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Objective: Because treatment of the depressed phase of bipolar disorder is a clinical challenge and hypothyroidism is
known to be associated with depression,
the authors examined the relationship
between pretreatment thyroid values and
response to antidepressant treatment. It
was hypothesized that subjects with lower
thyroid function, even within the normal
range, would have a poorer response to
initial treatment.

Results: Both lower values of FTI and
higher values of TSH were significantly associated with longer times to remission,
i.e., slower response to treatment. Outcomes were relatively poor unless patients had FTI values above the median
and TSH values below the median. Patients with this optimal profile experienced remission 4 months faster than the
remainder of the study group.

Method: The subjects were 65 patients
in the depressed phase of bipolar I disorder who were enrolled in a larger ongoing
study. A panel of thyroid measures, including thyroid-stimulating hormone
(TSH), thyroxine, triiodothyronine resin
uptake, and free thyroxine index (FTI),
were determined before initiation of algorithm-guided treatment. The effect of
each thyroid measurement on time to remission was estimated by using the Cox
proportional hazards model.

Conclusions: This study provides further
evidence that patients with bipolar disorder are particularly sensitive to variations
in thyroid function within the normal
range. Our results suggest that nearly
three-quarters of patients with bipolar
disorder have a thyroid profile that may
be suboptimal for antidepressant response. It remains to be seen whether
pharmacological enhancement of thyroid
function will facilitate recovery from bipolar depression.
(Am J Psychiatry 2002; 159:116–121)

T

reating the depressed phase of bipolar affective disorder is a significant clinical challenge. Use of antidepressant medications carries the risk of inducing mania and
increasing the frequency of mood cycling (1, 2). Further,
the sparse published reports of research in this area suggest that response to treatment may be poorer for bipolar
depression than for unipolar depression (3–5). Proposals
to improve outcomes have included multiple strategies,
such as monotherapy and combination therapy using
both established and putative mood stabilizers, addition
of a variety of antidepressants, and other augmentation
strategies, including thyroid augmentation.
An important question is whether modifiable risk factors are involved in the treatment resistance of bipolar depression. One topic that has generated considerable interest is the role of thyroid function. It has long been
recognized that frank hypothyroidism can cause depressive symptoms (6), and it almost invariably does so in severe cases (7). In the early 1970s the development of assays for thyroid-stimulating hormone (TSH) provided the
means to assess more subtle forms of hypothyroidism
and thus to define subclinical hypothyroidism. In 1974,
Wenzel et al. (8) introduced a system of grading hypothyroidism. In this classification, grade 1 defines overt hy-
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pothyroidism, and grades 2 and 3 define subclinical hypothyroidism. With the TSH assay and new definitions for
subclinical hypothyroidism, it was then possible to gather
epidemiological data to document that the prevalence of
subclinical hypothyroidism is greater than that of overt
hypothyroidism (9, 10). Furthermore, patients with subclinical hypothyroidism were noted to have a higher than
normal lifetime prevalence of depression (11–13). The
converse, that depressed populations demonstrate a high
prevalence of subclinical hypothyroidism, also has been
demonstrated (14–16). For instance, the rates of subclinical hypothyroidism reported for depressed populations
are higher (8%–17%) than the rate for the general population (5%). In refractory depression, the presence of thyroid abnormalities is even greater. Studies reviewed by
Howland (17) consistently demonstrate a higher than
normal risk of subclinical hypothyroidism, with prevalence rates of 30% and above in patients with refractory
depression.
Over the past decade, research findings have extended
the relationship between thyroid function and mood disorders and have called into question the appropriateness
of the accepted normal ranges for values on the standard
thyroid function tests. For example, Prange et al. (18)
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found that the pretreatment free thyroxine index (FTI) was
lower in patients who had poorer responses to treatment
than in antidepressant responders, even though all FTI
values were within the normal range. Frye et al. (19) assessed thyroid function prospectively in 52 outpatients
with bipolar disorder. The patients were given monthly assessments, including thyroid function tests, during 1 year
of lithium treatment. Even though their FTI values were
within the normal range, patients with lower mean FTI
values had more affective episodes and more severe depressive symptoms.
In this study we examined the relationship between pretreatment thyroid values and antidepressant response in
bipolar depression. We predicted that patients with lower
values within the normal range would have poorer outcomes of initial antidepressant treatment.

Method
Patients
The patients included in this report were participants in a
larger, ongoing study, Maintenance Therapies in Bipolar Disorder. Referral sources included the inpatient units at Western Psychiatric Institute and Clinic, affiliated outpatient programs, community clinicians, and patient response to radio and newspaper
advertisements. The assessment procedures included structured
diagnostic interviews (to be specified), physical examination with
medical history, laboratory assays, and an electrocardiogram. If a
patient was eligible to participate in the study, explicit written informed consent was obtained.
Each participant was required to be in a current episode of major depression, mania, or mixed state of bipolar I disorder. From
1991 to 1995, the diagnoses were determined according to the Research Diagnostic Criteria (20) on the basis of the Schedule for Affective Disorders and Schizophrenia—Lifetime Version (21).
Thereafter, diagnoses were based on the Structured Clinical Interview for DSM-IV Axis I Disorders, Patient Edition (22). The index
episode must have been at least the third lifetime episode of
mood disorder or the second episode of mania. At least 12 weeks
of remission must have occurred between the prior mood episode and the onset of the current episode. The most recent mood
episode before the index episode must have occurred within 5
years of the onset of the index episode.
An index episode of major depression was required to have a
rating of 7 or higher on the Raskin Severity of Depression Scale
(23) and of 15 or higher on the 17-item Hamilton Depression Rating Scale (24). An index episode of mania was required to have a
rating of 7 or higher on the Raskin Severity of Mania Scale (23) and
15 or higher on the Bech-Rafaelsen Mania Scale (25).
Exclusions for the study protocol included the diagnosis of
rapid cycling (four or more mood episodes per year) and any active axis I disorder other than an anxiety disorder. Patients with
clear-cut borderline or antisocial personality disorder also were
excluded. Potential subjects were also excluded for the presence
of any serious medical condition (as determined by the assessment procedures already noted) or for concomitant treatment
considered to be incompatible with the standard pharmacological management of bipolar disorder. Specific medical exclusions
included pregnancy, congestive heart failure, epilepsy, and unstable endocrine illnesses, such as frank untreated hypothyroidism.
Patients currently being treated and stabilized with thyroid reAm J Psychiatry 159:1, January 2002

TABLE 1. Demographic and Clinical Characteristics of Patients With Bipolar I Disorder in a Study of Thyroid Function and Response to Treatment for Depression
Characteristic
Age at start of study (years)
Age at first depressive episode (years)
Age at first manic episode (years)
Duration of index episode (days)
Number of previous depressive episodes
Number of previous manic episodes
Score on Bech-Rafaelsen Mania Scale at intake
Score on 17-item Hamilton Depression Rating
Scale at intake
Free thyroxine index
Thyroid-stimulating hormone level (µIU/ml)
Weeks in treatment

N
65
65
65
65
65
65
65

Mean
35.4
22.5
26.5
47.0
12.9
6.2
1.8

SD
8.6
7.4
8.2
69.7
15.1
8.3
2.3

65
61
60
65

19.9
7.4
2.0
32.0

4.6
1.4
1.2
18.2

placement therapy were eligible for the larger Maintenance Therapies in Bipolar Disorder protocol.
The first goal of the protocol was remission of the index mood
episode. During the initial treatment phase, study psychiatrists
used individualized guideline-based algorithms to select medications of first, second, and third choice for sequential therapy. For
depression, lithium monotherapy was the treatment of first
choice; however, divalproex and carbamazepine were permitted
if clinically indicated. Initially, the sequence in the algorithm for
antidepressants was imipramine first followed by tranylcypromine. Given poor results with imipramine and increasing experience with selective serotonin reuptake inhibitors, imipramine
was replaced by paroxetine, although psychiatrists were free to
select any other antidepressant if there was sufficient clinical justification. The patients were seen weekly until they satisfied the
criteria for remission, defined as 4 consecutive weeks during
which the average score on both the Hamilton depression scale
and the Bech-Rafaelsen scale was 7 or less. After remission, the
participants proceeded to the 2-year maintenance phase, during
which time their medications were not changed.
At the outset of the initial treatment phase, the participants
were randomly assigned to one of two psychotherapeutic options, interpersonal and social rhythm therapy (26) or a supportive medication management condition, referred to as clinical status and symptom review therapy.

Current Study Group
A total of 70 bipolar I patients entered the study in a major depressive episode. Among this group, five patients had a history of
treated hypothyroidism. While such patients were included in the
larger Maintenance Therapies in Bipolar Disorder protocol, they
were excluded from this smaller study since the use of thyroid replacement therapy might complicate the interpretation of the results on pretreatment thyroid function tests. Demographic and
pretreatment clinical characteristics of the study group are reported in Table 1.
All 65 patients received mood stabilizers; 57 received lithium
carbonate as the sole mood stabilizer. Divalproex sodium was the
sole mood stabilizer for three patients. Four patients were treated
with both lithium and divalproex. One lithium nonresponder was
treated with carbamazepine. About two-thirds of the patients (N=
44) did not respond to monotherapy with a mood stabilizer and
required the addition of an antidepressant. A majority of the patients (N=26) had more than one antidepressant trial. The antidepressants prescribed included tranylcypromine (17 trials), paroxetine (14 trials), imipramine (13 trials), bupropion (seven trials),
fluoxetine (five trials), sertraline (four trials), venlafaxine (four trials), phenelzine (one trial), fluvoxamine (one trial), desipramine
(one trial), and nefazodone (one trial).
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TABLE 2. Summary of Proportional Hazards Model Analyses of Time to Remission in Relation to Thyroid Function Indices
and Prior Treatment With Lithium Among 56 Patients With Bipolar I Disorder Who Were Treated for Depressiona

Covariate
Free thyroxine index (FTI)
Thyroid-stimulating hormone (TSH)
History of prior lithium treatment
Interaction of FTI and TSH
Interaction of FTI and prior lithium treatment
Interaction of TSH and prior lithium treatment

Model 1b

Model 2c

Wald Chi-Square
Test (df=1)

Wald Chi-Square
Test (df=1)

Beta
2.271

χ2
4.34

p
0.04

0.486

1.44

0.23

Model 3d

Beta

χ2

p

0.005
0.568

4.88
1.94

0.03
0.16

Wald Chi-Square
Test (df=1)
Beta
–8.386
–0.054
–7.296
0.031
4.640
–0.003

χ2
2.51
2.96
1.47
3.94
2.42
0.36

p
0.11
0.09
0.23
0.05
0.12
0.55

a

Beta=parameter estimate. FTI values were originally logarithmically transformed; TSH values were transposed to make their effects positive,
then cubed to normalize their distribution. History of lithium treatment was coded as 1 if the subject had taken lithium for 1 month or
longer before treatment and was coded as 0 otherwise.
b Overall χ2=4.53, df=2, p=0.10.
c Overall χ2=5.31, df=2, p=0.08.
d Overall χ2=16.21, df=6, p<0.02.
FIGURE 1. Time to Remission in Relation to Free Thyroxine
Index (FTI) and Thyroid-Stimulating Hormone (TSH) Values
in Patients With Bipolar I Disorder Who Were Treated for
Depressiona

Data Analysis

Patients With Above-Median FTI Values

The effect of each thyroid measure on time to remission was
estimated by using the Cox proportional hazards model (27).
Time to remission was defined as the number of weeks needed to
achieve a 4-week period of euthymia (i.e., score of 7 or less on the
17-item Hamilton depression scale and no signs or symptoms of
hypomania or mania). For patients who withdrew from the study
prematurely or who did not achieve remission within 52 weeks,
data at the time of withdrawal or study termination were used.
Because lithium treatment affects synthesis and release of thyroid
hormone (28–32) and has been shown to affect thyroid laboratory
assays in prospective studies (19, 33–37), we controlled for pretreatment lithium use by constructing a categorical variable indicating whether or not a subject had been taking lithium for at
least 1 month before entering the study.

1.0
Proportion of Patients Not Responding

0.8
0.6
0.4
Patients with above-median
TSH levels (N=12)
Patients with below-median TSH levels (N=18)

0.2
0.0

Patients With Below-Median FTI Values
1.0
0.8
0.6

Results

0.4

The thyroid values for all patients were within the normal ranges, with the single exception of a patient with an
elevated TSH level, 7.7 µIU/mL (normal range=0.4–5.0
µIU/mL). A total of 28 patients were receiving lithium salts
at the time of study entry. Of these, 23 had taken lithium
for at least 1 month, and the mean duration of treatment
was 29 months (SD=33 months, range=1 month to 9 years,
median=18 months).
The remission rate based on intent to treat was 49% (32
of 65). The mean time to remission was 30 weeks (SD=11,
range=15–52, median=30). Nine patients experienced remission with mood stabilizers alone, 18 responded to the
first antidepressant trial, and five responded to the second
antidepressant trial. The intent-to-treat remission rate
among the patients receiving both a mood stabilizer and
an antidepressant was only 52% (23 of 44). Results of the
Cox proportional hazards model analyses are summarized
in Table 2. There were no associations between time to remission and type of psychosocial treatment (i.e., interpersonal and social rhythm therapy versus clinical status and
symptom review therapy); this term was dropped from

0.2
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Patients with below-median TSH levels (N=10)

0.0
0
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Weeks in Treatment
a

(r=–0.19, df=54, p=0.16), T4 and TSH (r=0.02, df=54, p=0.89), T3
resin uptake and T4 (r=–0.38, df=59, p<0.003), and T3 resin uptake
and TSH (r=–0.36, df=54, p=0.007).

The median value for FTI was 7.1. The median value for TSH was 1.7
µIU/mL. The top panel illustrates that, among subjects with FTI values above the median, lower TSH values were associated with a
shorter time to remission (Wilcoxon χ2=6.24, df=1, p=0.01). The
bottom panel illustrates that there was no significant association
between TSH values and time to remission in patients with FTI values below the median (Wilcoxon χ2=0.45, df=1, p>0.50).

Thyroid Function Tests
The thyroid panel usually included TSH, thyroxine (T4), triiodothyronine (T3) resin uptake, and FTI. However, four patients
received only a screening test of TSH level, whereas five patients
had all pretreatment measures except TSH. The assays were performed by the clinical laboratory at the University of Pittsburgh
Medical Center with commercially available radioimmunoassay
methods. The thyroid measures for which correlations were determined were FTI and T4 (r=0.81, df=59, p<0.0001), FTI and TSH
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subsequent analyses. Model 1 addresses the relationship
between FTI and remission. Model 2 addresses the relationship between TSH and remission. Lower values of FTI
and higher values of TSH were both significantly associated with longer time to stabilization, i.e., a slower response to treatment. In neither case was a history of recent lithium treatment significantly associated with the
results.
Given the correlated nature of FTI and TSH, we conducted a third analysis including FTI, TSH, prior treatment with lithium, and their interactions. The three-way
interaction was not significant and, therefore, was
dropped from the model. The two-way interactions of
each thyroid measure with prior lithium treatment were
nonsignificant. However, the two-way interaction between FTI and TSH was significant (Table 2).
To explicate this interaction, we divided the study group
according to a median split of each thyroid measure. The
median value for FTI was 7.1. The median value for TSH
was 1.7 µIU/mL. Survival analyses were performed for patients with FTI values above (top panel of Figure 1) and below (bottom panel) the median. This pair of survival
curves illustrates that response was relatively poor unless
the FTI was above the median and the TSH level was below
the median. Patients with this optimal thyroid profile experienced remission an average of at least 4 months earlier
than the remainder of the study group.

Discussion
We found that lower FTI values and higher TSH values
within the normal range were significantly associated with
a poorer response in bipolar depression during the initial
phase of treatment. Conversely, the combination of lower
pretreatment TSH and higher pretreatment FTI was associated with a markedly more rapid remission of depression. These results add to the growing literature in support
of the idea that thyroid measures in the low normal range
may result in a less than optimal outcome in mood disorders. Two previous studies similarly showed an association of marginal thyroid values to poorer response to antidepressant treatment in nonbipolar depression (18) and
to a greater frequency and severity of mood episodes in bipolar disorder (19).
Although most patients in this series had a prior history
of lithium treatment, the relationship between speed of
remission of depression and current thyroid function was
not mediated by a history of lithium treatment. Moreover,
the subgroup of patients with optimal thyroid profiles was
not distinguishable by sociodemographic, clinical, or illness course variables. Thus, the combination of abovemedian FTI and below-median TSH levels did not identify
patients with a better inherent prognosis or a less severe
illness.
These findings are consistent with the hypothesis that
lower levels of thyroid hormones may represent an inadeAm J Psychiatry 159:1, January 2002

quate compensatory homeostatic response of the central
nervous system to the stress of a depressive episode (38–
41). Briefly, this hypothesis posits that depression may be
associated with diminished availability of norepinephrine, that the normal compensatory response is an increase in receptor sensitivity, and that elevation of circulating thyroid hormones is one mechanism by which this
compensatory response may be achieved. It is also possible that such inadequate thyroid response to depression
may be a harbinger of early thyroid failure, even though
the FTI and TSH values are in the normal range (42). While
there are divergent views (43), it appears likely that patients with mood disorders are particularly vulnerable to
even minor variations in thyroid hormone levels. For example, Kraus et al. (42) observed that 38% of depressed
patients with baseline TSH values between 3.0 and 5.5
µIU/ml (i.e., above the mean normal value) had abnormal
results on the thyrotropin-releasing hormone stimulation
test.
Studies of adjunctive treatment with thyroid hormones
date back more than 30 years (44) and include augmentation of both antidepressants (45) and electroconvulsive
therapy (46). Adjunctive thyroid hormones also have been
used with some success in rapid-cycling bipolar disorder
(47, 48). Although findings from studies of the efficacy of
thyroid augmentation have not been uniformly positive
(49), on balance, these strategies continue to be accepted
treatment options for treatment-resistant nonbipolar and
bipolar depressions (50–52).
In our study, patients with bipolar depression who did
not have the optimal combination of high normal FTI and
low normal TSH had a median time to remission of nearly
1 year. This normal but apparently suboptimal thyroid
state, which occurred in two-thirds of our patients, may
represent a modifiable risk factor in bipolar depression. A
prospective study is now needed to determine whether
pharmacological augmentation can optimize thyroid
function to facilitate clinical recovery.
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