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This prospective open-label study examined the efficacy of 
adjunctive supraphysiological doses of L-thyroxine (T

 

4

 

) in the 
maintenance treatment of prophylaxis-resistant affective 
disorder. Twenty-one (16 women, 5 men) of 25 patients 
enrolled consecutively over an 8-year period on the basis of 
their status of prophylaxis resistance (defined as two or more 
failures to standard prophylactic trials) participated for more 
than four months in the study and were eligible for the 
intention-to-treat analysis. The mean length of adjunctive 
treatment with T

 

4

 

 was 51.4 

 

�

 

 21.7 months. The mean T

 

4

 

 
dose at study end was 378.6 

 

�

 

 90.2 

 

�

 

g/d. The number of 
episodes and hospitalizations, and the morbidity indices 
during the time of prophylactic T

 

4

 

 treatment, were compared 
with those measured for the same length of time before the 
start of T

 

4

 

 treatment (mirror-image method). On the Clinical 
Global Impression for Bipolar Disorder scale (CGI-BP, 
Change from Worst Phase of Illness), eleven subjects (52.4%) 

were rated as “very much improved”, four (19%) as “much 
improved”, two (9.5%) as “minimally improved” and four 
(19%) as “no change.” The mean total number of recurrences 
(8.6 before T

 

4

 

 treatment vs. 2.8 during T

 

4

 

 treatment; 

 

p

 

 

 

�

 

 
.004), the number of hospitalizations (3.1 vs. 1.9; 

 

p

 

 

 

�

 

 .026) 
and the Morbidity Index (MI

 

Total

 

 

 

�

 

 0.71 vs. MI

 

Total

 

 

 

�

 

 0.28; 

 

p

 

 

 

�

 

 .001) significantly declined during T

 

4

 

 treatment. 
Subjects with bipolar disorder (n 

 

�

 

 13) benefited more from 
the T4 treatment intervention than did subjects with 
unipolar major depressive disorder (n 

 

�

 

 4) and 
schizoaffective disorder (n 

 

�

 

 4). In conclusion, adjunctive 
treatment with L-thyroxine in supraphysiological doses may 
be an effective strategy in the maintenance treatment of 
patients with prophylaxis-resistant affective disorders.

 

[Neuropsychopharmacology 27:620–628, 2002]
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There is growing recognition that prophylactic treat-
ment of affective disorders may be inadequate in a sub-
stantial proportion of patients (Post et al. 1998). Psychi-
atrists in private practice, as well as in academic referral
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centers and research settings, increasingly observe pa-
tients with mood disorders that respond inadequately
to mood stabilizing drugs (Frye et al. 2000). Thus, it is
apparent that the development of novel treatment strat-
egies is needed for patients with recurrent affective dis-
orders that do not adequately respond to prophylactic
treatment.

One traditional approach for treatment-refractory
patients with mood disorders is the supplementation of
treatment with thyroid hormone (Prange et al. 1969;
Joffe and Sokolov 1994; Bauer and Whybrow 2001).
There is evidence from placebo-controlled trials that tri-
iodothyronine (T

 

3

 

) may both accelerate (Altshuler et al.
2001) and augment (Joffe et al. 1993; Aronson et al.
1996) the antidepressant response to tricyclic antide-
pressants. In case reports and in a small-scale open
study, supraphysiological doses of L-thyroxine (T

 

4

 

) as
an adjunctive treatment have been reported as benefi-
cial in treating rapid cycling bipolar disorder (Stancer
and Persad 1982; Bauer and Whybrow 1986). However,
none of the latter studies focused on long-term out-
come, which is a critical issue in the treatment of recur-
rent mood disorders. This study expanded upon previ-
ous studies of adjunctive supraphysiological doses of T

 

4

 

by investigating its mood-stabilizing efficacy in the main-
tenance treatment of patients with prophylaxis-resistant
affective disorders.

 

METHODS

Study Design

 

This research was an open prospective maintenance
treatment study of the efficacy of adjunctive supra-
physiological doses of T

 

4

 

 in patients with prophylaxis-
resistant bipolar and unipolar major depressive and
schizoaffective disorders. In this single site study, sub-
jects were enrolled consecutively, based on their status
of prophylaxis resistance over an 8-year period (for de-
tails see below). The time period was chosen post hoc,
based on interim data analysis and the number of sub-
jects enrolled in the study. Subjects were recruited from
the Berlin Lithium Clinic (BLC) of the Department of
Psychiatry (academic medical center and tertiary care
hospital) between July 1989 and August 1998 (called
“study end” in the following discussion). The BLC is an
outpatient clinic for the long-term treatment of patients
with affective disorders. It has a detailed documenta-
tion system that includes each patient’s history and
course of illness, ensuring reliable outcome data of nat-
uralistic treatments. After the procedures were fully ex-
plained, written informed consent was obtained from
each study participant at the time of enrollment. Pre-
liminary results of the first six subjects were published
earlier (Baumgartner et al. 1994).

 

Subjects

 

Both males and females participated in the study and
met the following eligibility criteria: (1) age 

 

�

 

 18 years;
(2) a diagnosis of bipolar disorder, major depressive
disorder, recurrent, or schizoaffective disorder accord-
ing to DSM-III-R criteria (American Psychiatric Associ-
ation 1987) (in addition, subjects with schizoaffective
disorder were only accepted in the study if the patient’s
history displayed predominantly affective episodes);
(3) no response to two or more adequately performed
prophylactic treatment trials (including either mono-
therapy, double combinations, or triple combinations)
(for criteria see below); (4) no change in the prophylac-
tic regimen for 

 

�

 

 3 months prior to study entry; and (5)
an apparent need to change the prophylactic medica-
tion regimen, as determined at a clinical case confer-
ence attended by a research team member and the treat-
ing psychiatrist. Previous prophylactic trials must have
been performed for either a minimum duration of six
months or a shorter duration when two or more recur-
rences of mood episodes occurred during adequate
treatment. Previous prophylactic treatments were not
discontinued after one recurrence due to evidence sug-
gesting that full prophylactic efficacy of lithium may re-
quire longer administration. Treatment was considered
adequate if the serum levels of the mood stabilizers
were in the following ranges: lithium (

 

�

 

 0.5 mmol/L),
carbamazepine (

 

�

 

 5 mg/L), valproate (

 

�

 

 50 mg/L).
Adequate dosages of antidepressants were: TCA 

 

�

 

 150
mg/d (75–225 mg/d nortriptyline), SSRIs (fluoxetine,
paroxetine, citalopram) 

 

�

 

 20 mg/d, venlafaxine and
fluvoxamine 

 

�

 

 150 mg/d, tranylcypromine 

 

�

 

 20 mg/d,
and moclobemide 

 

�

 

 300 mg/d.
The exclusion criteria were: (1) overt (clinical) hy-

pothyroidism; (2) thyroid hormone medication at sup-
raphysiological doses (

 

�

 

150 

 

�

 

g/d L-thyroxine); (3)
conditions considered a contraindication for treatment
with supraphysiological T

 

4

 

 doses (history of myocar-
dial infarction, cardiac arrhythmia, severe cardiac in-
sufficiency, previous or current thyroid adenoma, hy-
perthyroidism); (4) concomitant abuse or dependency
of alcohol or addictive drugs; (5) female subjects during
pregnancy and breastfeeding; and (6) female subjects
within childbearing years who were not using adequate
birth control. Subjects were carefully examined for the
excluding conditions prior to study entry. The baseline
medical evaluation included the following investiga-
tions and procedures: physical and neurological exami-
nation, consultation with an endocrinologist, reading of
vital signs (repeated measurements of blood pressure
and pulse), 24-h electrocardiogram (ECG), ergometry,
measurement of body weight, various laboratory evalu-
ations (liver enzymes, white and red cell blood count,
electrolytes, creatinine) including thyroid function tests
(see below) and serum levels of mood stabilizers, and
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additional radiological investigations if clinically indi-
cated (e.g., sonography of the thyroid gland).

A total of 25 subjects fulfilled the inclusion criteria
and was consecutively enrolled into the study (for de-
mographic and clinical details see Table 1). Four (16%)
of these 25 subjects were not eligible for the prophylactic
outcome analyses because they were in the study for
less than four months. They were ineligible for the fol-
lowing reasons: Treatment with T

 

4

 

 was discontinued in
one 60-year-old male with bipolar disorder after three
months of T

 

4

 

 treatment due to an increase of lithium
tremor with subsequent non-compliance. One 33-year-
old female patient with schizoaffective disorder was lost
for follow-up eight weeks after enrollment; she contin-
ued T

 

4

 

 treatment in private practice (no reliable follow-
up data available). One 69-year-old woman with bipolar
disorder type II broke her hip shortly after study inclu-
sion; she was treated for this and other medical condi-
tions in other hospitals. T

 

4

 

 treatment was discontinued

in one 47-year-old female patient because of a diagnostic
switch from recurrent major depression to depressive
personality disorder 10 weeks after enrollment.

Nineteen (90%) of the 21 subjects included in the out-
come analysis were in the euthyroid range prior to
study entry. Two subjects (10%) had thyroid function
tests that indicated subclinical hypothyroidism (slightly
increased TSH level in one case, decreased T

 

4

 

 levels in
the other case, respectively). Four subjects had received
replacement doses of T

 

4

 

 prior to study entry for treat-
ment of goiter and lithium-induced hypothyroidism,
respectively (100 

 

�

 

g/d in two cases and 150 

 

�

 

g/d in
two cases).

 

Procedures

 

Initiation and Discontinuation of Treatment with L-Thy-
roxine.

 

Subjects were given T

 

4

 

 in addition to the psy-
chotropic medications they had been receiving during
the preceding months. The starting dose was 50 

 

�

 

g T

 

4

 

/
d and thereafter increased by 50 

 

�

 

g/d every three to
seven days until a dose of 500 

 

�

 

g/d was reached (but
only if the patient tolerated the dose increase). The goal
was to achieve TSH suppression and to increase free T

 

4

 

levels by 

 

�

 

50% compared with the pretreatment level.
There were no changes in the prophylactic regimen
during the T

 

4

 

 trial (although one patient was switched
from carbamazepine to valproate due to an adverse
event (decrease of white blood cells); subsequently, this
patient’s time on valproate was excluded from the out-
come analysis). However, if a subject was on multiple
medications at study entry and experienced significant
clinical improvement during the study, medications not
administered for prophylactic purposes could be dis-
continued to minimize polypharmacy (see Table 2).
Acute affective recurrences were treated with antimanic
and antidepressant medication, which were terminated
within approximately six weeks of remission. The crite-
ria for starting medication interventions for acute epi-
sodes were: confirmation of an episode according to
DSM-III-R criteria for major depressive episode or
manic episode and a score of 

 

�

 

 15 on the Bech-
Rafaelsen Melancholia Rating Scale (BRMS; Bech and
Rafaelsen 1986) (depressive episode) or 

 

�

 

 10 on the
Bech-Rafaelsen Mania Rating Scale (BRMAS; Bech et al.
1979) (manic episode). These criteria were used through-
out the mirror-imaged time periods. The choice of anti-
manic and antidepressant medications used to treat
breakthrough episodes was not operationalized, but
prescription patterns did not change significantly be-
fore or during the treatment intervention with T

 

4

 

 (see
Table 2).

Subjects who did not respond to prophylactic T

 

4

 

treatment or who wished to stop study participation
were withdrawn from T

 

4

 

 treatment gradually (during a
1 to 2 week period). The decision to discontinue a pa-

 

Table 1.

 

Demographic and Clinical Characteristics of 
Patients with Prophylaxis-Resistant Affective Disorders 
Treated with Supraphysiological Doses of L-Thyroxine (T

 

4

 

)

 

Patients Receiving 
Prophylactic

T

 

4

 

 Treatment (N 

 

�

 

 21)

 

N

 

%

 

Sex
Women
Men

16
5

76.2
23.8

Diagnosis at study entry (DSM-III-R)
Bipolar disorder, type I
Bipolar disorder, type II
Major depressive disorder
Schizoaffective disorder

9
4
4
4

42.9
19.0
19.0
19.0

Rapid cycling
At study entry (previous 12 

months)
Lifetime
Never

4
12

9

19.0
57.1
42.9

Type of first episode
Depression
Mania
Psychotic
Schizomanic

15
3
2
1

71.4
14.3
9.5
4.8

 Mean
(Median) 

SD
(range)

Age at study entry (years) 47.6 (48) 8.8 (28-67)
Age at first episode (years) 32.6 (31) 12.3 (14-67)
No. of episodes (before study entry)

Total (N 

 

� 

 

21)
Depression (N 

 

� 

 

21)
Mania (N 

 

� 

 

17)

22.1 (14)
15.5 (10)

6.4 (4) 

18.8 (3-62)
15.0 (2-48)

5.6 (1-20)
No. of hospitalizations 

(before study entry) 8.5 (9) 5.5 (1-19)
Duration of treatment with

supraphysiological T

 

4

 

 (months) 51.4 (47) 21.7 (9-104)
T

 

4

 

 dose at study end (

 

�

 

g/d) 378.6 (400) 90.2 (200-600)
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tient was made after it became clinically apparent that
the T

 

4

 

 medication regimen did not improve or deterio-
rate the clinical course of the patient’s disorder. An at-
tempt was made to continue administration of T

 

4

 

 for at
least two years before a definite decision upon discon-
tinuation was made. Clinical and laboratory assess-
ments at study end were performed prior to discontinu-
ation of T

 

4

 

.

 

Maintenance Treatment with L-Thyroxine

 

Subjects were followed-up systematically at the outpa-
tient clinics at intervals ranging from one to 10 weeks,
depending on the subject’s clinical status. At each or ev-
ery second visit, safety assessments were performed
through laboratory evaluations (thyroid function tests,
liver enzymes, white and red cell blood count, electro-
lytes, creatinine) and vital sign measures (blood pres-
sure, pulse, 12-lead ECG, body weight). Additionally, a
cardiological follow-up visit (including physical exami-
nation, echocardiography, 24-h ECG and ergometry)
and determination of bone mineral density using dual
energy X-ray absorptiometry (DEXA) (Gyulai et al.
2001) were performed once per year. Serum levels of
mood stabilizers were also monitored before and at
each visit during T

 

4

 

 treatment and maintained within
the prophylactic ranges. At each visit, a psychiatric clin-
ical interview and a side effect assessment (for details
see Bauer et al. 2001) were also performed. If the sub-
jects presented with more than minimal symptoms at
the visits, their psychopathological status was assessed
with the BRMS and the BRMAS. All medications, recur-
rences and hospitalizations were carefully documented.

If recurrences occurred, their severity, polarity, and du-
ration were recorded (see below).

 

Outcome Measures

 

Outcome was defined primarily in terms of the recur-
rence of a major depressive episode or a manic episode,
as defined by DSM-III-R criteria. Further outcome vari-
ables were the Morbidity Index (MI) and the number of
hospitalizations during T

 

4

 

 prophylaxis. These variables
were counted/calculated during T

 

4

 

 treatment and were
compared with those measured for the same length of
time before the start of T

 

4

 

 treatment (mirror-image
method) (e.g., if a patient was treated with T

 

4

 

 for 24
months, the number of recurrences during this period
was compared with those during the 24 months prior to
institution of T

 

4

 

). To ensure validity and reliability of
clinical ratings and MI determinations, all subjects were
treated by one of three psychiatrists throughout the en-
tire study (M.B., A.B., and R.H.). Because all subjects
were enrolled from the same outpatient clinic, where
they had received long-term psychiatric treatment prior
to study entry, the same documentation system (e.g.,
definition of recurrence, medication side effects, and
BRMS/BRMAS rating scales) was used for each subject
throughout the mirror-imaged periods for MI determi-
nations. The overall clinical outcome of treatment with
T

 

4

 

 was independently assessed at study end by two
psychiatrists (M.B. and A.B.). Each subject was assessed
using the Clinical Global Impression for Bipolar Disor-
der (CGI-BP, Change from Worst Phase of Illness; a
scale specifically developed and validated for prophy-
lactic ratings, with values ranging from 1 

 

�

 

 very much
improved to 7 

 

�

 

 very much worse) (Spearing et al.
1997). The outpatient documentation system, patients’
charts, and interviews of each subject were used to rate
subjects on the CGI-BP. Results were compared, and
differences were discussed and settled by consensus.

 

Morbidity Index

 

Analysis of recurrences was based upon the Morbidity
Index (MI) (Coppen and Abou-Saleh 1982), which pro-
vides an overall estimate of the prophylactic efficacy of
a medication during a distinct time period, if the time
period can be compared with the same time period
prior to introduction of the medication. Severity of re-
currences was characterized by degree “1”, “2” and “3”,
with “1” referring to mild symptoms (without necessity
of additional pharmacological treatment), “2” indicat-
ing necessity of additional psychotropic medication
during outpatient treatment, and “3” equaling necessity
of inpatient treatment including pharmacological treat-
ment. The duration of episodes was recorded in weeks.
The Morbidity Index (MI) for the time (weeks) of pro-
phylactic treatment with T

 

4

 

 was calculated according to

 

Table 2. Comedications of Patients with Prophylaxis-
Resistant Affective Disorders Receiving Supraphysiological 
Doses of L-Thyroxine (T4) a

Before T4

Treatment
(Baseline) Study Endb

n % n %

Lithium 15 71.4 14 66.7
Carbamazepine 16 76.2 13 61.9
Valproate 1 4.8 2 9.5
Antidepressants (total)

TCA
SSRI
MAOI

19
14

3
2

90.5
66.7
14.3

9.5

12
8
3
1

57.1
38.1
14.3
4.8

Neuroleptics 10 47.6 10 47.6
Estradiol 4 19.0 4 19.0
Total number 65 55

aPsychotropic agents (mostly given for prophylaxis) and estrogens only
bNumber of comedications: 1 comedication (N�6 [28.6%]), 2 comedi-

cations (N � 3 [14.3%]), 3 comedications
(N � 7 [33.3%]), 4 (N � 3 each [14.3%]), and 5 comedications (N � 2

[9.5%]).
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the following formula: MI � (1 	 n weeksdegree 1 � 2 	 n
weeksdegree 2 � 3 	 n weeksdegree 3) / total observation
time in weeks, where n is the number of weeks at a
given severity of recurrences during the total observa-
tion time.

The Morbidity Index for the same time period before
T4 treatment was calculated similarly. The Morbidity
Index (MI) was calculated as a total MI (MITotal) and for
depressive (MIDepression) and manic (MIMania) episodes
separately.

Thyroid Function Tests

The determination of thyroid hormone levels (total thy-
roxine (tT4), free thyroxine (fT4), total triiodothyronine
(tT3), and free triiodothyronine (fT3)) and basal thyroid-
stimulating hormone (TSH) were performed by an en-
docrine research laboratory, all in duplicate with the
following commercially available kits from Henning,
Berlin: the IRMA kit for TSH, RIA kits for T4 and T3 and
the Dyno-Test for fT4. The normal values determined in
the same laboratory were: tT4 45–125 �g/L; fT4 7–19
ng/L; tT3 0.8–1.6 �g/L; fT3 2.3–5.1 ng/L; and basal TSH
0.4–3.5 mU/L.

Statistical Analysis

All subjects who participated in the study for more than
four months were included in the intention-to-treat
(ITT) population. The Wilcoxon matched pairs test was
used to compare outcome measures (morbidity indices,
number of episodes and hospitalizations), TSH levels,
thyroid hormone levels, vital signs and weight before
and during the prophylactic trial with T4. Data were ex-
pressed as mean values (with standard deviations (SD,
�) and medians, where appropriate). Two-tailed tests
were performed throughout the analyses. A nominal
level of exact significance 
 � 0.05 was accepted.

RESULTS

Twenty-one subjects (16 women, 5 men; mean age 47.6 �
8.8 years) with prophylaxis-resistant recurrent disorder
(13 bipolar, 4 unipolar, 4 schizoaffective) were included
in the ITT analysis (see Table 1 for demographic and
clinical characteristics). At the end of this 8-year main-
tenance study, these subjects had been treated with su-
praphysiological T4 for an average of 51.4 � 21.7 months
(range 9–104). The mean T4 dose at study end was 378.6 �
90.2 �g/d (see Table 2 for psychotropic comedications).

At study end, eleven subjects (52.4%) were rated as
“very much improved,” four (19%) as “much im-
proved,” two (9.5%) as “minimally improved” and four
(19%) as “no change” on the CGI-BP, Change from

Worst Phase of Illness (mean score � 1.95 � 1.20, range �
1.0–4.0).

In the ITT group, the total mean number of recur-
rences (8.6 before T4 treatment vs. 2.8 during T4 treat-
ment) (p � .004) and the number of hospitalizations (3.1
before vs. 1.9 during T4) (p � .026) significantly de-
clined during T4 treatment (Table 3). The mean percent-
age change of episode numbers (before and after T4 treat-
ment) was �53.4 � 62.2 for all episodes, �49.1 � 67.5 for
depressive episodes and �56.8 � 46.7 for manic epi-
sodes. The Morbidity Index (Total) significantly declined
during T4 treatment (MITotal � 0.71 before vs. MITotal �
0.28 during T4; p � .001, Wilcoxon test) (Table 3).

The number of recurrences and the Morbidity Indi-
ces also declined according to individual analysis of the
three diagnostic groups (bipolar, unipolar, and schizoaf-
fective). However, due to the small size of each sub-
group, these changes were not statistically significant,
with exception of the Morbidity Index of the subgroup
with bipolar disorder (p � .021) (Table 3).

Thyroid hormone levels (total T4, free T4, total T3, and
free T3) increased and basal TSH decreased during T4

treatment. These changes in thyroid hormone and TSH
levels were statistically significant, except for free T3 lev-
els at study end (Table 4). Both total T4 and free T4 levels
increased to a greater extent than did total T3 and free T3

levels during T4 treatment. Both total T4 and free T4 were
above the normal levels during T4 treatment. In contrast,
total T3 and free T3 levels did not increase above normal
levels at study end (see Methods, Table 4).

The mean heart rate (as measured by ECG) increased
from 79.6 � 10.7 at baseline to 88.9 � 14.8 after one year
of treatment (p � .078), and to 86.8 � 13.0 at study end,
respectively (p � .126). Blood pressure and body weight
did not change significantly during long-term treat-
ment with T4 (Table 4). Yearly cardiologic follow-up in-
vestigations also failed to detect significant changes in
the cardiovascular system as measured by echocardio-
graphy, 24-h ECG and ergometry (unpublished data).

DISCUSSION

To our knowledge, this is the first maintenance study
investigating the efficacy of adjunctive thyroid hor-
mone in subjects with prophylaxis-resistant affective
disorders. Adjunctive treatment of previously prophy-
laxis-resistant patients with supraphysiological doses
of T4 proved successful in a substantial number of pa-
tients. The severity of the illness in the population stud-
ied is demonstrated by their failure to respond to two
or more adequately performed prophylactic trials, the
mean duration of illness (15.0 years), the mean number
of previous hospitalizations (8.5), and the total mean
number of affective episodes (22.1) prior to study entry.
Thus, we conclude that supraphysiological doses of T4
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may be a valuable prophylactic augmentation strategy
for severely ill patients with prophylaxis-resistant affec-
tive disorders. This conclusion is based on the significant
reduction of the number of recurrences (total, depressive
and manic) and hospitalizations, as well as the decrease
in Morbidity Indices (total, depressive and manic) dur-
ing T4 treatment. There was no difference worth mention-
ing in the setting or clinical care that subjects received
during the T4 trial compared with the mirror-imaged time
prior to the study which could account for the observed
effects. None of the subjects underwent formal (specific)
psychotherapy during the study.

Our study results, as well as results from previous
studies (Stancer and Persad 1982; Bauer and Whybrow
1990; Afflelou et al. 1997), suggest that supraphysiologi-
cal T4 levels are needed for response. In fact, three of
four subjects in this study who had received replace-
ment doses of T4 (100 or 150 �g/d) for years and still
suffered from prophylactic-resistant affective episodes,
subsequently responded to the supraphysiological doses
of T4, which strongly supports the conclusion that higher
doses of T4 are more effective.

The substantial improvement (“very much im-
proved” on the CGI-BP) in 52.4% of subjects with pro-
phylaxis-resistant disorders suggests the existence of a
subgroup that responds favorably to augmentation
with supraphysiological T4. Adding those subjects who
showed “very much” and “much” improvement on the
CGI for prophylactic assessment, the percentage of re-
sponders to treatment (71.4%) is even higher. We
would like to emphasize that six of 21 (28.6%) subjects
did not experience more than minimal affective symp-
tomatology during treatment with T4. Similarly, we re-
cently found that a subgroup of subjects with acute ther-
apy-resistant depression also responded considerably to
supraphysiological doses of T4 (Bauer et al. 1998). Identi-
fying the predictors of response to this treatment inter-
vention would certainly be valuable to the clinician.
However, to date, such predictors remain unknown.

In spite of the increased thyroid hormone blood lev-
els (“hyperthyroxinemia”), the side effects of treatment
were reported to be minimal. No severe symptoms of
hyperthyroidism or serious adverse events were ob-
served, even after treatment with supraphysiological

Table 3. Number of Episodes and Morbidity Indices Before and During Prophylactic Treatment with Supraphysiological 
Doses of L-Thyroxine (T4) in Patients with Prophylaxis-Resistant Affective Disorders (Mirror-Image Method)

Episodes

Before T4 During T4 a

Mean SD Mean SD z pb

ITT Group (n � 21)c

Total Episodes 8.6 9.8 2.8 4.2 �2.75 .004
Depression (n � 21) 5.8 5.9 2.4 4.2 �2.50 .010
Mania (n � 17) 2.4 4.7 0.3 0.8 �2.97 .001

Bipolar Disorder (n � 13)
Total Episodes 10.0 11.7 3.9 4.9 �1.85 .066

Major Depressive Disorder (n � 4)
Total Episodes 4.0 2.6 0.5 0.6 �1.60 .250

Schizoaffective Disorder (n � 4)
Total Episodes 8.7 3.5 1.5 1.7 �1.60 .250

Morbidity Index (MI)

 Before T4 During T4 a

Mean SD Mean SD z pb

ITT Group (n � 21)
MITotal 0.71 0.31 0.28 0.40 �3.42 �.001
MIDepression(n � 21) 0.58 0.36 0.26 0.40 �2.91 .002
MIMania (n � 17) 0.09 0.12 0.02 0.05 �2.76 .003

MI-Bipolar Disorder (n � 13)
MITotal 0.70 0.38 0.34 0.45 �2.30 .021

MI-Major Depressive Disorder (n � 4)
MITotal 0.74 0.06 0.08 0.14 �1.83 .125

MI-Schizoaffective Disorder (n � 4)
MITotal 0.73 0.24 0.27 0.45 �1.83 .125

aMean duration: 51.3 � 21.7 months (range 9–104)
bWilcoxon test
cIncludes all three diagnostic groups
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doses of T4 over a period of several years (for details on
subjective tolerability and side effects see Bauer et al.
2001). The only case of early discontinuation due to side
effects was one in which the patient’s lithium tremor in-
creased after T4 was administered. The underlying
mechanism behind the good tolerability of supraphysi-
ological doses of T4 in patients with affective disorders
is unknown. The low rate of side effects contrasts with
what is typically seen in patients with primary thyroid
disorders and healthy controls treated with higher than
replacement doses of T4 (Bauer et al. 2002a).

Although the mean duration of treatment with T4 was
more than four years, the side effects of treatment with
supraphysiological doses of T4 beyond the time assessed
in this study are unknown. With respect to bone de-
mineralization, two studies of premenopausal and post-
menopausal women with bipolar disorder demonstrated
no clinically significant loss of bone mineral density
(BMD) during long-term treatment with T4 (mostly at su-
praphysiological doses), but did underscore the need for
regular (once per year) assessment of BMD in postmeno-
pausal women (Gyulai et al. 1997, 2001; Bauer et al.
2002c). The long-term effects on the cardiovascular sys-
tem remain to be objectively studied. Nonetheless, we
continue to recommend that adjunctive supraphysiologi-
cal doses of T4 be reserved for the maintenance treatment
of patients with the most refractory of affective disorders.

Interpretation of these results has some clear limita-
tions. Due to the open design, no blinded ratings were

performed. Subjects who dropped out very early (� 4
months) (16% of the enrolled study group) were ex-
cluded from the outcome analysis. This could be a bias
in favor of the results. Also, some characteristics of the
study group could limit generalizability of the results.
First, subjects were enrolled from a specialized outpa-
tient clinic where they have received medical care for
many years. Patients from such specialized outpatient
clinics are typically highly compliant. However, a high
rate of compliance may also be due to favorable subjec-
tive response and good tolerability of treatment with
L-thyroxine medication as reported by the subjects
(Bauer et al. 2001). A second consideration is that a high
percentage (76%) of the subjects included in the ITT
analysis were females. Third, different diagnostic groups
were enrolled.

With respect to the lack of a control group in this
study, we would like to emphasize that including a pla-
cebo arm to a group of severely ill patients who are re-
sistant to prophylactic medications was not possible
due to human subject guidelines at our institution. Al-
though we admit that including an active control group
in a randomized trial would have been a reasonable op-
tion for an alternative study design, selecting an ade-
quate active control medication would have been diffi-
cult. The majority of subjects enrolled into this study
belonged to the most severely ill patients at our depart-
ment who were resistant to most prophylactic medica-
tions available at the time of the study. Furthermore,

Table 4. Thyroid Function Tests, Vital Signs and Body Weight Before and During Treatment with Supraphysiological 
L-Thyroxine (T4) in Prophylaxis-Resistant Affective Disorders

Before T4 Treatment
(Baseline)

n�21

During T4 Treatment
(1 year)
n�21

Study End a

n�21

Mean SD Mean SD Mean SD

Total thyroxine (tT4)
(normal range: 45–125 �g/L) 

73.14 16.49 152.53 b 37.75 162.50 b 36.78

Free thyroxine (fT4)
(normal range: 7–19 ng/L)

9.97 3.49 27.64 b 10.32 26.36 b 8.07

Total triiodothyronine (tT3)
(normal range: 0.8–1.6 �g/L)

1.05 0.30 1.63 c 0.42 1.41 c 0.26

Free triiodothyronine (fT3)
(normal range: 2.3–5.1 ng/L)

3.72 1.05 4.77 c 1.20 4.34 d 1.32

TSH basal
(normal range: 0.4–3.5 mU/L)

1.66 1.16 0.07 b 0.09 0.06 b 0.06

Heart rate (beats/min) 79.6 10.7 88.9 d 14.8 86.8 d 13.0
Blood pressure (mm HG)

Systolic
125.0 14.1 119.5 d 14.9 126.2 d 15.1

Blood pressure (mm HG)
Diastolic

78.8 8.9 79.8 d 7.0 77.6 d 8.9

Body weight (kg) 73.9 16.0 74.4 d 16.6 74.0 d 16.4

aMean�51.3 � 21.7 months (range 9-104)
b p � 0.001 compared to baseline values (Wilcoxon test)
c p � 0.01 compared to baseline values (Wilcoxon test)
d Not significant compared to baseline values (Wilcoxon test)
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we would like to stress that there was little published
data on the treatment with T4 in supraphysiological
doses at the time of study initiation.

Among the strengths of the study are the long fol-
low-up period (on average subjects were in the study
for more than four years) and the relatively large num-
ber of subjects with prophylaxis-resistant affective dis-
orders. Other strengths of the study are the rigorous
definition of prophylaxis resistance and the precise doc-
umentation of various relevant descriptive variables
(e.g., subjects’ long-term course of illness, including
medications before and during the study). Obtaining
long-term course of illness information was only possi-
ble within the special setting provided by the research
outpatient clinic that specializes in long-term treatment
of patients with affective disorders.

The molecular and neurochemical actions of thyroid
hormones in the adult brain that underlie its mood
modulating properties in affective illness are currently
unknown (Baumgartner 2000, Bauer and Whybrow
2001). The influence of the thyroid system on neu-
rotransmitters that putatively play a major role in the
regulation of mood and behavior, serotonin and norepi-
nephrine, may contribute to the mechanisms of thyroid
hormone action (Henley and Koehnle 1997; Bauer et al.
2002b). Clinical studies may provide a better under-
standing of the mood stabilizing effects of T4 given at
supraphysiological doses. The evaluation of thyroid in-
dices in lithium-maintained patients with mood disor-
ders has shown an association between decreased se-
rum T3 levels and recurrences (Hatterer et al. 1988;
Baumgartner et al. 1995). A low level of free T4 was also
associated with more affective episodes and greater se-
verity of depression during prophylactic lithium treat-
ment in patients with bipolar disorder (Frye et al. 1999).
Thus, it appears that higher free T4 and higher T3 levels
are advantageous for long-term lithium treatment, a
finding that would be consistent with the efficacy of
treatment with supraphysiological T4, as this interven-
tion significantly increases the free T4 and T3 levels.
Also of interest are findings of significantly lower CSF
transthyretin (TTR) levels in refractory depressed sub-
jects (Hatterer et al. 1993) and in drug-free subjects with
non-refractory depression compared with healthy con-
trols (Sullivan et al. 1999). Reduced levels of TTR in the
brain might disrupt delivery of thyroid hormones to re-
gions inside the blood-brain barrier, despite function-
ing of thyroid hormone feedback to the hypothalamus
and pituitary to maintain peripheral hormone levels. It
was hypothesized that a lack of TTR might account for
“brain hypothyroidism” with normal peripheral (se-
rum) thyroid hormone concentration in depression, and
thus contribute to failed response to standard antide-
pressive treatment (Sullivan et al. 1999). It may be spec-
ulated that such a disrupted delivery of T4 to the brain

might contribute to the pathophysiological mechanisms
in affective illness.

CONCLUSIONS

Adjunctive treatment with L-thyroxine in supraphysio-
logical doses may be an effective and well-tolerated
strategy in the maintenance treatment of patients with
prophylaxis-resistant affective disorders. In this open
study, a substantial number of severely ill and prophy-
laxis-resistant patients did experience full remission
from affective symptomatology during this treatment
intervention. Thus, additional research using a more
rigorous scientific design (e.g., including an active com-
parator or a placebo group) is warranted.
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