recurrent (%) 
Chronic major ( 
Thase & Rush > 

Endocrine measures 
TSH basal (uU/mL, med 
FT4 basal (ng/dL, mean 
T3 basal (ng/dL, mean + 

H 

depression* (%) 
stage 

an, rar 
±SD) 
SD) 

!**(%) 

ge) 1 

Placebo 
n=53 

34 (64%) 
46.2 ±11.2 
53 (100%) 

7(13%) 
35 (66%) 
11 (21%) 
29 (55%) 
19(36%) 
20 (38%) 

90 (0.46-7.00) 
1.1 ±0.15 
143 ±36 

25 ug T3 
n=30 

18(60%) 
46.6 ± 10.9 
30(100%) 

6 (20%) 
19(63%) 
5(17%) 
17(57%) 
19(63%) 
14(47%) 

1.80(0.83-5.60) 
1.1 ±0.15 
152 ± 34 

50 ug T3 
n=30 

18(60%) 
47.0+ 11.1 
29 (97%) 

4(13%) 
22 (73%) 
4(13%) 
13 (43%) 
12 (40%) 
9 (30%) 

2.20(0.70-9.50) 
1.0 ± 0.18 
136 ±25 

Total 
n=113 

70 (62%) 
46.5 ± 11.0 
112(99%) 

17(15%) 
76 (67%) 
20(18%) 
59 (52%) 
50 (44%) 
43 (38%) 

1.90 (0.46-9.50) 
1.06 ±0.16 
144 ±34 

* Duration of depression > 2 years, ** Thase & Rush 3 stage I: Non-response to >1 trial of antidepressant 
medication during the current depressive episode (21), Conversion factors for the Systeme Internationale units 
are x 1 for TSH (mU/L); x 12.87 for FT4 (pmol/L) and x0.01 536 for T3 (nmol/L). 

Table 2. Scores on Psychiatric Outcome Measures at Baseline and End Point 

Outcome Measure Placebo 25ugT3 50 jag T3 Test statistic (df) p-value 
n=50 n=28 n=28 

HRSD 
Baseline (mean ± SD) 
End of treatment (mean ± SD) 
Difference (mean ± SD) 

Responders 
(50% decrease; number, %) 

Remission 
(HRSD < 8; number, %) 

MADRS 
Baseline (mean ± SD) 
End of treatment (mean ± SD) 
Difference (mean ± SD) -13.1 ± 10.4 -14.4 ±8.3 -11.7 ± 10.6 F= 0.524 (2, 103); p = 0.59 

20.8 ±3.1 
11.5 ±6.6 
-9.4 ± 6.6 

23 46% 

18 36% 

21.0 ±3.4 
11.2 ±5.7 
-9.8 ± 6.7 

13 46% 

9 32% 

21.0 ± 3.8 
13.0 ±6.0 
-8.3 ± 6.6 

13 46% 

9 32% 

F= 0.420 (2, 103); 

X2= 0.002 (2); 

X2=0.175(2); 

p = 0.66 

p = 0.99 

p = 0.92 

25.5 ±6.9 
12.3 + 9.1 

-13.1 + 10.4 

28.5 ±7.4 
16.9 ± 10.6 
-11.6 ± 10.0 

26.2 ± 5.8 
11.8 ±8.6 
-14.4 ±8.3 

27.9 ±8.4 
15.6 ±8.6 
-12.2 ±8.3 

26.1 +6.5 
14.4 ±8.4 

-11.7 ± 10.6 

30.2 ±8.1 
19.4 ±8.8 
-10.9 ±8.3 

F= 0.524 (2, 103) 

F= 0.154 (2, 102) 

BDI* 
Baseline (mean ± SD) 
End of treatment (mean ± SD) 
Difference (mean ± SD) -11.6 ±10.0 -12.2 ±8.3 -10.9 ±8.3 F= 0.154(2, 102); p = 0.i 

* n=27 in the 25 ug T3 group (total n=105) 

The overall rate of response on the primary outcome measure, defined as a reduction in 

HRSD score of >50%, was 46% in all three treatment groups (%2 = 0.002, df=2, p = 0.99). 

Remission, defined as a HRSD score of <8 was 36% in the placebo group, compared with 



32% in both T3 groups (%2=0.175, df=2, p=0.92). When the two T3 groups were pooled 

and compared with the placebo group, the absolute difference in response rate was 0.004 

(95% confidence interval: -0.187 to 0.195). None of the primary or secondary outcome 

measures (including the HARS and CGI, data not shown) revealed any significant difference 

in treatment efficacy between the treatment groups. When women were analyzed separately 

(n=68), response rates were 47%, 53% and 47% in placebo, 25 u.g T3 and 50 jig T3 

groups, respectively (%2=0.177, df=2, p = 0.92). The group of patients with subclinical 

hypothyroidism, which was defined as an increased serum TSH (>4.0 mU/L) and normal 

serum FT4 (between 10.0 and 23.0 pmol/L) was too small to detect any significant differences 

in T3 efficacy (n=12: 7, 2 and 3 in the control, low dose T3 and high dose T3 groups, 

respectively). 

For treatment responders, the time interval to response did not significantly differ between 

the 3 groups: the mean time to response was 5.3 weeks in the placebo group (n=23) as 

compared to 5.8 and 6.3 weeks in the 25 u.g T3 (n=13) and 50 (xg T3 (n=13) groups, 

respectively (F=0.745, df=2, 46, p=0.48). The course of the HRSD scores during the 8 weeks 

of the trial was similar for all treatment groups (Figure 2). No different times to response 

were found if women (n=33) were analyzed separately; 5.0, 5.0 and 3.9 weeks in the 

placebo, 25 \ig T3 and 50 jig T3, respectively (F=0.590, df=2, 30, p=0.56). 
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O 

Figure 2. Course of HRSD scores during treatment (n=106) 

25 

For each visit the mean HRSD score was calculated for each treatment group. The last HRSD score of non-
completers was carried forward. In the case of a sporadic missing visit, the HRSD score was calculated as the 
metric mean between the score of the preceding and following visit. 



Table 3. Adverse events at 8 weeks (treatment completers only) 

Placebo 25 ug T3 50 ug T3 Total 
(n=45) (n=26) (n=26) (n=97) 
n(%) n(%) n(%) n (%) y_2 (df) p-value 

Palpitations* 
Sweating* 
Nervousness* 
Tremor* 
Nausea 
Headache 
Somnolence 
Insomnia 

96 Dry Mouth 

Decrease of libido 
Erection/Ejaculation problems 

* T3-related adverse effects 

A t t r i t i o n rates. Adverse Events and Endocrine measures 

Nine of the 106 patients (8%) did not complete the study, attrition rates were similar in the 

three groups (Figure 1). Eight patients dropped out as a result of adverse events, evenly 

distributed among the treatment groups (8% in the placebo group, 7% in each T3 group). 

One patient sought other treatment. Of the 8 patients who discontinued due to adverse 

events, 6 did so within the first 2 weeks of medication. 

Table 3 lists the occurrence of 11 common adverse events of T3 and/or paroxetine, as 

measured at endpoint. T3-related adverse events (palpitations, sweating, nervousness and 

tremor) were expected to occur more often in patients receiving T3. Indeed, differences in 

occurrence of adverse events were evident for these four, significantly so for palpitations, 

sweating and nervousness. In 9 of 28 (32.1%) patients in the 50 u.g T3 arm, the adverse 

events clearly interfered with the functioning of the patient or outweighed the therapeutic 

effect, as measured by the CGI Efficacy Index (18). This occurred less often in the 25 u.g T3 

group (4/28, 14.3%) and placebo group (9/50, 18.0%), although the difference was not 

significant (%2 =3.2, df=2, p= 0.207). 

As expected, there was a dose-dependent increase in serum T3 concentrations and a 

concordant decrease in serum FT4 concentrations as measured at end point. Mean serum 

T3 concentrations were 109 ± 27 ng/dL (1.68 ± 0.42 nmol/l; placebo-group), 185 ± 65 ng/ 

dl_ (2.84 ± 1.00 nmol/l; 25 ug T3-group) and 202 ± 71 ng/dL (3.10 ± 1.09 nmol/L (50 ug 

T3-group). Mean serum FT4 concentrations were 0.9 ± 0.1 (11.6 ± 1.7 pmol/ l ; placebo-

group), 0.6 ± 0.2 (7.8 ±2 .4 pmo l / l ; 25 u.g T3-group) and 0.4 ± 0.2 (5.2 ± 2.6 pmol / l ; 50 |xg 

T3-group). 

11(24) 3(11) 
24(53) 21(81) 
6(13) 8(31) 
9(20) 5(19) 
3 (7) 1 (4) 

20(44) 10(38) 
21 (47) 9(35) 
19(42) 11(42) 
24(53) 17(65) 
29(64) 15(58) 
12(27) 7(27) 

14(54) 69(29) 
20 (77) 65 (67) 
10(38) 24(25) 
10(38) 24(25) 

1 (4) 5 (5) 
9 (35) 39 (40) 
14(54) 44(45) 
13(50) 43(44) 
14(54) 55(57) 
18(69) 62(64) 
10(38) 29(30) 

12.1(2) p = 0.002 
7.2(2) p = 0.027 
6.3 (2) p = 0.043 
3.6(2) p = 0.166 

0.39(2) p = 0.822 
0.71 (2) p = 0.702 
1.99(2) p = 0.368 
0.46 (2) p = 0.793 
1.10(2) p = 0.579 
0.76 (2) p = 0.684 
0.24(2) p = 0.537 



DISCUSSION 

In the present study, the largest trial investigating T3 addition to antidepressants thus far, 

we found that addition of the thyroid hormone triiodothyronine (T3) to paroxetine had no 

advantage over addition of placebo in the treatment of non refractory major depressive 

disorder. Treatment with T3 did not accelerate the response to treatment, neither did T3 

addition influence response or remission rates. In fact, the main difference between treatments 

appears to be that patients in the T3-addition groups experienced more adverse effects, 

compared with those on paroxetine alone, especially those who received 50 jig T3 daily. 

This negative result is in disagreement with the previously mentioned positive meta-analysis 

about the acceleration of response. With regard to this discrepancy, several issues deserve 

some discussion. 

The choice of T3 dose was based on previous T3 addition studies that virtually all have used 

a dose between 25 and 50 (ig daily. It has been argued that 25 u,g of T3 might be insufficient 

to increase antidepressant efficacy (22), so we chose to include a treatment group receiving 

50 (ig of T3. This dose slightly exceeds the human daily production rate of T3 which is 

estimated between 22 and 47 u.g/day (23). The failure to find a difference between the 

effects of T3 and placebo is therefore unlikely to be the result of an insufficient dose of T3. 

Serum levels of T3 showed a dose-dependent increase in serum T3 concentrations, indicating 

that compliance was not a major issue. 

We investigated an outpatient population with a mean HRSD score of 21 . Although this is 

similar to at least one of the studies finding a response accelerating effect of T3 addition (24) 

it seems that most other positive trials were carried out among inpatients, even though this is 

often not clearly described in the publications. Maybe a population of inpatients, who may be 

assumed to suffer from more severe illness, is more likely to benefit from T3 addition. However, 

in this study we did not find severity of depression (as measured by baseline HRSD score) to 

be related to treatment response, neither in the control nor T3 groups. 

At baseline, chronic major depression, which has been reported to predict treatment 

response, was more prevalent in the 25 u.g T3 group. However, in our study, there was no 

difference in response rates between patients with chronic and non chronic depression in 

the group as a whole (46% versus 47%, respectively), nor in the placebo group (50% versus 

44%, respectively). It is therefore unlikely that chronicity was a confounder in this study. 

In the studies included in the meta-analysis (7), the advantage of T3 addition was present 

only in the first three to four weeks of treatment; thereafter the difference with placebo 



disappeared. In our study we cannot be sure that a beneficial T3-effect did not exist after 3 

weeks of treatment because no measurement of severity of depression was performed at 3 

weeks. But, as is shown in Figure 2, HRSD scores were quite similar in week 1 and 2 and 

even somewhat higher in the T3 treated groups at 4 weeks of treatment compared with 

the placebo group. In our opinion this makes an advantage of T3 addition at three weeks 

very unlikely. 

Altshuler et al. (7) found that especially women in particular benefited from the T3 addition. 

We therefore performed a separate response analysis for the subgroup of women in our 

98 study but, again, found no advantage of T3 addition. Whether T3 addition is specifically 

beneficial in depressed patients with subclinical hypothyroidism remains unanswered in this 

study, because of the low prevalence of subclinical hypothyroidism. 

Could the lack of increase in efficacy in this study be due to the fact that T3 was used in addition 

to a selective serotonin reuptake inhibitor (SRRI)? Thus far the efficacy of T3-addition has only 

been investigated in combination with tricyclic antidepressants. The mechanism of action of T3 

in the treatment of major depression is not well understood. Animal studies, finding that T3 

influences the (nor)adrenalin as well as serotonin system in rat brain (25;26), give little cause to 

assume that T3 addition might be effective in combination with TCAs but not with SSRIs. Besides, 

most TCAs are known to inhibit both norepinephrine and serotonin reuptake. 

In conclusion, the results of this study indicate that the addition of T3 to SSRIs does not 

enhance treatment response in any way in non refractory depressed patients. On the contrary, 

in this study T3 addition seems to cause an increase in complaints of adverse events. 
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ABSTRACT 

Introduction 

The determinants of response to antidepressant treatment in major depression are unknown 

at present. The aim of the present study was to establish whether response is predicted by 

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

polymorphism in the enzyme type II deiodinase (Dll), which catalyses the production of T3 

in the brain. 

102 

Methods 

Ninety-eight depressed patients were included. Serum concentrations of TSH, FT4 and delta 

TSH in a DEX/CRH-TRH test were measured. In addition, the presence of a polymorphism in 

the Dll sequence (Thr92Ala) was determined. We analysed prediction of response to 

paroxetine treatment by calculating response rates per fertile of the HPT-axis parameter of 

interest and per Dll genotype. 

Results 

The overall treatment response was 48 of 98 patients (49%). After exclusion of patients 

with subclinical hypothyroidism and/or TPO antibodies (n=16), higher serum TSH significantly 

predicted response (response rate per fertile from low to high TSH: 36%, 42%, and 67%). 

Heterozygous patients for the Dll polymorphism (44%) had slightly lower serum TSH (p=0.03) 

as compared to patients with the wild type Dll (47%). The polymorphism was unrelated to 

treatment response. 

Conclusion 

Higher serum TSH was associated with response to paroxetine in patients with major 

depression. 



INTRODUCTION 

Treatment of major depressive disorder with a first trial of antidepressant therapy is only 

effective in 60-70% of the patients (1). The determinants of treatment response are not 

well known. In depression, changes have been described in the Hypothalamic-Pituitary-

Thyroid (HPT) axis, such as a lower serum thyrotropin (TSH) and a higher serum free thyroxin 

(FT4), but no change in serum T3 concentrations. Furthermore, the presence of thyroid 

peroxidase (TPO) auto-antibodies and subclinical hypothyroidism have been reported to be 

associated with major depression (2;3). In dynamic tests, the delta TSH to thyrotropin 103 

releasing hormone (TRH) is blunted in some 25% of depressed patients (4;5). 

These changes may be of clinical significance, since they have been related to response by 
o 

some, (6;7) but not all authors (8). So far, the nature of a relation between thyroid function 

and response seems unclear; Duval et al. (6) described higher evening TSH concentrations 

in treatment responders, while Sullivan et al. (7) found that non-response was predicted by 

a high delta TSH in the TRH test. However, most studies were retrospective and included ™ 

only small groups of patients (6;9-12). Furthermore, no studies so far included TPO antibodies z 

in their analysis, although thyroid autoimmunity is an important determinant of TSH levels ^ 

(13) or may be a predictor of response itself. These factors may explain the different outcomes > 

of these studies. § 
o 

Given these HPT-axis aberrations the response to antidepressant treatment may also be ^ 

associated with polymorphisms in genes involved in this axis. The local production of T3 

from T4 in the brain is determined to a large extent by the enzyme type II deiodinase (Dll) 

(14). The activity of DlI in rat brain is increased by antidepressants of various classes, including 

SSRIs (15-17). Since T3 increases the availability of serotonin in the frontal cortex (18), Dll 

may modulate the antidepressant effect of SSRIs. The Dll enzyme plays a role in the anterior 

pituitary as well, where it mediates the negative feedback of T4 on TSH secretion(19). 

Recently, an A/G polymorphism was identified at position 674 of the Dll sequence, leading 

to a change in amino acids (Thr92Ala). This polymorphism was found to be associated with 

serum TSH concentration and insulin resistance (20;21). 

We hypothesized that baseline thyroid function (TSH, delta TSH and FT4) and/or the Dll 

polymorphism predict response to an SSRI. We tested this hypothesis in patients with major 

depression who participated in a randomised clinical trial addressing the efficacy of T3 

addition to paroxetine. As the response rate in the trial was exactly similar in T3 addition as 

in placebo addition groups (22), we regarded this as a paroxetine alone treated group. 

o 



Nevertheless, to be sure that T3 addition was not a determinant of treatment response, 

results were corrected for T3 treatment. 

METHODS 

Subjects 

The depressed patients took part in a randomised clinical trial evaluating the efficacy of 

104 thyroid hormone (T3) addition to treatment with an SSRI, as described elsewhere (22). To 

be eligible for the study patients had to be between 18 and 65 years of age, to be free of 

antidepressant medication for at least 3 months and to fulfil the diagnostic criteria for 

major depressive disorder according to the fourth edition of Diagnostic and Statistical Manual 

of mental disorders (DSM-IV) (23). Patients were required to have a score of at least 16 on 

the 17-item Hamilton Rating Scale for Depression (HRSD), a commonly used questionnaire 

to rate depression severity. 

Exclusion criteria were bipolar disorder, substance abuse or dependence disorder for alcohol 

or drugs, clinically manifest thyroid or adrenocortical disease. Patients were not allowed to 

have taken corticosteroids or drugs interfering with thyroid hormone metabolism (e.g. 

amiodarone), thyroid hormone, or any psychotropic drug during the last 3 months before 

inclusion, with the exception of a low dose benzodiazepine (equivalent to 30 mg oxazepam 

daily). To obtain accurate measurement of treatment response, patients were only included 

when they had taken study medication for at least 6 weeks. All randomised patients provided 

wri t ten informed consent and the study was approved by the medical ethical committee of 

the Academic Medical Center and the Free University Medical Center. 

Medica t ion schedule and psychiatric outcome measures 

After the measurements of endocrine parameters, patients were randomly assigned to study 

treatment comprising 3 groups: placebo, 25|ig T3 or 50 (ig T3 in a ratio of 2:1:1 respectively. 

This double-blinded study medication was given in addition to open label antidepressant 

treatment with 30 mg paroxetine. In total patients were treated for 8 weeks. Ratings of HRSD 

were obtained every two weeks and a physician (B.C.A and J.P.B) monitored compliance. 

Primary outcome was the score on the 17-item HRSD at 8 weeks or the last HRSD-score 

obtained. Response was defined as > 50% reduction in HRSD score from baseline to week 8. 



Procedures, hormone measurements and DM polymorphism analyses 

Subjects had an intravenous puncture for blood withdrawal in the morning (before 10.00 h) 

to determine baseline levels of serum TSH, FT4, TPO antibodies and isolation of DNA. A DEX/ 

CRH test was performed as described by Heuser et al. (24) with the addition of a TRH stimulation 

test (DEX/CRH-TRH test). At the day before the test, subjects took a tablet of 1,5 mg 

dexamethasone at 23.00 h. On the day of the test, an intravenous catheter was inserted at 

14.00 h. From 14.45 h until 16.30 h blood samples were taken every 15 minutes for the 

assessment of serum TSH. At 1500 h, 100 u.g CRH (Ferring Hoofddorp, Holland) was injected, 

directly followed by 400 u.g TRH (Protirelin, Hoechst AG, Frankfurt am Main, Germany). 

Delta TSH was calculated by subtracting the value before injection from the maximal value 

after injection of TRH. 

Sera were kept at -20°C. Hormone assays were conducted in the Endocrinology Laboratory 

of the Academic Medical Center in Amsterdam. Free T4 and TSH were measured by time-

resolved fluoroimmunoassay (Delfia FT4 and hTSH Ultra, respectively, Wallac Oy, Turku, 

Finland), with a detection limit of 2 pmol/L and 0.01 mU/L, respectively. The intra-assay 

coefficient of variation was 4-6% and 1-2%; the inter-assay coefficient of variation was 5-

8% and 3-4%, respectively. The reference value for serum TSH was 0.4-4.0 mU/L (25) and 

for FT4 10 to 23 pmol/L. Subclinical hypothyroidism was defined as an increased serum TSH 

and a normal serum FT4. Anti-TPO was measured by chemiluminescence immunoassay 

(LUMI-test anti-TPO, BRAHMS, Berlin, Germany) with a detection limit of 30 kU/L. The intra-

assay coefficient of variation was 3-7%; the inter-assay coefficient of variation was 8-12%. 

The cut-off value for a positive anti-TPO titre was 60 kU/L. DNA was extracted from 7 ml of 

blood using a phenol/chloroform extraction method. After isolation of all DNA samples, a 

restriction fragment length polymorphism (RFLP) analysis was performed twice for every 

patient as described earlier (21). 

Data analysis 

To compare response rates between the three treatment arms, we performed a Pearson 

Chi-square test. For the prediction of response, we used the following endocrine parameters: 

baseline serum concentrations of TSH, FT4, delta TSH (maximal minus baseline TSH) and 

the fold increase of TSH (maximal divided by baseline TSH) in the DEX/CRH-TRH test. We 

divided the patients over three equal groups (tertiles) of these parameters. For each parameter 

the mean decrease in HRSD score and response rates per fertile were calculated. To determine 

if response rates were significantly different, the chance on response (named relative response 



rate) with 95% confidence intervals were calculated for the two higher tertiles relative to 

the low fertile. We investigated whether the relation between baseline TSH and the response 

rate was due to T3-treatment or influenced by TPO-antibodies, by a logistic regression 

(method: enter) with response as the dependent variable. For the analysis of response 

prediction by the Dll polymorphism, we calculated response rates and relative response 

rates with 95% confidence intervals (CI) per genotype. For the comparison of HPT-axis 

parameters in the Dll genotypes, AN OVA tests with post hoc analyses were performed. 

Serum TSH and delta TSH were first log-transformed to normalise the distribution. For all 

106 tests a p value of < 0.05 was considered statistical significant and all tests were two-tailed. 

RESULTS 

Clinical characteristics 

A total of 113 patients with depression met the criteria for eligibility and 98 patients 

completed 8 weeks of study medication, except for one; 6 weeks. The overall response 

rate, defined as a > 50% reduction in HRSD-score, was 48 of 98 patients (49%). Response 

rates in the three treatment arms (placebo, 25 ug T3, 50 ug T3) were similar (50%, 46%, 

50%, respectively; y}\ 0.11, df=2, p=0.95). Characteristics of responders and non-responders 

were not statistically different between responders and non-responders (Table 1). The 17-

item HRSD scores indicate that the majority of patients had a moderately severe depression 

and that quite a large proportion of subjects with recurrent (43%), chronic (52%) and 

therapy resistant (38%) depression were included. 

Table 1. Clinical Characteristics 

Non-Responders Responders 
n=50 n=48 

Age (mean ±SD) 46 ± 11 47 ±12 
Woman (n, %) 31(62%) 32(67%) 
17-HRSD(mean±SD) 20 ± 3 21+3 
Chronic depression (n, %) 20 (40%) 22 (46%) 
Recurrent depression (n, %) 26 (52%) 25 (52%) 
Therapy resistant* (n, %) 19 (38%) 17 (35%) 

* Therapy resistance was defined as having a score of 1 or more in the Thase and Rush classification for therapy 
resistance (26). 



Prediction of t r e a t m e n t response by HPT-axis parameters 

The response rates per tertile of each endocrine parameter are presented in Table 2. There 

was a trend towards increased treatment response in tertiles with higher serum TSH-values 

(response per tertile from low to high TSH: 37%, 5 1 % , 58%). The relative response rate 

(RR) as compared with the low tertile was 1.4 (CI 0.79 - 2.48) in the middle tertile and 1.57 

(CI: 0.88 - 2.74) in the high tertile. There was no difference in response rates between the 

tertiles of serum FT4, delta TSH, nor in the fold increase of TSH. The prevalence of patients 

with positive TPO-antibodies (n=9) and subclinical hypothyroidism (n=10) was too low to be 

analysed as separate determinants of response. 

The slightly positive relation between tertiles of TSH and treatment response was corrected 

for T3 treatment in a logistic regression model. T3 treatment appeared not to affect the 

trend between TSH and response (before correction: OR=1.53, CI: 0.92-2.53 and after 

correction: OR=1.52, CI: 0.92-2.53). 

However, after additional correction for TPO-antibodies, the association between TSH and 

response rather strengthened (before correction: OR=1.53, CI: 0.92-2.53; after correction: 

OR=1.63, CI: 0.96-2.74). 

To further exclude the possibility that T3-addition was beneficial in patients with subclinical 

thyroid disease and thereby caused the association between TSH and response rate, we 

reanalysed the data after exclusion of patients with subclinical hypothyroidism and/or positive 

Table 2 Treatment Response per Tertile of HPT-axis Parameters 

Serum TSH 
mU/L 

Serum FT4 ° 
pmol/L 

Delta-TSHö 

mU/L 

low 
middle 
high 

low 
middle 
high 

low 
middle 
high 

N 

30 
35 
33 

34 
31 
33 

32 
33 
33 

Value of parameter 

median (range) 

1.20 (0.49-1.50) 
1.90(1.60-2.30) 
2.80 (2.40-9.50) 

11.7(9.2-12.5) 
13.6(12.6-14.6) 
15.9(15.0-18.7) 

7.12 (1.52-9.27) 
11.52 (9.33-14.23) 
18.70(14.73-108.50) 

HRSD at 
baseline 

mean ±SD 

20 ±3 
22 ± 4 
21 ±3 

21+3 
21 ±3 
21 ±4 

20 ±3 
21 ±3 
21 ±3 

Decrease 
in HRSD 

mean ±SD 

7+6 
10 ±6 
11 ±6 

10 ±6 
11 ±6 
7 ±6 

9 ±7 
9 ±6 
10 ±7 

Response 
rate 

n (%) 

11 (37%) 
18 (51%) 
19 (58%) 

17 (50%) 
20 (65%) 
11 (33%) 

17 (53%) 
14 (42%) 
17 (52%) 

Relative 
response 

rate 

1.00 
1.40 
1.57 

1.00 
1.24 
0.67 

1.00 
0.80 
0.97 

95% CI 

0.79-2.48 
0.88-2.74 

0.84-2.30 
0.37-1.20 

0.48-1.37 
0.61-1.54 

Per HPT-axis parameter, patients (n=98) are divided in three equal groups (tertiles). Response rates are shown per tertile. 
a Morning hormone values measured before dexamethasone ingestion. 
b The absolute increase in TSH concentration after i.v. injection of 400 u.g TRH and 100 ,ug CRH. Patients had 
ingested 1.5 mg dexamethasone the evening before testing (modified DEX/CRH test, Heuser et al. (24)). 



TPO-antibodies. The association in the remaining 82 patients was now statistically significant 

in the high TSH-tertile (1.87; CI 1.07-3.26) (Table 3). This appeared to be mainly due to the 

exclusion of patients with TPO-antibodies, since the mere exclusion of patients with TPO-

antibodies resulted in a significant association (RR in the high TSH-tertile: 1.81, CI 1.03-

3.17), while exclusion of patients with subclinical hypothyroidism did not (RR=1.62, CI 0.93-

2.81). Free T4 nor delta T5H or the fold increase in TSH (response rate from low to high 

tertile: 59%, 36% and 52%) revealed any trend towards the prediction of response after 

exclusion of patients with positive TPO-antibodies and/or subclinical hypothyroidism. 

Table 3. Treatment Response per Tertile of HPT-axis Parameter, Biochemical Thyroid Abnormalities Excluded 

N Value of parameter HRSD at Decrease Response Relative 95% CI 
baseline in HRSD rate response 

median (range) mean ±SD mean ±SD n (%) rate 

Serum TSH a 

mU/L 

Serum FT4 a 

pmol/L 

Delta TSHb 

mU/L 

low 
middle 
high 

low 
middle 
high 

low 
middle 
high 

28 
24 
30 

28 
26 
28 

27 
28 
27 

1.20(0.49-1.50) 
1.75 (1.60-2.10) 
2.50 (2.20-3.70) 

11.7(9.2-12.5) 
13.8(12.7-15.1) 
16.3 (15.2-18.7) 

6.70(1.52-8.55) 
10.93 (8.85-12.80) 
16.03(13.00-24.98) 

20 ±3 
21 ±4 
22 ±4 

21 ±3 
21 ±4 
21 ±4 

20 ±3 
21 ±3 
21 ±4 

7 ± 6 
10 ± 6 
12 ±6 

10 ± 6 
11 ± 6 
7 ± 7 

9 ± 7 
10 ± 6 
9 ± 7 

10(36%) 
10(42%) 
20 (67%) 

14(50%) 
17(65%) 
9 (32%) 

14(52%) 
13(46%) 
13(48%) 

1.00 
1.17 
1.87 

1.00 
1.31 
0.73 

1.00 
0.90 
0.93 

0.59-2.30 
1.07-3.26 

0.82-2.08 
0.38-1.43 

0.52-1.53 
0.54-1.58 

Per HPT-axis parameter, patients (n=82) are divided in three equal groups (tertiles) after exclusion of patients with 
subclinical hypothyroidism (TSH > 4.0 mU/L, n=10) and/or positive TPO antibodies (n=9). Response rates are 
shown per tertile. a Morning hormone values measured before dexamethasone ingestion, b The absolute increase in 
TSH concentration after i.v. injection of 400 jag TRH and 100 jig CRH. Patients had ingested 1.5 mg dexamethasone the 
evening before testing (modified DEX/CRH test, Heuser et al. (24)). 

Characteristics and t r e a t m e n t response according t o DII po lymorphism 

The presence of the DII polymorphism was determined in 93 patients. In these patients, 44 

(47%) had the AA genotype, 41 (44%) were heterozygous and 8 (9%) were homozygous 

for the G allele. The clinical and endocrine characteristics of the patients with these genotypes 

are presented in Table 4. Age, gender, HRSD score at baseline, the course of the depression 

and the presence of previous therapy resistance were similar in the three groups. Interestingly, 

there were differences between the groups in serum TSH and delta TSH (F=4.00, df=2; 90, 

p=0.02 and F=3.08, df=2; 90, p=0.05, respectively), but not in the fold increase of TSH 



(F=1.23, df=2; 90, p=0.30). Post-hoc analysis revealed that both serum TSH and delta TSH 

were significantly lower in the heterozygous group as compared to the AA-genotype. After 

exclusion of patients with subclinical hypothyroidism and/or positive TPO-antibodies, 

differences in serum TSH were similar, but not statistically significant anymore. Serum FT4 

values were similar in the various genotypes. 

Table 4. Clinical Characteristics According to DM Genotype 

Age (mean ±SD) 
Woman (n, %) 
Chronic depression (n, %) 
Therapy resistant * (n, %) 
TSH mU/La 'b(median, p,0-p90) 
FT4 pmol/La (mean ±SD) 
Delta TSH mU/Lö T(median, p10-p90) 

AA (wild type) 
n=44 

46 ± 11 
28 (64%) 
20 (46%) 
19(43%) 

2.30(1.10-4.35) 
13.5 ± 2.1 

12.55(6.13-25.54) 

AG (heterozygous) 
n=41 

48 ±11 
25(61%) 
18(44%) 
13(32%) 

1.70(0.90-2.78) 
14.2 ±2.1 

10.00(4.88-17.16) 

GG (homozygous) 
n=8 

46 ±11 
5 (63%) 
3 (38%) 
3 (38%) 

1.95(1.40-7.00) 
12.9 ± 1.3 

13.25(6.09-35.80) 

* Therapy resistance was defined as having a score of 1 or more in the Thase and Rush classification for therapy 
resistance (26). a Morning hormone values measured before dexamethasone ingestion, b The absolute increase 
of TSH after i.v. injection of 400 (ig TRH and 100 |ig CRH. Patients had ingested 1.5 mg dexamethasone the 
evening before testing (modified DEX/CRH test, Heuser et al. (24)). | Serum TSH values were significantly different 
between the three genotypes (F=4.00, df=2, 90, p=0.02). Post hoc tests revealed that the serum TSH difference 
between the AA genotype and heterozygous patients was significant (p=0.01, 95% CI: 0.03-0.22). ^ Delta TSH 
was significantly different between the three genotypes (F=3.08, df=2, 90, p=0.05). Post hoc tests revealed that 
the delta TSH difference between the AA genotype and heterozygous patients was significant (p=0.03, 95% CI: 
0.02-0.23). 

No association was found between the Dll polymorphism and response rate (RR of subjects 

with the Dll polymorphism compared with wild type: 0.84, CI 0.54-1.31 in heterozygous 

patients and RR=0.96, CI 0.45-2.02 in homozygous patients) (Table 5). 

Table 5. Treatment Response according to Dll Genotype 

AA (wild type) 
AG (heterozygous) 
GG (homozygous) 

N 

44 
41 
8 

Value of parameter 

median (range) 

20 ±3 
21 ± 4 
20 ±3 

HRSD at 
baseline 

mean ±SD 

10 ±6 
10 ±7 
9 ±7 

Decrease 
in HRSD 

mean ±SD 

23 
18 
4 

Response 
rate 

n (%) 

(52%) 
(44%) 
(50%) 

Relative 
response 

rate 

0.84 
0.96 

95% CI 

0.54-1.31 
0.45-2.02 

Patients (n=93) are divided in groups according to Dll genotype (AA = wild type, AG = heterozygous, GG 
homozygous). Response rates are shown per genotype. 



DISCUSSION 

Our finding that higher TSH, but not FT4, is related to response, is in agreement with 

studies measuring evening TSH concentrations (6;27). Other studies measuring TSH in the 

morning did not find such a relation (8-12). We only found a significant association after 

exclusion of patients with positive TPO-titres. Since other studies analysing morning TSH in 

relation to response did not assess TPO antibodies, this may explain part of the discrepancies 

in the literature. 

110 The positive association between TSH and treatment response could not be attributed to 

T3 treatment, since T3 treatment was not a determinant of response in a logistic regression 

model. Furthermore, the exclusion of patients with subclinical hypothyroidism or positive 

TPO-antibodies eliminates patients who might benefit from the T3 treatment. 

To explain the relation between TSH and treatment response is a matter of speculation. The 

often described hypercortisolism in depressed patients may induce lower serum TSH and 

indicate treatment resistant depression (4). However, as we described earlier, in this 

population low TSH was not related to high 24-hour urinary Cortisol levels (28). Another 

explanation is that a relatively low TSH is due to relatively low TRH. Indeed, the expression 

of TRH in the hypothalamus of depressed patients as compared to control patients is 

decreased (29). Since TRH is influenced by serotonin in the rat brain (30), serum TSH 

concentrations may reflect a disturbed serotonin system. 

The effect that TPO antibodies have on the relation between TSH and response can be 

explained by two factors. First, TPO antibodies are a first sign of thyroid autoimmune disease 

leading to increased TSH concentrations (13). TPO antibodies may, as a peripheral 

determinant of TSH concentration, obscure the proper relation between TSH and response. 

Second, TPO antibody positivity itself may be a (negative) determinant of response. Because 

of the low prevalence of patients with a positive TPO-antibody titre in our study, we could 

not address this hypothesis. Some indication of the importance of TPO antibodies was 

given by a study wherein the presence of TPO-antibodies in the first trimester of pregnancy, 

but not subclinical hypothyroidism per se, predicted postpartum depression (31). A recent 

study described that the presence of Thyroid Binding Inhibitory Immunoglobulins was related 

to treatment non-response in depressed patients (32). These findings support an association 

between the immune system and depression. 

With respect to the TRH-test, one large study (n=105) found that high delta TSH predicted 

treatment non-response (7), while in a number of smaller studies this association was 



confirmed but also contradicted (6;33;34). In the present study, delta TSH did not predict 

response. An explanation for this discrepancy may be the dexamethasone pre-treatment in 

our study, since glucocorticoids suppress serum TSH (35). 

The prevalence of the Dll genotypes in the present study was comparable with that of a 

population of 156 healthy, Dutch blood donors (48% heterozygous and 15% homozygous 

subjects) (21). The age (46 years old), but not the gender (35% females), of these subjects 

was similar to our patients. Despite the association between the Dll polymorphism and 

serum TSH, this did not result in a prediction of response by the Dll polymorphism. 

The present and the study by Peeters et al. (21) found that serum TSH in heterozygous 

subjects was lower than in the wild type and homozygous subjects. This odd, but replicable 

observation may be explained by a hypothesis that part of Dll proteins form dimers (of both 

alleles) (36). Speculating on this, heterodimers of Dll proteins, one with the polymorphism 

and one without, may have higher catalytical activity than homodimers that will result in 

higher T3 concentrations in the anterior pituitary to suppress TSH. 

Compared with other studies, we investigated a larger population of depressed patients 

and we investigated the predictive value of HPT-axis parameters prospectively after correction 

for TPO-antibodies. These patients had been free of antidepressants for three months. 

Influence of previous treatments on baseline parameters was therefore unlikely. In this 

setting, higher serum TSH was significantly related to response rates after the exclusion of 

patients with positive TPO-antibodies. Therefore, we recommend that in future studies, 

TPO antibodies should be included in studies on the prediction of antidepressant response. 
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ABSTRACT 

Introduction 

The determinants of response to antidepressant treatment in major depression are unknown. 

The objective of this study was to establish whether treatment response is predicted by 

Hypothalamus-Pituitary-Adrenal (HPA) axis parameters, or by genetic polymorphisms in the 

glucocorticoid receptor (GR), that regulates its feedback. 

116 Methods 

A cohort of depressed outpatients was recruited by advertisements. Ninety-eight patients 

with a 17-item HRSD score >16 completed 8 weeks of paroxetine treatment. Treatment 

response was measured blind to endocrine test results and was defined as a 50% decrease 

in HRSD ratings. At baseline, 24hour urinary Cortisol excretion, and Cortisol and ACTH 

concentrations in a DEX/CRH test were measured. The presence of polymorphisms in the 

GR DNA sequence (Bell, ER22/23EK, N3635) was determined. Prediction of treatment 

response was analyzed by calculating response rates per tertile of a HPA-axis parameter 

and per GR genotype. 

Results 

The overall treatment response rate was 49%. The response rate in the high ACTH tertile 

was significantly lower as compared wi th the intermediate tertile, but not compared with 

the low tertile (response rates from high to low tertile: 33%, 67% and 42%). Also, the 

decrease in HRSD ratings was lower in the high ACTH tertile as compared to both low and 

intermediate ACTH tertiles (HRSD decrease: 7 vs 10 and 11, respectively, p<0.05). Carriers 

of the Bell polymorphism had higher ACTH values than non-carriers (baseline ACTH: 3 vs. 5 

ng/ l , p=0.02) and showed a trend towards lower decrease of HRSD rates than non-carriers 

(HRSD decrease: 8 vs 11, respectively, p=0.07). 

Conclusion 

The results suggest that hyperactivity of the HPA-axis predicts worse treatment outcome. 

The Bell polymorphism explains, in part, DEX/CRH test results and tends to be associated 

wi th worse treatment outcome. 



INTRODUCTION 

Treatment of major depressive disorder with a first trial of antidepressants is effective in 

only 60% of patients (1). The determinants of treatment response are not well known. In 

depression, changes have been described in the Hypothalamic-Pituitary-Adrenal (HPA) axis. 

Hypercortisolism has been reported in many studies as reflected by elevated mean 24-hour 

serum Cortisol concentrations and increased 24-hour urinary excretion of Cortisol. Our previous 

work showed increased expression of corticotrophin releasing hormone (CRH) in post-mortem 

hypothalamus of depressed patients (2). Serum Cortisol concentrations are not suppressed 

in the dexamethasone-suppression test (DST) in about 20-50% of patients. Finally, increased 

Cortisol and corticotrophin (ACTH) concentrations after CRH have been described after 

suppression by 1.5 mg dexamethasone (DEX/CRH test). The DEX/CRH-test is in fact the 

most sensitive endocrine test for major depression as it showed that some 90% of patients 

have an increased HPA-axis activity. For review see (3). 

The increased HPA-axis activity may be of clinical significance since sustained HPA-axis 

hyperactivity after successful treatment is associated with early relapse (4;5). Several authors 

have investigated whether high HPA-axis activity also predicts non-response to antidepressant 

treatment. Ribeiro et al. (5) showed in an extensive meta-analysis that the DST does not 

predict treatment outcome. However, only two small studies investigated the sensitive DEX/ 

CRH test in relation to treatment response. The authors found no difference in DEX/CRH 

test parameters at baseline between treatment responders and non-responders (6;7). 

Both hypercortisolism and increased CRH are proposed to play a causal role in depression. 

This is supported by preliminary studies describing a therapeutic effect of Cortisol and CRH 

receptor antagonists (8). Because Cortisol and CRH affect the serotonin system (3;9), serum 

Cortisol and ACTH concentrations may identify patients who will respond to selective serotonin 

reuptake inhibitors (SSRIs). 

The finding that dexamethasone does not suppress serum Cortisol in depressed patients 

has led to the hypothesis that the glucocorticoid receptor (GR) is less sensitive in major 

depression. In line with this reasoning is the finding that antidepressants (including paroxetine) 

increase GR mRNA, protein and transcriptional activity (3; 10). The upregulation of GR can 

reduce hypercortisolism and consequently, the supposed depressogenic effects of Cortisol 

on the brain (3). Interestingly, Holsboer et al. (3) found that the post-dexamethasone Cortisol 

concentrations in the DEX/CRH test were also higher in first degree relatives of depressed 

patients as compared to subjects without depressed relatives, supporting a genetic factor 



in the HPA-axis activity. Therefore, it is relevant to study the GR genes. 

At present, three polymorphisms in the GR gene are thought to be of clinical relevance: ER22/ 

23EK, a Bell restriction fragment polymorphism and N363S. These polymorphisms are related 

to changes in HPA-axis activity as well as to anthropomorphic, metabolic or hemodynamic 

cardiovascular risk factors. Higher serum Cortisol concentrations after 1 mg dexamethasone 

were found in carriers of the ER22/23EK, supporting a relatively resistant GR (11). 

In contrast, carriers of the Bell polymorphism showed lower Cortisol concentrations after 0.25 

and 1 mg dexamethasone, suggesting increased sensitivity to glucocorticoids (12). Finally, Cortisol 

118 concentrations in carriers of the N363S polymorphism were decreased after administration of 

0.25 mg dexamethasone, indicating an increased sensitivity of the GR as well (13). 

We hypothesised that increased activity of the HPA-axis and the three GR polymorphisms predict 

response to treatment with an SSRI. We tested this hypothesis in patients who participated in 

a randomised clinical trial addressing the efficacy of T3 addition to paroxetine. As the response 

rate in the trial was exactly similar in the T3 treated as in placebo treated group (14), we 

regarded this as a paroxetine alone treated group. A secondary aim of this study was to 

determine whether variance in the DEX/CRH test is explained by GR-polymorphisms. 

METHODS 

Subjects 

The depressed patients took part in a randomised clinical trial evaluating the efficacy of thyroid 

hormone (T3) addition to treatment with an SSRI, as reported previously (14). To be eligible 

for the study patients had to be between 18 and 65 years of age, to be free of antidepressant 

medication for at least 3 months and to fulfil the diagnostic criteria for major depressive 

disorder according to the Diagnostic and Statistical Manual of mental disorders (DSM)-IV 

(14). Diagnosis of depression and its subtypes was performed by the Structured Clinical Interview 

for the DSM, fourth edition (SCID-IV). Further, patients were required to have a score of at 

least 16 on the 17-item Hamilton Rating Scale for Depression (HRSD). This study was approved 

by the Medical Ethical Committee of the Academic Medical Center and the Free University 

Medical Center. All randomised patients provided written informed consent. 

Exclusion criteria were bipolar disorder, substance abuse or dependence disorder for alcohol 

or drugs, clinically manifest thyroid or adrenocortical disease. Patients were not allowed to 

have taken corticosteroids or drugs interfering with serum Cortisol concentrations, thyroid 



hormone, or any psychotropic drugs during the last 3 months before inclusion, wi th the 

exception of a low dose benzodiazepine (equivalent to 30 mg oxazepam daily) and estrogens. 

For the analysis of the prediction of response patients were only included if they had taken 

study medication for at least 6 weeks. 

Medicat ion schedule and psychiatric outcome measures n 

After the measurements of endocrine parameters, patients were randomly assigned to £ 

study treatment comprising 3 groups: placebo, 25u.g T3 or 50 u.g T3 in a ratio of 2:1:1, 3 
00 

respectively. This double-blinded study medication was given in addition to open label 119 

antidepressant treatment with 30 mg paroxetine. Patients were treated for 8 weeks. Ratings o 

of HRSD were obtained every two weeks. Primary outcome was the score on the 17-item z 
> 

HRSD at 8 weeks or the last HRSD-score obtained. HRSD ratings were obtained by observers > 
x 

unaware of endocrine test results. Response was defined as > 50% reduction in HRSD score " 
> 

from baseline to week 8. j§ 
m 
OO 
"O 

Procedures, hormone measurements and GR polymorphism analyses § 

Subjects collected two separate, refrigerated 24-hour urine samples. Afterwards, a DEX/ 

CRH test was performed as described by Heuser et al. (16) with the addition of a TRH | 

stimulation test (DEX/CRH-TRH test). At the day prior to the test, subjects took a tablet of 1,5 g 

mg dexamethasone at 11.00 p.m. On the day of the test, an intravenous catheter was inserted eg 

at 2.00 p.m. From 2.45 p.m. until 4.30 p.m. blood samples were taken every 15 minutes for K 

the assessment of serum Cortisol and ACTH. At 3.00 p.m., after a blood sample was taken, § 

100 \xg CRH (Ferring Hoofddorp, Holland) was injected, followed directly by 400 u.g TRH 

(Protirelin, Hoechst AG, Frankfurt am Main, Germany). We investigated in two volunteers if 

simultaneous injection of TRH affects ACTH and Cortisol concentrations after CRH, but found 

no effect (data not shown). Nor was an effect of TRH found in animal studies (17). 

Sera were kept at -20°C. Hormone assays were conducted in the Endocrinology Laboratory 

of the Academic Medical Centre in Amsterdam. Urinary Cortisol was measured by an in-

house high-performance liquid chromatographic (HPLC) method with a detection limit of 5 

nmol/L. The intra-assay coefficient of variation was 6.5%, the inter-assay coefficient of 

variation was 10.5%. Of the two 24 h urine samples, total volumes as well as concentrations 

of free Cortisol and creatinine were measured. Total creatinine excretion was measured to 

assess the completeness of the collection. If total creatinine excretion in the sample with 

the highest creatinine excretion was > 150% of the creatinine excretion of the other sample, 



both samples were excluded (18). By this criterion, 85 patients collected urine correctly. 

Cortisol levels were determined by luminescence enzyme immunoassay on an Immulite 

(Diagnostic Products Corporation, Los Angeles, CA), with a detection limit of 30 nmol/L. 

The intra-assay coefficient of variation was 5.8%, the inter-assay coefficient of variation was 

7.0%. ACTH levels were determined by immuno lumino metric assay (Nichols Institute, Los 

Angeles, CA), with a detection limit of 1 ng/L. The intra-assay coefficient of variation was 

3.7%, the inter-assay coefficient of variation was 5 .1%. 

Analysis of the GR genotypes was performed using a Taqman sequence detection system 

120 (Applied Biosystems, Nieuwekerk aan de Ussel, The Netherlands) and primers, probes and 

universal mastermix (Applied Biosystems) as described earlier for the ER22/23EK, Bell and 

the N363S (19). If a polymorphism was present, this was checked by repeating the analysis 

for this patient. 

Data analysis 

To compare response rates between the three treatment arms, we performed a Pearson 

Chi-square test. For the prediction of response, we used the following endocrine parameters: 

mean 24h urinary excretion of Cortisol and in the DEX/CRH test baseline Cortisol and ACTH 

(highest value of two measurements after dexamethasone, before CRH), peak (maximal 

value after CRH) and the area under the curve (AUC) of the Cortisol and ACTH concentrations. 

We divided the patients over three equal groups (tertiles) of these parameters. For each 

parameter the mean decrease in HRSD score and response rates were calculated per tertile. 

To determine if response rates were significantly different, the decrease in HRSD ratings 

were tested with ANOVA and if significant, with post hoc analysis. These results were only 

reported if significant. Differences in response rates were tested by calculation of the chance 

on response (named relative response rate) and 95% confidence interval for the two lower 

tertiles as compared to the high tertile. 

For the comparison of age and HPA-axis parameters in the GR genotypes, Mann-Whitney U 

tests were performed because of the non-normal distribution and small groups. Differences 

in dichotomous variables such as gender, chronic depression and therapy resistant depression, 

were analysed using the Fisher's exact test. To analyse the prediction of response by the GR 

polymorphisms, we tested differences in decrease of HRSD ratings by the student's t-test. 

Then, we calculated response rates and relative response rates with 95% confidence intervals 

(CI) per genotype. For all tests a p value of < 0.05 was considered statistically significant 

and all tests were two-tailed. 



RESULTS 

Clinical characteristics 

A total of 113 patients with depression met the criteria for eligibility and 98 patients 

completed 8 weeks (except one subject who completed 6 weeks) of study medication. 

After treatment with 30 mg of paroxetine for 8 (one patient for 6) weeks, the overall n 

response rate, defined as a 50% reduction in HRSD-score, was 48 out of 98 patients (49%). ^ 

Response rates in the three treatment arms (placebo, 25 u.g T3, 50 \xg T3) were similar 3 

(50%, 46%, 50%, respectively; % • 0.11, df=2, p=0.95). Characteristics of responders and 121 

non-responders were not statistically different between responders and non-responders o 

(Table 1). The 17-item HRSD scores indicate that the majority of all patients had a moderately z 

severe depression and that quite a large proportion of subjects had recurrent (43%), chronic > 

(52%) and therapy resistant (38%) depression. £ 
z 
o 

Table 1. Clinical Characteristics S 
i / i 

Responders Non-responders Q 
n=48 n=50 2 

m 
Age (mean ±SD) 47 ± 12 46 ± 11 ^ 
Woman (n, %) 32(67%) 31(62%) | 
17-HRSD(mean±SD) 21 ±3 20 ± 3 § 
Chronic depression (n, %) 22 (46%) 20 (40%) » 
Recurrent depression (n, %) 25(52%) 26(52%) S 
Therapy resistant* (n, %) 17(35%) 19(38%) 3 

m 
* Therapy resistance was defined as having a score 1 or more in the Thase and Rush classification for therapy ^ 
resistance (20). § 

Prediction of response 

Neither urinary Cortisol, nor any of the parameters of the Cortisol concentrations in the 

DEX/CRH test, predicted response to paroxetine (Table 2), irrespective of the exclusion of 

patients using estrogens. 

In contrast, analysis of the delta and peak ACTH in the DEX/CRH-test showed that HRSD 

ratings decreased not as much in the high ACTH-tertile as in the low and intermediate 

tertiles. Testing this with ANOVA and post hoc analysis revealed that, indeed, subjects in 

the high ACTH fertile group responded less favourable; significant compared to the 

intermediate fertile (for peak ACTH: p<0.01, 95% CI -7.89 - -1.73) and borderline significant 

compared to the lower fertile (peak ACTH: p=0.06, 95% CI: -6.10-0.15). 

ANOVA analysis for the delta and AUC ACTH showed the same, significant results (data not 

shown). A lower response rate and relative response rate in the high delta ACTH fertile was 
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statistically significant when compared to the intermediate tertile, but not if compared to 

the low tertile of the delta ACTH. Similar, but borderline significant results were obtained 

for peak (Table 2) and AUC ACTH (data not shown). The results were unchanged when 

patients using low-dose benzodiazepines (<30 mg/day) were excluded. Finally, baseline 

ACTH did not predict response rates. 

Table 2. Treatment Response per Tertile of HPA-axis Parameter 

N Value of parameter HRSD at Decrease Response Relative 
baseline in HRSD rate response 

median (range) mean ±SD mean ±SD n (%) rate 

95% CI 

urinary Cortisola 

nmol/24 hr 

baseline Cortisol 
nmol/l 
peak Cortisol '-
nmol/l 

delta Cortisol' 
nmol/l 

baseline ACTH " 
ng/l 
peak ACTH-"** 
ng/l 

delta ACTH < * 
ng/l 

low 
middie 
high 

" low 
high 
low 
middle 
high 
low 
middle 
high 
low 
high 
low 
middle 
high 
low 
middle 
high 

28 
29 
28 
77 
21 
32 
30 
32 
31 
31 
32 
57 
41 
31 
33 
30 
31 
31 
32 

27 (4-48) 
63 (49-80) 

111 (82-443) 
50 (50-50) 

100(50490) 
60 (50-90) 

185(100-270) 
500 (280-840) 

20 (0-60) 
155(65-235) 

388 (245-795) 
3 (2-4) 

8 (5-60) 
9(3-14) 

19(15-30) 
54(32-315) 

5(1-11) 
15(12-24) 

37(26-310) 

21 ± 4 
21 ±3 
20 ±3 
20 ±3 
20 ±3 
20 ±3 
22 ±4 
20 ±3 
20 ±3 
22 ±4 
21 ±3 
21 ±3 
21 ±3 
20 ±4 
21 ±3 
21 ±3 
21+4 
21 ±3 
2 • ± 3 

9 ± 7 
10 ± 6 
9 ± 6 
10 ± 7 
8 ± 6 
9 ± 6 
10 ± 6 
9 ± 7 
9± 7 
10 + 6 
9 ± 7 
10 + 6 
9 ± 7 
10 ± 6 
12 + 5 
7 ± 7 
10±6 
11 ± 6 
7 ± 7 

12 (43%) 
12 (41%) 
15 (54%) 
39 (51%) 
9 (43%) 
14 (44%) 
15 (50%) 
16 (50%) 
13 (42%) 
16 (52%) 
16 (50%) 
30 (53%) 
18(44%) 
13(42%) 
22 (67%) 
10(33%) 
12(39%) 
22(71%) 
11 (34%) 

1.00 
0.97 
1.25 
1.00 
0.85 
1.00 
1.14 
1.14 
1.00 
1.23 
1.19 
1.00 
0.83 
1.00 
1.59 
0.79 
1.00 
1.83 
0.89 

0.53-1.77 
0.72-2.17 

0.49-1.45 

0.67-1.94 
0.68-1.93 

0.72-2.10 
0.69-2.05 

0.55-1.28 

0.98-2.57 
0.41-1.53 

1.12-3.01 
0.46-1.70 

Patients (n=98) were divided in three equal groups (tertiles) of the HPA-axis parameters. Response rates are 
shown per group, a Urinary Cortisol levels are presented after exclusion of incomplete samples (n=85). b For 
baseline Cortisol and baseline ACTH (after 1.5 mg dexamethasone, before CRH) patients were divided in two 
groups, since in the majority of patients the values were under the detection limit, c Tertiles of the maximum 
(peak) and delta of Cortisol and ACTH after i.v. injection of 100|ig CRH and 400 îg TRH. Patients had had 1.5 mg 
dexamethasone the evening before testing (modified DEX/CRH test, Heuser et al. (16)). Only patients who had no 
missing measurement just before or just after the highest value were included (n=94). ** decrease in HRSD 
ratings: F: 4.88, df=2, 91, p=0.01; * decrease in HRSD ratings: F: 3.15, df=2, 91, p<0.05 

Clinical variables according to GR polymorphisms 

For the ER22/23EK polymorphism, available in 92 patients, the prevalence of ER22/23EK 

carriers was nine (10%) and no homozygous patients were identified. Age, gender and 

major depression characteristics were similar in ER22/23EK carriers as compared to wild 

types. This polymorphism was not associated with the variance in urinary Cortisol or in DEX/ 

CRH test parameters (Table 3). 



Table 3. Clinical Variables According to ER22/23EK Genotype 

GG/GG GA/GA p value 
(wild type) (ER22/23EK carriers)" 

n=83 n=9 

Age (mean ±SD) 
Woman (n, %) 
Chronic depression (n, %) 
Therapy resistant* (n, %) 
HPA axis parameters 
urinary Cortisola nmol/24 hr (median, p10-p9 

baseline Cortisolö nmol/l (median, p,0-p90) 
peak Cortisol ö nmol/l(median, p'°-p90) 
baseline ACTH0 ng/l(median, p10-p90) 
peak ACTH b ng/l(median, p10-p90) 

46 ± 12 
54 (65%) 
35 (42%) 
31 (37%) 

63 (15-130) 
50(50-112) 
200 (50-530) 
4(2-13) 
21 (7-79) 

52 ±3 
4 (44%) 
6 (67%) 
4 (44%) 

55 (27-443) 
50(50-170) 
80 (50-790) 
4 (2-60) 
19(4-295) 

0.21 
0.28 
0.18 
0.73 

0.62 
0.85 
0.98 
0.92 
0.89 

n.a. not applicable. # Only heterozygous patients.* Therapy resistance was defined as having a score 1 or more in 
the Thase and Rush classification for therapy resistance.(20) For test statistics, see the methods section. 
a Urinary Cortisol values are presented after the exclusion of incomplete samples (n=81). b Tertiles of maximal 
Cortisol and ACTH values before (baseline) and after (peak) i.v. injection of 100 u.g CRH and 400 u.g TRH. Patients 
had had 1.5 mg dexamethasone the evening before testing (modified DEX/CRH test, Heuser et al.(16)). Only 
patients who had no missing measurement just before or just after the highest value were included (n=88). 

Data on the Bell restriction length polymorphism were measured in 91 patients. Forty-two 

(46%) patients were heterozygous and ten (11%) homozygous for the polymorphism. There 

was a trend towards a lower prevalence of women and a higher prevalence of therapy 

resistance in Bell carriers as compared to non-carriers (Table 4). Age and the presence of 

chronic and recurrent depression were similar. The Bell polymorphism was not associated 

with urinary Cortisol or Cortisol parameters in the DEX/CRH test, even when estrogen taking 

patients were excluded. In contrast, all ACTH parameters were higher in the 52 Bell carriers. 

When the carriers were divided in heterozygous and homozygous patients, the ACTH values 

tended to be higher in homozygous patients compared to heterozygous patients (peak 

ACTH 17, 23 and 27 ng/L in non-carriers, heterozygous and homozygous, respectively. 

Kruskal-Wallis test: %2 4.04, df 2, p=0.13). Exclusion of patients carrying the ER22/23EK did 

not alter the association between ACTH and Bell, although differences were not statistically 

significant due to lower power (data not shown). Because the Bell polymorphism was related 

to high ACTH, we investigated whether ACTH tertiles predicted response independent of 

the Bell polymorphism. The largest group was the heterozygous group (n=42). High ACTH 

was still associated with a lower decrease in HRSD as compared to the low and middle 

ACTH tertile (HRSD decrease from low to high ACTH: 9 ± 6, 11 ± 5, 5 ± 6; F 4.26, df 2; 39, 

p=0.02). Data on the N363S polymorphism were available in 89 patients and the prevalence 

of heterozygous patients (AG) and homozygous patients (GG) was 3(3%) and 1(1%) 



respectively. Because of the low prevalence of this polymorphism, data on this polymorphism 

are not shown. The DEX/CRH test results in the 4 carriers of N363S polymorphism were 

within the range of the non-carriers. 

Table 4. Clinical Variables According to Bell Genotype 

CC 
(wild type) 

n=39 

CG and GG 
^Bell-carriers) ° 

n=52 

test statistic p value 
(df) 

124 

Age (mean ±SD) 
Woman (n, %) 
Chronic depression (n, %) 
Therapy resistant* (n, %) 

HPA axis parameters 
urinary Cortisol0 nmol/24 hr (median, p,0-p9 

baseline Cortisol0 nmol/l (median, p,0-p90) 
peak Cortisol;' nmol/l (median, p'°-p90) 
baseline ACTH0 ng/l (median, p,0-p90) 
peak ACTHb ng/l (median, p,0-p90) 

46 ±11 
29 (74%) 
14(36%) 
10(26%) 

73(22-159) 
50(50-100) 
125(50-522) 

3 (2-10) 

47 ±11 
23 (56%) 
25 (48%) 
23 (44%) 

63(15-159) 
50(50-134) 
230 (50-628) 

5(2-15) 

-0.36 (89) 
n.a. 
n.a. 
n.a. 

-0.65 
-0.43 
-1.35 
-2.30 

17(5-97) 23(9-101] 

0.72 
0.08 
0.29 
0.08 

0.52 
0.67 
0.18 
0.02 
<0.05 

n.a. not applicable. * 42 heterozygous and 10 homozygous patients. * Therapy resistance was defined as having a 
score 1 or more in the Thase and Rush classification for therapy resistance (23). For test statistics, see the methods 
section.a Urinary Cortisol values are presented after the exclusion of incomplete samples (n=81).b Tertiles of maximal 
Cortisol and ACTH values before (baseline) and after (peak) i.v. injection of 100 u.g CRH and 400 jug TRH. Patients 
had had 1.5 mg dexamethasone the evening before testing (modified DEX/CRH test, Heuser et al. (16). Only 
patients who had no missing measurement just before or just after the highest value were included (n=87). 

Prediction of response by th e GR polymorphism 

There was a trend towards a lower decrease in HRSD ratings for Bell carriers as compared 

wi th wild types (Table 5). This trend disappeared when heterozygous and homozygous 

patients were analyzed separately (decrease in HRSD rates for wild type, heterozygous and 

homozygous patients: 11 ± 6, 8 ± 6 and 9 ± 8; F: 1.88, df: 2, 88, p=0.16) or when response 

rates as defined by 50% decrease in HRSD ratings were calculated. Response was not 

predicted by the ER22/23EK polymorphism. 

Table 5. Treatment Response According to GR Genotypes 

C22/23(n=92) 

Bell *(n=91) 

non-carriers 
carriersa 

non-carriers 
carriers :' 

N 

83 
9 
39 
52 

HRSD at 
baseline 

mean ±SD 

21 ±3 
19 + 3 
21 ±3 
21 ±3 

Decrease 
in HRSD 

mean ±SD 

10 ± 6 
8 ± 8 
11 ±6 
8 ± 6 

Response 
rate 

n (%) 

41 (49%) 
4 (44%) 
22 (46%) 
21 (40%) 

Relative 
response 

rate 

1.00 
0.90 
1.00 
0.72 

95% CI 

0.42-1.93 

0.47-1.10 

Patients are divided in groups according to GR genotype. Response rates are shown per genotype, a Only heterozygous 
patients, b 42 heterozygous and 10 homozygous patients. * Decrease in HRSD ratings: t: 1.86, df=89, p=0.07 



DISCUSSION 

In our data, high ACTH concentrations after CRH were related to worse treatment outcome. 

Of the GR polymorphisms, only the Bell polymorphism was non-significantly related to non-

response. 

The response rate in the high ACTH tertile was clearly lower than in the intermediate ACTH 

fertile, but only slightly lower than in the low ACTH tertile. The analysis of the reduction in 

HRSD ratings per ACTH tertile showed a pattern, which was more compatible with the 

concept that high ACTH (thus, higher HPA-axis activity) is linearly related to non-response. 

Post hoc analysis pointed out that indeed the high ACTH tertile is the aberrant tertile. 

Whether peak ACTH and Cortisol concentrations in the DEX/CRH test can predict response, 

was investigated in two previous studies (6;7). The authors found no differences in the 

DEX/CRH test between treatment responders and non-responders after 6 weeks of 

treatment, although one of these studies described a trend towards higher peak Cortisol in 

non-responders. The absence of significant associations in these studies may be explained 

by their smaller sample size, inclusion of bipolar patients or solely treatment resistant patients. 

In the present study, peak ACTH did, but peak Cortisol did not at all predict treatment 

response. Since the mean peak of Cortisol nicely followed the mean peak of ACTH, one 

would expect Cortisol to predict treatment outcome as well. In part, this may be caused by 

the later time point of the Cortisol peak. In the initial report on the DEX/CRH test the 

authors described that in some 10% of the patients the Cortisol peaked after 4.30 p.m. 

(16), the latest measurement in our test. The measured Cortisol peak may thus be less 

accurate than the ACTH peak. On the other hand, ACTH may reflect disbalances in 

hypothalamic neuroendocrine function (due to increased CRH and vasopressin levels) in 

depression more precisely than Cortisol. 

In line with the association between high ACTH and non-response is the trend towards a 

lower response in carriers of the Bell polymorphism; these carriers have also increased 

ACTH values in the DEX/CRH test. The (non-significant) higher prevalence of therapy resistance 

to former therapies in Bell carriers fits in this concept as well. Nevertheless, this finding 

should be replicated in other studies. 

ACTH and Cortisol concentrations after dexamethasone, before CRH, did not predict response. 

This may be due to a too infrequent prevalence of dexamethasone non-suppression in our 

outpatient population to detect such a prediction; most baseline ACTH values were very 

low in the present study. Lower prevalences of dexamethasone non-suppression in outpatients 



as compared with inpatients have been described before (21). 

We could not establish a relation between the ER22/23EK polymorphism and response rates 

to paroxetine, possibly due to the low prevalence of ER22/23EK carriers in the present study. 

The prevalence of the three GR genotypes was similar to the prevalence reported in the 

literature (ER22/23EK: 9% and 0%, Bell: 46% and 14%, N363S: 6% and 0% for heterozygous 

and homozygous respectively) (12;13;22). Since we did not compare genotype frequencies 

between patients and a population of healthy controls, we cannot draw any conclusions 

whether or not these polymorphisms are associated with depression. 

126 ACTH concentrations in the DEX/CRH test seem in part to be explained by the Bell genotype, 

as ACTH was higher in carriers of this polymorphism. In contrast, Cortisol values were not 

associated with the Bell polymorphism. Earlier studies described that Cortisol was rather 

decreased in Bell carriers (12). A recent study showed that in Bell homozygous subjects 

ACTH increased significantly after psychosocial stress, but Cortisol barely increased, which 

was in contrast with non-carrier subjects in whom both ACTH and Cortisol increased (19). 

The finding that ACTH is increased while Cortisol is decreased seems contradictory. This may 

be explained by tissue specific effects of the Bell polymorphism; carriers of Bell polymorphisms 

have increased skin-blanching after budesonide application, indicating increased sensitivity 

of the GR, while in the same patients leucocytes showed a reduced sensitivity to 

dexamethasone (22). 

Earlier studies described altered post-dexamethasone Cortisol concentrations in carriers of 

the Bell and ER22/23EK polymorphisms (11;12). The fact that we could not replicate this is 

probably explained by the higher dose of dexamethasone (1.5 mg) in the DEX/CRH test. 

This is illustrated by the observation that increased GR sensitivity of the N363S polymorphism 

was only found after 0.25 mg and not after 1 mg dexamethasone (13). In addition, the 

DEX/CRH test was performed in the afternoon when Cortisol levels are lower than in the 

morning, when the DST is usually performed. 

We prospectively investigated a large population of depressed patients who had been free 

of antidepressants for three months. Influence of previous treatments on baseline parameters 

was therefore unlikely. To date, we are the first to investigate GR polymorphisms in relation 

to both treatment outcome and to HPA-axis activity in outpatients with major depression. 

In this setting, we found an association between treatment non-response and high ACTH. 

Furthermore, the Bell genotype appeared to be associated with higher ACTH in the DEX/ 

CRH test and tended to predict non-response. 
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ABSTRACT 

Introduction 

Knowledge of pathogenic mechanisms and predictors of relapse in major depressive disorder 

is still limited. Hypothalamic-pituitary-adrenocortical (HPA) axis dysregulation is thought to 

be related to the development and course of depression. 

Methods 

130 We investigated whether dexamethasone/corticotrophin-releasing hormone (DEX/CRH) test 

parameters were related to the occurrence of relapse in 45 outpatients with clinically remitted 

major depression. The DEX/CRH test was administered before and after 8 weeks of 

antidepressant treatment. 

Results 

Post-treatment maximal ACTH and maximal Cortisol levels, as well as delta ACTH and delta 

Cortisol levels, were significantly higher (all p< 0.05) among patients who relapsed (n=22) 

compared with patients in whom no relapse occurred (n=23). Higher post-treatment maximal 

Cortisol response on the DEX/CRH test was associated with shorter 'relapse-free survival' 

(p-0.05). 

Conclusion 

In outpatients with clinically remitted major depression, higher post-treatment maximal 

Cortisol levels on the DEX/CRH test were associated with relapse of major depression. 



INTRODUCTION 

Approximately 50% of patients diagnosed with major depressive disorder (MDD) will 

experience a recurrent course of illness (1). For patients who have had two episodes of 

MDD, the chance of experiencing a third rises to 60-90% (2). Prevention of relapse has 

therefore become an important and challenging goal in the management of major depression. 

To achieve this, further knowledge of pathogenic mechanisms causing recurrence in major 

depression is required, as well as the identification of predictors of relapse. 

One line of investigation focuses on the link between major depression and a disturbed 

regulation of the hypothalamic-pituitary-adrenocortical (HPA) axis. 

Several changes in the HPA axis have been described in major depression reflecting 

hyperactivity of the HPA axis: hypercortisolism (both elevated mean 24 hour serum Cortisol 

as well as 24-hour urinary excretion), non-suppression of serum Cortisol concentrations in 

the dexamethasone-suppression test (DST) in about 20-50% of patients, and finally, an 

increased release of adrenocorticotrophic hormone (ACTH) and Cortisol in response to CRH 

after administration of 1.5 mg of dexamethasone (DEX/CRH test). For an extensive review, 

see (3). Interestingly, healthy first-degree relatives of patients with depression have higher 

Cortisol response to the DEX/CRH test than a control group (4), supporting a genetic basis 

for the relationship between the endocrine changes and mood disorder. This has recently 

led to the development of novel classes of antidepressants acting as CRH(1) receptor 

antagonists and glucocorticoid receptor antagonists (5). Preliminary studies show that these 

novel agents may indeed be effective in the treatment of major depression (5-9). 

The combined dexamethasone / corticotrophin releasing hormone (DEX/CRH) test has been 

reported to be the most sensitive of all available neuroendocrine tests for detecting HPA 

axis dysregulation in individuals with depression, detecting hyperactivity in some 90% of 

patients (10). This HPA axis hyperactivity has been reported to normalize during treatment, 

which precedes the full resolution of clinical depressive symptoms. Persistent HPA 

dysregulation despite a favorable clinical response to treatment for depression may therefore 

well be associated with a high risk for recurrence of depressive symptoms. 

Few studies have investigated the value of HPA axis parameters as predictors of relapse. 

Studies on the value of the dexamethasone suppression test (DST) as a predictor of outcome 

have been summarized by Ribeiro et al (11). It was concluded that persistent non-suppression 

of Cortisol on the DST after clinical treatment response was correlated with poor outcome 

in terms of recurrence of symptoms, rehospitalization or suicide. 



Thus far the relation between the more sensitive combined DEX/CRH test parameters and the 

occurrence of relapse has only been investigated in a population of inpatients and with a 

short follow-up period of 6 months (12; 13). It was concluded that the persistence of an 

exaggerated Cortisol response, despite clinical remission, predicted relapse of depressive 

episodes. 

We investigated the relation between post treatment DEX/CRH test parameters and the 

occurrence of relapse in a population of outpatients with clinically remitted major depression, 

with a longer follow-up period (mean: 22 months). 
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METHODS 

This study was carried out between February and May 2003, at the Academic Medical 

Center in Amsterdam. The study protocol was approved by the institutional ethics review 

committee and all participants gave written informed consent. 

Subjects 

All patients approached for participation had previously taken part in a randomized, double-

blind placebo-controlled clinical trial, investigating the efficacy of triiodothyronine (T3, active 

thyroid hormone) addition to paroxetine in the treatment of depression. 

Patients included in this clinical trial were between 18 and 65 years of age, fulfilled criteria 

for major depressive disorder according to the Structured Clinical Interview for Axis I DSM-

IV Disorders (SCID) (14) and had a baseline score of at least 16 on the 17-item Hamilton 

Rating Scale for Depression (HRSD) (15) before treatment. Response to treatment was 

assessed after 8 weeks of outpatient treatment with paroxetine 30 mg and addition of 

either a low dose T3 (25 u,g), a high dose T3 (50 fig), or placebo. Treatment response was 

defined as a reduction in HRSD score of > 50%. Results of the trial revealed no benefit of T3 

addition whatsoever when compared with placebo (16). 

Out of the 106 patients, 47 (44%) responded to treatment within the 8 weeks duration of the 

fore mentioned trial. They were all advised to continue paroxetine for at least 6 months, 

whereas T3 or placebo was discontinued. These 47 clinically remitted patients were invited by 

letter to take part in a follow-up study investigating the occurrence and prediction of relapse. 



Study design 

Relapse was assessed by means of a telephone interview, carried out 8 to 38 months 

(mean: 22 months) after complet ion of the treatment protocol. Interviews lasted 

approximately 30 minutes each and were all carried out by one of us (MV), instructed, 

trained and supervised by an experienced psychiatrist (JH). Both were masked with respect 

to the DEX/CRH test results. The occurrence of a major depressive episode since response 

to treatment was assessed by means of the SCID, section mood disorders. If relapse had 

occurred, time to relapse since completion of the treatment protocol was determined and 

inquiry was made about the duration and dosage of treatment with paroxetine or other 

antidepressants thereafter. 

All interviews were taped on audiocassette and judged by a psychiatrist (JH), in order to 

confirm the occurrence of and time until relapse. In two cases additional information was 

gathered during a second telephone interview in order to reach consensus on the occurrence 

of relapse. 

Rating scales for depression 

Scores for severity of depression before and after treatment were available, as measured 

with the HRSD, Montgomery Asberg Depression Rating Scale (MADRS)( 17), Hamilton Anxiety 

Rating Scale (HARS) (18) and Beck Depression Inventory (BDI) (19). 

The HRSD, MADRS and BDI are well known rating scales measuring severity of depression. 

The HARS measures severity of anxiety symptoms. The scores on HRSD, MADRS and HARS 

were obtained by means of a semi-structured interview. The BDI is a patient rated scale. 

Endocrine values 

Cortisol and ACTH levels in response to the DEX/CRH test (10) were available as measured 

before and after treatment. On both occasions the procedures were as follows. The DEX/ 

CRH test (10) was combined with a thyrotrophin-releasing hormone (TRH) test. Subjects 

were given a tablet of 1.5 mg dexamethasone at 23.00h, the evening before the test. On 

the day of the test, an intravenous catheter was inserted at 14.00h. At 14.45h and 1 5.00h 

baseline values for ACTH, Cortisol and thyroid-stimulating hormone (TSH) were obtained. At 

15.00h 100 ug CRH of human origin (Ferring Hoofddorp, Holland) was intravenously injected, 

directly followed by 400 ug of TRH (Protirelin, Hoechst AG, Frankfurt am Main, Germany). 

Blood samples were taken every 15 minutes from 15.15h until 16.30h. During the intervals 



of blood sampling, the catheter was kept open by regular flushing with saline. The test was 

administered indoors and after lunch, during the test patients remained seated and were not 

allowed any smoking, food or drinks except for a sip of water. All sera were kept at -20°C. 

Hormone assays were conducted at the Endocrinology Laboratory of the Academical Medical 

Center in Amsterdam. Cortisol levels were determined by luminescence enzyme immunoassay 

on an Immulite (Diagnostic Products Corporation, Los Angeles, CA), with a detection limit 

of 30 nmol/L. The intra-assay coefficient of variation was 5.8%; the inter-assay coefficient 

of variation was 7.0%. ACTH levels were determined by immuno lumino metric assay (Nichols 

134 Institute, Los Angeles, CA), with a detection limit of 1 ng/L. The intra-assay coefficient of 

variation was 3.7%, the inter-assay coefficient of variation was 5 .1%. 

Values for delta ACTH and delta Cortisol response were calculated by subtracting the level 

at baseline (15.00 h) from the maximal level reached during the test. Calculations of the 

dichotomous variables for the prediction of relapse by Cortisol were reproduced from Zobel 

et al. (13), who defined 'diff Cortisol' and 'discharge Cortisol' as predictive parameters for 

relapse of major depression. 

'Diff Cortisol' was considered elevated if the maximal concentration of plasma Cortisol in 

the DEX/CRH test at discharge exceeded 100 ng/ml (275 nmol/L), or if the maximal level of 

the test after treatment was more than 17 ng/ml (47 nmol/L) higher than the maximal level 

before treatment. All other cases were considered to have a normal 'diff Cortisol'. 

'Discharge Cortisol'was defined by means of the plasma Cortisol levels during the DEX/CRH 

test conducted after treatment. 'Discharge Cortisol' was considered elevated if the maximal 

Cortisol level was at least three-fold higher compared to the Cortisol level before CRH infusion. 

In addition, the Cortisol level at 15.00h had to be >9 ng/ml (>24.75 nmol/L). All other 

patients were considered to have a normal 'discharge Cortisol'. 

Statistical analysis 

T-tests and Chi-square or Fisher's exact tests were performed where appropriate to compare 

the relapsed and non-relapsed groups on characteristics as measured at the time of treatment 

response. ACTH response variables were not normally distributed and therefore loga

rithmically transformed to ln(maximal ACTH) and ln(delta ACTH) before statistical analysis. 

Statistical significance was defined as a 2-tailed PO.05. To assess the value of the endocrine 

parameters of interest for the prediction of relapse, Cox regression survival analysis was 

performed. 



RESULTS 

Forty-five out of 47 unipolar depressed patients, who had responded favorably to 8 weeks 

of outpatient treatment, were available for follow-up. Of these 45 remitted patients, 23 

(51%) had remained without a relapse during the follow-up period, while 22 (49%) had 

relapsed. Thirteen of these patients relapsed within the first 6 months after treatment. 

There were no differences between the relapsed and non-relapsed groups in duration of 

follow up, sex, age, T3 addition during treatment, HRSD score after treatment (Table 1). As 

expected, relapse occurred relatively more often in patients who entered the study with a 

diagnosis of chronic or recurrent depression, but this was not statistically significant (Chi-

square, p = 0.18andp = 0.10 respectively). Adherence to the advised 6 months continuation 

of paroxetine treatment was not different between the two groups: 1 5 out of 23 patients 

(65%) who did not relapse had continued paroxetine for at least 6 months after treatment 

response, compared to15 out of 22 (68%) in the group who experienced a relapse (Table 

1). Out of 41 participants who were followed up for at least 12 months, 20 patients (49%) 

had continued paroxetine for at least 12 months (47% of patients who relapsed, 50% of 

patients who did not relapse). 

Table 1. Demographic and clinical characteristics in relapsed and non-relapsed patients 

Non-relapsed Relapsed 
(n - 23) (n = 22) 

Sex (no;% female) 14(61%) 16(73%) 
Age (years ± SD) 49.8 ± 9.3 49.1 ± 13.4 
T3 addition during treatment (no;%) 11 (48%) 12 (55%) 
Chronic depression (no;%) 8(35%) 12(55%) 
Recurrent depression (no;%) 9 (40%) 14 (64%) 
Continued paroxetine medication > 6 months (no;%) 15 (65%) 15 (68%) 
HRSD score on discharge (no;%) 6.4 ± 2.2 6.6 ±2.9 
Follow-up (months; mean ± SD) 21.9 ±9.7 22.2 ±10.6 
Time to relapse (months; median, range) not applicable 5.5(1-29) 

Abbreviations: HRSD Hamilton Rating Scale for Depression; SD standard deviation 

Comparison of relapsed versus non-relapsed patients 

Table 2 shows post treatment ACTH and Cortisol levels in the DEX/CRH test for patients 

who relapsed and for those who experienced no new depressive episode during follow-up. 

Post treatment maximal ACTH and maximal Cortisol levels were significantly higher among 

patients who relapsed. The same was true for the post treatment delta ACTH and delta 

Cortisol levels. Concerning the two dichotomous predictor variables, we found a trend towards 



Table 2. Post treatment DEX/CRH test parameters in relapsed versus non-relapsed patients 

Non-relapsed Relapsed P-value 
(n = 23) (n = 22) 

Post DEX Cortisol (prior to CRH) (nmol/l; mean ± SD) 
Maximal ACTH (ng/l; median, interquartile range) 
Delta ACTH (ng/l; median, interquartile range) 
Maximal Cortisol (nmol/l; mean ± SD) 
Delta Cortisol (nmol/l; mean ± SD) 
'Discharge Cortisol' (no; % elevated)! 
'Diff Cortisol' (no; % elevated)! 

46.4 ± 56.3 
16.0(11.0-24.0) 
12.0(8.0-21.0) 
217.6 ± 183.8 
182.4 ± 176.2 

1 5 (65%) 
8 (35%) 

37.9 ±31.3 
30.5(19.3-42.0) 
24.5(15.0-38.0) 
337.1 ± 185.1 
295.0 ± 164.9 

20(91%) 
14(64%) 

0.60 
0.02J 
0.03t 
0.03 
0.03 
0.07 
0.05 

Abbreviations: DEX dexamethasone; CRH corticotrophin-releasing hormone; SD standard deviation; ACTH 
135 adrenocorticotrophic hormone, "("Calculation of dichotomous predictor variables according to Zobel et al, 2001, 

! T-test on the natural logarithm of the variable 

a higher prevalence of elevated 'diff Cortisol' and elevated 'discharge Cortisol' among patients 

who relapsed during follow-up. The relative risk for relapse among patients with an elevated 

'discharge Cortisol' response was 2.86 (95% CI 0.80- 10.2) compared to patients with a 

normal 'discharge Cortisol'. For patients with an elevated 'diff Cortisol' the relative risk of 

relapse was 1.82 (95% CI 0.96- 3.48). 

Relative to pretreatment values, mean post treatment DEX/CRH test results decreased in 

the group that did not relapse during follow up, whereas these values increased in the 

group of patients who relapsed. E.g. in the non relapsed group pre treatment maximal 

Cortisol values were 237.6 ± 180.4 nmol/l (mean ± SD) compared to post treatment 217.6 

± 183.8 nmol/ l . In the relapse group pre and post treatment values were 2-68.4 ± 191.2 

nmol/ l and 337.1 ± 185.1 nmol/ l , respectively. 

Maximal ACTH values in the no relapse group were 17.0 (13.0-25.0) ng/ l (median; 

interquartile range) for the pre treatment test, 16.0 (11.0-24.0) ng/l for the post treatment 

test. In the relapse group pre treatment maximal ACTH value were 19.5 (15.8-29.8) ng/l 

compared to 30.5 (19.3-42.0) ng/l post treatment. Figure 1 illustrates the difference in 

serum Cortisol response curves throughout the DEX/CRH test between the relapse group 

and the group who did not relapse. 



300 Figure 1. Cortisol response in the DEX/CRH test 
Median serum Cortisol values for the patients who 
relapsed (n=22) and those who did not relapse 
(n-23) 

00 14:45 15:00 15:15 15:30 15:45 16:00 16:15 16:30 Abbreviations: DEX dexamethasone; CRH 
time (h) corticotrophin-releasing hormone 

Prediction of relapse by means of mult iple regression analysis 

For the prediction of relapse a Cox regression analysis was performed. We first tested 

endocrine and clinical variables in a univariate model in order to select the most important 

variables. The following variables were tested: duration of follow-up in months, sex, age, 

recurrent depression, chronic depression, severity scores on the HRSD, MADRS, BDI and 

HARS after treatment, T3 addition to paroxetine; the endocrine parameters 'diff Cortisol', 

'discharge Cortisol', ln(maximal ACTH), maximal Cortisol, ln(delta ACTH) and delta Cortisol 

levels as measured during the DEX/CRH test after treatment. Subsequently, the most 

important variables were included in the predictor model (inclusion criterion: Wald P < 0.2). 

Nine variables fulfilled this criterion: the clinical variables recurrent depression, chronic 

depression and BDI score after treatment, and the DEX/CRH test response variables 'diff 

Cortisol', 'discharge Cortisol', maximal and delta Cortisol level as well as maximal and delta 

In(ACTH) level. 

These covariates were entered in a Cox regression analysis, and a backwards procedure for 

removal of variables was followed with the likelihood ratio as exclusion criterion (removal if 

P > 0.1). Two variables remained in the final (best) model for the prediction of relapse of 

depression: the BDI score after treatment (B = .062; Wald = 3.282; df = 1; p=0.07) and the 

maximal Cortisol value in response to CRH after treatment (B = .002; Wald = 2.824; df =1; 

p=0.09), both reaching a trend for significance. 

Post treatment maximal Cortisol level appeared as the most important DEX/CRH test response 

variable in relation to relapse. To illustrate the association between high post treatment 
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maximal Cortisol levels and relapse, Figure 2 shows the difference in 'survival' (until relapse) 

between the group of patients with high post treatment maximal Cortisol levels (defined as 

above median, >230 nmol/L; n=22) and the group with low post treatment maximal Cortisol 

levels (<230 nmol/L; n=23). There was an almost significant difference in 'relapse-free survival' 

(Log Rank test, p=0.05) in favor of the group with low post treatment maximal Cortisol 

levels. 

Figure 2 Time to relapse. 
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Kaplan-Meier survival curves for the comparison of time to relapse of those with a high maximal Cortisol value (n=22) 
and those with low maximal Cortisol value (n=23). The median maximal Cortisol (230 nmol/L) was chosen as the 
cutoff value. The difference in 'relapse-free survival' was almost significant (Log Rank test, p=0.05) 

DISCUSSION 

First of all, the results of this study illustrate once again that the occurrence of relapse after 

initial response to treatment for major depression is a considerable problem. During a mean 

follow-up period of 22 months after outpatient treatment, 22 (49%) of the 45 treatment-

responders had experienced a relapse. Thirteen patients (29%) relapsed within the first 6 

months after treatment, which is slightly more when compared to the study of Zobel et al. 



(13) where 18% (13 out of 74 patients) relapsed within 6 months. The high number of 

patients diagnosed with recurrent (51 %) and/or chronic (44%) depression in our population 

may have contributed to these high relapse rates. 

In this study we investigated the association between post treatment DEX/CRH test 

parameters in outpatients with clinically remitted major depression and the occurrence of 

relapse. We found that a persistent high Cortisol response to CRH was indeed associated 

with a higher risk of relapse, when the relapsed group was compared to the non-relapsed 

group with respect to characteristics as measured at the time of treatment response. Mean 

maximal and delta Cortisol response values, as well as mean maximal and delta ACTH response 

values to the DEX/CRH test after treatment, were significantly higher in the group that 

relapsed. There was a trend towards a higher prevalence of elevated 'diff Cortisol' and 

elevated 'discharge Cortisol' among patients who relapsed during follow-up. Our study is 

the first to confirm this association in a group of outpatients. Cortisol values after 

dexamethason but prior CRH administration did not discriminate the relapse and no relapse 

groups. Interestingly, relative to pretreatment values, mean post treatment DEX/CRH test 

Cortisol and ACTH response values lowered for the no relapse group, whereas these values 

increased in the relapse group. 

Out of 16 clinical and endocrine variables that were investigated for their predictive value, 

none of the DEX/CRH test parameters appeared significantly related to the time to occurrence 

of relapse after treatment on univariate testing in a Cox regression analysis. Combining 

these possible predictors in a multiple regression analysis hardly altered the predictive values 

of these variables. However, although no powerful predictors were found in this relatively 

small study, the maximal Cortisol value in response to the DEX/CRH test showed to be one 

of the two most important variables that ultimately remained in the prediction model. A 

Kaplan Meier survival curve further illustrated how higher post treatment Cortisol response 

is associated with relapse. 

In this study, unfortunately, the two dichotomous variables 'diff Cortisol' and 'discharge 

Cortisol' did not sufficiently predict relapse in our patient sample to be of clinical value for 

individual outpatients. Several differences between the studies of Zobel and our study could 

have been of importance for this discrepancy. One could argue that in our population of 

outpatients, with a major depression of generally moderate severity, HPA axis alterations 

are less pronounced than in inpatients or in a more severely ill population, making it less 

likely to find a strong relation with relapse. On the other hand, 35 out of 45 patients (77%) 



in our trial were considered to have an elevated 'discharge Cortisol', and 22 out of 45 (49%) 

to have an elevated 'diff Cortisol'. 

So the lack of predictive value of these two relapse predictors in our study is not due to a 

lack of variance (patients fulfilling the criteria for elevated Cortisol responses as defined by 

Zobel et al). Regarding the differences in population, patients were included in our study if 

they fulfilled the criterion for treatment response, defined as a > 50% decrease in score on 

the HR5D. Zobel et al. reported on remitted patients only, which usually is a stricter outcome 

criterion. However, Zobel et al. defined remission as having a HRSD score of 10 or less, 

140 instead of the more common 8 or less. Therefore, when we repeated the Cox regression 

analysis with the criterion for remission as used by Zobel et al, this led to the exclusion of 

only one patient and did not influence our conclusions. But it should also be noted that 

these dichotomous variables were defined by Zobel et al. in order to extract easily accessible 

predictors from the Cortisol responses in their own patient sample. In fact, little information 

was given by the authors to explain the significance of these criteria or how the criteria for 

the definition of 'diff Cortisol' and 'discharge Cortisol' were established. From our study, it 

appears that the more straightforward continuous variables from the DEX/CRH test (such 

as delta and maximal Cortisol and ACTH values) have a stronger association with relapse 

than the two fore mentioned dichotomous variables. 

Naturally, there are some limitations to our study as well. First, the relatively small sample 

size of our study limited the power to detect significant relations with relapse. 

Second, a limitation of this study is that the diagnosis of relapse was assessed by means of 

a telephone interview instead of a face-to-face interview. We made this choice in order to 

obtain follow-up data from as many remitted patients as possible: as we only had 45 remitted 

patients in our study, we considered it very important to gather follow-up data from as 

many patients as possible in a standardized way. Given the fact that participants came from 

all over the country, we doubted that all patients would agree to come to Amsterdam for a 

face-to-face interview. Our choice was supported by a study in which telephone and face-to-

face assessments of axis I psychopathology were conducted with the same subjects assigned 

to conditions in a counterbalanced manner found very good agreement for major depressive 

disorder (20;21). Also, the fact that time to relapse was established in a retrospective way 

will certainly have caused some imprecision. 

Third, there was a large variation in duration of follow-up. This was caused by the fact that 

all follow-up telephone interviews were carried out between February and April 2003 by a 

researcher who was available for that period to collect the data, whereas the inclusion 



period of the original treatment trial ranged from October 1999 to June 2002. By 

consequence, the duration of follow up was variable. For the prediction of relapse we 

therefore used a Cox regression analysis, which is a form of survival analysis, for the prediction 

of relapse. This type of analysis focuses on the time taken for some event to occur, and is 

particularly suitable when patients have been followed up for varying lengths of time. This 

type of survival analysis assumes a constant effect of the variables of interest on the duration 

until relapse over time, an assumption of which we cannot be certain. For the comparisons 

between the relapsed versus non relapsed group, a fixed follow up duration would have 

been preferable. However, mean duration of follow up was not different between the 

groups, reducing the probability of interference with the results. 

Fourth, the DEX/CRH test was combined with a simultaneous TRH test. This may have 

influenced the results of the TRH test, as dexamethasone is known to suppress TSH (22). As 

no reports were available on the influence of TRH on the DEX/CRH test results, a pilot study 

was carried out in two healthy individuals who both underwent two DEX/CRH tests, one 

with and one without simultaneous TRH test, before the actual trial was started. In this pilot 

the TRH test did not interfere with the outcome of the DEX/CRH test. 

Fifth, part of the patients received T3 addition next to their paroxetine, whereas others 

received placebo, which could have interfered with the results as well. However, T3 addition 

was not related to response to treatment in the initial treatment study and was not continued 

during the follow up period. The proportion of patients who had been randomized to 

receive T3 addition was similar in the relapse and non-relapse group, which makes it unlikely 

that this was a confounder. Furthermore, to be certain T3 addition was entered in the 

prediction model but was not related to relapse. 

In conclusion, this study confirms the association between a persistent high Cortisol response 

on the post treatment DEX/CRH test and a high risk of relapse and is the first to find this 

relation in a group of outpatients with clinically remitted major depression. This further 

supports the assumption that the pathogenesis and course of depression are associated 

with a dysregulation of the hypothalamic-pituitary-adrenocortical (HPA) axis. 

Future larger studies should investigate the occurrence of relapse in a prospective way, and 

identify which cut-off values for HPA axis variables give the best prediction of relapse. In 

addition, it would be of great interest to investigate whether novel classes of antidepressants 

acting as CRH(1) receptor antagonists and glucocorticoid receptor antagonists are capable 

of normalizing HPA axis response and whether this proves to prevent the occurrence relapse. 
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GENERAL DISCUSSION 

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

triiodothyronine (T3) is beneficial as an addition in the medical 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 the opportunity to investigate several 

other important issues. 

The two main issues concerning patients with primary hypothyroidism were: 

Neurocognitive function and psychological well-being of T4 treated patients 

with hypothyroidism 

Combined therapy with T4 and T3 in the treatment of primary hypothyroidism 

In patients with major depression, three issues were addressed: 

HPT axis and HPA axis parameters in outpatients with major depression 

• T3 addition to paroxetine in the treatment of major depression 

Prediction of treatment outcome and relapse in major depressive disorder 

In this final chapter, the results of the different studies presented in this thesis are summarized, 

and considerations, implications and suggestions for further research are discussed. 

STUDIES IN HYPOTHYROIDISM 

Neurocognit ive funct ion and psychological wel l -being of T4 t rea ted 

patients w i t h hypothyroid ism. 

Although hormonal substitution therapy has been very successful in reducing the morbidity 

and mortality of primary hypothyroidism, it is well-known in clinical practice that a minority of 

patients on T4 replacement therapy have persistent symptoms. These are often aspecific or 

vague complaints about fatigue, muscle aches, depressed mood, or decreased memory function. 

Only recently has an attempt been made to objectify this phenomena in a community-

based study measuring well-being by means of two questionnaires, the General Health 

Questionnaire (GHQ-12), and a 12-question 'thyroid symptom questionnaire' (TSQ) (1). 

This study provided the first evidence to indicate that patients on thyroxine replacement 

even with a normal TSH display significant impairment in psychological well-being compared 

to controls of similar age and sex. To date, almost no data are available on the neurocognitive 

functioning of patients on thyroxine treatment for hypothyroidism. 



In chapter 2 of this thesis, we compared the neurocognitive test results of our study 

population of 141 patients with primary autoimmune hypothyroidism on T4 replacement 

therapy with the reference values for these tests as used in Dutch clinical practice. We 

found that patients had poor performance on various domains of neurocognitive functioning 

compared wi th the mean standard reference values, especially on a complex attention task 

and on verbal memory tests. In addition, we found our patients to have a higher mean SCL-

90 total score than the general population, as well as lower mean Rand 'vitality' and 

'mental health' scores, all indicating lower levels of psychological well-being. A major limiting 

146 factor of our study was the lack of a matched control group. 

Even so, the results of this study provide further evidence to suggest that neurocognitive 

function and psychological well-being may not be completely restored despite adequate T4 

treatment. Patients with hypothyroidism may be inclined to attribute any physical symptom 

or health complaint to their disease, whereas medical doctors, if the patient is adequately 

substituted with T4, may be reluctant to accept this rationale. This may cause dissatisfaction 

in the doctor-patient relationship. Although both the patient and the doctor may be right at 

times, the abovementioned results provide evidence that indeed symptoms can linger, 

notwithstanding adequate treatment according to current standards. 

Whether these residual symptoms are due to imperfections of the substitution therapy, or 

to the autoimmune process that caused the hypothyroidism, or reflect "having a chronic 

disease" in general, remains to be clarified. Future studies might first attempt to confirm 

the presence of neurocognitive impairment in T4 treated patients in a controlled study, 

compared with healthy individuals, closely matched for sex, age and educational level. In 

order to investigate whether symptoms may be due to chronic disease in general, it would 

be interesting to compare levels of well-being and neurocognitive function of T4 treated 

patients wi th hypothyroidism to those of a group of patients who suffer from an equally 

chronic disease that can be treated with a single portion of medication per day, for example 

patients with essential hypertension. 

Intriguingly, whereas some have symptoms, the majority of T4 treated patients seem to 

feel fine. It may be possible to identify a specific subgroup with suboptimal response to T4 

monotherapy. We hypothesized that genotypes of two recently described Dll polymorphisms 

might be a determinant of well-being and neurocognitive functioning in hypothyroid patients 

on levothyroxine. After all, T4 treated patients presumably derive T3 exclusively from 



deiodination of T4 which, in the central nervous system, is regulated by type II deiodinase 

(DM). Subtle changes in enzyme activity that may be linked to these DM polymorphisms may 

have important consequences for T3 availability in the central nervous system. However, as 

was demonstrated in chapter 4, the DII-ORFa-Gly3Asp and DII-Thr92Ala polymorphisms did 

not account for differences in neurocognitive functioning and well-being. So, the determinants 

of a putative suboptimal response to conventional T4 treatment remain to be elucidated. 

Combined therapy with T4 and T3 in the treatment 

of primary hypothyroidism. 

In 1999 the New England Journal of Medicine published the results of a small crossover trial 

investigating the treatment of hypothyroidism using combined T4 and T3 therapy: daily 

substitution of 50 u.g T4 by 12.5 |xg T3 resulted in improved scores on mood scales and 

neurocognitive tests (2). This study elicited a renewal of interest in the question whether 

combined therapy with T4 and T3 is to be preferred over T4 monotherapy. Several subsequent 

studies did not confirm these results (3-6). But then again, a very recent extensive study 

reported improvements in psychological well-being after partial substitution of T4 with T3 

(7). Strengths of our own study included the use of fixed T4:T3 weight ratios instead of 

highly variable ones, the administration of study medication twice daily to diminish diurnal 

variations in T3 levels, and the use of a homogeneous population. An overview of the 

characteristics and results of these studies and of our own is presented in Table 1. 

The results of our randomized clinical trial among a population of 141 patients with primary 

autoimmune hypothyroidism (Chapter 3) show that patients preferred combined treatment 

with T4 and T3 over T4 monotherapy: study medication was preferred to usual treatment 

by 4 1 % and 52% in the 10:1 ratio and 5:1 ratio groups, respectively, compared with 29% 

in the group that remained on T4 (Chi square test for trend, p=0.02). This finding, however, 

was not substantiated by larger improvements on secondary outcome measures: scores on 

questionnaires and neurocognitive tests consistently ameliorated, but the amelioration was 

not different among the treatment groups. Unfortunately, several patients in the combined 

treatment groups were overtreated, as evidenced by TSH levels below the reference range, 

limiting the conclusions that can be drawn from this study. This is a cause for concern, since 

overtreatment with exogenous thyroid hormone is a risk factor for atrial fibrillation and 

may possibly lead to osteoporosis (8). 



Table 1. Clinical trials T4 versus T4/T3 combination therapy in hypothyroidism 

Author, 
year 

Bunevicius '99 

Bunevicius '01 
(subset of '99 trial) 

Sawka '03 

Walsh '03 

Clyde '03 

Siegmund '04 

Saravanan '05 

Type 

crossover 

crossover 

RCT 

crossover 

RCT 

crossover 

RCT 

n 
(T4;T4&T3) 

33 
(33; 33) 

26 
(26;26) 

40 
(20;20) 

110 (110;110) 

46 
(23;23) 

23 
(23;23) 

697 (353;344) 

Population 

AT (16) 
TC(17) 
AT (11), 
TC(15) 

AT 

PH 
(85% AT) 

PH 

IH (91%) 

PH 

Intervention 

50|ig T4 replaced 
by 12.5fjg T3 

50|ig T4 replaced 
by 12.5ugT3 

50% of T4 replaced 
by 25^g T3 

50(ig T4 replaced 
by 10ug T3 

50(ig T4 replaced 
by 1 5ug T3 

5% of T4 replaced by 
T3 (molar ratio 14:1) 

50u.g T4 replaced 
by 10mgT3 

Appelhof'05 RCT 141 AT T4-25ng, then 10:1 
(48;46;47) or 5:1 weight ratio 

Abbreviations: RCT randomized clinical trial; AT autoimmune hypothyroidism; TC thyroid carcinoma; PH primary 
hypothyroidism; IH iatriogenic hypothyroidism; PS psychometric scales; NF neurocognitive functioning; ns not 
significant 

If we analyzed the results of only those subjects in whom endpoint serum TSH was not 

suppressed (n=90), the primary outcome results remained similar, with 29%, 45% and 48% 

preferring study medication over their usual medication in the T4, 10:1 and 5:1 treatment 

groups, respectively. But, this was not significant anymore due to a loss of statistical power 

(Chi square test for trend, p=0.13). Also, the primary outcome results were not affirmed by 

more objective secondary outcomes, contrary to expectations. Patients preferred combined 

therapy, assumedly because they felt better. One would expect this to be reflected in the 

scores of a series of questionnaires concerning mood, fatigue and psychological well-being. 

One wonders whether the primary outcome might have been a chance finding. On the 

other hand, the questionnaires may not have included items that captured the reason why 

patients preferred study medication. Weight loss, for example, was more prominent in the 

combined treatment groups and correlated wi th satisfaction with study medication, but 

was not asked about in the questionnaires. 



Weight T3 once/twice Outcome Serum TSH Results Conclusion 
Ratio T4.T3 daily measures after T4&T3 about T4&T3 

variable once 
(4:1 - 20: 1) 

variable once 
(4:1 - 20:1) 

variable twice 

variable once 

variable twice 

fixed once 
(19:1) 

variable once 

fixed twice 
(5:1 & 10:1) 

The results of this study do not currently support T4/T3 therapy as a standard treatment of 

patients with hypothyroidism. Future studies investigating this issue should assure that TSH 

levels are maintained within the reference range. Furthermore, the development of a slow-

release T3 preparation would greatly improve the possibilities for research: with the T3 

tablets currently available, one cannot nearly mimic the physiologic situation of continuous 

release of small quantities of T3. Even if T3 tablets are ingested twice daily, nonphysiologic 

serum T3 peaks are likely to occur (9). 

The outcome of our trial does not preclude the possibility that a certain subgroup of patients 

may benefit f rom combined T4/T3 therapy. We hypothesized that recently identified 

polymorphisms in type II deiodinase, important in the regulation of T3 availability, might 

help to identify subgroups more likely to benefit from T4/T3 therapy (10). Subtle changes in 

enzyme activity that may be linked to these Dll polymorphisms may have important 

PS 
NF 
PS 
NF 

PS 

PS 
NF 
PS 
NF 
PS 
NF 
PS 

PS 
NF 

-l(ns) 

= (AT) 
T (TC) (ns) 

= 

T(p<o.oi) 

l(ns) 

i (p<0.05) 

T (P<o.oi) 

i(p<0.01) 

improved PS 
and NF on T4&T3 

improved PS F 
and N 

no difference 

no difference 

no difference 

no difference 

improved PS 
(1 of 2 primary 

outcomes) 

T4&T3 preferred, 
PS and NF 

no difference 

+ 

+ 
but only for 
TC patients 

-

-

-

+ 
at 3 months 
but not after 
12 months 

+ 
but ns after 
exclusion of 
overtreated 

patients 

50 
—» 
O 
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consequences for T3 availability in the central nervous system. Interestingly, the ORFa-Gly3Asp 

polymorphism was indeed recently reported to be associated with lower serum T4 and free 

T4 levels, which might indicate higher Dll activity. 

However, in Chapter 4\X was shown that polymorphisms in the deiodinase type II gene(DII-

ORFa-Gly3Asp and DII-Thr92Ala) do not account for differences in appreciation of T4/T3 

combination therapy in patients treated for hypothyroidism. Thus, the determinants of 

suboptimal response to conventional T4 treatment and of a preference for T4/T3 combination 

150 therapy remain to be elucidated. 

Intuitively, the idea that combined treatment with T4 and T3 might be superior to T4 alone 

remains attractive. After all, the human thyroid secretes both hormones, which one would 

presume to be for a reason. The results of our trial indeed suggest that combined therapy 

may be a solution for some patients, but falls short in providing statistical evidence because 

of the loss of power when overtreated patients were excluded from the analysis. This study 

certainly encourages further research, preferably to be carried out with slow-release T3 

preparations to more closely mimic physiology. 

STUDIES IN M A J O R DEPRESSION 

HPT axis and HPA axis parameters in major depression. 

In a controlled study among a population of 113 outpatients with major depression (Chapter 

5), free from antidepressant therapy, a slightly higher serum TSH was the only endocrine 

alteration we found. No alterations in serum or urinary Cortisol levels were observed. In a 

subgroup of patients with atypical features, serum Cortisol levels were lower than in depressed 

patients without these features. These results are in contrast to those found in the existing 

literature, in which major depression is often described as associated with lower serum TSH 

and higher T4 and FT4 levels, and with hyperactivity of the HPA axis as evidenced by increased 

Cortisol levels (11-16). 

However, on closer inspection of the literature, alterations in HPT axis and HPA axis parameters 

have almost exclusively been reported in populations of inpatients, whereas most outpatient 

studies have not found any endocrine alterations. To illustrate, low TSH has been reported 

in several studies in inpatients (17-19), but in none of the 3 outpatient studies including 



ours (20;21). Likewise, hypercortisolism was reported in all inpatient studies (22-26), but in 

only one (27) of 7 outpatient studies including ours (27-32). 

Several aspects might contribute to the difference in findings in inpatients and outpatients 

with depression. 

First, it may be that hospitalization itself is associated with alterations of hormonal levels. 

In fact, it has been demonstrated that salivary Cortisol levels during rest are significantly 

higher in a hospital setting as when compared to a home environment even in a group of 

healthy young men (33). Also, psychiatric inpatients in general were found to release 

significantly more Cortisol and ACTH during the DEX/CRH test in comparison with age-

matched controls, regardless of diagnostic classification (34). 

Second, the necessity of admission to an inpatient ward is obviously associated with the 

severity of depression. It may well be that endocrine changes are more prominent in patients 

with severe depression. Indeed, low serum TSH has been reported in studies including more 

severe depression (HRSD >23) (17-19), but not in studies including less severe depression 

(20;35). Similarly, out of 4 studies (23-25;36) in which mean HRSD scores were reported 

and hypercortisolism was found, 3 comprised subjects with severe depression (23;24;36). 

Third, the prevalence of different types of depression of in- and outpatient population is 

likely to differ between in- and outpatient populations, and may be of crucial importance. 

This is illustrated by our controlled study in which we found patients with atypical features 

to have lower serum Cortisol levels than those without atypical features. Several other studies 

have reported endocrine changes as differing among the several types of depression, 

generally describing alterations to be more prevalent in psychotic or melancholic types of 

depression than in patients without these features (18;37-39). 

In fact, the extreme clinical heterogeneity of major depressive disorder considerably 

complicates psychiatric research. In the current DSM-IV classification, the criteria of major 

depression are defined in such a way, that it is possible for two patients both diagnosed 

with major depression to have only one criterion in common (see Introduction, Figure 4: 

DSM-IV criteria for Major Depressive Episode). Moreover, some of these 9 criteria can manifest 

themselves in opposite ways, such as insomnia or hypersomnia, psychomotor agitation or 

retardation, prominent weight loss or weight gain. 

DSM-IV does provide criteria for the specification of a few subtypes, such as 'depression 

with melancholic features' characterized by a lack of reactivity to pleasurable stimuli, early 



awakening and weight loss, or 'depression wi th atypical features' characterized by mood 

reactivity, hypersomnia and weight gain. 

There is an ongoing debate in the field of psychiatry as to how depression is best classified. 

Are melancholic and non-melancholic subtypes qualitatively distinct, or do they represent 

different ends of a severity continuum? Should a categorical classification system be used, 

or rather a dimensional one, in which symptoms are grouped together within different 

symptom dimensions (40-42)? How important certain symptoms may be in predicting 

biological parameters was shown by Brown et al (43), who found agitation predicted 22% 

152 of the variance in Cortisol levels after dexamethasone. Features like melancholia, delusions 

or illness severity added very little to the prediction. 

With the development of new techniques in biological research like PET and SPECT scans to 

provide us with in-vivo information about brain function, and with the advances in genomics, 

biological research in psychiatry has rapidly gained ground. Biological research will be 

hampered by the heterogeneity of major depression. But then again, close examination of 

biological and symptomatic features may help to more precisely define distinct subgroups 

of patients wi th major depression. 

T3 addi t ion to paroxet ine in the t rea tment of major depression. 

In chapter 6, we describe the results of an 8-week randomized clinical trial among 113 

outpatients with major depression, the first trial to investigate whether T3 addition, in a 

daily dose of 25 \ig or 50 u.g, is beneficial in combination with a specific serotonin reuptake 

inhibitor, paroxetine. We found that addition of the thyroid hormone triiodothyronine (T3) 

to paroxetine had no advantage over addition of placebo in the treatment of non-refractory 

major depressive disorder. Treatment with T3 did not accelerate the response to treatment; 

neither did T3 addition influence response or remission rates. In fact, the main difference 

between treatments appears to be that patients in the T3-addition groups experienced 

more adverse effects compared to those on paroxetine alone, especially those who received 

50 u.g T3 daily. Again, this is in contrast to two meta-analyses (44;45), in which addition of 

T3 to a tricyclic antidepressant (TCA) is described to be effective in accelerating treatment 

response, and in turning TCA non-responders into responders. 

How can this be explained? 

First, all former studies investigated the addition of T3 to tricyclic antidepressants. Could it be 

that T3 addition is effective only with TCAs, and not with SSRIs? Presumed T3 were able to 



ameliorate treatment outcome in depression, the mechanism by which it acts is, unfortunately, 

not known. However, T3 has been reported to increase the noradrenergic a , and p receptors 

in rat cortex (12), but also to increase serotonin neurotransmission by reducing the sensitivity 

of 5-HT1A autoreceptors in the raphe area and by increasing 5-HT2 receptor sensitivity (28;46). 

As T3, apparently, may stimulate both monoamine-systems, one would presume a synergistic 

effect with the antidepressant, regardless the type of antidepressant. 

Second, the response rate increasing effect of T3 has only been studied in TCA non-

responders, T3 being added after assessing non-response. In our study, T3 was added right 

f rom the start of the paroxetine treatment in patients who had been free of medication for 

at least 3 months. Could it be that T3 addition is effective only in a subpopulation of treatment 

non-responders? This would appear not to be the case, as the response accelerating effect 

of T3 has been demonstrated in studies in patients with non-refractory depression, in which 

T3 was added from the start of treatment as was also done in our study (44). Furthermore, 

a substantial proportion of patients participating in our study (n=43, 38%) had proven non-

responsive to one or more antidepressants within their current depressive episode. Of the 

remaining patients, we expected some 30-50% would not respond to paroxetine, as response 

rates to antidepressant therapy are consequently between 50 and 70%. Given these facts, 

even if T3 addition would only be effective in treatment non-responders, one would have 

expected to see some effect of T3 addition in our study, instead of a complete absence of 

any effect. 

Alternatively, it may be that T3 addition is not effective in increasing response rates after 

all. Many of the studies included in the meta-analysis investigating the effect of T3 addition 

on response rates in treatment non-responders, were of mediocre methodologie quality. In 

fact, when only the four randomized double-blind studies were considered, pooled effects 

were not significant (relative response, 1.53; 95% CI, 0.70 to 3.35; P = 0.29) (45). 

In summary, the results of the clinical trial in this thesis do not support a role for T3-addition 

to SSRIs in the treatment of non-refractory major depressive disorder. On the contrary, 

more adverse reactions occurred in T3 treated patients. Further research will have to provide 

the definitive answers as to the efficacy of T3 addition in non-responders to TCA treatment. 

To this end, a new randomized clinical trial is currently being undertaken at the Academic 

Medical Center of the University of Amsterdam among non-responders to antidepressant 

treatment, adding 25 j ig of T3 to TCA treatment with nortriptyline, after the assessment of 

non-response, as defined by a HRSD score >16. 



Prediction of treatment outcome and relapse in major depressive disorder 

Thus far, results of studies relating baseline HPT axis and HPA axis parameters to response 

to treatment for major depression have been inconsistent. 

As for the HPT axis, both higher and lowerTSH values have been reported to predict positive 

treatment response (17,21). In our outpatient population of patients with major depression 

(chapter 7), we found no association between HPT axis parameters and response to 6-8 

weeks of antidepressant medication. However, when patients with subclinical hypothyroidism 

and/or TPO antibodies were excluded, higher serum T5H was associated with response, 

154 and lower serum TSH with non-response. The results of our study are strengthened by the 

fact that the influence of important factors, such as the use of antidepressant medication 

when measuring thyroid function parameters and the presence of TPO antibodies, was 

eliminated. However, the difference between lower and higher TSH values was very small, 

with median TSH values of 1.2 mU/L and 2.8 mU/L, respectively. These values are both well 

within the reference range for serum TSH (0.4 - 4.0 mU/L). A polymorphism in type II 

deiodinase (Thr92Ala) was not related to treatment response. 

In chapter 8, in the same population, higher ACTH response in the DEX/CRH test was 

associated with non-response to antidepressant treatment with paroxetine. Also, carriers 

of the Bell glucocorticoid receptor polymorphism had higher ACTH levels than non-carriers. 

Until now, only two very small studies had investigated differences in DEX/CRH test 

parameters (47;48), one of which reported lower HPA axis activity to be associated with 

early improvement and treatment response (47). The other study did not find DEX/CRH 

test parameters to be related to response. 

We also investigated whether post-treatment DEX/CRH test parameters were related to 

the occurrence of relapse in a population of 45 outpatients with clinically remitted major 

depression (chapter 9). Indeed, higher maximal ACTH and Cortisol levels, as well as higher 

delta ACTH and Cortisol levels on the DEX/CRH test were associated with relapse of major 

depression over a mean follow-up period of 22 months. 

This is in line with earlier findings in literature. In a large meta-analysis DST non-suppression 

of Cortisol after clinical response to treatment was correlated with poor outcome defined in 

terms of the recurrence of symptoms and rehospitalization. Likewise, in two studies 

investigating this in inpatients (49;50), persistence of exaggerated Cortisol response despite 

clinical remission predicted relapse. Also, a recent study compared DEX/CRH test results of 

outpatients with major depression and healthy controls. They found delta Cortisol to be 



significantly higher in patients with two or more previous depressive episodes, but not in 

patients with only one or no previous episodes (51), suggesting that hyperactivity of the 

HPA axis is associated with a recurrent course of depression. 

HPA axis alterations, especially persistent hyperactivity of the HPA axis, seem more consistently 

related to adverse outcome in major depression than HPT axis alterations. It is striking that, 

even in the absence of clear baseline alterations in terms of hypercortisolism in our population 

of outpatients, higher HPA axis activity still is associated with non-response and relapse. 

Increased HPA axis activity is not specific for major depression. In fact, various psychiatric 

inpatients, including patients with mania, schizophrenic psychosis and panic disorder, were 

found to release significantly more ACHT and Cortisol on the DEX/CRH test in comparison 

with age-matched controls, regardless of diagnostic classification (34). Even when in love, 

"a madness most discreet" as Shakespeare once described it, Cortisol levels are significantly 

higher compared to controls (52). 

In major depression, DEX/CRH test parameters do not sufficiently predict outcome in order to 

be of clinical value for the individual treatment of patients. However, evidence for a relation 

between HPA axis hyperactivity and adverse outcome in major depression is accumulating. 

This suggests that HPA dysregulation may well be of importance in the pathophysiology of 

major depression, and that recently developed novel classes of antidepressants directly targeting 

HPA axis activity could be useful in the treatment of depression. Preliminary studies have now 

shown that recently developed novel classes of antidepressants acting as CRH receptor 

antagonists, glucocorticoid receptor antagonists, and steroid-synthesis inhibitors may indeed 

be effective in the treatment of major depression (53-58). 

T3, o r n o T3? 

In analogy with Hamlet's famous soliloquy, to which the title of this thesis unmistakably 

refers, the key question of this thesis is not followed by a clear-cut and definitive answer, 

but rather by more questions as put forward in the preceding sections. 

In short, the results of our clinical trials give reason to think that there might be a role forT3 

in the treatment of (subgroups of) patients with primary hypothyroidism, but, conversely, 

they question the role of T3 in the treatment of major depression. 
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Summary 





T3, OR NO T3 ? A SYNOPSIS 

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

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

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

were carried out. The data of these randomized clinical trials provided the opportunity to 

investigate several other important issues. 

STUDIES IN HYPOTHYROIDISM 

The results of neurocognitive tests of our study population of 141 patients with primary 

autoimmune hypothyroidism on levothyroxine (T4) replacement therapy were compared 

with the reference values for these tests. We found that patients had poor performance on 

various domains of neurocognitive functioning compared with the mean standard reference 

values for the general Dutch population, especially on a complex attention task and on 

verbal memory tests (Chapter 2). This suggests that neurocognitive functioning, which is 

impaired during hypothyroidism, may not be completely restored notwithstanding long-

term adequate T4 treatment. In addition, we found patients to have a higher mean SCL-90 

total score than the general population, as well as lower mean Rand-36 'vitality' and 'mental 

health' scores, all indicating lower levels of psychological well-being. 

The results of a randomized clinical trial among the same population of 141 patients with 

primary autoimmune hypothyroidism show that patients preferred combined treatment 

with T4 and T3 over T4 monotherapy (Chapter 3). Study medication was preferred to usual 

treatment by 4 1 % and 52% in the 10:1 ratio and 5:1 ratio groups, respectively, compared 

with 29% in the group that remained on T4 (Chi square test for trend, p=0.02). This subjective 

preference for combined therapy was not objectified by results of any of the secondary 

outcome measures: scores on questionnaires and neurocognitive tests consistently 

ameliorated, but the amelioration was not different among the treatment groups. Decrease 

in body weight was associated with the proportion of T3 in the substitution treatment, as 

well as with the level of satisfaction with the study medication, which might explain the 

preference for T4/T3 combination therapy. Overtreatment may have played a role in this 

outcome, as a substantial portion of participants in the combined treatment groups had 



suppressed serum TSH values after 15 weeks. This is a cause for concern, since overtreatment 

with exogenous thyroid hormone is a risk factor for atrial fibrillation and may possibly lead 

to osteoporosis. If only those patients with endpoint TSH serum values within the reference 

range were included in the analysis, results for the primary outcome measure were similar, 

but failed to reach significance due to a loss of statistical power. The results of this study do 

not currently support combined T4/T3 therapy as a standard treatment of patients with 

hypothyroidism, but encourage further research in this field. 

162 The outcome of the abovementioned trial does not preclude the possibility that a certain 

subgroup of patients may benefit from combined T4/T3 therapy. Levothyroxine-treated 

patients derive T3 from deiodination of T4 which, in the central nervous system, is regulated 

by type II deiodinase (DM). We investigated whether two recently identified polymorphisms 

in the Dll gene (DII-ORFa-Gly3Asp and DII-Thr92Ala) are determinants of well-being and 

neurocognitive functioning, as subtle changes in enzyme activity that may be linked to 

these Dll polymorphisms may have important consequences for T3 availability in the central 

nervous system. In addition we examined their association with a preference for replacement 

therapy with a combination of T3 and T4. 

In Chapter 4, it was shown that polymorphisms in the deiodinase type II gene do not 

explain differences in well-being, neurocognitive functioning or appreciation of T4/T3 

combination therapy in patients treated for hypothyroidism. 

STUDIES IN MAJOR DEPRESSION 

In a controlled study among a population of 113 outpatients with major depression (Chapter 

5), free from antidepressant therapy, a slightly higher serum TSH was the only endocrine 

alteration we found compared with 113 age and sex matched controls. No alterations in 

serum or urinary Cortisol levels were observed. In a subgroup of patients with atypical 

features, serum Cortisol levels were lower than in depressed patients without these features. 

These results are in contrast with the existing literature, in which major depression is often 

described as associated wi th lower serum TSH and higher T4 and FT4 levels, and with 

hyperactivity of the HPA axis as evidenced by increased Cortisol levels. On closer inspection 

of the literature however, it seems that these endocrine alterations occurred only in inpatients, 

not in outpatients. 



In two meta-analyses, the addition of T3 to a tricyclic antidepressant (TCA) was described to 

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

responders. 

In Chapter 6, we describe the results of a randomized clinical trial among 113 outpatients 

with major depression, the first trial to investigate whether T3 addition is beneficial in 

combination with a SSRI, paroxetine. We found that addition of the thyroid hormone 

triiodothyronine (T3) to paroxetine had no advantage over addition of placebo in the treatment 

of non-refractory major depressive disorder. Treatment with T3 did not accelerate the response 

to treatment; neither did T3 addition influence response or remission rates. In fact, the main 

difference between treatments appears to be that patients in the T3-addition groups 

experienced more adverse effects compared to those on paroxetine alone, especially those 

who received the higher dose of 50 fig T3 daily. The results of the clinical trial in this thesis do 

not support a role for T3-addition to SSRIs in the treatment of non-refractory major depressive 

disorder. On the contrary, more adverse reactions occurred in T3 treated patients. 

In chapter 7, we investigated whether response to antidepressant treatment in outpatients 

treated for major depression is predicted by Hypothalamus-Pituitary-Thyroid (HPT) axis 

parameters, or by a recently discovered polymorphism in type II deiodinase (DM). 

Higher serum TSH was found to be associated with response to paroxetine treatment in 

patients with major depression. The Dll polymorphism (Thr92Ala) was not related to 

treatment response. 

In chapter 8, we established in our outpatient population whether treatment response in 

major depression is predicted by Hypothalamus-Pituitary-Adrenal (HPA) axis parameters, or 

by genetic polymorphisms in the glucocorticoid receptor (GR). Higher ACTH response in the 

DEX/CRH test was found to be associated with non-response to antidepressant treatment 

with paroxetine. Carriers of the Bell glucocorticoid receptor polymorphism had higher ACTH 

levels than non-carriers. 

Finally, we investigated whether post-treatment DEX/CRH test parameters were related to 

the occurrence of relapse in a population of 45 outpatients with clinically remitted major 

depression (chapter 9). We found that higher post-treatment maximal ACTH and Cortisol 

levels, as well as delta ACTH and Cortisol levels were associated with relapse of major depression. 



T3, or no T3? 

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

presented, and their scientific and clinical implications are discussed. In analogy with Hamlet's 

famous soliloquy, to which the title of this thesis unmistakably refers, the key question of 

this thesis is not followed by a clear-cut and definitive answer, but rather by more questions 

as put forward in the preceding sections. 

In short, the results of our clinical trials give reason to think that there might be a role for T3 

in the treatment of (subgroups of) patients with primary hypothyroidism, but, conversely, 

164 question the role of T3 in the treatment of major depression. 



Samenvatting 





T3, OF GEEN T3? EEN SYNOPSIS 

Het voornaamste doel van dit proefschrift was om te onderzoeken of het nuttig is om het 

schildklierhormoon triiodothyronine (T3) toe te voegen aan de medische behandeling van 

twee ziekten, primaire hypothyreoïdie en depressie. Hiertoe werden twee gerandomiseerde 

klinische trials uitgevoerd. 

De gegevens die we in deze trials verzamelden boden de mogelijkheid om daarnaast enkele 

andere belangrijke vraagstukken te onderzoeken. 

STUDIES OVER HYPOTHYREOÏDIE 

De resultaten van neurocognitieve tests uitgevoerd bij onze studiepopulatie van 141 patiënten 

met primaire autoimmuun hypothyreoïdie, allen onder behandeling met levothyroxine (T4), 

werden vergeleken met de Nederlandse referentiewaarden voor deze tests. Wij vonden dat 

patiënten niet goed presteerden op verschillende domeinen van het neurocognitief functioneren 

in vergelijking met de gemiddelde standaard referentiewaarden voor de algemene Nederlandse 

bevolking, voornamelijk op een complexe aandachtstaak en op verbale geheugentaken 

(Hoofdstuk 2). Dit wijst erop dat het neurocognitief functioneren, dat verstoord is tijdens 

hypothyreoïdie, wellicht niet helemaal herstelt ondanks langdurige adequate behandeling 

met T4. Verder vonden we dat patiënten hogere gemiddelde SCL-90 scores hadden dan de 

algemene bevolking, en lagere scores op de Rand-36 subschalen 'vitaliteit' en 'psychische 

gezondheid', beide duidend op een lager niveau van psychisch welbevinden. 

De resultaten van een gerandomiseerde klinische trial onder dezelfde populatie van 141 

patiënten met primaire autoimmuun hypothyreoïdie lieten zien dat patiënten combinatie

therapie met T4 en T3 prefereerden boven T4 monotherapie {Hoofdstuk 3). In de 10:1 en 

5:1 combinatietherapiegroepen gaf maar liefst 4 1 % respectievelijk 52% de voorkeur aan 

de studiemedicatie boven de reguliere medicatie, in de groep die T4 monotherapie behield 

was dat 29% (Chi kwadraat test for trend, p=0.02). Deze subjectieve voorkeur voor 

combinatietherapie werd niet geobjectiveerd door de resultaten op de secundaire 

uitkomstmaten: scores op vragenlijsten en neurocognitieve tests verbeterden weliswaar, 

maar de mate van verbetering verschilde niet tussen de behandelgroepen. Afname in 

lichaamsgewicht was geassocieerd met de proportie T3 in de studiemedicatie, evenals met 



de mate van tevredenheid over de studiemedicatie, hetgeen de voorkeur voor T4/T3 

combinatietherapie zou kunnen verklaren. Overbehandeling kan een rol gespeeld hebben 

bij dit resultaat, aangezien na 15 weken een behoorlijk aantal deelnemers in de combinatie-

therapiegroepen een onderdrukt serum TSH bleek te hebben. 

Dit is reden tot zorg, omdat overbehandeling met exogeen schildklierhormoon risico geeft op 

atriumfibrilleren en mogelijk kan leiden tot osteoporose. Als we alleen de resultaten van 

patiënten met een uiteindelijke serum TSH waarde binnen de referentiewaarden analyseerden, 

waren de resultaten voor de primaire uitkomstmaat vergelijkbaar, maar niet meer statistisch 

168 significant door een verlies aan power. De resultaten van deze studie vormen geen 

ondersteuning voor het geven van T4/T3 combinatietherapie als standaardbehandeiing voor 

patiënten met hypothyreoïdie, maar sporen wel aan tot verder onderzoek in deze richting. 

De resultaten van de bovengenoemde trial sluiten niet uit dat een bepaalde subgroep van 

patiënten baat zou kunnen hebben bij T4/T3 therapie. T4-behandelde patiënten zijn voor 

hun T3 afhankelijk van dejodering van T4. Dit wordt in het centraal zenuwstelsel gereguleerd 

door type II dejodase (DM). Wij onderzochten of twee recentelijk geïdentificeerde 

polymorfismen in het Dll gen (DII-ORFa-Gly3Asp and DII-Thr92Ala) determinanten zijn van 

welbevinden en neurocognit ief functioneren, aangezien subtiele veranderingen in 

enzymactiviteit die mogelijk met deze Dll polymorfismen gepaard gaan belangrijke 

consequenties kunnen hebben voor de beschikbaarheid van T3 in het centraal zenuwstelsel. 

Ook onderzochten we de associatie tussen Dll polymorf ismen en voorkeur voor 

substitutiebehandeling met een combinatie van T4 en T3. 

In Hoofdstuk 4 laten we zien dat polymorfismen in het type II dejodase -gen de verschillen 

in welbevinden, neurocognitief functioneren en waardering van T4/T3 combinatietherapie 

van behandelde hypothyreoïdiepatiënten niet kunnen verklaren. 

STUDIES OVER DEPRESSIE 

In een gecontroleerde studie onder 113 poliklinische patiënten met depressie die geen 

antidepressiva gebruikten (Hoofdstuk 5) was een marginaal hoger serum TSH de enige 

endocriene verandering die werd geconstateerd in vergelijking met een groep van 113 

controles, gematched voor leeftijd en sekse. Noch in serum, noch in urine werden 

veranderingen in cortisolwaarden geconstateerd. 



In een subgroep van patiënten met een depressie met atypische kenmerken werden lagere 

serum cortisolwaarden gemeten dan bij patiënten met een depressie zonder atypische 

kenmerken. 

Deze resultaten zijn in tegenspraak met de bestaande literatuur, waarin depressie veelal 

beschreven wordt als zijnde geassocieerd met een lager serum T5H, hogere T4 en FT4 

waarden, en met hyperactiviteit van de HPA as, weerspiegeld in verhoogde cortisolwaarden. 

Bij nadere bestudering van de literatuur blijkt dat deze endocriene veranderingen zich mogelijk 

alleen voordoen bij opgenomen patiënten, niet bij poliklinische patiënten. 

In twee meta-analyses werd beschreven dat het toevoegen van T3 aan een tricyclisch 

antidepressivum (TCA) de respons op de behandeling kan versnellen, en ervoor kan zorgen 

dat non-responders op een TCA alsnog responderen. 

In hoofdstuk 6 beschrijven we de resultaten van een gerandomiseerde klinische trial onder 

113 poliklinische patiënten met een depressie. Het is de eerste trial die onderzocht of T3 

additie ook nuttig is in combinatie met een SSRI, paroxetine. Wij vonden geen enkel gunstig 

effect van de toevoeging van het schildklierhormoon triiodothyronine (T3) in vergelijking 

met de toevoeging van een placebo bij de behandeling van niet-therapieresistente depressie. 

De respons op de behandeling werd niet versneld door behandeling met T3, en T3 additie 

had ook geen invloed op het respons- of remissiepercentage. Sterker nog, het enige verschil 

bleek te zijn dat patiënten in de T3-additie groepen meer bijwerkingen rapporteerden dan 

de patiënten die alleen paroxetine kregen. Dit gold met name voor de groep die de hogere 

T3 dosis van 50 (ig per dag kreeg. De resultaten van deze klinische studie vormen geen 

ondersteuning voor het gebruik van T3 als toevoeging aan een SSRI bij de behandeling van 

niet-therapieresistente depressie. Integendeel, T3 additie leidde tot een toename van 

bijwerkingen. 

In hoofdstuk 7 onderzochten wij of bij poliklinische patiënten die behandeld worden voor 

een depressie, de respons op behandeling met een antidepressivum voorspeld kan worden 

door hypothalamus-hypofyse-schildklier as HPT-as parameters, of door een recentelijk ontdekt 

polymorfisme in type II dejodase (DN). Hogere serum TSH waarden bleken geassocieerd te 

zijn met respons op behandeling met paroxetine bij patiënten met depressie. Het DN 

polymorfisme (Thr92Ala) was niet gerelateerd aan respons op de behandeling. 



In hoofdstuk 8 onderzochten we in dezelfde poliklinische populatie van patiënten met een 

depressie of respons op de behandeling voorspeld kan worden door hypothalamus-hypofyse-

bijnier as (HPA as) parameters, of door genetische polymorfismen in de glucocorticoid receptor 

(GR). Een hogere ACTH respons in de DEX/CRH test bleek geassocieerd met non-respons op 

behandeling met het antidepressivum paroxetine. Dragers van het Bell glucocorticoid receptor 

polymorfisme hadden gemiddeld hogere ACTH waarden dan niet-dragers. 

Als laatste onderzochten we onder 45 poliklinische patiënten die na de behandeling met 

170 paroxetine hersteld waren of DEX/CRH test parameters, gemeten na behandeling, 

gerelateerd waren aan het al dan niet optreden van een recidief (hoofdstuk 9). We vonden 

dat hogere maximale ACTH en Cortisol waarden, evenals hogere delta ACTH en Cortisol 

waarden, gemeten na gunstige respons op behandeling, geassocieerd waren met terugval. 

T3, of g e e n T3? 

In de algemene discussie (hoofdstuk 10) wordt een overzicht gegeven van de bovenge

noemde studies, en worden de wetenschappelijke en klinische implicaties besproken. In 

analogie met de beroemde monoloog van Hamlet, waar de titel van dit proefschrift 

onmiskenbaar naar verwijst, wordt de kernvraag van dit proefschrift niet gevolgd door een 

duidelijk en definitief antwoord, maar eerder door meer vragen, zoals in de voorgaande 

alinea's naar voren is gebracht. 

Kort gezegd doen de resultaten van onze klinische studies vermoeden dat T3 misschien van 

nut zou kunnen zijn bij de behandeling van (subgroepen van) patiënten met hypothyreoïdie, 

maar trekken ze de rol van T3 bij de behandeling van depressie juist in twijfel. 



Dankwoord 





DANKWOORD 

En dan nu het best gelezen deel van het proefschrift. Niet voor niets, want velen zijn van 

cruciaal belang geweest voor de voltooiing van de trials en dit proefschrift. Ik begin maar 

gewoon bij het begin. 

Mijn ouders staan aan de bron van mijn bestaan en ontwikkeling, en in zekere zin dus ook 

van dit proefschrift. 

Ma rit, je onvoorwaardelijke steun en vertrouwen waarvan ik mij altijd verzekerd wist zijn 

van onschatbare waarde geweest. Dat ik je waarschijnlijk binnenkort moet gaan missen is 

haast ondenkbaar, maar de ruim 30 jaar dat ik je al als moeder mocht hebben neemt 

niemand me meer af. 

Pieter, ik weet dat je er trots op bent dat ik op 17 mei in jouw voetsporen treed. De 

afgelopen jaren hebben we vrijwel dagelijks via de e-mail contact gehad, vaak over onze 

onderzoekswerkzaamheden. De manier waarop je al mijn vorderingen altijd met veel interesse 

op de voet volgt heeft mij enorm gestimuleerd. 

En dan het thuisfront. Freddy, we zijn als een goede port, die wordt ook met de jaren 

steeds beter. Alsmaar duidelijker ga ik beseffen hoe ik met jou bof. Tjalling en een dochter 

op komst vormen een prachtige uitbreiding op onze verbondenheid. Jullie hebben gezorgd 

voor de broodnodige afleiding en relativering thuis, en daardoor voor de mogelijkheid op 

mijn werk alle aandacht op het werk te richten. Mede door die gunstige 'randvoorwaarden' 

was het werk op 28 februari 2005 af. 

Ariadne Schmidt, mijn 'oudste' vriendin, al sinds 1976 volgen we eikaars levensloop op de 

voet en dat is me dierbaar. Bij jouw promotie stond ik als paranimf aan jouw zijde, jij nu aan 

de mijne. Mooie momenten om te koesteren, hopelijk zullen er nog vele volgen. 

Jantien Brouwer, ruim 4 jaar waren wij in een 'tandem constructie' (zoals het in de advertentie 

luidde) als promovendi aan elkaar verbonden. Ik had het niet beter kunnen treffen. Jij de 

flegmaticus, ik meer het controle-behoeftige type, zo hielden we elkaar goed in balans. Ik 

ben blij je ook bij het laatste staartje van onze tandemconstructie aan mijn zijde te hebben 

als paranimf. 



Eric Fliers, jij stond aan de wieg van dit onderzoeksproject en was zo dapper om 

samenwerking te zoeken met een zo totaal andere discipline als de psychiatrie. Je hebt 

indruk gemaakt door de manier waarop jij onderzoeksresultaten altijd weet te vertalen 

naar hypotheses over hoe het menselijk lichaam in elkaar zou kunnen zitten. Voor vragen 

omtrent de endocriene zaken van het onderzoek kon ik steevast bij je terecht. Van jou heb 

ik geleerd hoe je een wetenschappelijk artikel schrijft. Het laatste jaar kwam ik bijna wekelijks 

bij je met nieuwe teksten en kon er altijd op rekenen dat je die snel van gedegen en 

concreet commentaar voorzag, en vaak ook nog van een motiverend compliment, zodat ik 

174 vol goede moed verder kon. Veel dank daarvoor! 

Jochanan Huyser, rots in de branding, het is maar de vraag of (en hoe) ik zonder jouw 

optimisme en steun de eerste 'stugge' onderzoeksjaren was doorgekomen. Vanaf het begin 

van mijn aanstelling liet je me weten je verantwoordelijk te voelen voor een gedegen 

begeleiding, en dat heb je ten zeerste waargemaakt. Niet alleen door spontaan aangeboden 

hulp bij allerhande praktische zaken, maar vooral ook door begeleiding van mijn persoonlijke 

traject als promovendus in een grote onderzoeksgroep. Ik ben verheugd dat ik mijn 'nieuwe 

leven' als assistent psychiatrie onder jouw supervisie mag beginnen. 

Wilmar Wiersinga, jouw strakke leiding was onontbeerlijk in onze grote onderzoeksgroep. 

Je zorgde voor de stok achter de deur en het doorhakken van lastige knopen. Zo bleef het 

einddoel altijd concreet in zicht. Je moest lachen om mijn vastbeslotenheid het proefschrift 

binnen de duur van mijn contract af te willen ronden, maar bood ondertussen toch alle 

medewerking om dit waar te kunnen maken, dank daarvoor. 

Witte Hoogendijk, jouw deskundigheid als biologisch psychiater is van groot belang geweest 

bij de totstandkoming van dit onderzoek. Daarnaast weet jij als geen ander de wetenschap 

te verkopen. Langzaam maar zeker heb ik het belang daarvan leren inzien, hoewel ik er in 

jouw ogen wellicht nog te terughoudend in gebleven ben. Dank ook voor het lezen en 

becommentariëren van mijn stukken. 

Aart Schene, als Jochanan en ik er niet uit kwamen, konden we altijd bij je terecht om met 

ons mee te denken. Waar wij soms verstrikt raakten, hield jij het overzicht. Waar nodig 

faciliteerde jij altijd allerhande zaken op de poli en kon ik ook rekenen op snel commentaar 

op mijn stukken. Het doet me deugd dat je de komende jaren mijn opleider bent, ik zie uit 

naar onze verdere samenwerking. 



Jan Tijssen, bedankt voor je deskundige adviezen bij de statistische analyse van de onder

zoeksgegevens. 

Richard van Dyck, dank voor je gedegen, op veel ervaring gestoelde adviezen bij de opzet 

en uitvoering van de depressie-trials. 

Martine van Vessem, waar zou de afdeling Endocrinologie zijn zonder jou? Je bent altijd 

van alles op de hoogte en staat immer klaar om iedereen uit de brand te helpen. Bedankt 

voor die ontelbare keren dat je me geholpen hebt en alle gezellige lunches. 

Medewerkers van Lab Endocrinologie: bedankt voor al jullie hulp bij het doen van de 

lapbepalingen voor de trials, en dat waren er veel. Speciale dank aan Erik Endert, Els 

Johannesma en Marjo Geerlings voor hun betrouwbare medewerking aan de beide klinische 

trials en aan Marianne Platvoet-ter Schiphorst en Joan Kwakkel voor de DNA isolaties voor 

het Dll artikel. 

Marianne Haages, jij was mijn baken op de poli psychiatrie: voor alle logistieke zaken 

betreffende het MOODS onderzoek kon ik altijd op jou rekenen. 

Marga Boerrigter, Renée Kostelijk en Julie Wolf, bedankt voor de secretariële ondersteuning, 

in het bijzonder Renée voor de hulp bij de invoer van de lab-data van het T4/T3 onderzoek. 

Ellie Wekking, dank voor je hulp bij de opzet van het neurocognitieve deel van het T4/T3 

onderzoek. Dankzij jou was de continuïteit van testers gewaarborgd, zodat het onderzoek 

op rolletjes kon lopen. 

Ook wil ik de stagiaires neuropsychologie bedanken die alle neurocognitieve tests hebben 

afgenomen: Leonie van den Heuvel, Diane Jungerman, Tea Elezovic, Tanja de Krijger, Famke 

Stegenga en Aram Tefsen. 

De afdeling huisartsgeneeskunde: Henk Brouwer en Jacob Mohrs, bedankt voor jullie hulp 

bij de contacten met het huisartsennetwerk. Patrick Bindels en Jan Veenstra, bedankt voor 

het leggen van de contacten met de huisartsen van Zorggroep Almere. Alle huisartsen van 

het netwerk en Zorggroep Almere wil ik bedanken voor hun veelal enthousiaste 

medewerking. 



Sanderien Baas, Brenda Tomasoa, en wederom Jantien en Martine, dank voor jullie hulp bij 

het zien van de deelnemers aan het T4/T3 onderzoek als ik zelf verhinderd was. 

Mijke Verweij, met jouw hulp is het relapse-onderzoek op vlotte en degelijke manier uitgevoerd. 

Theo Visser en Robin Peeters, bedankt voor jullie enthousiaste inzet bij het Dll polymorphisme 

onderzoek. 

176 De mensen van CCB, in het bijzonder Henri Oostendorp en Arjen Krale, ik ga nooit meer 

zelf zoveel data invoeren, jullie doen dat voordelig, snel en uiterst nauwkeurig, een uitkomst! 

Maarten Brouwer van Merck B.V., zowel voor studiemedicatie als voor sponsoring van het 

verspreiden van de onderzoeksresultaten (ook al waren ze 'negatief') konden we een beroep 

op je doen. 

Piet Boonstra, dank voor je hulp bij het corrigeren van het Engels van de introductie en 

discussie. 

Ivo Sikkema, zonder jouw hulp bij de opmaak had ik het manuscript voor de commissieleden 

niet op 28 februari kunnen inleveren. 

Chris Bor, dank voor je eindeloze geduld bij het opmaken van mijn 'monstertabellen'. 

Alle collega's van Endocrinologie en Metabolisme wil ik bedanken voor de vaak boeiende 

en vruchtbare researchbesprekingen op de dinsdag, en de gezellige momenten in de 

wandelgangen en op congressen. 

Tot slot wil ik natuurlijk ook alle deelnemers aan de trials bedanken voor hun medewerking, 

want zonder deelnemers geen klinisch onderzoek, geen klinisch proefschrift en geen 

vooruitgang in de klinisch medische wetenschap. 




