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General Discussion 





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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