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Abstract

Background: Divergences in cognitive disturbances in hypothyroidism reported in the literature are a result of a
methodological bias. Methods: By using a precise methodology, we examined attention and executive functions in
hypothyroidism, verified the presence of anxiety and depressive symptoms in hypothyroidism, and examined the
possible link between these symptoms and the cognitive disturbances (searching for attentional bias for words with
a negative emotional valence). We administered a battery of cognitive tests to 23 participants who had undergone
thyroidectomy for thyroid carcinoma: for the first time in an euthyroid state, then 3 weeks later (still in the
euthyroid state) to assess the test0retest effect, and finally 4 weeks later in an hypothyroid state. We compared their
performance with that of a group of 26 control participants who were also administered the same cognitive tests,
also 3 times. Results: In hypothyroidism, the thyroid participants were more anxious and depressed than the controls
and presented attentional and executive disturbances that reflected general slowing and difficulties in using their
capacities of inhibition. However, they did not exhibit an attentional bias for words with a negative emotional
valence. Conclusions: Contrary to what was expected, symptoms of anxiety and not symptoms of depression
interfered with the cognitive performance of participants in hypothyroidism. (JINS, 2005, 11, 535–544.)

Keywords: Depression, Hypothyroidism, Executive functions, Attention, Emotional bias, Anxiety, Thyroid gland,
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INTRODUCTION

Several studies on cognitive functioning have reported that
hypothyroidism acquired in adulthood affects attention
(Whybrow, 1996), memory (Baldini et al. 1997; Burmeis-
ter et al., 2001; Dugbartey, 1998; Haggerty et al., 1986;
Jaeschke et al., 1996; McDermott & Ridgway, 2001; Mon-
zani et al., 1993; Osterweil et al., 1992), and executive
functions (Denicoff et al. 1990; Osterweil et al., 1992).
Although they all focus on cognition, they have different
outcomes and conclusions. Burmeister et al. (2001) found
mnemonic functions to be disturbed with no effect on exec-
utive functioning, whereas Denicoff et al. (1990) observed
the opposite. Osterweil et al. (1992) found both areas to be

affected. A possible explanation for these differences is that
these cognition studies of hypothyroid participants suffer
from a methodological bias: (1) the lack of a sufficiently
large control group of similar age and sociocultural level
(Burmeister et al., 2001; Denicoff et al., 1990; Monzani
et al., 1993); (2) a test0retest effect linked to the repeated
administration of the same cognitive test (some tests are
indeed very sensitive to this test0retest effect: e.g., the Cal-
ifornia Verbal Learning Test); and (3) insufficient sensi-
tivity of the cognitive tests used, for example, the paper
and pencil version of the Stroop test (Burmeister et al.,
2001) or the Wechsler memory test (Baldini et al., 1997;
Monzani et al., 1993).

Moreover, several studies have demonstrated an asso-
ciation or link between hypothyroidism and depression or
anxiety (Burmeister et al., 2001; Whybrow, 1996). This
cooccurrence can be confusing, because diminished neuro-
psychological functioning also occurs in depression and
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affects attention (Cornblatt et al., 1989; Nelson et al., 1998),
memory (Austin et al., 1992; Bradley et al., 1995), and
executive functions (Merriam et al., 1999; Silberman et al.,
1983). In addition, anxious individuals exhibit deficient
inductive reasoning (Reed, 1977), slowed decision laten-
cies (Volans, 1976), shallow depth of processing (Frans-
son, 1977), and reduced memory span (Idzihowski &
Baddeley, 1987). They also demonstrate impaired atten-
tional control (Broadbent et al., 1986) and have particular
problems in the execution of attentional inhibition (Fox,
1994). In fact, few studies have investigated the possibility
of a link between the cognitive problems associated with
hypothyroidism and those seen with depression and anxiety.
This raises the question of whether the cognitive problems
seen in hypothyroid participants reflect an accompanying
depression and anxiety or whether the hypothyroid state
itself induces these cognitive problems.

With this background information, we formulated our
two main objectives. First, we screened for and assessed
the presence of attention and executive dysfunction in hypo-
thyroid participants. To avoid methodological biases, we
needed to be cautious in our choice of cognitive tests and so
used attention and executive functioning tests, as they are
particularly sensitive to the hypothyroid metabolic state
(Denicoff et al., 1990; Osterweil et al., 1992; Whybrow,
1996). The cognitive test battery (cf. Methods) was pro-
cessed by computer and so is particularly precise. To deter-
mine the test0retest effect, we included a control group
matched for age and sociocultural level.

Second, if cognitive dysfunctions were found in the hypo-
thyroid population, a second question needed answering.
Were these cognitive and executive problems associated
with the hypothyroid condition itself or were they associ-
ated with a depressed or anxiety state that often accompa-
nies hypothyroidism? One accepted and valuable method
for answering this question is to include emotionally charged
tests (Bradley et al., 1995; Mathews et al., 1996). Indeed,
several authors have demonstrated an attentional bias for
words with negative depressive and anxious connotations
or valence in depressed patients (Bradley et al., 1995;
Mathews et al., 1996). Other important findings are the
inhibition difficulty observed during executive tasks, par-
ticularly when the words to be ignored have an emotional
valence corresponding to the participant’s mood (Gotlib
et al., 1988; Murphy et al., 1999) and the quality of mne-
monic encoding of words as a function of the emotional
state of the participant (Bower, 1981). Several authors have
identified a preconscious attentional bias using subliminal
tasks (the participant is not aware of exposure due to
extremely short stimulation) for words with a negative emo-
tional valence in anxious participants and a conscious bias
using supraliminal tasks (participant is aware of exposure)
in depressed participants (Bradley et al., 1995; Mathews
et al., 1996). Individuals with generalized anxiety disorder
showed greater interference in color-naming performance
on trials with threatening, rather than neutral, words in com-
parison with normal controls, irrespective of whether the

words were masked (subliminal task) or unmasked (supra-
liminal task) (MacLeod et al., 1986; Mogg et al., 1993). In
depression, functional imaging work has shown that certain
tests, such as the “go0no go task” (Elliott et al., 2002) and
the Emotional Stroop (Whalen et al., 1998) are indeed asso-
ciated with abnormalities in the prefrontal neural response
of depressed participants.

To our knowledge, the influence of words with a nega-
tive emotional valence congruent with the depressed mood
of hypothyroid participants on their cognitive performance
has not yet been investigated. If cognitive disorders are
linked to anxiety and depression in hypothyroidism, words
with a negative emotional valence should have an impact
on cognitive performance, which would not be the case
if the cognitive disorders are specifically linked to
hypothyroidism.

We hypothesized that (1) the thyroid participants in a
hypothyroid state would be more anxious and depressed
than when they were in a euthyroid state, (2) their perfor-
mance in attention and executive tasks would be lower, and
(3) the impact of words with a negative emotional valence
on their executive functions would be greater.

METHODS

Research Participants

We studied 23 participants in remission after they had under-
gone total thyroidectomy for a low risk, well-differentiated
thyroid carcinoma (8 males and 15 females; mean age,
50.13 yr; range, 32–72 yr; sociocultural level from 1 to 3,
mean: 2.48; mean duration of time elapsed since thyroidec-
tomy: 27 6 21 months). The participants were evaluated
after achieving an euthyroid status by means of substitution
treatment (mean thyroxine intake, 172.3 mg0day; range,
125–275 mg) and again after withdrawal of thyroid hor-
mones. A severe hypothyroid status of short duration needed
to be induced in these patients to perform scintigraphy (131I
total body) to confirm that they were free of disease. Twenty-
six control participants were matched for age and socio-
cultural level (13 males and 13 females; mean age, 48.85
years old; range, 21– 69 years old; sociocultural level from
1 to 3, mean: 2.5). Both groups were comparable for age
(t(47)5 0.317, p5 .215) and schooling level [x2(2, 49)5
1.82, p. 0.05], but not for gender, which was assumed not
to have a significant influence on the outcome. The socio-
cultural levels are: 1 5 secondary school to age 15; 2 5
finished secondary school (;18019); 35 higher studies or
university.

The participants were recruited from the outpatient endo-
crinology unit and the normal controls from the care staff
and volunteers of the Cliniques Universitaires Saint-Luc
and from volunteer associations.

All of the participants and the normal controls gave their
informed consent before entering the study, the protocol of
which was approved by the Medical Ethics Committee of
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the School of Medicine of the Université Catholique de
Louvain. The participants and the normal controls were
administered routine laboratory thyroid function tests and a
psychiatric interview using the Structural Clinical Inter-
view for DSM-IV Axis I Disorders (SCID) (First et al.,
1996) to exclude any axis I psychiatric disorder.

Exclusion criteria

For the thyroid participants: (1) unstable medical condi-
tion; (2) organic brain disorder; (3) ,20 and .75 years of
age; and (4) introduction or modification of psychotropic
drugs during the 3 months preceding the study. Two patients
were on 20 mg0day paroxetine, 2 on 20 mg0day citalo-
pram; and 2 others on 150 mg0day venlafaxine. Although
these participants were taking antidepressant drugs, they
had been euthymic for some time before entering the study.

For the control participants: (1) unstable medical con-
dition; (2) thyroid pathology; (3) organic brain disorder;
(4) score .10 on the Beck Depression Inventory (BDI);
(5) ,20 and .75 years of age; (6) current or past mental
disorder on the basis of a SCID I interview; and (7) intro-
duction or modification of psychotropic drugs during the
3 months preceding the study.

Schedule and Clinical Tests

The thyroid participants were administered the battery of
cognitive tests three times: the first and second time in an
euthyroid state (to assess the test0retest effect) and a third
time while hypothyroid. The control participants were admin-
istered the same cognitive tests three times, as well.

At Session 1, both of the groups received the serum thy-
roid tests (TSH and free T4), as well as the psychiatric
interview. The participants then proceeded with the first
cognitive test battery. The second testing session took place
3 weeks later, after which the thyroid participants stopped
their thyroid hormones. The third test session followed 4
weeks later (the thyroid participants were now hypothyroid).

Procedure

The battery of cognitive tests included the phasic alertness
task from the Test Battery for Attentional Performance (TAP)
(Zimmermann & Fimm, 1994) for the assessment of atten-
tion, the Stroop test (Stroop, 1935) for the assessment of
executive functions, and finally, a supraliminal and sublim-
inal emotional Stroop test to analyze the impact of emo-
tional words on cognition. By using both a supra- and a
subliminal version of the emotional Stroop test, we hoped
to elicit an attentional bias for negative emotional words
and, if so, to determine whether this bias was caused by a
preconscious automatic (supra- and subliminal conditions)
or a consciously controlled process (supraliminal condition
only) (Bradley et al., 1995; Mathews et al., 1996).

Phasic alertness task

This is a computerized test that evaluates the ability to
increase the attention level when a stimulus is expected to
occur (Zimmermann & Fimm, 1994). Phasic alertness is
measured by the reaction time (RT) to a target stimulus (a
white cross on a black background) accompanied by a warn-
ing signal (a beep). The participant must press a button as
quickly as possible as soon as a cross appears on the screen
but not when the warning signal is sounded. The median RT
for correctly detected crosses is calculated with and without
the signal. A participant’s sensitivity to interference in the
presence of an audible warning will be manifested either by
a greater number of errors (pressing the button as soon as
the audible signal is heard and not after the cross appears)
or by an increase in the RT.

The Stroop test

We used a computerized Stroop task (Stroop, 1935). The
experiment was run on a PC using the E-Prime software
system version 1.0 (Schneider et al., 2002). The items were
either neutral (colored string of symbols), congruent (color
name matching color in which it was written), or incongru-
ent (color name different from color in which it was writ-
ten). The participants were asked to name the color in which
the item is written. A short pretest was given to all of the
participants to make sure they understood the expectations.
The response latencies for trials with incorrect responses
were excluded from the response latency analyses. The
response latencies were determined for each group and for
each item (congruent vs. neutral vs. incongruent) from the
individual median RTs.

Supraliminal and subliminal emotional
Stroop test

This test is a variant of the previous one. The participant
must identify the color of words displayed on the screen. In
this test, different types of words are used: color-congruent
words (“red” written in red, “blue” written in blue), neutral
emotional words (neutral words replacing the symbol of the
Stroop version), and incongruent emotional words (reflect-
ing depression and anxiety). To select these words, we con-
ducted a survey presenting 244 words to 200 students. The
supraliminal and subliminal Stroop tests each consisted of a
mixture of the 4 types of words. The words were chosen
and matched according to their relative lexical frequency
and their length using the BRULEX (Content, 1990). In the
supraliminal emotional Stroop task, the time of exposure
was 10,000 ms, as in the Stroop test. In the subliminal ver-
sion, the time of exposure was 14 ms, and the words were
followed by a mask. The RT was measured between the
onset of the mask and the response.

Clinical Outcome Measures

The affective symptoms were assessed by means of a self-
rated Beck Depression Inventory (BDI) (Beck et al., 1961)
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and the anxiety symptoms by means of the State–Trait Anx-
iety Inventory (STAI) Scale (Spielberger et al., 1983).

In addition, when the thyroid participants were hypothy-
roid, we asked them to fill in a questionnaire devised by
one of the authors (E. Constant) to assess their subjective
symptoms. By using a scale from 1 (hardly at all) via 4
(moderate) to 7 (a lot), the patients were asked to rate the
following symptoms: “act more slowly physically,” “lack
energy,” “am more tired,” “sleep more than usual,” “walk
more slowly,” “am more irritable,” “am sadder,” “am more
sensitive emotionally,” “am more anxious,” “have diffi-
culty concentrating,” “have difficulty memorizing.” These
particular symptoms were selected on the basis of clinical
experience and the usual complaints made by patients with
hypothyroidism (Constant et al., 2001). We classified these
symptoms into 3 categories as follows, each category being
assigned a mean score:

Symptoms of psychomotor slowing (acting more slowly
physically, lacking energy, being more tired, sleeping more
than usual)

“Anxiety0depression” symptoms (being more irritable,
sadder, emotionally more sensitive, more anxious)

Cognitive symptoms (having difficulty concentrating, hav-
ing difficulty memorizing).

Statistical Analysis

For age, TSH, and free T4 values, the groups were com-
pared using Student’s t test. For educational level, the groups
were compared by means of a chi-square test. Finally, since
the RTs were not normally distributed, the log(10) transfor-
mation was applied to the median RTs. These transformed
values were then analyzed using multifactorial ANOVAs
with repeated measures, where sessions were differently
weighted: Sessions 1 and 2 were each given the coefficient
21, and Session 3 was given the coefficient 12 (this was
done to avoid a bias favoring the two euthyroid conditions
over the single hypothyroid one). The statistical signifi-
cance for all the analyses was set at a � .05. Only signifi-
cant effects are reported.

RESULTS

Thyroid Function Tests

Although the control participants and thyroid participants
in euthyroidism differed significantly for TSH (t(47) 5
22.94, p, .01—thyroid participants had lower TSH scores)
and for free T4 (t(47) 5 7.28, p , .001—thyroid partici-
pants had higher free T4 scores) (Table 1), these differ-
ences were without importance in the interpretation of the
results, as all of the participants were biologically as well
as clinically in euthyroidism. The significant although small
difference between the two groups could be explained by
the need to obtain a low TSH value within the normal range
in the thyroid group. In hypothyroidism, the TSH levels of
the thyroid participants were significantly higher than those
of the controls (t(47)5 10.73, p, .001) and free T4 levels
were significantly lower (t(47) 5 214.84, p , .001), as
was expected.

Cognitive Functions

Phasic alertness task

The rate of the number of errors was low (less than 7%) and
no significant effect emerged from the Group3 Session3
Signal ANOVA (all Fs , 1). A Group (2: Thyroid, Con-
trol) 3 Warning Signal (2: without, with) 3 Session (3:
Session 1, Session 2, Session 3) ANOVA with repeated mea-
sures on the last 2 factors conducted on median response
latencies (see Figure 1) revealed significant main effects
for Session [F(1,47) 5 10.33, p , .01] and for Warning
Signal [F(1,47)5 14.52, p , .001] (with slower RTs with-
out the warning signal) and a significant interaction between
Group and Session [F(2,94)5 13.79, p , .00001].

Examination of this last interaction with planned com-
parisons revealed (1) that the thyroid participants had slower
RTs when in the hypothyroid state (Session 3) than in the
euthyroid state (Sessions 1 and 2) [F(1,47) 5 28.93,
p , .00001]; (2) that no significant difference emerged
between the 3 sessions for the normal controls [F(1,47)5
1.06, p 5 .309]; and (3) that the thyroid participants had

Table 1. Mean thyroid indexes at the different sessions (standard deviations in parentheses)

Thyroid Control

Session 1 Session 2 Session 3 Session 1 Session 2 Session 3

TSH (normal values: 0.2–3.5 mIU0l) 1.11 129.11 1.77
(0.85) (60.56) (0.73)

Free T4 (normal values: 10.30–25.74 pmol0l) 20.59 4.12 15.06
(2.96) (2.83) (2.32)
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slower RTs than did the normal controls only in hypo-
thyroidism (Session 3) [F(1,47)5 4.88, p , .05].

Stroop task

The error rate in the Stroop task was low (less than 4%),
and there were no differences between the 2 groups. Given
this ceiling effect, we focused our analysis solely on RTs. A
Group (2: Thyroid, Control) 3 Session (3: Session 1, Ses-
sion 2, Session 3)3 Item (3: congruent, neutral, incongru-
ent) ANOVA with repeated measures on the last two factors

conducted on median response latencies (see Figure 2)
revealed significant main effects for Item [F(2,94)5 46.23,
p , .0001] and significant interactions between Group and
Item [F(2,94)5 8.75, p , .001], between Group and Ses-
sion [F(2,94) 5 4.12, p , .05] (with slower RTs for the
thyroid participants than for the controls only when in the
hypothyroid state) (Session 3 ( p, .05), and between Group,
Item, and Session [F(4,188)5 2.42, p , .05].

Examination of this last interaction with planned com-
parisons revealed (1) for the thyroid participants, slower
RTs for incongruent items in hypothyroidism (Session 3)

Fig. 1. Median reaction times (ms) and standard deviations for phasic alert scores with and without alarm.

Fig. 2. Median reaction times (ms) and standard deviations for the Stroop test.
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than in euthyroidism (Sessions 1 and 2) [F(1,47) 5 4.56,
p, .05], which was not the case for other items; (2) for the
controls, no significant difference in RTs for any item
between the 3 sessions; (3) slower RTs for neutral [F(1,47)5
4.26, p , .05] and incongruent [F(1,47)5 9.14, p , .01]
items in the thyroid participants than in the controls in hypo-
thyroidism (Session 3). These results indicate psychomotor
slowing in hypothyroidism with an increased interference
effect. This finding is confirmed by the classical interfer-
ence index (Table 2).

A Group (2: Thyroid, Control) 3 Session (3: Session 1,
Session 2, Session 3) ANOVA on the interference index
(see Table 2), with repeated measures on the last factor,
revealed a significant main effect for Group [F(1,47) 5
7.53, p, 0.01] and a significant interaction between Group
and Session [F(2,94)5 3.62, p , .05].

Planned comparisons revealed (1) a higher interference
index in the thyroid participants in hypothyroidism (Ses-
sion 3) than in euthyroidism (Sessions 1 and 2) [F(1,47)5
5.47, p , .05]; (2) an equivalent interference index across
tests in the controls; and (3) a higher interference index for
the thyroid participants than for the controls only when in
hypothyroidism (Session 3) [F(1,47)5 12.55, p , .001].

Autoquestionnaires

For the Beck Depression Inventory (see Table 3), a Group
(2: Thyroid, Control) 3 Session (3: Session 1, Session 2,
Session 3) ANOVA with repeated measures on the last fac-
tor revealed significant main effects for Group [F(1,47)5
12.80, p , .001] and for Session [F(1,47) 5 11.06, p ,
.01] and a significant interaction between Group and Ses-
sion [F(2,94)5 14.60, p , .00001].

Planned comparisons revealed (1) that the thyroid par-
ticipants had higher BDI scores than the controls for the
three sessions (all ps � .05), but particularly for Session 3
[F(1,47)5 26.32, p , .00001]; (2) that there were no sig-
nificant differences between the sessions in the controls;
and (3) that the thyroid participants showed higher scores
in the hypothyroid state (Session 3) than when euthyroid
(Sessions 1 and 2) [F(1,47)5 25.6, p , .00001].

For the STAI state scores (see Table 3), a Group (2: Thy-
roid, Control) 3 Session (3: Session 1, Session 2, Ses-
sion 3) ANOVA with repeated measures on the last factor
revealed significant main effects for Group [F(1,47)57.32,

p , .01] and for Session [F(1,47) 5 8.27, p , .01] and
a significant interaction between Group and Session
[F(2,94)5 6.89, p , .01].

Planned comparisons revealed (1) that the thyroid par-
ticipants had higher STAI state scores than the controls
only in hypothyroidism (Session 3) [F(1,47)5 12.95, p ,
.001]; (2) that no significant difference emerged between
any session for the controls; and (3) that the thyroid partici-
pants scored higher in the hypothyroid state (Session 3)
than when in euthyroidism (Sessions 1 and 2) [F(1,47) 5
15.43, p , .001].

For the STAI trait scores (see Table 3), a Group (2: Thy-
roid, Control) 3 Session (3: Session 1, Session 2, Ses-
sion 3) ANOVA with repeated measures on the last factor
revealed a significant main effect for Group [F(1,47) 5
10.41, p , 0.01], the thyroid participants obtaining higher
scores than the controls.

Relation Between Anxiety, Depression, and
Cognitive Symptoms in Hypothyroidism

We observed attention and executive disorders in the par-
ticipants with hypothyroidism and noted that symptoms of
anxiety and depression were more pronounced in them than
while in a euthyroid state. What is the relationship between
these 2 types of symptoms? We found no significant corre-
lation between the anxious or the depressive symptomatol-
ogy (the Beck Depression Inventory and STAI scales scores,
respectively) and the performances on the different atten-
tion and executive tasks. However, when we divided the
thyroid participants into two subgroups according to the
criterion of anxiety using the state STAI (more anxious: 11,
less anxious: 12), only the more anxious ones showed higher
interference in hypothyroidism (Session 3) on the Stroop
test than in euthyroidism (Sessions 1 and 2) [F(1,46) 5
10.14, p , .01] and slower RTs in hypothyroidism than in
euthyroidism on the phasic alertness test without the warn-
ing signal [F(1,21)5 13.49, p , .01]. When we looked at
the same thyroid group but divided them according to depres-
sion severity (more depressed0less depressed), we found
no differences for the various cognitive tests. Finally, the
influence of words with a negative emotional valence on
performance in the Stroop test was analyzed.

Supraliminal and subliminal emotional
Stroop tasks

As for the Stroop task presented earlier, the error rate was
low (less than 4%) and there were no differences between
the groups. For this reason, the error rates were not ana-
lyzed. A Group (2: Thyroid, Control) 3 Stroop (2: supra-
liminal, subliminal) 3 Session (3: Session 1, Session 2,
Session 3) 3 Word (4: congruent, neutral, incongruent
depression, incongruent anxiety) ANOVA with repeated mea-
sures on the last three factors (see Figure 3) conducted on
median response latencies revealed significant main effects
for Word [F (3,141) 5 8.31, p , .0001], for Stroop

Table 2. Interference indexes for the Stroop test as a function
of group and condition (standard deviations in parentheses)

Condition Thyroid Control

Session 1 25.1 (22.4) 13.3 (19.0)
Session 2 21.1 (24.7) 10.2 (15.3)
Session 3 29.4 (27.3) 7.9 (13.9)

Interference index 5 [(Median RTs for Incongruent Items—Median RTs
for Neutral Items)0Median RTs for Neutral Items]3 100
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[F(1,47) 5 75.58, p , .00001] (with slower RTs for the
supraliminal task than for the subliminal task) and signifi-
cant interactions between Group and Session [F(2,94) 5
4.12, p , .05] and between Stroop and Session [F(2,94)5
3.72, p , .05].

Examination of these interactions with planned compar-
isons revealed (1) for the thyroid participants, slower RTs
in hypothyroidism (Session 3) than in euthyroidism (Ses-
sions 1 and 2) [F(1,47)5 13.89, p , .001]; (2) no signif-
icant difference between the sessions in the controls; (3) a
tendency for slower RTs in the thyroid participants than in
the controls while in hypothyroidism (Session 3) [F(1,47)5
3.69, p 5 .06]; (4) for the subliminal task, slower RTs at
Session 3 than at Sessions 1 and 2 [F(1,47) 5 8.80, p ,
.01].

Concerning the interference index (see Table 4), a Group
(2: Thyroid, Control) 3 Stroop (2: supraliminal, sublimi-
nal)3 Session (3: Session 1, Session 2, Session 3)3Word
(2: anxiety, depression) ANOVA with repeated measures on
the last three factors did not reveal any significant main or
interaction effect, which confirmed the absence of atten-
tional bias for words with a negative emotional valence in
the hypothyroid state.

DISCUSSION

This study examined the presence of anxiety and depres-
sive symptoms in hypothyroid participants and the possible
link between these symptoms and attentional and executive
impairments. Our hypothesis that the participants in a
hypothyroid state would be more anxious and depressed
than when they are in a euthyroid state was confirmed, as
was our expectation that their performances in attention
and executive tasks would be lower. However, our third
hypothesis, regarding the impact of words with a negative
emotional valence on their executive functions, was not
confirmed.

First of all, at the cognitive level, our study confirmed both
attentional and executive disturbances in hypothyroidism.

At the attentional level during the phasic alertness tests,
the performance of the thyroid participants was similar to
that of the control participants in the first 2 sessions. In the
third session, when the thyroid participants were hypothy-
roid, they showed slower RTs than did the controls, with
and without the warning signal. Thus, during the hypothy-
roid state, no greater sensitivity to interference was observed
when the warning signal was given. These results suggest

Table 3. Mean scores on the different scales as a function of group and session (standard deviations in parentheses)

Thyroid Control

Session 1 Session 2 Session 3 Session 1 Session 2 Session 3

Beck Depression Inventory 7 (7.5) 5.7 (6.6) 11.8 (8.6) 3.5 (3.4) 2.7 (3.2) 2.6 (3.0)
STAI scale

State 29.9 (9.1) 29.7 (8.1) 37.4 (12.4) 26.9 (5.4) 27.1 (6.3) 27.1 (7.3)
Trait 38.2 (7.8) 37.2 (8.1) 40.3 (11.4) 32.3 (6.7) 31.2 (6.9) 31.3 (7.7)

Fig. 3. Median reaction times (ms) and standard deviations for Supraliminal and Subliminal Emotional Stroop tests.
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that the central component of the alertness reaction is pre-
served, but that there is a general slowing in the hypothy-
roid condition, which has also been reported by other authors
(Dugbartey, 1998; Osterweil et al., 1992). These authors
suggested that hypothyroid participants will improve their
reaction times when treated with thyroid hormones. It has
also been suggested that thyroid hormones increase the num-
ber and activity of b-adrenergic receptors and that the cat-
echolaminergic system stimulates attention and vigilance
(Baldini et al., 1997).

Concerning the executive tasks, we advanced the hypoth-
esis that thyroid participants in a hypothyroid state would
perform more poorly in attention and executive tasks than
otherwise. This has been studied in the past with the Digit
Symbol Substitution Test and Trail Making Test (Denicoff
et al., 1990; Osterweil et al., 1992). However, we elected to
use the Stroop test, as it is not only a valid instrument for
assessing executive functioning (capacities of inhibition),
but it also is a useful tool for studying the influence on
performance of words with a negative emotional valence.
First of all, the psychomotor slowing in the hypothyroid
participants was confirmed. Second, a higher interference
index was seen in this group. Clinically, this means that
hypothyroid participants have greater difficulties using their
capacities of inhibition. It should be noted that other authors
(Burmeister et al., 2001) did not demonstrate this increased
interference effect in the same task in a similar population.
One possible explanation for this is that these authors inves-
tigated fewer participants (13) and also used a noncomput-
erized version of the test.

Regarding anxiety and depression, several authors have
shown an association between hypothyroidism and the
depressive or anxious state (Burmeister et al., 2001; Why-
brow, 1996). Our study confirms this. Indeed, the thyroid
participants were significantly more depressed and more
anxious while hypothyroid. Whether euthyroid or hypothy-
roid, they showed a higher STAI trait score than did the
controls. This could be correlated with their history of can-
cer. However, the STAI state score was elevated only while
they were hypothyroid, which may reflect the influence of
thyroid hormones on anxiety, as has been discussed by sev-
eral other authors (Boillet & Szoke, 1998; Denicoff et al.,

1990; Monzani et al., 1993). Nevertheless, it should be stated
that the depressive symptoms were not as intense as those
encountered in major depression. In fact, the mean score on
the Beck Depression Inventory during hypothyroidism was
11.86 8.6, which is lower than the threshold score of 18.7
for considering mild depression.

As for the specific interaction between emotional life
and cognition in the hypothyroid state, we examined the
influence of words with a negative emotional valence on
the executive performances, as has been done elsewhere in
depression and anxiety studies (Bradley et al., 1995;
Mathews et al., 1996). Contrary to expectations, we were
unable to demonstrate any attentional bias for words with a
negative emotional valence in hypothyroidism using the
supraliminal and subliminal emotional Stroop test. We noted
only a slowing in performance in the hypothyroid state,
reflecting the psychomotor slowing that accompanies hypo-
thyroidism. A possible reason for this is the lack of sensi-
tivity in this test. Nevertheless, we observed an attentional
bias for the same negative emotional valence words in major
depression (Constant et al., 2005) on the same test. Another
explanation could be that the thyroid participants in the
present study were not depressed or anxious enough for
such a bias to be observed. Indeed, in Mogg et al.’s study
(1995), a preconscious attentional bias (under subliminal
conditions) was shown in anxious patients, and a conscious
bias (under supraliminal conditions) was shown in depressed
patients, the latter having higher depression and anxiety
scores than those of our hypothyroid participants. Although
the hypothyroid state is accompanied by anxiety0depressive
symptoms, they may not be severe enough to induce an
attentional bias that would be manifest with negative emo-
tional valence words.

Finally, although it was not possible to observe any sig-
nificant difference between the more depressed and less
depressed hypothyroid participants in various cognitive tests,
significant differences in phasic alertness without the warn-
ing signal were observed between the more anxious and
less anxious hypothyroid participants (more anxious patients
showed greater slowing of reaction time), as well as in the
Stroop test (more anxious ones showed higher interference
in hypothyroidism). This suggests that symptoms of anxi-
ety, rather than depressive symptoms, interfere with per-
formance in attentional and executive tasks while the
participants are hypothyroid.

There are several limitations to this study. First, we focused
on aspects of attention and inhibitory executive functions,
as these cognitive functions are particularly sensitive to the
hypothyroid metabolic state. Nevertheless, it would have
been interesting to look into memory functions. Second,
this particular model of hypothyroidism (acute short-term
hypothyroidism) differs from spontaneous hypothyroidism,
which is often milder and slowly progressive (chronic long-
term hypothyroidism). Indeed, one could argue that the
unexpected finding of the prevalent interference effect of
anxiety was the consequence of a sudden decline of circu-
lating thyroid hormone in short-term hypothyroidism, which

Table 4. Interference indexes for the supraliminal and
subliminal emotional Stroop tests as a function of group and
condition (standard deviations in parentheses)

Condition Items Thyroid Control

Session 1 Depression 2.5 (5.9) 2.8 (10.4)
Anxiety 1.9 (5.9) 2.1 (5.9)

Session 2 Depression 3.1 (7.1) 2.9 (7.3)
Anxiety 2.4 (5.9) 2.3 (5.1)

Session 3 Depression 3.2 (7.0) 3.5 (5.7)
Anxiety 3.4 (10.3) 1.8 (7.9)

Interference index5 [(Median RTs for Incongruent Depression or Anxiety
Words2Median RTs for Neutral Words)0Median RTs for Neutral Words]3
100
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induces marked discomfort that is quite different from the
insidious symptoms typical of long-term thyroid failure.
Even if increased anxiety could be explained in part by
awaiting the result of scintigraphy, this would not be the
only explanation. The participants knew that the probabil-
ity of having a recurrence of the disease was very low, as
they all had had a low-risk well-differentiated thyroid car-
cinoma. A similar procedure that involved withdrawing thy-
roid hormones had already been done twice in the past.
Moreover, the literature has reported increased anxiety also
in long-term hypothyroid status (Boillet & Szoke, 1998;
Monzani et al., 1993). A study by Denicoff et al. (1990)
investigating thyroidectomized patients without substitu-
tion treatment showed that patients were more anxious with-
out thyroid-hormone substitution treatment. Further studies
are needed to determine if the results of the present study
can be generalized to other types of hypothyroidism.
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