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Aims: The aim of the present study was to evaluate
whether thyroid hormonal changes during meno-
pause may affect the development and the course of
major depressive disorder.

Methods: Thirty-nine female patients (n = 17 in pre-
menopause; n = 22 in post-menopause) with major
depressive disorder based on Diagnostic Statistical
Manual of Mental Disorders (4th edition) criteria and
who were euthyroid and not on hormonal replace-
ment therapy, participated in a prospective, 6-week,
open-label naturalistic study. The Hamilton Depres-
sion Rating Scale-17 item, the Montgomery-Åsberg
Depression Rating Scale, the Clinical Global Impres-
sion scale and the Cognitive Failure Questionnaire
were administered at baseline, week 1, week 3, and
week 6. Levels of thyroid stimulating hormone, total
thyroxine and total triiodothyronine were collected
at baseline visit.

Results: In the whole sample, particularly in
pre-menopausal women, levels of thyroid stimulat-
ing hormone-potential markers of subclinical

hypothyroidism were correlated with those of less
severe but more resistant depressive form. Con-
versely, total thyroxine levels were correlated with a
more severe depression, but high levels of this
hormone favored the response to antidepressants.
Overall, a diagnosis of subclinical hypothyroidism
was associated with a poor response to antidepres-
sant treatment. Finally, total triiodothyronine levels
were associated with better cognitive functioning,
though they did not influence improvement occur-
ring with recovery.

Conclusions: Our study suggests that thyroid hor-
mones may have an impact on severity and efficacy of
antidepressant treatment. However, our result should
be considered with caution and merely as a sugges-
tion due to some methodological limitations. Hence
further studies are required to better ascertain the role
of thyroid hormones in depression after menopause.
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THYROID STATUS MARKEDLY affects mood and
the development of mood disorders.1 Defect in

thyroid function may lower the threshold for depres-
sion, while excess of thyroid hormone can contribute

to a state of tense dysphoria.2 Approximately 10% of
depressed patients are considered as having sub-
clinical hypothyroidism and altered thyroid function
may influence the course of affective disorders.
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Thyroid hormones are thought to influence mood
status via post-receptor mechanisms through signal
transduction pathways in the brain. Indeed, there is
substantial evidence that thyroid hormone interacts
with norepinephrine and serotonin function in
several brain areas, especially hippocampus, frontal
lobe and amygdale.3 This influence may be general-
ized to widely recognized targets of antidepressant
therapies.4

In some cases, a positive correlation between
elevated levels of thyroxine (T4) and the onset of
response to antidepressants has been reported.5

Indeed, thyroid hormones favor antidepressant effi-
cacy6 and hypothyroidism may play a role in some
treatment-resistant depressive disorders.7 Further-
more, there is evidence that overt and subclinical
hypothyroidism may be a predisposing factor for cog-
nitive impairment and dementia.8 In non-treated
depressed patients, high thyroid-stimulating hor-
mone (TSH) levels, markers of hypothyroidism, were
found correlated to lower global and regional cere-
bral blood flow and lower glucose metabolism.9

Interestingly, TSH and T4 levels were gender-
specifically associated with current depression in the
young adult population (lower TSH for men and
higher T4 levels for women), indicating a need for
more investigations into whether these depression-
associated changes represent distinct endopheno-
types of depression.10

The prevalence of biochemical or subclinical
hypothyroidism in women increases steadily with
age, rising from 10% to 20% in the postmenopausal
age range of 55 and above.11 The lower endogenous
estrogen level associated with menopause has been
associated with a decrease in thyroid functioning.12–15

Nevertheless, the published reports regarding the
effects of estrogen on thyroid function in postmeno-
pausal women are still in debate. It has been reported
that levels of estradiol do not affect the levels of
thyroid hormones.16,17 However, treatment with
estrogens for menopausal symptoms seems to have
pronounced effects on thyroid hormonal levels and it
has been recently associated with mean pituitary
height in postmenopausal women.18

It has been found that TSH levels are increased by
estrogens or selective estrogen receptor modulators
treatment (SERM) in some studies18–22 but not in
others.23–25

In post menopausal women, estrogen treatment
has also been reported to increase total thyroxine
(T4),22–24,26–28 while other studies failed to support

those findings.20,25,29 In addition, free triiodothyro-
nine (T3) levels were found to be reduced in post-
menopausal women as compared to those of
pre-menopausal women30 and estrogen treatment
also seems to increase levels of total T3.22,24,28

However, other studies did not replicate changes in
differences in total T3.20,23,25

Given that there is an interaction between gender
and thyroid hormones, hormonal changes occurring
with menopause may affect the development and the
course of mood disorders in women. In fact, in our
previous investigation,31 we found that depressed
menopausal women without adjunctive hormonal
therapies responded to antidepressant treatment to a
lesser degree than pre-menopausal women. This
effect was not only explained by the old age of meno-
pausal women, as previously reported,32,33 but it
was also correlated with high follicle stimulating
hormone (FSH) levels in this group of patients.

Considering that thyroid function seems to be
reduced after menopause, in the present study we
aimed to investigate the differential role of thyroid
hormonal levels on depressive symptomatologies
and the response to antidepressants in female
patients with major depressive disorder (MDD),
according to the presence/absence of menopause. We
expected clinical markers of subtle hypothyroidism
to reduce response to treatments, particularly in post-
menopausal women.

SUBJECTS AND METHODS

Design

The study was designed as a prospective, 6-week,
open-label naturalistic study for comparison of anti-
depressant response in pre-menopausal versus post-
menopausal women with MDD.

Subjects

Demographic and clinical features characterizing the
samples have been described previously.31 Briefly,
post-menopausal women were different from pre-
menopausal women only by being older at their first
illness episode (54.7 � 10.1 vs. 34.2 � 7.0); age at
onset was neither correlated with severity of depres-
sion at any stage of the follow up, nor with thyroid
hormonal levels. In the whole sample, 10 patients
(31.25%) were at their first depressive episode (five
non-menopausal and five post-menopausal women).
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The subjects consisted of 39 Korean female
patients who were diagnosed with MDD, according
to the DSM-IV criteria.34 All patients were recruited
based on an advertisement at the Depression Clinical
Research Unit of Kangnam St. Mary’s Hospital, which
is a teaching hospital located in Seoul, Republic
of Korea. Post-menopause was defined as amenor-
rhea for more than twelve months,35 while pre-
menopausal women were defined by the absence of
significant vasomotor symptoms or menstrual irregu-
larity; if irregular cycles were reported, we included
women younger than 37.35

Exclusion criteria were: serious suicide risk, preg-
nancy, lactation, recent participation in another
study in the previous 30 days, psychotherapy initi-
ated in the last 6 months, substance use disorder in
the last 6 months, any other current occurrence or
past history of Axis I disorders other than MDD such
as psychotic disorders and bipolar disorders, Axis II
disorders, significant medical conditions such as
malignancy, hysterectomy, or oophorectomy. Fur-
thermore, subjects with a diagnosis of thyroid dys-
function36 were excluded after consultation with an
endocrinology specialist (manifestation of both clini-
cal symptoms of hypothyroidism or hyperthyroidism
and abnormal thyroid hormone values), as well as
women receiving estrogens and/or thyroid hormonal
therapies. The study was strictly reviewed and
approved by the Institutional Review Boards at
Kangnam St. Mary’s Hospital and all subjects pro-
vided written informed consent prior to participating
in the study and after having all of the study proce-
dures explained to them.

Psychiatric diagnosis

The AXIS I diagnosis was evaluated by the consensus
between the two board-certified psychiatrists upon
the study entry,31 according to the DSM-IV criteria,
using a Structured Clinical Interview for DSM-IV Axis
I disorders-Research Version, performed by evalua-
tors separately, on two different occasions.37

Medications

Currently available antidepressants (e.g. selective
serotonin reuptake inhibitors; serotonin and norepi-
nephrine reuptake inhibitors; noradrenergic and
specific serotonin antidepressant and tricyclic antide-
pressant, etc) were recommended to be dosed using a
flexible titration strategy within approved dosage

guidelines based on each manufacturer’s package
inserts, with consideration of the individuals’ clinical
response and tolerability. No other psychotropic
medications were permitted during the study with
the exception of hypnotics for insomnia and benzo-
diazepines for anxiety. No patient included was
concomitantly treated with mood stabilizer drugs.
Over-the-counter medications were only allowed as
needed, for example acetaminophen. Patients already
in treatment with psychotropic drugs at the intake
underwent a one-week washout of previous
medications.

Since different antidepressant drugs require differ-
ent dosages, we uniformed doses according to the
Antidepressant Treatment History Form38 and we cal-
culated for each woman the citalopram equivalent
dose received during the six-weeks of follow up.

Assessments

At baseline, all patients were evaluated for depres-
sive severity using the Hamilton Depression Rating
Scale-17 item (HAMD),39 the Montgomery-Åsberg
Depression Rating Scale (MADRS)40 and the Clinical
Global Impression Severity scale (CGI-S);41 the
Cognitive Failures Questionnaire (CFQ)42 was also
administered to evaluate cognitive functioning. The
CFQ is a subjective test designed to investigate ‘fail-
ures of perception, memory and motor function’; it
consists of 25 questions regarding common lapses
of cognitive function including memory, percep-
tion and attention. Each question is scored 0 to
4 depending on frequency of occurrence, as rated
by the subject. High scores relate to increasing
frequency of cognitive lapses. All women were
prospectively followed up for six weeks during
antidepressant treatment and evaluated with the
HAMD, the MADRS, the CGI-S, the Clinical Global
Impression –Improvement scale (CGI-I)41 and the
CFQ at week 1, 3 and 6.

Non-fasting blood samples for hormone assays
were collected at the intake, before treatment admin-
istration. In non-menopausal women samples were
taken during their lutheal phase, in order to avoid
increased levels occurring during the preovulatory
phase.43 Levels of follicle stimulating hormone
(FSH), luteinizing hormone (LH) and estradiol (E2)
were tested. Assays of hormonal levels were con-
ducted with the immunoradiometric method using
commercially available kits (FSH, BioSourceFSH-
IRMA Kit; LH, Biosource LHsp-IRMA Kit; E2,
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Biosource E2-RIA-CT Kit, Biosource Europe S.A.
Nivelles, Belgium). Levels of TSH, T4 and T3 were
tested. Assays of hormonal levels were conducted
with the immunoradiometric method using commer-
cially available kits (T3, IMMUNOTECH Total T3 RIA
kit; T4, IMMUNOTECH Total T4 RIA kit; TSH, IMMU-
NOTECH TSH RIMA kit, IMMUNOTECH Radio VA
1-102 27, Prague, Czech Republic). The reference
levels of T3, T4 and TSH were 0.78–1.82 ng/mL,
4.68–12.4 mg/dL and 0.17–4.1 mIU/L, respectively.

Statistical analysis

Statistical analyses were performed with the ‘Statis-
tica’ software (StatSoft). Clinical and demographic
features in pre-menopausal and post-menopausal
women were analyzed with the c2-test, the Student’s
t-test and the Pearson product–moment correlation
analysis. The associations between hormonal levels
with baseline depressive scores or rate of improve-
ment at week 6 from the baseline were analyzed with
the ANCOVA, to control for potential confounders
such as age and single versus recurrent MDD. The
association between hormonal levels and response to
antidepressant treatment in terms of both symptoma-
tology and cognitive functioning was analyzed by the
repeated measures of ANCOVA, including covariates.
Categorical response to treatment (�50% reduction
from the baseline in the scores of HAMD) was ana-
lyzed by the multivariate regression analysis, includ-
ing covariates. Multivariate regression was also
employed to analyze simultaneously the effect of
thyroid hormones on depressive severity and treat-
ment outcome indexes.

With a standard level of significance (a = 0.05), in
our sample we had a post-hoc sufficient power (0.80)
to detect only large effect sizes (d = 0.82), corre-
sponding to a difference between pre-menopausal
and post-menopausal women of 4.95 points on both
final HAMD and MADRS scores, of 0.7 points on
CGI-S scores, of 0.6 on CGI-I scores, and of 15.2
points on CFQ scores (explained variance range:
14.2–14.5%). Because of the small sample size we
had a low statistical power (a priori: 0.46), thus
smaller influences exerted by the thyroid hormones
on recovery from depression with antidepressant
treatment may have been largely missed.

RESULTS

Thyroid hormones in pre- and
post-menopausal women

Thyroid hormone levels were not associated to age at
menarche, age at first delivery, or age at menopause
(in post-menopausal women). TSH and T4 levels
were not different between pre- and post-menopausal
women, while T3 levels were slightly higher in post-
menopausal women (Table 1) and they were corre-
lated with age (r = 0.34, P = 0.036).

In the whole sample, only four patients (�TSH of
4.1 mIU/L) showed sub-clinical hypothyroidism
(high levels of TSH and normal values of T4 and T3)
(three pre-menopausal and one post-menopausal);
no women showed signs of sub-clinical hyperthy-
roidism. There was no significant difference between
pre- and post-menopausal women (c2-test = 3.78,
d.f. = 2, P = 0.15) and diagnosis of sub-clinical

Table 1. Thyroid hormonal levels in pre- and post-menopausal women

PRMW (n = 17) POMW (n = 22)
Range of thyroid
hormone level (n = 39)

t-value
(d.f. = 38) P-values

FSH (IU/L) 4.6 � 2.2 62.6 � 27.8 – 8.6 <0.0001
LH (IU/L) 4.9 � 3.2 16.7 � 8.4 – 5.5 <0.0001
E2 (pg/mL) 153.6 � 108.0 40.4 � 25.5 – -4.8 <0.0001
TSH (mIU/L) 1.6 � 1.4 2.1 � 1.9 0.25–9.77 -0.8 0.45
T4 (mg/dL) 7.1 � 1.4 8.3 � 2.1 5.03–11.9 -2.0 0.056
T3 (ng/mL) 0.8 � 0.1 1.0 � 0.3 0.71–1.78 -2.7 0.011

Data represent mean � standard deviation.
E2, estradiol; FSH, follicle stimulating hormone; LH, luteinizing hormone; POMW, post-menopausal women;
PRMW, pre-menopausal women; T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone.
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thyroid disorder was not associated with any other
demographic and clinical variable.

Thyroid hormones and depression

Correlation between baseline depressive scores and
thyroid hormonal levels, controlling for age and
medical status, are reported in Table 2. TSH levels
were correlated with less severe depression at the
intake in the whole sample and in pre-menopausal
women. Conversely, T4 levels were associated with a
more severe baseline symptomatology, in the whole
sample, in post-menopausal women and, as a trend,
in pre-menopausal women as well. T3 levels were not
associated with depressive severity in both groups.

Including both TSH and T4 levels in a multivariate
regression, T4 levels showed a major impact on
depressive severity (MADRS: R = 0.35, b = 0.36,
P = 0.039; CGI-S: R = 0.35, b = 0.44, P = 0.008).
Inclusion of T3 levels did not change results. Analyz-
ing separately pre-menopausal women, only mar-
ginal trends could be observed for T4 levels in
pre-menopausal women (MADRS: P = 0.006, CGI-S:
P = 0.071), while the effect was significant in post-
menopausal women on MADRS scores (R = 0.49,
b = 0.45, P = 0.040, as a trend on CGI-S: P = 0.070).

Thyroid hormones and response to
antidepressant treatment

Correlation between final depressive scores and
thyroid hormonal levels are shown in Table 2. In the

whole sample and in post-menopausal women, no
association could be observed, while in pre-
menopausal women, TSH levels were associated with
higher severity scores and, conversely, T4 levels were
associated with lower severity.

Controlling for covariates, in the whole sample,
TSH levels were associated with categorical response
(on CGI-S) to treatment (multiple linear regression,
b = -0.39, P = 0.02): high levels were associated with
a poor response to the antidepressant. The inclusion
of menopausal state in the model did not have an
effect; however, analyzing separately pre- and post-
menopausal women, the association remained sig-
nificant only in pre-menopausal women (multiple
linear regression, b = -0.56, P = 0.037).

In pre-menopausal women only, TSH levels were
also negatively associated with improvement of
symptoms during treatment (repeated measures
ANCOVA, time x TSH levels on CGI-S: F = 3.24,
d.f. = 3, P = 0.034) and with the rate of improvement
from baseline (ANCOVA, TSH on HAMD: F = 15.57,
d.f. = 1, P = 0.003).

Analyzing concurrently TSH and T4, respectively
high T4 and low TSH levels were associated with less
severe final depression (T4 on MADRS: R = -0.80,
b = -0.69, P = 0.0029; TSH on CGI-S: R = 0.53,
b = 0.55, P = 0.046) and absolute improvement
from baseline (MADRS, T4: R = -0.51, b = 0.90,
P = 0.00019; HAMD, TSH: R = -0.51, b = -0.51,
P = 0.023), but in pre-menopausal women only. No
such effects could be observed in post-menopausal
women.

Table 2. Correlations between thyroid hormonal levels and depressive scores at the baseline and after 6 weeks of antidepressant
treatment (controlling for age and medical status)

Whole sample
(n = 39)

Pre-menopausal
women (n = 17)

Post-menopausal
women (n = 22)

HAMD MADRS CGI-S HAMD MADRS CGI-S HAMD MADRS CGI-S

TSH (mIU/L)† -0.35 -0.14 +0.15 -0.58 +0.14 +0.08 -0.23 -0.27 +0.17
T4 (mg/dL)† +0.33 +0.35 +0.35 0.49+ +0.37 +0.42 +0.26 +0.49 +0.36
T3 (ng/mL)† -0.18 -0.28 +0.06 -0.41 -0.22 -0.07 -0.14 -0.24 +0.11
TSH (mIU/L)‡ -0.01 -0.06 +0.15 +0.50 +0.49 +0.55 -0.16 -0.21 +0.02
T4 (mg/dL)‡ +0.03 +0.07 +0.04 -0.49 -0.80 -0.14 +0.06 +0.17 +0.03
T3 (ng/mL)‡ +0.07 +0.03 +0.29 +0.28 +0.42 +0.34 -0.07 -0.15 +0.24

†Correlations with baseline scores. ‡Correlations with final scores.
Bold characters represent significant correlations and italic characters indicate trends.
CGI-S, Clinical Global Impression-Severity scale; HAMD, Hamilton Depression Rating Scale; MADRS, Montgomery-Asberg
Depression Rating Scale; T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone.
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In the whole sample, T4 levels were associated with
the improvement of symptoms during treatment, but
in the opposite direction of TSH: high levels were
associated with a better outcome (repeated measures
ANCOVA: time x T4 levels on MADRS: F = 3.22,
d.f. = 3, P = 0.026). Menopausal status did not have a
significant effect; nevertheless, analyzing separately
pre- and post-menopausal women, the association
remained statistically significant only in pre-
menopausal women (repeated measures ANCOVA:
time x T4 levels on MADRS: F = 5.66, d.f. = 3,
P = 0.0034). In pre-menopausal women, T4 levels
were also associated with the rate of improvement
from baseline (ANCOVA, T4 on HAMD: F = 5.62,
d.f. = 1, P = 0.039, T4 on MADRS: F = 37.36, d.f. = 1,
P = 0.0001) and with positive (categorical) response
(multiple linear regression, on HAMD: b = 0.51,
P = 0.027, on MADRS: b = 0.88, P = 0.0001).

Analyzing concurrently FSH and T4, both T4 and
TSH levels influenced improvement during treat-
ment in pre-menopausal women (repeated measures
ANCOVA: time x T4 levels on MADRS: F = 3.66,
d.f. = 3, P = 0.022; time x T4 on CGI-S: F = 3.90,
d.f. = 3, P = 0.035). Such effects were not observable
in post-menopausal women. T3 levels were not asso-
ciated with response to antidepressant treatment in
the whole sample, and separately in the two groups
of patients.

Finally, clinically high levels of TSH (observed
in three pre-menopausal women and one post-
menopausal), which are considered markers of sub-
clinical hypothyroidism (>4 mIU/L), were associated
with a poor response (categorical) to antidepressant
treatment (multiple linear regression, including
age, medical condition as covariates, b = -0.38,
P = 0.027).

Thyroid hormones and cognitive functioning
during antidepressant treatment

At the baseline, controlling for age, medical status
and baseline depressive scores, high T3 levels were
associated with a better cognitive performance in the
whole sample and in menopausal women (Table 3).
Confounders did not have significant impact, and
nor did menopausal status. TSH and T4 levels did not
have significant effect at baseline.

Controlling for the same covariates and response
to antidepressant treatment, in the whole sample, as
well as separately in pre- and post-menopausal
women, the improvement of cognitive functioning

was not associated with thyroid hormonal levels,
but only with response to antidepressant treatment
(repeated measures ANCOVA, time x response to anti-
depressant in the whole sample: F = 4.37, d.f. = 3,
P = 0.006).

DISCUSSION
The role of thyroid hormonal levels in mood disor-
ders is well recognized.1 As thyroid hormones interact
with estrogens, and given the evidence of a reduced
functioning of the thyroid in post-menopausal
women, we investigated the role of thyroid hormones
in depressive symptomatologies and response to
antidepressant treatment in both pre- and post-
menopausal women.

Results of our analyses indicated that baseline TSH
levels, potential markers of subclinical hypothyroid-
ism, may be correlated with a less severe form of
depression. On the other hand, when looking at the
response to antidepressants, high baseline TSH levels
predicted a poorer response to treatment. Indeed, a
diagnosis of sub-clinical hypothyroidism signifi-
cantly predicted a poor response to antidepressants.
Conversely, high baseline T4 levels, potential indica-
tors of good thyroid functioning (all women being
euthyroid and none diagnosed for overt or sub-
clinical hyperthyroidism), were associated with a
more severe form of depression, but also with a better
outcome after treatment.

Table 3. Correlations between thyroid hormonal levels and
cognitive performances at the Cognitive Failure Test, at the
baseline and after 6 weeks of antidepressant treatment (con-
trolling for age, medical status and baseline depressive scores)

Whole
sample
(n = 39)

Pre-menopausal
women
(n = 17)

Post-menopausal
women
(n = 22)

TSH (mIU/L)† -0.23 0.11 -0.37
T4 (mg/dL)† -0.10 -0.17 -0.02
T3 (ng/mL)† -0.40 -0.09 -0.50
TSH (mIU/L)‡ -0.25 -0.13 -0.31
T4 (mg/dL)‡ -0.02 0.12 -0.039
T3 (ng/mL)‡ -0.31 -0.15 -0.37

†Correlations with baseline scores.
‡Correlations with final scores.
Bold characters represent significant correlations.
T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating
hormone.
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Overall, these results suggest that low thyroid func-
tioning may cause subjects to experience depres-
sive symptoms (which seems to be less severe as in
euthyroid subjects) and this may lower the chance
of response to antidepressant treatment. We can
hypothesize that an important portion of symptoma-
tology in patients with high TSH levels may be due to
thyroid dysfunction, and is thus a differentially char-
acterized depressive form. In particular, as regards
treatment outcome, patients with subtle thyroid
disease may benefit less from antidepressant treat-
ment alone, while improving more significantly with
adjunctive hormonal replacement therapy.44 Accord-
ingly, hypothyroidism has been associated with
treatment-resistant depression.7 On the other hand,
depression in women with good thyroid functioning
may be more severe, but in the presence of high levels
of T4, the chances of recovery are much higher, in
line with previous observations of a positive effect of
T4 on response to treatment.6

However, we can not exclude the possibility of
stratification bias. Indeed, treatment resistance may
be influenced by many aspects and conditions,
including genetics, psychopathological dimensions,
medical condition, psychosocial and environmental
factors and so on.

Finally, we found the outcome in terms of
improvement of cognitive impairment not influ-
enced by thyroid hormonal levels, but only by the
concurrent improvement of depressive symptoms.
Nevertheless, high T3 levels at the baseline, potential
indicators of a good thyroid functioning, were nega-
tively correlated with CFQ scores, thus favoring better
cognitive functioning. This result is in line with pre-
vious evidence that suggests that overt and subclini-
cal hypothyroidism may be a predisposing factor for
cognitive impairment and dementia.8

Most of these results were stronger in pre-
menopausal women than in post-menopausal
women. We can hypothesize that, given the reported
reduction of thyroid functioning in women after
menopause, thyroid hormones could have more
impact in pre-menopausal women than in post-
menopausal women. However, we excluded from our
study women with overt thyroid dysfunctions and
this criterion may have biased the sample of meno-
pausal women. It is likely that a great proportion
of post-menopausal women, in which the effect of
thyroid hormones may be stronger, have been
excluded. This can also explain the unexpected result
of higher hormonal levels in post-menopausal

women. The exclusion of post-menopausal women
with clinical thyroid dysfunctions may have resulted
in a higher representation of women with particularly
high thyroid functioning in the post-menopausal
group. As there is a paucity of data in this field,
specifically comparing the response to antidepressant
in pre- and post-menopausal women in relation to
thyroid hormones, and not treated with adjunctive
hormonal therapies, further research on larger
samples and including women with clinical thyroid
dysfunction, is needed. Moreover, there is evidence
that thyroid hormonal levels correlate with body-
weight.45 Unfortunately we did not collect this data
and were thus unable to control for potential strati-
fication bias.

Some other important limitations may underlie
the present study. First, the small sample size sub-
stantially reduced the statistical power of our analyses
and we were able to significantly detect only large
effects exerted by clinical and hormonal indicators.
Furthermore, to improve the possibility to detect dif-
ferences, and given the preliminary nature of our
analyses, we did not apply a Bonferroni correction,
but this could have lead to false positives, thus the
results should be taken with caution. Second, our
pre- and post-menopausal women had some specific
characteristics, which can limit the generalization of
the results. Other than having high thyroid hormonal
levels, our post-menopausal women were character-
ized by an older onset age, ranging from 35 to
74 years, with a median of 58 years. Even if the old
age of these women may have impaired the assess-
ment of previous episodes that occurred at a younger
age, the sample is characterized by a late-onset
depressive disorder and it is possible that the major-
ity of post-menopausal women in our sample did not
experience depressive episodes before menopause.
However, age at onset did not affect depression
severity or cognitive function. Furthermore, our pre-
menopausal group had a high rate of subjects at
their first depressive episode (approximately 50%).
Thus, the specific composition of our pre- and post-
menopausal subjects limits their representativeness
and the results may not be reliable for earlier onset or
recurrent post-menopausal women with MDD. Pre-
and post-menopausal women were not different for
the incidence of medical conditions; nevertheless, we
took into account this variable as well, even though
medical problems may be more severe in the older
menopausal group. Finally, patients were treated
with different antidepressants. However, the type of
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antidepressant drug was not related to hormonal
levels and the doses, uniformed as citalopram equiva-
lents,38 were not different in pre- and post-
menopausal women.

In conclusion, our study suggests that thyroid hor-
mones may have an impact on severity and efficacy of
antidepressant treatment. However, our result should
be considered with caution and merely as a sugges-
tion due to some methodological limitations. Hence
further studies are required to better ascertain the role
of thyroid hormones in depression after menopause.

ACKNOWLEDGMENT
This study was supported by a grant from the Medical
Research Center, Korea Science and Engineering
Foundation, Republic of Korea (R13-2002-005-
04001-0).

REFERENCES
1 Musselman DL, Nemeroff CB. Depression and endocrine

disorders: Focus on the thyroid and adrenal system. Br. J.
Psychiatry 1996; 123–128.

2 Iga J, Taniguchi T, Ohmori T. Mood swing from severe
depression to mania following acute alteration of thyroid
status. Gen. Hosp. Psychiatry 2005; 27: 451–453.

3 Whybrow PC, Prange AJ Jr. A hypothesis of thyroid-
catecholamine-receptor interaction. Its relevance to affec-
tive illness. Arch. Gen. Psychiatry 1981; 38: 106–113.

4 Henley WN, Koehnle TJ. Thyroid hormones and the treat-
ment of depression: An examination of basic hormonal
actions in the mature mammalian brain. Synapse 1997; 27:
36–44.

5 Whybrow PC. The therapeutic use of triiodothyronine and
high dose thyroxine in psychiatric disorder. Acta. Med.
Austriaca 1994; 21: 47–52.

6 Prange AJ Jr. Novel uses of thyroid hormones in patients
with affective disorders. Thyroid 1996; 6: 537–543.

7 Hickie I, Bennett B, Mitchell P, Wilhelm K, Orlay W.
Clinical and subclinical hypothyroidism in patients with
chronic and treatment-resistant depression. Aust. N. Z. J.
Psychiatry 1996; 30: 246–252.

8 Davis JD, Stern RA, Flashman LA. Cognitive and neurop-
sychiatric aspects of subclinical hypothyroidism: Signifi-
cance in the elderly. Curr. Psychiatry Rep. 2003; 5: 384–390.

9 Marangell LB, Ketter TA, George MS et al. Inverse relation-
ship of peripheral thyrotropin-stimulating hormone levels
to brain activity in mood disorders. Am. J. Psychiatry 1997;
154: 224–230.

10 Forman-Hoffman V, Philibert RA Lower TSH and higher T4
levels are associated with current depressive syndrome

in young adults. Acta. Psychiatr. Scand. 2006; 114: 132–
139.

11 Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The
Colorado thyroid disease prevalence study. Arch. Intern.
Med. 2000; 160: 526–534.

12 Urban RJ. Neuroendocrinology of aging in the male and
female. Endocrinol. Metab. Clin. North Am. 1992; 21: 921–
931.

13 Erfurth EM, Ericsson UB. The role of estrogen in the TSH
and prolactin responses to thyrotropin-releasing hormone
in postmenopausal as compared to premenopausal
women. Horm. Metab. Res. 1992; 24: 528–531.

14 De Leo V, D’Antona D, Lanzetta D. Thyrotropin secretion
before and after ovariectomy in premenopausal women.
Gynecol. Endocrinol. 1993; 7: 279–283.

15 Gokmen O, Seckin NC, Sener AB, Ozaksit G, Ekmekci S. A
study of premature ovarian failure in Turkish women.
Gynecol. Endocrinol. 1995; 9: 283–287.

16 Abdalla HI, Beastall G, Fletcher D, Hawthorn JS, Smith J,
Hart DM. Sex steroid replacement in post-menopausal
women: Effects on thyroid hormone status. Maturitas
1987; 9: 49–54.

17 Takatani O, Okumoto T, Kosano H, Nishida M, Hiraide H,
Tamakuma S. Relationship between the levels of serum
thyroid hormones or estrogen status and the risk of breast
cancer genesis in Japanese women. Cancer Res. 1989; 49:
3109–3112.

18 Abech DD, Moratelli HB, Leite SC, Oliveira MC. Effects of
estrogen replacement therapy on pituitary size, prolactin
and thyroid-stimulating hormone concentrations in meno-
pausal women. Gynecol. Endocrinol. 2005; 21: 223–226.

19 Shah N, Evans WS, Veldhuis JD. Actions of estrogen on
pulsatile, nyctohemeral, and entropic modes of growth
hormone secretion. Am. J. Physiol. 1999; 276: R1351–
R1358.

20 Zidan J, Rubenstein W. Effect of adjuvant tamoxifen
therapy on thyroid function in postmenopausal women
with breast cancer. Oncology 1999; 56: 43–45.

21 Parry BL, Meliska CJ, Martinez LF et al. Menopause: Neu-
roendocrine changes and hormone replacement therapy. J.
Am. Med. Womens Assoc. 2004; 59: 135–145.

22 Bottner M, Christoffel J, Rimoldi G, Wuttke W. Effects of
long-term treatment with resveratrol and subcutaneous
and oral estradiol administration on the pituitary-thyroid-
axis. Exp. Clin. Endocrinol. Diabetes 2006; 114: 82–90.

23 Benencia H, Ropelato MG, Rosales M et al. Thyroid profile
modifications during oral hormone replacement therapy
in postmenopausal women. Gynecol. Endocrinol. 1998; 12:
179–184.

24 Hsu SH, Cheng WC, Jang MW, Tsai KS. Effects of long-term
use of raloxifene, a selective estrogen receptor modulator,
on thyroid function test profiles. Clin. Chem. 2001; 47:
1865–1867.

25 Duntas LH, Mantzou E, Koutras DA. Lack of substantial
effects of raloxifene on thyroxine-binding globulin in

312 C.-U. Pae et al. Psychiatry and Clinical Neurosciences 2009; 63: 305–313

© 2009 The Authors
Journal compilation © 2009 Japanese Society of Psychiatry and Neurology



postmenopausal women: Dependency on thyroid status.
Thyroid 2001; 11: 779–782.

26 Abdalla HI, Hart DM, Beastall GH. Reduced serum free
thyroxine concentration in postmenopausal women
receiving oestrogen treatment. BMJ 1984; 288: 754–755.

27 Arafah BM. Increased need for thyroxine in women with
hypothyroidism during estrogen therapy. N. Engl. J. Med.
2001; 344: 1743–1749.

28 Marqusee E, Braverman LE, Lawrence JE, Carroll JS, Seely
EW. The effect of droloxifene and estrogen on thyroid
function in postmenopausal women. J. Clin. Endocrinol.
Metab. 2000; 85: 4407–4410.

29 Ceresini G, Morganti S, Rebecchi I et al. A one-year
follow-up on the effects of raloxifene on thyroid function
in postmenopausal women. Menopause 2004; 11: 176–
179.

30 Cevik R, Em S, Gur A, Nas K, Sarac AJ, Colpan L. Sex and
thyroid hormone status in women with rheumatoid arthri-
tis: Are there any effects of menopausal state and disease
activity on these hormones? Int. J. Clin. Pract. 2004; 58:
327–332.

31 Pae CU, Mandelli L, Kim TS et al. Effectiveness of antide-
pressant treatments in pre-menopausal versus post-
menopausal women: A pilot study on differential effects of
sex hormones on antidepressant effects. Biomed. Pharmaco-
ther. In press.

32 Zanardi R, Cusin C, Rossini D, De Ronchi D, Serretti A.
Comparison of response to fluvoxamine in nondemented
elderly compared to younger patients affected by major
depression. J. Clin. Psychopharmacol. 2003; 23: 535–
539.

33 Mandelli L, Serretti A, Zanardi R et al. Antidepressant
response in the elderly. Psychiatry Res. 2007; 152: 37–
44.

34 American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition. American Psychiat-
ric Association, Washington, DC, 1994.

35 McKinlay SM, Brambilla DJ, Posner JG. The normal meno-
pause transition. Maturitas 1992; 14: 103–115.

36 Baloch Z, Carayon P, Conte-Devolx B et al. Laboratory
medicine practice guidelines. Laboratory support for the
diagnosis and monitoring of thyroid disease. Thyroid 2003;
13: 3–126.

37 Han OS, Ahn JH, Song SH. Development of Korean version
of structured clinical interview schedule for DSM-IV axis I
disorder: Interrater reliability. J. Korean Neuropsychiatr.
Assoc. 2000; 39: 362–372.

38 Sackeim HA, Prudic J, Devanand DP, Decina P, Kerr B,
Malitz S. The impact of medication resistance and continu-
ation pharmacotherapy on relapse following response to
electroconvulsive therapy in major depression. J. Clin. Psy-
chopharmacol. 1990; 10: 96–104.

39 Lee JS, Bae SO, Ahn YM. Validity and reliability of the
Korean version of the Hamilton depression rating scale
(K-HDRS). J. Korean Neuropsychiatr. Assoc. 2004; 44: 456–
465.

40 Ahn YM, Lee KY, Lee JS. A validation study of the Korean-
version of the Montgomery- Asberg depression rating scale.
J. Korean Neuropsychiatr. Assoc. 2005; 44: 466–477.

41 Guy W. ECDEU Assessment Manual for Psychopharmacology:
Revised. NIMH, Rockville, MD, 1976.

42 Broadbent DE, Cooper PF, FitzGerald P, Parkes KR. The
Cognitive Failures Questionnaire (CFQ) and its correlates.
Br. J. Clin. Psychol. 1982; 21: 1–16.

43 Doufas AG, Mastorakos G. The hypothalamic-pituitary-
thyroid axis and the female reproductive system. Ann. N. Y.
Acad. Sci. 2000; 900: 65–76.

44 Chakrabarti S, Malhotra MD. Thyroid hormones in treat-
ment of mood disorders. Indian J. Med. Sci. 2001; 55: 501–
507.

45 Chomard P, Vernhes G, Autissier N, Debry G. Serum con-
centrations of total and free thyroid hormones in moder-
ately obese women during a six-week slimming cure. Eur. J.
Clin. Nutr. 1988; 42: 285–293.

Psychiatry and Clinical Neurosciences 2009; 63: 305–313 Thyroid hormone and depression recovery 313

© 2009 The Authors
Journal compilation © 2009 Japanese Society of Psychiatry and Neurology


