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Mean depression scores of 12 persons not responding to tricyclic antidepressants recorded
before and after addition of T;. a, According to the 15-point modified Bunney-Hamburg scale,
a rating drop of three points represents a clinically meaningful degree of improvement.

Data from Goodwin et al,®® reproduced with permission.

ized, controlled trial during a 3-
week period. Joffe” found T to be
significantly more effective than T,
in patients with depression who
did not respond to TCAs. However,
since T, equilibrates in tissues
more slowly than Tj, 6 to 8 weeks
of T4 therapy may be required for
adequate comparison of its efficacy
with the more rapidly acting Ts.
Nevertheless, T has been
reported to be effective in rapid-
cycling disorders in which the
response to standard treatment,
including lithium, is less than
satisfactory. In an open study of
11 patients (10 women and 1 man),
treatment with TSH-suppressive
doses of T, (T4 levels about 150% of
normal) reduced both frequency
and amplitude during the manic
and depressive phases and even led
to remission in some patients. It
should be noted, however, that T,

was initiated only after stable
“therapeutic” doses of the other
antidepressants and antipsychotic
medications were reached.’ There
is a need for well-controlled studies
in this area.

Blood-Brain Barrier and
Thyroid Hormone
Transport

Transthyretin (TTR), a T, trans-
port protein, is synthesized by the
choroid plexus and accounts for up
to 25% of the protein in the CSF.*
CSF levels were found to be much
lower in 8 patients with refractory
depression than 9 neurologic
patients who did not have depres-
sion.” The investigators proposed
that low levels of transthyretin
could give rise to “brain hypothy-
roidism” with normal peripheral

thyroid hormone concentrations in
depression. The relative binding
affinity of T to TTR is only 1.4%
compared to 39.3% for T,*; thus it
is unlikely that TTR plays a sig-
nificant role in the transport of Tq
across the blood—brain barrier.

The Brain and Thyroid
Hormone Metabolism

T, is the active thyroid hormone

in the brain and is produced locally
by the conversion of T, by type 11
5'-deiodinase.”” It has been hypoth-
esized that clinical depression leads
to an inhibition of type II deiodinase,
possibly because of the increased
cortisol levels® in this disorder.™
As a result, T, is converted to rTy
by “inner ring” brain 5-deicdinase
(type III deiodinase), which is also
capable of inactivating T3.* Evi-
dence that supports this hypothesis
includes an increase of r'T; in the
CSF of subjects with unipolar
depression.®

The benefit of adjuvant T, ther-
apy in depression may arise from
its providing T to a CNS that is
relatively deficient in active thyroid
hormone. Exogenous T3 administra-
tion transiently raises circulating
T, to supraphysiologic levels when
given as single 25-ug doses. In this
context, Connors and Hedge® dem-
onstrated in the rat that bolus doses
of T3 were twice as effective as
continuous infusions in suppressing
TSH. T,, which has a much longer
half-life than Ty and lowers blood
levels of T3, may be less beneficial
than one or two bolus doses of Ty
per day.

Joffe suggested that T; hasa
beneficial effect in depression
because it suppresses the elevated
T, levels that give rise to “relative




hyperthyroidism.”? This view seems
unlikely since it implies that exog-
enous T; does not cross the blood—
brain barrier, whereas all the evi-
dence suggests that central uptake
of T3 exceeds that of T,.%

Elevated T, in Depression

The relative increase in total and/or
free T, levels seen in up to 25% of
patients with affective illness is
thought to be important in main-
taining some form of “affective
homeostasis.”** Additionally, when
treatment of depression is success-
ful, T, levels fall.® Prange® sug-
gested that such findings indicate a
“responsive” thyroid axis and can
be viewed as favorable signs of
remissicn with antidepressant
therapy. Depressed patients whose
serum T, levels were low-normal
responded better to thyroid
hormone—enhanced TCAs than
those with thyroid hormone levels
in the mid- to upper-normal range.”
The latter group, unlike depressed
subjects with low-normal T, levels,
may have already responded to the
depression with endogenous acti-
vation of their thyroid axis, and
therefore additional exogenous
thyroid hormone would have little
further effect.

Possible mechanisms of
elevated T, in depression. We
have established a fetal rat hypo-
thalamic culture system® that
shows an increase in TRH gene
expression on glucocorticoid ex-
posure.” This effect is notable since
human depression is characterized
by hypercortisolemia,® which we
believe leads to activation of the
TRH neurcn® and, consequently,
thyroid function. The hypercorti-
solemia of depression probably

results from impaired function of
the hippoecampus, a locus for
glucocorticoid negative feedback along
the hypothalamic—pituitary—
adrenocortical axis.® Although
glucocorticoids generally inhibit
the thyroid axis in humans® and
rats® (see Figure 2), a “functional”
disconnection of the hypothalamus
from the rest of the brain (as is
postulated to occur in depression®)
would remove this inhibitory influ-
ence from the hypothalamus. Indeed,
a fornical lesion that severs the
hypcethalamus from hippocampal
regulation will increase thyroid
function.” In many ways, the hypo-
thalamus in culture is analogous

to a deafferentated hypothalamus
in vivo.

We hypothesize that the direct
stimulation of the TRH neuron by
glucocorticoids seen in vitro is over-
ridden in vivo by an inhibitory
influence emanating from the
hippocampus in the normal human
or rat but not in some persons with
clinical depression. In these individ-
uals, activation of the TRH neuron
could lead to increased hypothalamic
TRH secretion with down-regulation
of the TRH receptor. This could
result in a blunted TSH response to
exogenous TRH and spillover of
TRH into the CSF, increased levels
of which have been reported.™

Additionally, we have explored a
direct effect of antidepressants on
the TRH neuron to explain reversal
of hyperthyroxinemia with success-
ful treatment of clinical depres-
sion.’*® The results showed that
the TCA and SSRI classes of
antidepressants, but not monoamine
oxidase inhibitors (MAQOIs), inhibit
TRH secretion.” These studies
suggest that the fall in circulating
T, levels seen with antidepressant
medication might reflect a direct

effect on the TRH neuron and
consequent reduced activation of
the thyroid axis. Antidepressants
may also be clinically efficacious by

enhancing T, to T3 conversion in
the CNS.”

Effects of Antidepressant
Agents on Thyroid
Function

Lithium. Some antidepressants are
known to affect the thyroid axis.
The most widely studied is lithium,
which is used for treatment of
bipolar disorder. At therapeutic
blood levels, this monovalent
compound inhibits the release of
thyroid hormone from the thyroid
gland by decreasing endocytosis of
Ts- and Ty-laden thyroglobulin.
Lithium may also inhibit iodine
uptake by the thyroid gland at much
higher serum levels. Lauridsen et
al™ reported an exaggerated TSH
response to TRH with no concom-
itant decrease in T, or increase in
basal TSH after normal subjects
were given lithium for 3 weeks.

Available data suggest that
thyroid function decreases about 7%
in patients on long-term lithium
therapy compared to controls.””"
Emerson et al™ have indicated that
hypothyroidism occurs more often
in women and anyone with
detectable antithyroid antiboedies.
The incidence of goiter is also
increased among lithium-treated
patients.

In addition to its direct effect
on the thyroid gland, lithium can
inhibit brain and pituitary type II
5'-deiodinase activity, although the
effect is at concentrations much
higher than those used clinically.

Sertraline. In 9 hypothyroid
patients maintained on a stable
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dose of thyroxine, the addition of
sertraline increased the serum TSH
level in all cases, necessitating an
increase in the dose of thyroxine.®
The mechanism is unclear at this
time and could result from effects at
various points in the thyroid axis.

Tricyclic antidepressants.
TCAs by themselves do not affect
the thyroid hormone profile. How-
ever, they can facilitate cardiac
dysrhythmias in patients with
hyperthyroidism® by preventing
reuptake of catecholamines and
thus increase local concentrations
in cardiac muscle. Therefore, TCAs
must be used cautiously in patients
who have thyrotoxicosis or are
receiving thyroid hormone replace-
ment therapy.

Summary and
Conclusions

e Hypothyroidism predisposes
patients to depression that may
be wholly reversed by thyroxine
replacement.

e When first seen for depression,
most patients have normal circu-
lating T,, Ty, and TSH levels. How-
ever, 15% or more may have sub-
clinical hypothyroidism (borderline
or mildly elevated TSH, normal T,
or T3) with evidence of autoimmune
thyroid disease. Thyroxine replace-
ment may contribute to the allevia-
tion of depression either alone or in
combination with antidepressant
therapy. However, controlled clinical
trials are required to investigate
the efficacy of thyroxine replace-
ment in this context. In the absence
of such studies, the authors favor
correcting the “subclinical” hypo-
thyroidism.

e Various thyroid axis abnormal-
ities have been found in depression,

including a blunted TSH response
to TRH administration, an increase
in circulating T, and elevated TRH
levels in the CSF. It is hypothesized
that there is enhanced hypothalamic
TRH secretion, which is triggered
by dysfunction along the hypo-
thalamic—pituitary—adrenal axis.

e The clinical features of depres-
sion often resemble those of hypo-
thyroidism and may reflect “brain
hypothyroidism” despite systemic
euthyroidism. The mechanism may
be related to impaired conversion
of T, to T3 in the brain due to
inhibition of type II 5'-deiodinase,
possibly by increased levels of
circulating cortisol and/or reduced
transport of T, across the blood—brain
barrier.

e Adjuvant therapy with T4
(25 to 37.5 g per day) for a patient
receiving antidepressant medication
(TCA or SSRI) may convert “non-
responsiveness” to “responsiveness”
in about 25% of cases of resistant
depression, possibly by correcting
“brain hypothyroidism.” Ty appears
superior to T, in this regard;
accordingly a therapeutic trial of
Tj is recommended for patients who
have resistant depression.

¢ Various pharmacologic agents
used to treat depression or bipolar
disease may themselves affect the
thyroid axis, and patients who take
them must be carefully monitored.

® Antidepressants of the TCA
and SSRI variety inhibit TRH gene
expression in vitro, a fact that
might explain the normalization
of serum T, levels following treat-
ment. TCAs also enhance T, to Ty
conversion in the brain, thus
providing another potential expla-
nation for their therapeutic efficacy
in depression.
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