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Background: Widespread use of automated sensitive assays for
thyroid hormones and thyroid-stimulating hormone (TSH) has in-
creased identification of mild thyroid dysfunction, especially in el-
derly patients. The clinical significance of this dysfunction, however,
remains uncertain, and associations with cognitive impairment, de-
pression, and anxiety are unconfirmed.

Objective: To determine the association between mild thyroid dys-
function and cognition, depression, and anxiety in elderly persons.

Design: Cross-sectional study. Associations were explored through
mixed-model analyses.

Setting: Primary care practices in central England.

Patients: 5865 patients 65 years of age or older with no known
thyroid disease who were recruited from primary care registers.

Measurements: Serum TSH and free thyroxine (T4) were mea-
sured. Depression and anxiety were assessed by using the Hospital
Anxiety and Depression Scale (HADS), and cognitive functioning
was established by using the Middlesex Elderly Assessment of Men-
tal State and the Folstein Mini-Mental State Examination. Comorbid
conditions, medication use, and sociodemographic profiles were
recorded.

Results: 295 patients met the criteria for subclinical thyroid dys-
function (127 were hyperthyroid, and 168 were hypothyroid). After
confounding variables were controlled for, statistically significant
associations were seen between anxiety (HADS score) and TSH
level (P � 0.013) and between cognition and both TSH and free T4

levels. The magnitude of these associations lacked clinical relevance:
A 50-mIU/L increase in the TSH level was associated with a 1-point
reduction in the HADS anxiety score, and a 1-point increase in the
Mini-Mental State Examination score was associated with an in-
crease of 50 mIU/L in the TSH level or 25 pmol/L in the free T4

level.

Limitations: Because of the low participation rate, low prevalence
of subclinical thyroid dysfunction, and other unidentified recruit-
ment biases, participants may not be representative of the elderly
population.

Conclusions: After the confounding effects of comorbid conditions
and use of medication were controlled for, subclinical thyroid dys-
function was not associated with depression, anxiety, or cognition.
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The advent of automated sensitive assays for thyroid hor-
mones and thyroid-stimulating hormone (TSH) and

the increasingly widespread use of such tests have led to a
substantial increase in the identification of mild thyroid
dysfunction, especially in elderly patients. This, in turn,
has led many physicians to treat subclinical (also known as
“mild”) dysfunction. However, the clinical significance of
mild thyroid dysfunction remains uncertain, and evidence
on the efficacy or safety of treatment is limited (1–3).

Subclinical thyroid dysfunction is characterized by an
abnormal serum level of TSH in association with normal
serum levels of thyroid hormone. Subclinical hypothyroid-
ism is defined biochemically as an increased serum TSH
level with a normal serum free thyroxine (T4) level, and
subclinical hyperthyroidism as a decreased serum TSH
level with normal levels of free T4 and free triiodothyro-
nine.

One postulated consequence of minor abnormalities
of thyroid function, especially subclinical hypothyroidism,
is an effect on cognitive functioning and mood. The asso-
ciation between overt hypothyroidism and cognitive dys-
function is well established (4, 5), although more recent
evidence suggests that this association is confounded by
mood (6). Whether a similar association exists with mild or
subclinical hypothyroidism is uncertain.

Some studies report no association between subclinical

hypothyroidism and measures of cognition (5, 7–9),
whereas others have identified between-group differences
in cognitive functioning when patients with subclinical hy-
pothyroidism were compared with euthyroid controls (10).
A recent study (11) with a case-matched design demon-
strated no differences in cognitive functioning between
subclinically hypothyroid and euthyroid patients, although
the criteria for defining subclinical hypothyroidism were
atypical (an upper TSH limit of 3.5 mIU/L) and external
validity was reduced by the exclusion of patients with seri-
ous illness or a history of cardiovascular disease.

Associations between subclinical hypothyroidism and
depression have also been described (6, 10, 12, 13), but
many of these studies were based on small samples and
were subject to selection and recruitment bias. An associa-
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tion between subclinical dysfunction and anxiety has also
been demonstrated (14). Nevertheless, the largest reported
study to date (30 589 patients) (15) showed no association
between subclinical hypothyroidism and depression or anx-
iety, findings that have been reported elsewhere (9, 11).

A recent systematic review that aimed to determine
any association between thyroid dysfunction and cognitive
function and mood concluded that evidence is insufficient
to confirm or refute an association with subclinical hypo-
thyroidism or subclinical hyperthyroidism (1). We used
standard diagnostic criteria to examine these possible asso-
ciations in a large community-based cohort of persons 65
years of age or older (the Birmingham Elderly Thyroid
Study). We recorded measures of thyroid function, cogni-
tive functioning, depression, and anxiety and report on
associations after controlling for the confounding effects of
comorbid illness and medication use.

METHODS

Recruitment and Participants
Participants were recruited from 20 primary care prac-

tices in central England. The sample was selected to en-
compass patients from a range of socioeconomic back-
grounds. To maximize generalizability to the primary care
population, all patients who did not have an active diag-
nosis of thyroid disease were included. Patients were ex-
cluded if they had received antithyroid treatment within
the previous 12 months or were currently receiving treat-
ment for a thyroid disorder, or if their family physician
deemed that contact was inappropriate (for example, be-
cause of recent bereavement or inability to give informed
consent). All other patients 65 years of age or older were
eligible and were invited to participate by letter. Because
the uptake rate was only 14.6% among the first 699 pa-
tients older than 85 years of age who were contacted, re-

cruitment was subsequently limited to patients 65 to 84
years of age (inclusive) for the remainder of the study,
although previously contacted patients who were older
than 84 years of age remained eligible. Patients who ac-
cepted the invitation received an appointment with a re-
search or trained primary care nurse at their usual primary
care practice or their home.

Ethical approval was obtained from the Multi-Centre
Research Ethics Committee (Scotland), and local approval
was confirmed before commencement of the study. Writ-
ten informed consent was obtained from all participants.

Measurements and Sample Size
Patients were placed under no restrictions on eating or

medication use before serum samples were obtained for
testing. Serum samples were obtained during normal office
hours and were treated and collected according to the prac-
tice’s usual procedure for blood collection. Serum TSH
and free T4 were measured by using a chemiluminescent
immunoassay (Adiva Centaur [Bayer Diagnostics, New-
bury, United Kingdom]) in the Regional Endocrine Labo-
ratory of the University Hospital Birmingham National
Health Service Trust. Interassay coefficients of variation
were 4.4% to 10.9% over 0.41 to 24.5 mIU/L for the
TSH assay and 8.2% to 9.8% over 8.2 to 54.9 pmol/L for
the free T4 assay. The laboratory reference range was 0.4 to
5.5 mIU/L for TSH and 9.0 to 20.0 pmol/L for free T4.
Serum free triiodothyronine was measured by chemilumi-
nescent assay (Avida Centaur) in all cases in which the
TSH level was less than 0.4 mIU/L or a within-range TSH
level was accompanied by an elevated free T4 level. The
reference range for the triiodothyronine assay was 3.5 to
6.5 pmol/L, and the interassay coefficient of variation was
4.2% to 6.9% over 4.0 to 16.0 pmol/L.

The Index of Multiple Deprivation 2004 (16) was cal-
culated for each participant on the basis of his or her postal
code. This proxy measure of socioeconomic deprivation
encompasses 7 domains: income; employment; health and
disability; education, skills, and training; barriers to hous-
ing and services; living environment; and crime. All major
current or previous medical diagnoses and current drug
therapies were recorded on the basis of patient reporting
and validation from primary care records. Diagnoses were
categorized in line with recognized disease groupings.
Medications that are known to interact with thyroid func-
tion, anxiety, depression, or cognition were coded under
generic headings.

Cognition was assessed by using the Folstein Mini-
Mental State Examination (MMSE) (17), which is widely
used to determine cognitive status in clinical and research
settings, and the Middlesex Elderly Assessment of Mental
State (MEAMS) (18), which was developed as a screening
test to detect gross impairment of specific cognitive skills in
elderly persons and systematically surveys the major areas
of cognitive performance. Aspects covered by MEAMS in-
clude orientation, learning, memory, numeracy, percep-

Context

The relationship between subclinical thyroid dysfunction
and disorders of cognition and mood is unclear.

Contribution

The authors studied 5868 general practice patients 65
years of age or older with a detailed medical history, thy-
roid tests, and standardized tests of cognition and mood.
They found no association between subclinical thyroid
dysfunction and anxiety, depression, or cognitive impair-
ment in prediction models that adjusted for age, sex, so-
cial deprivation, medications, and comorbid diseases.

Implications

This study provides good evidence that subclinical thyroid
dysfunction is not related to disorders of cognition and
mood in older persons.

—The Editors
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tion, attention, and language skills. Both tests comprise a
range of tasks that all elderly persons without cognitive
impairment should be able to complete, regardless of intel-
ligence. Possible scores on the MMSE range from 0 to 30.
Subtests in MEAMS can be used alone, or a combined
score can be produced (range, 0 to 12). In both tests,
higher scores indicate less dysfunction. Nurses were trained
in the administration of all tests to the required standard.

Symptoms of depression and anxiety were self-re-
ported by using the Hospital Anxiety and Depression Scale
(HADS) (19), which consists of 7 items for depression and
7 for anxiety. Each item is scored from 0 to 3, and the
maximum total score on each scale is 21. Scores of 8 to 10
indicate mild disorder, scores of 11 to 14 indicate moder-
ate disorder, and scores of 15 or greater indicate severe
anxiety or depression.

Assuming a prevalence of 9% for subclinical hypothy-
roidism and 6% for subclinical hyperthyroidism, a planned
sample size of 6200 patients was sufficient to detect a dif-
ference between the subclinical and euthyroid groups of
0.4 unit (SD, 2.2) in MMSE score (20) and 0.7 unit (SD,
3.6) in HADS score (21), with 90% power and 5% signif-
icance.

Data Management and Coding
Participants were classified according to serum free

thyroid hormone and TSH levels into 1 of 5 categories:
overt hypothyroidism, subclinical hypothyroidism, euthy-
roidism, subclinical hyperthyroidism, and overt hyperthy-
roidism. Euthyroidism was further subdivided into quar-
tiles before analysis. Participants who could not be
categorized on the basis of thyroid function results were
excluded from analyses. Table 1 shows details of criteria
for classification.

In cases where only 1 item per scale was missing on the
HADS data, the missing value was imputed by using mean
scores. Missing values on MEAMS and MMSE were not
imputed because of the heterogeneity of individual tests

(which measured distinct aspects of cognitive processing)
and the fact that some processes are assessed by only 1 or 2
items. Participants for whom data were incomplete were
excluded from corresponding analyses.

Statistical Analysis
Analyses were done by using SAS software, version 9.1

(SAS Institute, Inc., Cary, North Carolina). Associations
between thyroid status as a categorical variable and cogni-
tion, anxiety, and depression scores were investigated by
using mixed-model analyses. Pairwise comparisons of ad-
justed means for thyroid categories were made within the
mixed-model analysis. Five models were performed for
each outcome. Model 1 was an unadjusted model that
included thyroid status only; model 2 incorporated model
1 plus age, sex, and practice; model 3 included model 2
plus deprivation; model 4 included model 3 plus specified
comorbid conditions; and model 5 included model 4 plus
specified medications. Comorbid conditions were aortic
stenosis, cancer, cerebrovascular disease, dementia, diabe-
tes, gastrointestinal disease, heart failure, hypertension,
ischemic heart disease, irregular heart rhythm, neurologic
disease, nonspecific thyroid disease, osteoporosis, periph-
eral vascular disease, pituitary disease, psychotic illness,
pulmonary disease, renal disease, rheumatic disease, and
rheumatic fever. Medications were amiodarone, antide-
pressants, antiepileptics, �-blockers, kelp, lithium, major
tranquilizers, minor tranquilizers, morphine, and steroids.

To allow for a potential clustering effect, primary care
practice was included as a random effect. All other con-
founders were included as fixed effects. Depression score
was also included in analyses exploring the association be-
tween thyroid status and cognition.

To address the small number of subclinical cases,
bootstrapping (22) was used to estimate the accuracy of
means and variable estimates in the models. To maintain
the structure of the original data, bootstrapping was done
by strata (practice), using 1000 replicates, with the number

Table 1. Values Used to Categorize Thyroid Status

Thyroid Status Thyroid-Stimulating
Hormone Level, mIU/L

Free Thyroxine
Level, pmol/L*

Free Triiodothyronine
Level, pmol/L†

Participants, n

Overt hyperthyroidism �0.4 9.0–20.0 �6.5 4
�0.4 �20.0 �6.5 11

Subclinical hyperthyroidism �0.4 �9.0 �3.5 0
�0.4 9.0–20.0 �6.5 127

Euthyroidism
Quartile 1 0.4–1.10 1471
Quartile 2 1.11–1.60 1428
Quartile 3 1.61–2.30 1314
Quartile 4 2.31–5.50 1311

Subclinical hypothyroidism �5.5 9.0–20.0 168
Overt hypothyroidism �5.5 �9.0 23
Uncategorizable �0.4 �9.0 �3.5 1

�0.4 �20.0 �6.5 10

*Laboratory reference range, 9.0 to 20.0 pmol/L.
† Laboratory reference range, 3.5 to 6.5 pmol/L.
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of participants in each practice fixed to reflect the distribu-
tion of the original data set.

Secondary analyses using bootstrapping techniques ex-
plored the association between cognition, anxiety, and de-
pression and TSH and free T4 levels as continuous vari-
ables. Association between thyroid category and each of the
separate measures of cognitive function as measured by
MEAMS were also explored. Sensitivity analyses explored
the effect of including TSH and free T4 values for partic-
ipants whose thyroid status could not be categorized and
those with overt disease.

Role of the Funding Sources
The study was funded by the Healthcare Foundation

and received support from the Primary Care Research and
Clinical Trials Unit and the Midlands General Practice
Research Consortium. Sue Wilson was funded by a De-
partment of Health Career Scientist Award. The funding
bodies had no influence on study design, conduct, and
reporting. The Healthcare Foundation funded direct re-
search, and the Primary Care Research and Clinical Trials
Unit funded service support.

RESULTS

Participants
Practices provided details on 16 125 eligible patients

who were contacted. Of these, 339 had died, had moved
away, or confirmed ineligibility. A response rate of 85%
(n � 13 406) was achieved, of which 6159 patients (46%)
indicated willingness to participate and 5960 attended for
screening. At the point of screening, a further 29 patients
were deemed ineligible. Forty-four patients were excluded
because insufficient blood was obtained for thyroid func-
tion testing, and 19 patients did not participate in testing
of cognition or mood. Twenty-two patients did not com-
plete the MMSE, and 41 did not complete the MEAMS
(Appendix Figure, available at www.annals.org). The main
reason for incomplete data was the patients’ inability to
complete some of the tests owing to poor hearing, language
barriers, visual impairment, physical disability, illiteracy, or

curtailment of the assessment because of fatigue. Because
the number of patients who did not complete these assess-
ments was small, we cannot identify systematic differences
between those who could and could not complete the tests.
However, the small numbers involved and practical reasons
for inability to complete the tests (for example, inability to
see visual tasks) suggest that this had a minimal effect on
analyses. Data were therefore obtained for 5868 patients
(37% of eligible patients).

Participants ranged in age from 65 to 98 years (mean
age, 73.6 years [SD, 5.6]), and 2985 (50.9%) were female.
Fifteen participants were categorized as overtly hyperthy-
roid, 127 as subclinically hyperthyroid, 5524 as euthyroid,
168 as subclinically hypothyroid, and 23 as overtly hypo-
thyroid. Eleven participants could not be categorized and
were therefore excluded from analyses (Table 1). Table 2
shows categorical distribution by age and sex.

Association between Thyroid Function and Depression
or Anxiety

One hundred thirty-six participants (2.3%) had ab-
normal depression scores, and 370 participants (6.3%) had
abnormal anxiety scores. Unadjusted analyses (model 1)
indicated a statistically significant difference among thy-
roid status categories for anxiety and depression: Partici-
pants with overt but undiagnosed hyperthyroidism had
lower levels of anxiety than did participants with subclini-
cal hyperthyroidism or those who were euthyroid (maxi-
mum difference, 2.01 [95% CI, 0.55 to 3.46]) and lower
depression scores compared with all other groups (maxi-
mum difference, 1.83 [CI, 0.84 to 2.83]) (Table 3). Sub-
clinically hyperthyroid participants had significantly higher
depression scores than did euthyroid participants (maxi-
mum difference, 0.84 [CI, 0.21 to 1.47]; P � 0.009). De-
pression scores did not differ between subclinically hypo-
thyroid participants and euthyroid participants (maximum
difference, 0.17 [CI, �0.27 to 0.60]; P � 0.45). Subclin-
ical hyperthyroid individuals had higher anxiety scores
than euthyroid individuals (maximum difference, 0.75 [CI,
�0.001 to 1.52]), although this difference was of border-
line statistical significance (P � 0.054). For anxiety score,
no significant difference was found between euthyroid par-
ticipants and subclinically hyperthyroid or subclinically hy-
pothyroid participants (maximum difference, 0.30 [CI,
�0.28 to 0.87]; P � 0.31) Only the between-group dif-
ferences for participants with undiagnosed overt hyperthy-
roidism remained in adjusted analyses (model 5) (maxi-
mum difference in HADS anxiety score, 2.17 [CI, 0.67 to
3.67]; maximum difference in HADS depression score,
1.72 [CI, 0.72 to 2.72]). Differences between subclinically
hyperthyroid and euthyroid individuals observed in unad-
justed analyses were reduced in the adjusted model (maxi-
mum difference in HADS anxiety score, 0.64 [CI, �0.12
to 1.39] [P � 0.098]; maximum difference in HADS de-
pression score, 0.61 [CI, 0 to 1.21] [P � 0.050]). Table 3

Table 2. Thyroid Status, by Age and Sex

Thyroid Status Sex, n (%) Mean Age
(SD), y

Male Female

Overt hyperthyroidism 6 (40) 9 (60) 73.1 (6.0)
Subclinical hyperthyroidism 55 (43) 72 (57) 74.6 (5.5)
Euthyroidism

Quartile 1 778 (53) 693 (47) 73.1 (5.7)
Quartile 2 782 (55) 646 (45) 73.0 (5.6)
Quartile 3 632 (48) 682 (52) 72.8 (5.5)
Quartile 4 559 (43) 752 (57) 73.0 (5.5)

Subclinical hypothyroidism 60 (36) 108 (64) 74.0 (5.8)
Overt hypothyroidism 11 (48) 12 (52) 73.3 (4.9)
Uncategorizable 0 (0) 11 (100) 74.3 (6.3)

Total 2883 (49) 2985 (51) 73.0 (5.6)
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shows mean anxiety and depression scores by thyroid status
for all analyses.

Unadjusted analyses (model 1) indicated no associa-
tion between TSH or free T4 level and anxiety (P � 0.137
and 0.58, respectively) (Table 4). No evidence of an asso-
ciation between TSH level and depression was observed
(P � 0.93), but a significant association between free T4

level and depression was found (P � 0.004). Adjusted
analyses confirmed the lack of association between anxiety
and free T4 level (P � 0.51) but demonstrated a significant
association with TSH level (P � 0.013), such that a 50-

mIU/L increase in TSH level is associated with a 1-point
reduction in HADS anxiety score. Adjusted analyses
showed no association between depression and TSH level
(P � 0.74) or free T4 level (P � 0.092). The result for free
T4 level did not reach a conventional degree of statistical
significance, but this may be due in part to the small num-
ber of participants with subclinical disease. The effect size,
whereby a 36-pmol/L change in free T4 level would be
required for a 1-unit change in depression score, shows
that this finding is not clinically relevant.

Sensitivity analyses that included participants whose

Table 3. Thyroid Status and Anxiety and Depression: Mixed-Model Analyses*

Instrument and Model† Thyroid Status‡

Overt
Hyperthyroidism

Subclinical
Hyperthyroidism

Euthyroidism Subclinical
Hypothyroidism

Overt
Hypothyroidism

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Mean HADS anxiety
score (95% CI)

Model 1 3.43 (2.18–4.67) 5.44 (4.69–6.18) 4.82 (4.65–4.99) 4.79 (4.61–4.97) 4.69 (4.51–4.86) 4.89 (4.71–5.08) 4.98 (4.43–5.53) 4.20 (3.17–5.22)
Model 2 3.18 (2.01–4.35) 5.44 (4.72–6.16) 4.92 (4.75–5.09) 4.94 (4.76–5.12) 4.71 (4.53–4.89) 4.82 (4.63–5.01) 4.85 (4.32–5.38) 4.20 (3.24–5.16)
Model 3 3.12 (1.94–4.29) 5.38 (4.65–6.10) 4.88 (4.71–5.05) 4.90 (4.72–5.08) 4.68 (4.50–4.86) 4.78 (4.59–4.97) 4.83 (4.30–5.36) 4.11 (3.17–5.06)
Model 4 3.16 (1.89–4.43) 5.33 (4.60–6.05) 4.87 (4.70–5.04) 4.90 (4.72–5.09) 4.69 (4.51–4.87) 4.78 (4.59–4.97) 4.85 (4.33–5.38) 4.09 (3.19–4.99)
Model 5 3.15 (1.86–4.45) 5.33 (4.59–6.06) 4.85 (4.68–5.01) 4.89 (4.71–5.07) 4.69 (4.51–4.86) 4.76 (4.57–4.94) 4.79 (4.31–5.28) 4.05 (3.07–5.04)

Mean HADS depression
score (95% CI)

Model 1 2.32 (1.54–3.11) 4.16 (3.55–4.76) 3.48 (3.34–3.62) 3.54 (3.39–3.68) 3.32 (3.18–3.46) 3.45 (3.30–3.59) 3.48 (3.07–3.90) 3.68 (2.64–4.71)
Model 2 2.31 (1.46–3.15) 4.12 (3.52–4.73) 3.60 (3.46–3.74) 3.68 (3.53–3.83) 3.44 (3.29–3.58) 3.51 (3.37–3.66) 3.53 (3.11–3.95) 3.79 (2.81–4.77)
Model 3 2.22 (1.37–3.06) 4.03 (3.43–4.64) 3.53 (3.39–3.67) 3.62 (3.47–3.77) 3.39 (3.24–3.54) 3.46 (3.31–3.60) 3.49 (3.08–3.91) 3.66 (2.69–4.62)
Model 4 2.39 (1.55–3.23) 3.99 (3.40–4.58) 3.51 (3.37–3.64) 3.61 (3.47–3.75) 3.38 (3.24–3.52) 3.44 (3.30–3.58) 3.50 (3.09–3.91) 3.69 (2.74–4.64)
Model 5 2.27 (1.44–3.09) 3.99 (3.41–4.58) 3.49 (3.36–3.62) 3.61 (3.47–3.75) 3.39 (3.25–3.53) 3.43 (3.28–3.57) 3.42 (3.04–3.80) 3.66 (2.70–4.62)

* HADS � Hospital Anxiety and Depression Scale.
† Model 1 includes thyroid status only; model 2 includes model 1 plus age, sex, and practice (random effect); model 3 includes model 2 plus deprivation; model 4 includes
model 3 plus comorbid conditions; and model 5 includes model 4 plus specified medications. Comorbid conditions and medications are listed in the text.
‡ Sample for analysis consisted of 5857 patients. Eleven patients were excluded because their thyroid status could not be categorized.

Table 4. Association between Thyroid-Stimulation Hormone and Free Thyroxine Levels and Anxiety, Depression, and Cognition*

Instrument and Hormone† Coefficient ± SE‡ P Value§

Model 1 Model 2 Model 3 Model 4 Model 5

HADS anxiety score
TSH level �0.013 � 0.0085 �0.022 � 0.0083 �0.022 � 0.0082 �0.023 � 0.0082 �0.023 � 0.0091 0.013
Free T4 level 0.012 � 0.021 0.022 � 0.021 0.023 � 0.021 0.006 � 0.021 0.014 � 0.021 0.51

HADS depression score
TSH level �0.0007 � 0.0076 �0.0025 � 0.007 �0.0021 � 0.0075 �0.0029 � 0.0078 �0.0025 � 0.0076 0.74
Free T4 level 0.050 � 0.017 0.041 � 0.017 0.043 � 0.017 0.026 � 0.017 0.028 � 0.016 0.092

MEAMS score
TSH level 0.0036 � 0.0025 0.0049 � 0.0027 0.0049 � 0.0029 0.0049 � 0.0029 0.0046 � 0.0028 0.106
Free T4 level 0.0010 � 0.0065 0.0094 � 0.0063 0.0084 � 0.0062 0.010 � 0.0063 0.0088 � 0.0063 0.162

MMSE score
TSH level 0.018 � 0.0049 0.019 � 0.0050 0.019 � 0.0051 0.019 � 0.0051 0.020 � 0.0051 �0.001
Free T4 level 0.035 � 0.013 0.038 � 0.013 0.037 � 0.012 0.043 � 0.013 0.042 � 0.013 �0.001

* HADS � Hospital Anxiety and Depression Scale; MEAMS � Middlesex Elderly Assessment of Mental State; MMSE � Mini-Mental State Examination; T4 � thyroxine;
TSH � thyroid-stimulating hormone.
† Samples for analysis consisted of 5857 patients for HADS, 5816 patients for MEAMS, and 5835 patients for the MMSE. Patients whose thyroid status could not be
categorized were excluded.
‡ Coefficients indicate the change in outcome score associated with a 1-mIU/L increase in TSH level or 1-pmol/L increase in free T4 level. Model 1 includes thyroid status
only; model 2 includes model 1 plus age, sex, and practice (random effect); model 3 includes model 2 plus deprivation; model 4 includes model 3 plus comorbid conditions;
and model 5 includes model 4 plus specified medications. Comorbid conditions and medications are listed in the text.
§ P values are derived from the fully adjusted analysis (model 5).

ArticleSubclinical Thyroid Dysfunction and Depression, Anxiety, and Cognitive Function

www.annals.org 17 October 2006 Annals of Internal Medicine Volume 145 • Number 8 577



thyroid function test results were uncategorizable did not
alter these findings. Exclusion of participants with overt
disease from analyses of TSH and free T4 produced similar
results in terms of coefficients, but TSH level was no
longer significantly related to anxiety (P � 0.12). Con-
founding variables, including deprivation score, age, sex,
presence of many comorbid conditions (such as hyperten-
sion and diabetes), and medication use (such as antidepres-
sants and steroids), were significantly associated with both
depression and anxiety. Increased levels of anxiety and de-
pression were associated with being female (P � 0.001)
and having a greater deprivation score (P � 0.001). In-
creasing age was associated with an increase in depression
score but a decrease in anxiety score (P � 0.001).

Association between Thyroid Function and Cognitive
Functioning

Of the 5864 participants who completed the MMSE,
305 (5.2%) had scores indicative of cognitive dysfunction.
Unadjusted analyses (Table 5, model 1) demonstrated no
differences in cognitive functioning between thyroid
groups when the MEAMS or MMSE was considered the
indicator of cognitive function. Adjusted analyses (Table 5,
model 5) did not alter this finding.

Analyses that included TSH and free T4 levels as con-
tinuous variables (Table 4) demonstrated no association
between cognition and free T4 level according to results on
the MEAMS (P � 0.87) or MMSE (P � 0.28). An asso-
ciation between MMSE score and TSH level was seen
(P � 0.001), but information from MEAMS did not sup-
port this finding (P � 0.147). Adjusted analyses indicated
no association between MEAMS score and TSH (P �

0.106) or free T4 level (P � 0.162), and no association was
found with any of the subscales that measured discrete
aspects of cognitive function. However, when the MMSE
was considered the measure of cognitive function, associa-
tions with both TSH and free T4 levels were found (P �
0.001): A 1-point increase in MMSE score was associated
with a 50-mIU/L increase in TSH level and a 25-pmol/L
increase in free T4 level.

Sensitivity analyses that included participants whose
thyroid function tests were uncategorizable did not alter
these findings. The exclusion of participants with overt but
unrecognized disease again produced similar results in
terms of coefficients, but TSH level was no longer related
to cognition as measured by the MMSE score (P � 0.29).
Confounding variables that were associated with cognitive
function scores in the final adjusted model were depriva-
tion, age, sex, depression score, presence of many comorbid
conditions, and use of medications. Reduced cognitive
functioning was associated with being female (P � 0.006),
increasing age (P � 0.001), and higher levels of depriva-
tion (P � 0.001).

DISCUSSION

Thyroid dysfunction, cognitive dysfunction, and de-
pression are all common problems among elderly persons,
and the possibility that thyroid dysfunction might be a
causal factor in cognitive dysfunction and depression is
important, particularly because treatment of thyroid dys-
function is relatively straightforward. Previous reports of
associations between these conditions have been conflict-

Table 5. Association between Thyroid Status and Cognition: Mixed-Model Analyses*

Instrument and
Model†

Thyroid Status

Overt
Hyperthyroidism

Subclinical
Hyperthyroidism

Euthyroidism

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Mean MEAMS
score (95% CI)

Model 1 11.25 (10.65–11.85) 11.24 (11.05–11.44) 11.40 (11.35–11.46) 11.39 (11.33–11.44) 11.43 (11.37–11.48) 11.39 (11.33–11.46)
Model 2 11.30 (10.69–11.91) 11.29 (11.10–11.47) 11.35 (11.29–11.40) 11.32 (11.26–11.38) 11.36 (11.30–11.41) 11.35 (11.29–11.42)
Model 3 11.35 (10.75–11.96) 11.34 (11.16–11.53) 11.39 (11.34–11.45) 11.36 (11.31–11.42) 11.39 (11.34–11.44) 11.39 (11.33–11.46)
Model 4‡ 11.44 (10.92–11.95) 11.33 (11.15–11.52) 11.39 (11.34–11.45) 11.36 (11.31–11.42) 11.39 (11.34–11.44) 11.39 (11.33–11.46)
Model 5‡ 11.42 (10.91–11.93) 11.34 (11.15–11.52) 11.39 (11.34–11.44) 11.37 (11.31–11.43) 11.39 (11.33–11.44) 11.39 (11.33–11.45)

Mean MMSE score
(95% CI)

Model 1 28.44 (27.62–29.27) 27.85 (27.47–28.23) 27.94 (27.83–28.05) 27.96 (27.84–28.07) 28.00 (27.89–28.12) 27.92 (27.80–28.05)
Model 2 28.49 (27.82–29.15) 27.93 (27.58–28.28) 27.86 (27.75–27.97) 27.87 (27.75–27.98) 27.89 (27.78–28.00) 27.87 (27.74–27.99)
Model 3 28.59 (27.89–29.29) 28.04 (27.68–28.40) 27.94 (27.83–28.05) 27.94 (27.83–28.06) 27.95 (27.83–28.06) 27.94 (27.82–28.06)
Model 4‡ 28.51 (27.73–29.30) 28.07 (27.72–28.43) 27.95 (27.84–28.06) 27.95 (27.84–28.07) 27.94 (27.83–28.06) 27.94 (27.82–28.07)
Model 5‡ 28.53 (27.72–29.34) 28.06 (27.71–28.42) 27.95 (27.84–28.06) 27.96 (27.85–28.07) 27.94 (27.83–28.05) 27.95 (27.83–28.07)

* MEAMS � Middlesex Elderly Assessment of Mental State; MMSE � Mini-Mental State Examination.
† Samples for analysis consisted of 5857 patients for Hospital Anxiety and Depression Scale (HADS), 5816 patients for MEAMS, and 5835 patients for the MMSE. Patients
whose thyroid status could not be categorized were excluded. Model 1 includes thyroid status only; model 2 includes model 1 plus age, sex, and practice (random effect);
model 3 includes model 2 plus deprivation; model 4 includes model 3 plus comorbid conditions; and model 5 includes model 4 plus specified medications. Comorbid
conditions and medications are listed in the text.
‡ Also includes HADS depression score.
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ing, and a systematic review of the literature was inconclu-
sive (1). The conflicting findings of previous studies may
be attributable to various factors, such as small sample size,
selection or inclusion criteria, and differing definitions of
subclinical dysfunction, but may also be due in part to lack
of control for potential confounding variables, such as co-
morbid conditions and medication use. Our findings de-
rive from a large community-based sample (5868 patients
�65 years of age who were recruited from 20 primary care
practices) and are based on standard laboratory reference
ranges. Evidence is robust that for patients without clini-
cally determined disease, no clinically relevant association
exists between thyroid function and cognitive function,
anxiety, or depression.

The lack of association between subclinical hypothy-
roidism and cognitive function in our study confirms find-
ings reported elsewhere (5, 7, 8). We identified a small but
statistically significant positive correlation between both
TSH and free T4 values and cognitive functioning as mea-
sured by the MMSE, but this correlation was not found
when MEAMS, which is a more detailed and sensitive
measure of cognitive function, was used. Moreover, the
association has no clinical relevance because an increase of
50 mIU/L in TSH level or 25 pmol/L in free T4 level
would be required to demonstrate a 1-unit increase in
MMSE score. This finding is therefore a statistical artifact
of the large sample size and, given the lack of association
with MEAMS score, may be a chance occurrence. Sensi-
tivity analyses in which patients with overt but unrecog-
nized disease were excluded demonstrated no statistically
significant association with TSH level, suggesting that the

association was highly sensitive to the inclusion of these
few atypical patients with high TSH levels. This finding
further highlights the lack of association between cognition
and subclinical dysfunction.

Our study also confirms the findings of other recent
studies of thyroid function (11, 15) in that no association
was seen between subclinical dysfunction and depression.
An association between TSH level and anxiety was also
sensitive to inclusion of a few participants with overt un-
recognized disease and did not persist when these partici-
pants were excluded. Again, any statistically significant as-
sociation has no clinical implications, because a 1-unit
reduction in HADS anxiety score would require a 50-
mIU/L increase in TSH level. We did not observe a lower
prevalence of depression in persons with overt hypothy-
roidism, as Engum and colleagues reported (15); however,
the number of patients with overt hypothyroidism in our
study was low because the study was designed to determine
associations with subclinical dysfunction. Persons known
to have current or recently treated overt disease were there-
fore excluded. The small number of participants with pre-
viously unidentified overt disease was insufficient to ro-
bustly explore this association further.

Of note, we adjusted for comorbid conditions and
medication use. After adjustment for these factors, associ-
ations between thyroid function and cognition and depres-
sion disappeared. The decrease in coefficients for free T4

level between models 3 and 4 in the HADS analysis, for
example, suggests an important confounding role of
chronic disease. The finding of statistically significant asso-
ciations between depression and coexisting chronic disease
states, such as diabetes (23, 24) or chronic lung disease (25,
26), or concurrent use of medications, such as antidepres-
sants (25) or steroids (26, 27), is to be expected. Statisti-
cally significant associations are also seen, as expected, be-
tween cognitive functioning and coexisting chronic
diseases (such as dementia) and medication use (such as
antidepressants) (28). Earlier, smaller studies that reported
associations with subclinical disease and depression (6, 10,
12, 13) and cognitive decline (10) did not include adjust-
ment for comorbid conditions or medication use; these
confounders may therefore explain the positive associations
that we did not confirm in the Birmingham Elderly Thy-
roid Study.

The prevalence of subclinical dysfunction was lower
than expected at the outset of the study (2.9% of patients
with subclinical hypothyroidism and 2.2% of patients with
subclinical hyperthyroidism). Exclusion of patients cur-
rently receiving therapy for thyroid dysfunction resulted in
exclusion of some patients with subclinical dysfunction
who were being treated by their clinicians. Screening for
and treatment of subclinical disease may occur more fre-
quently within primary care settings in Birmingham be-
cause the area has been a focus of previous thyroid re-
search. Overall, the community-based approach and large
screened population are likely to have generated a more

Table 5—Continued

Subclinical
Hypothyroidism

Overt
Hypothyroidism

11.44 (11.30–11.57) 11.70 (11.51–11.88)
11.39 (11.25–11.53) 11.64 (11.42–11.86)
11.42 (11.28–11.56) 11.73 (11.49–11.97)
11.42 (11.28–11.56) 11.72 (11.48–11.96)
11.43 (11.30–11.57) 11.70 (11.45–11.95)

28.11 (27.81–28.42) 28.51 (27.64–29.38)
28.02 (27.72–28.32) 28.37 (27.52–29.23)
28.07 (27.76–28.37) 28.54 (27.69–29.39)
28.07 (27.78–28.37) 28.53 (27.70–29.37)
28.08 (27.79–28.38) 28.57 (27.72–29.43)
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representative sample than was obtained in previous stud-
ies. The lack of association between cognition, depression,
or anxiety and TSH and free T4 levels supports the pri-
mary categorical findings, and the lower-than-expected
prevalence of subclinical dysfunction is therefore unlikely
to have substantially affected our results.

The uptake rate in our study (38% of persons con-
tacted) may be a limitation, although responders were rep-
resentative of the regional population (29) with respect to
age, sex, and level of deprivation. However, a systematic
bias may have occurred if persons who presented for
screening were the least frail persons. The availability of
home visits aimed to minimize such selection bias. Fur-
thermore, comparison of morbidity data from our screened
sample with prevalence estimates for the United Kingdom
population (30) does not indicate that participants were
healthier than the general population. For example, the
prevalence of diabetes was slightly higher in the study sam-
ple than morbidity data from United Kingdom general
practices suggest for the overall population (7.3% com-
pared with 6.4% of women 65 to 75 years of age and
11.5% compared with 8.5% of men 65 to 75 years of age),
whereas coronary heart disease was less common in the
study sample (5.6% compared with 17.2% of women 65
to 75 years of age and 11.2% compared with 18.4% of
men 65 to 75 years of age).

Our data, which are based on a large sample drawn
from the general population, confirm the lack of associa-
tion between subclinical thyroid dysfunction and cognitive
impairment and mood. These findings should help dispel
the uncertainty generated by numerous studies of limited
quality or size and provide guidance for physicians who
must interpret increasing numbers of subclinical thyroid
function test results. Previous studies demonstrating an as-
sociation may have done so because other explanatory vari-
ables were insufficiently controlled for. Our data do not
support the need to screen patients for subclinical thyroid
dysfunction with a view to arresting or reversing cognitive
decline or depressive illness, and they provide no rationale
for therapeutic intervention in such patients on the basis of
modifying cognitive or mood outcomes. Furthermore, our
findings do not support decreasing the upper limit of the
normal reference range of serum TSH level. We encourage
full evaluation of other relevant outcomes in large commu-
nity-based samples.
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