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a b s t r a c t

The aim of this study was to compare neurocognitive functioning between euthymic bipolar disorder
(BD) patients with and without subclinical hypothyroidism (SCH). Patients with SCH had poorer per-
formance than patients without SCH in measures of verbal memory, attention, language, and executive
functions. These preliminary results suggest that SCH could have some impact on the neurocognitive
performance of euthymic patients with BD and warrant further research in this field.

© 2014 Elsevier Ltd. All rights reserved.

Subclinical hypothyroidism (SCH) is defined as a state of
increased serum thyroid-stimulating hormone (TSH) levels, with
circulating thyroxine (T4) and tri-iodothyronine (T3) concentra-
tions within the population reference range (Pearce et al., 2013).
Historically, a relationship between overt hypothyroidism and
neurocognitive impairments has been reported (Dugbartey, 1998),
while evidence for an association between SCH and cognitive per-
formance is less robust, with studies showing both positive and
negative results (Baldini et al., 1997; Jorde et al., 2006). Although
SCH is the most frequent thyroid dysfunction in bipolar disorder
(BD), its role on the neurocognitive impairments of euthymic BD
patients remains unexplored so far (Bonnin et al., 2010). Then, the
aim of this post-hoc analysis was to compare the neurocognitive
performance of euthymic BD patients with and without SCH.

The present sample comprised 53 patients with BD according to
DSM-IV using the Structured Clinical Interview for DSM-IV. Patients
were included if they were between 18 and 60 years of age, were
euthymic (Hamilton Depresion Rating Scale e HDRS e <8 and
Young Mania Rating Scale e YMRS e <6) during at least 8 weeks,
and had their serum TSHmeasured within 4 months before or after
neurocognitive assessment. The sample was divided into two

groups: euthyroid BD (E-BD, n ¼ 39) and BD with previous diag-
nosis of SCH (SCH-BD, n ¼ 14), defined by serum TSH level>4 mU/l
with T4 and T3 within the population reference range. All patients
included in the latter group were in treatment with L-thyroxine.
Exclusion criteria were: antecedent history of substance abuse,
neurological disease, or other unstable clinical condition that could
affect cognitive performance. The study was approved by the
Hospital Ethics Committee and all subjects gave written informed
consent.

All subjects performed a neuropsychological battery selected to
assess the following cognitive domains: 1) Attention: Forward Digit
Span (Wechsler, 1955), and Trail Making Test part A (Reitan, 1958);
2) Verbal memory: Memory Battery of Signoret (Signoret and
Whiteley, 1979); 3) Language: Boston Naming Test (Kaplan et al.,
1983); and 4) Executive functions: Wisconsin Card Sorting Test
(Heaton, 1981), Trail Making Test part B (Reitan, 1958), and
Phonological Fluency (Benton et al., 1983). Additionally, estimated
premorbid IQ was assessed with the WAIS vocabulary subtest
(Wechsler, 1955).

There were no differences between patient groups in age (E-
BD ¼ 39.92 ± 11.43; SCH-BD ¼ 37.64 ± 12.26; t ¼ 0.63; df ¼ 51;
p ¼ 0.53), gender (E-BD ¼ 58% female; SCH-BD ¼ 77% female;
X2¼1.57; df¼ 1; p¼ 0.21), years of education (E-BD¼ 14.90± 2.23;
SCH-BD ¼ 14.86 ± 2.14; t ¼ 0.58; df ¼ 51; p ¼ 0.95), premorbid IQ
(E-BD ¼ 56.03 ± 6.29; SCH-BD ¼ 54.93 ± 6.81; t ¼ 0.55; df ¼ 51;
p ¼ 0.59), duration of illness (E-BD ¼ 10.97 ± 6.74; SCH-
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BD ¼ 12.00 ± 10.44; t ¼ �0.41; df ¼ 51; p ¼ 0.68), previous manic/
hypomanic (E-BD ¼ 3.00 ± 2.14; SCH-BD ¼ 3.71 ± 2.99; t ¼ �0.98;
df ¼ 51; p ¼ 0.35) and depressive episodes (E-BD ¼ 4.09 ± 2.06;
SCH-BD ¼ 4.14 ± 2.57; t ¼ �0.82; df ¼ 51; p ¼ 0.93), or subclinical
symptoms assessed with the YMRS (E-BD ¼ 0.87 ± 1.56; SCH-
BD ¼ 0.64 ± 1.22; t ¼ 0.49; df ¼ 51; p ¼ 0.62) and the HDRS (E-
BD¼ 1.92 ± 1.96; SCH-BD¼ 1.71 ± 1.86; t¼ 0.35; df¼ 51; p¼ 0.73).
All patients were medicated with mood stabilizers; there were no
between-group differences in terms of exposure to antidepressants
(E-BD ¼ 39%; SCH-BD ¼ 50%; X2 ¼ 0.33; df ¼ 1; p ¼ 0.56), anti-
psychotics (E-BD¼ 49%; SCH-BD¼ 64%; X2¼1.08; df¼ 1; p¼ 0.30),
and benzodiazepines (E-BD ¼ 59%; SCH-BD ¼ 43%; X2 ¼ 0.33;
df ¼ 1; p ¼ 0.56). Finally, both patient groups had similar levels of
serum TSH (E-BD ¼ 2.42 ± 1.28; SCH-BD ¼ 2.71 ± 1.59; t ¼ �0.67;
df ¼ 51; p ¼ 0.50). One-way multivariate analysis of variance was
conducted, with all neurocognitive measures as dependent vari-
ables and patient group as a factor. A significant overall between-
group difference in neurocognitive functioning was detected with
multivariate analysis of variance (Pillai's F ¼ 2.24; df ¼ 11, 41;
P¼ 0.031). Groupmean scores on each neurocognitivemeasure and
the corresponding analysis of variance are shown in Table 1.

These preliminary results suggest that SCH could have some
impact on the neurocognitive performance of euthymic patients
with BD. In fact, patients with SCH had a profuse profile of cognitive
impairments compared with euthyroid patients, though therewere
no significant differences in demographic and clinical variables of
interest. It is interesting to note that these contrasting neuro-
cognitive outcomes between patient groups were found in the
absence of differences in serum TSH levels. This dissociation be-
tween serum TSH and neurocognitive performance could be due to
methodological factors, since TSH measurements were made as a
part of the routine treatment of patients and without the purpose
of conducting the present analysis. Therefore, TSH levels were used
as a proxy of thyroid function and not as a standardized measure.
Alternatively, this dissociation could be explained by the fact that
neurocognitive performancewasmore closely related to serum free
T4 than toTSH levels, as suggested by some studies (Jensovsky et al.,
2000). Finally, other studies found that replacement therapy had a

greater effect on the normalization of TSH levels than on the
improvement of cognitive performance among patients with hy-
pothyroidism (Jorde et al., 2006), which could also explain the
dissociation observed in this analysis.

Some limitations of this post-hoc analysis should be taken into
account, such as the small sample size, length of SCH, duration of
treatment with L-thyroxine, and lack of measurements of some
serum thyroid hormones (e.g. free T4). However, the results of this
analysis warrant further research to assess the relationship be-
tween thyroid function and cognitive impairments, as well as the
effect of replacement treatment with L-thyroxine on the neuro-
cognitive functioning of BD patients with SCH.
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Table 1
Neurocognitive evaluation of bipolar patients with (SCH-BD) and without (E-BD)
subclinical hypothyroidism (values are expressed as mean, standard deviation is
shown in brackets).

E-BD (n ¼ 39) SCH-BD (n ¼ 14) MANOVA (df ¼ 1)

Verbal memory
Immediate Logical

Memory
7.37 (1.96) 6.11 (1.76) F ¼ 4.19; p ¼ 0.046

Delay Logical Memory 7.18 (2.12) 5.58 (1.43) F ¼ 6.41; p ¼ 0.015
Serial Learning 10.33 (1.44) 9.62 (1.76) F ¼ 2.17; p ¼ 0.15
Free Delay Recall 8.90 (1.80) 8.00 (2.20) F ¼ 2.16; p ¼ 0.15
Recognition 11.87 (0.34) 11.62 (0.51) F ¼ 4.31; p ¼ 0.043
Attention
Forward Digit Span 6.23 (1.06) 5.46 (1.66) F ¼ 3.79; p ¼ 0.057
Trail Making Part A 36.56 (11.34) 53.08 (32.41) F ¼ 7.60; p ¼ 0.008
Language
Boston Naming Test 52.62 (4.22) 49.54 (5.56) F ¼ 4.40; p ¼ 0.041
Executive functions
Phonological Fluency 17.10 (4.64) 12.77 (4.55) F ¼ 8.59; p ¼ 0.005
Trail Making Part B 85.38 (26.88) 101.46 (55.62) F ¼ 1.95; p ¼ 0.17
WCST-Perseverative Errors 9.69 (7.92) 10.38 (10.78) F ¼ 0.062; p ¼ 0.80
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