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Over the past 20 yr, there have been major advances in
understanding the neural basis for cognitive pro-

cesses (1, 2). Cognitive domains include attention and con-
centration, language, memory, psychomotor function,
and executive function. These domains map to neural sys-
tems that involve multiple, often overlapping brain re-
gions. There are validated neurocognitive tests to measure
these domains, mapped to critical brain regions by lesional
studies and functional imaging.

Because thyroid hormone has profound effects on the
central nervous system, it is logical to ask how hypothy-
roidism affects cognition. The consequences of overt hy-
pothyroidism (particularly congenital hypothyroidism)
are well known and include widespread cognitive deficits
that can affect all the domains listed above (3). In contrast,
there is less evidence regarding cognitive effects of sub-
clinical hypothyroidism. This unresolved issue is a prob-
lem in clinical practice because subclinical hypothyroid-
ism is prevalent in older patients, many of whom already
have some cognitive decline. It is not clear whether these
patients should be treated to ameliorate further cogni-
tive dysfunction. Two recent systematic literature re-
views did not find enough evidence to recommend treat-
ment of subclinical hypothyroidism based on cognitive
effects (4, 5).

The existing literature on subclinical hypothyroidism
can be divided into larger cross-sectional or longitudinal
studies and smaller interventional [levothyroxine (L-T4)
treatment] studies. Many older studies of either type failed
to find decrements in cognitive domains, although these
were often limited by small sample sizes, heterogeneous
subjects, or limited cognitive tests. More recent studies
have been larger and/or have used more modern, validated
cognitive tests. The most rigorous studies have also con-
trolled for mood alterations, which can occur in thyroid
dysfunction and which affect cognitive measures.

Most of the recent cross-sectional or longitudinal nat-
ural history studies have failed to find significant cognitive
effects of subclinical hypothyroidism at baseline or devel-
oping over time (6–11). The largest of these was reported
by Roberts et al. (7) in 2006. This was a well-conducted,
population-based study of almost 6000 subjects, all at
least 65 yr old. They underwent an extensive screening
battery for cognitive function. No differences were found
between subjects with subclinical hypothyroidism and eu-
thyroid subjects. However, the cognitive batteries in this
and other large studies were often designed to detect gross
impairment in elderly subjects. Therefore, they might not
be expected to detect subtle deficits induced by mild thy-
roid disease. In other cases, more sensitive cognitive tests
were used but did not necessarily target the cognitive do-
mains most likely to be affected by subclinical hypothy-
roidism, based on animal studies of thyroid hormone and
its receptor distribution in the brain (12, 13).

There are only a few recent intervention studies that
used highly sensitive tests to assess possible effects of L-T4
treatment on cognitive outcomes. The most influential is
the study in Tromso, Norway (14). Subjects with subclin-
ical hypothyroidism underwent detailed cognitive testing
of multiple domains at baseline and after treatment with
placebo or L-T4 for 12 months. There were no baseline
differences between subclinical hypothyroid subjects and
matched euthyroid controls, and there was no effect of
L-T4 treatment on any of the measures. This study con-
cluded that patients with subclinical hypothyroidism have
no cognitive deficits, which is well supported by their data.
The major limitation was the relatively mild degree of
subclinical hypothyroidism, with TSH levels only up to 10
mU/liter.

In a smaller recent intervention study, Correia et al. (15)
reported that subjects with subclinical hypothyroidism
had impaired spatial and verbal memory on detailed cog-
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nitive testing, which resolved after 6 months of L-T4 ther-
apy. However, this was an open-label, nonrandomized
study where all subjects were treated.

An alternate approach was recently reported by our
laboratory (16). Subjects with L-T4-treated hypothyroid-
ism were randomized to continue their usual L-T4 dose or
to receive a lower dose to induce subclinical hypothyroid-
ism in a crossover design with 12-wk treatment arms. Dec-
rements in working (short-term) memory were seen at the
end of the subclinical hypothyroid arm. Note that this
study was short-term and involved experimentally induc-
ing subclinical hypothyroidism, which limits its applica-
bility to clinical practice.

A recent study by Zhu et al. (17) reported a neuroana-
tomical basis for this defect in working memory. Subclin-
ical hypothyroid subjects had impaired working memory
and abnormal functional magnetic resonance imaging
(fMRI) findings in frontal brain areas responsible for ex-
ecutive function. Some of the subclinical hypothyroid sub-
jects were treated with L-T4 for 6 months, at which point
working memory and fMRI results normalized. This im-
portant study provides the first functional imaging cor-
roboration of a specific deficit in working memory/exec-
utive function in subclinical hypothyroidism.

Further objective evidence supporting a functional neu-
rological abnormality is a recent report by Bauer et al.
(18). Using positron emission tomography, untreated
overt and subclinical hypothyroid subjects had lower re-
gional glucose metabolism than controls in specific brain
areas important for cognition. Metabolic activity was re-
stored after L-T4 treatment for 3 months.

In sum, the literature on cognitive effects of subclinical
hypothyroidism is sparse and inconclusive. Large, cross-
sectional or longitudinal studies tend to be negative, al-
though many used global screening measures of cognition
rather than sensitive tests for specific domains most likely
to be affected in subclinical hypothyroidism. Conversely,
some small, interventional studies have shown deficits in
executive function or memory, with improvements after
L-T4 treatment and with functional imaging correlates.
These latter studies used labor-intensive cognitive testing
paradigms that are impractical for large population-based
studies. This may explain some of the discrepancies among
studies, but it leaves open the question of how clinically
relevant these highly sensitive research tests are.

With this inconclusive literature as background, the
article by Parle et al. in this issue of JCEM (19) is an im-
portant addition to the field. This study combines some of
the strengths of previous large-scale, observational studies
with those of smaller interventional studies. The authors
used their previously published, large cross-sectional
study in community-dwelling older subjects (7) to recruit

94 subjects with subclinical hypothyroidism. Subjects
were randomized to receive L-T4 or placebo for 12
months, with dose titration to target normal TSH levels in
the L-T4 treatment group. Standard tests of cognition
were done at baseline and at 6 and 12 months, including
two global cognitive assessments [the Mini-Mental Status
Examination (MMSE) and the Middlesex Elderly Assess-
ment of Mental State (MEAMS)] and a measure of exec-
utive functioning (Trail Making A and B). They appro-
priately tested for possible mood alterations, which were
not present. They found no differences between the L-T4-
and placebo-treated groups in any cognitive measures.

There are impressive strengths of this study. Subjects
were recruited randomly from the community, eliminat-
ing bias due to self-selection or referral. They were at least
65 yr old at entry, representing the most relevant group to
study for cognitive effects. It is the largest L-T4 interven-
tional study to date, overcoming difficulties in enrolling
significant numbers of subjects. The intervention was ran-
domized, placebo-controlled, blinded, and dose-adjusted.
Given the cost and logistical difficulties in completing such
a study, we are unlikely to see better designed or conducted
studies on this subject.

There are, however, two major limitations to the study.
As in previous large-scale studies, the chosen measures
cover a broad range of cognitive domains. However, the
MMSE and MEAMS are screening tests to detect gross
impairment, as the authors point out. The Trail Making
Test is a more targeted test of executive function, but it has
limited sensitivity compared with other, more intensive
tests of this domain. It is possible that subtle defects in
specific cognitive domains may have been missed in this
study. The valid counter-argument is that such subtle de-
fects may not be clinically significant, at least in otherwise
healthy elderly subjects.

The most pertinent limitation to the study is the fate of
the placebo-treated group. The study analysis was done on
an intention-to-treat basis. However, only 27 of the orig-
inal 42 placebo-treated subjects completed the study. Of
these, 50% normalized their TSH levels by the 12-month
study endpoint and cannot be considered a true stable and
untreated control group. This finding is not surprising,
given the high rate of normalization of mildly elevated
TSH levels over time in untreated subclinical hypothy-
roidism (20). But it leaves only 13 subjects with elevated
TSH levels in the placebo group at the end of the study. To
compound this problem, 16% of the L-T4-treated subjects
failed to normalize their TSH levels at 12 months. These
high crossover rates between the two groups limit the con-
clusions because the groups were not well demarcated by
the treatment arms.
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Given the inconsistent findings in the published litera-
ture and the negative results from the study of Parle et al.
(19), what conclusions can be drawn regarding cognition
in subclinical hypothyroidism? First, global cognitive dys-
function, affecting numerous cognitive domains, does not
occur in subclinical hypothyroidism. Second, major dec-
rements in specific cognitive domains are unlikely. Third,
subtle deficits in specific cognitive domains (memory and
executive function) may exist, based on small intervention
studies bolstered by fMRI and positron emission tomog-
raphy results, which provide direct neuroanatomical cor-
relates. Sensitive and specific tests are required to delineate
these abnormalities, and their clinical significance is un-
clear. Given these conclusions, patients with subclinical
hypothyroidism and significant cognitive dysfunction
have independent diagnoses that should be evaluated and
treated separately.
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