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Abstract
Objectives—To investigate thyroid function testing abnormalities in older persons and to
explore the relationship between thyroid dysfunction and cognition.

Design—Cross-sectional study

Setting—Community-based

Participants—1171 men and women aged 23-102 yrs

Measurements—Thyroid function was evaluated by measuring plasma concentrations of
thyrotropin (TSH), free thyroxine (FT4), and free triiodothyronine (FT3). Cognition was evaluated
by the Mini Mental State Examination (MMSE).

Prevalence of overt and subclinical thyroid dysfunction was evaluated in different age groups (<65
versus ≥65 years). Age trends in TSH, FT4, and FT3 were examined in euthyroid participants. The
cross-sectional association of thyroid dysfunction with MMSE score was evaluated adjusting for
confounders.

Results—Both subclinical hypothyroidism and subclinical hyperthyroidism were more prevalent
in older than in younger participants (Subclinical hypothyroidism, 0.4 % vs 3.5 % in younger vs
older participants, respectively, P<.03 Subclinical hyperthyroidism, 1.9 % vs 7.8 % in younger vs
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older participants, respectively, P<.002). In euthyroid participants TSH and FT3 declined with age
while FT4 increased. Old participants with subclinical hyperthyroidism had a lower MMSE score
than euthyroid subjects (22.61 ± 6.88 vs 24.72 ± 4.52, P<.03). In adjusted analyses, participants
with subclinical hyperthyroidism were significantly more likely to have cognitive dysfunction
(HR: 2.26, P= .003).

Conclusion—Subtle age-related changes in FT3, FT4 and TSH occur in individuals who remain
euthyroid. Subclinical hyperthyroidism is the most prevalent thyroid dysfunction in Italian older
persons and is associated with cognitive impairment.
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Thyroid function; Aging; Cognition

INTRODUCTION
Changes in thyroid function participate in the overall readjustment of the hormonal milieu
that occurs with aging (1). The prevalence of overt and subclinical hypothyroidism in older
populations is as high as 20% (3). Subclinical hyperthyroidism also increases with aging,
with a prevalence of 1-2 % in iodine-sufficient areas (3,4) and 7-8 % in iodine-deficient
areas (5). Whether subclinical thyroid dysfunction affects health and functional status in
older persons is still unclear (6,7). Epidemiological studies that have investigated the
relationship between subclinical hypothyroidism (8,9) or subclinical hyperthyroidism (3,10)
and impaired cognition have reported inconsistent findings. The lack of consistency between
studies may depend on different assay methods, different diagnostic criteria for thyroid
dysfunction, and different assessments of cognition. Moreover, many of these studies were
clinical case series that may not be representative of the general population.

We measured thyrotropin (TSH) and thyroid hormone concentrations in the participants of
the InCHIANTI study, an epidemiological study conducted on a population-based sample of
persons living in the Chianti geographical area (Tuscany, Italy). Using these data, we
explored age-related trends in thyroid hormone levels and we estimated the prevalence of
subclinical and overt hypothyroidism and hyperthyroidism in the older population. In
addition, we evaluated whether subclinical thyroid dysfunction is cross-sectionally
associated with cognitive impairment independent of potential confounders, such as, chronic
heart failure, smoking, and physical activity.

METHODS
The study population consisted of men and women, aged 23-102 years, who participated in
the Invecchiare in Chianti, “Aging in the Chianti Area” (InCHIANTI) study, conducted in
two small towns in Tuscany, Italy. The rationale, design, and data collection have been
described elsewhere (11). Of the 1453 participants who had home interviews, 1343 (92%)
donated a blood sample. Complete data on both thyroid hormones and cognitive
performance were available in 1208 participants. Participants who were on chronic
treatment with drugs known to affect thyroid function, such as thyroid hormone
preparations, methimazole, propylthiouracil, amiodarone, and lithium, were excluded from
the analyses. Three participants affected by dementia were also excluded. The final study
population included 1171 subjects (652 women and 519 men).

Participants received an extensive description of the study and participated after written,
informed consent was obtained. The study protocol complied with the Declaration of
Helsinki and was approved by the Italian National Institute of Research and Care on Aging
Ethical Committee.
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Laboratory Measures
Blood samples were collected in the morning after a 12-h fast. Aliquots of serum and plasma
were obtained within three hours and stored at -80° C. Plasma concentrations of TSH, free
triiodothyronine (FT3), and free thyroxine (FT4) were measured using a chemiluminescent
immunoassay (Vitros Reagent, Ortho-Clinical Diagnostics, Johnson & Johnson Medical
Section, Milan, Italy). The reference normal ranges were 0.46 to 4.68 mIU/L for TSH, 2.77
to 5.27 pg/mL for FT3, and 0.77 to 2.19 ng/dl for FT4. Assay sensitivities were 0.003 mIU/
L for TSH, 0.39 pg/mL for FT3, and 0.03 ng/dL for FT4. Intra-assay coefficient of
variations (CVs) were 3.9% to 5.3% over the range 0.06 - 80.11 mIU/L for TSH, 4.4% to
5.1% over the range 2.86 - 11.90 pg/mL for FT3, and 4.5% to 5.3% over the range 0.61 -
3.90 ng/dL for FT4. Interassay CVs were less than 9% for all three hormones.

Cognitive Assessment
Global cognitive performance was assessed by the Mini-Mental State Examination (MMSE)
performed by a trained geriatrician within a week of the blood draw. A MMSE value <24
was considered to indicate cognitive impairment (12).

Other Covariates
Information on demographics, smoking and use of medication were collected by a
standardized questionnaire. Average daily intake of energy (kcal) and type of nutrition were
estimated using the European Prospective Investigation into Cancer and Nutrition food
frequency questionnaire, validated in the InCHIANTI population (13). Diseases were
ascertained according to standard, pre-established criteria and algorithms that combine
information from self-reported physician diagnoses, current pharmacological treatment,
medical records, clinical examinations and blood tests (14). Diseases included in the current
analysis were congestive heart failure, stroke, diabetes, hypertension, and Parkinson’s
disease. Weight was measured using a high-precision mechanical scale. Standing height was
measured to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight/height2
(kg/m2). Based on self-report information, the level of physical activity in the year prior to
the interview was coded as 1) hardly any physical activity; 2) mostly sitting (occasionally
walks, easy gardening); 3) light exercise (no sweat) 2-4 h/week; 4) moderate exercise
(sweat) 1-2 h/week (level 4); 5) moderate exercise >3 h/week; 6) intense exercise (at the
limits) > 3 times/week. For analytical purposes, we grouped participants into three levels:
(1-3) inactive or light physical activity; (4-5) moderate physical activity; and (6) intense
activity. Smoking was coded in the analysis as “current smoking” versus “ever smoked” or
“never smoked”. Education was recorded as years in school.

Definition of Thyroid Function
Participants were classified, according to TSH and free thyroid hormone concentrations into
5 categories: overt hypothyroidism (TSH >4.68 mIU/L and FT4<0.78 ng/dL), subclinical
hypothyroidism (TSH >4.68 mIU/L and FT4 0.77-2.19 ng/dL), euthyroidism (TSH
0.46-4.68 mIU/L), subclinical hyperthyroidism (TSH <0.46 mIU/L, FT4 0.77-2.19 ng/dL
and FT3 2.77-5.27 pg/mL), and overt hyperthyroidism (TSH <0.46 mIU/L, with FT4 >2.19
ng/dL and/or FT3 >5.27 pg/mL). Four subjects affected by low-T3 syndrome (FT3<2.77 pg/
mL with normal FT4 and TSH) were excluded from analyses.

Statistical Analysis
Variables with normal distribution are reported as mean values ± standard deviations and
categorical values as percentages. Analyses were performed after categorizing thyroid
function into euthyroidism, hypothyroidism, subclinical hypothyroidism, hyperthyroidism
and subclinical hyperthyroidism. Prevalences of the different thyroid function groups
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between young (<65 yrs) and old (≥65 yrs) participants were compared using the Chi square
test. Differences of population characteristics across thyroid status groups were tested using
age-and sex- adjusted linear or multinomial logistic regression models, as appropriate.

Factors significantly correlated with MMSE were identified using age-adjusted partial
correlation coefficients and Spearman partial rank-order correlation coefficients, as
appropriate. The relationship between subclinical hyperthyroidism and MMSE score was
explored by linear regression models that were initially adjusted for age, sex, education,
level of physical activity, smoking, stroke, Parkinson’s disease, hypertension, chronic heart
failure and diabetes. Parsimonious models were subsequently obtained by backward
selection. All analyses were performed using the SAS statistical package, version 8.2 (SAS
Institute Inc., Cary, North Carolina).

RESULTS
Characteristics of the study population and prevalence of thyroid dysfunction

Of the 255 participants younger than 65 years (139 women and 116 men), 243 (95%) were
euthyroid, one had overt hypothyroidism, one had subclinical hypothyroidism, and 5 (2%)
and 5 (2%) had, respectively, overt and subclinical hyperthyroidism (Table 1). Of the 916
participants aged 65 years and older (513 women and 403 men), 800 (87%) were euthyroid,
whereas 5 (0.6%) and 25 (2.7%) had, respectively, overt and subclinical hypothyroidism and
15 (1.6%) and 71 (7.8%) had, respectively, overt and subclinical hyperthyroidism (Table 2).
Thus, both subclinical hypothyroidism and subclinical hyperthyroidism were more prevalent
in older than in younger individuals (P<.03 and P<.002, respectively), while the prevalence
of either overt hypothyroidism (P= .77) or overt hyperthyroidism (P=.93) were similar in
younger and older individuals.

Effect of age on thyrotropin and free thyroid hormone levels in euthyroid participants
In analyses limited to the 1043 participants with normal thyroid function, we found that TSH
and FT3 levels were progressively lower (P=.03, P<.001, respectively) while FT4 levels
were progressively higher (P<.001) from younger to older ages (data not shown). Adjusting
for comorbidity did not substantially change these findings.

Subclinical hyperthyroidism and cognitive function
The study of the relationship between thyroid function and cognitive performance was
focused on older participants affected by subclinical hyperthyroidism, which was the most
prevalent thyroid function abnormality in our study population (Table 2). Adjusting for age,
sex and other potential confounders, MMSE score was significantly lower in subclinically
hyperthyroid than in euthyroid participants (22.61 ± 6.88 vs 24.72 ± 4.52 P<.03). In
multivariate regression analysis adjusted for multiple confounders, the likelihood of having
cognitive impairment associated with subclinical hyperthyroidism vs euthyroidism was 2.26
(95% CI: 1.32-3.91) and was highly significant (P=.003) (Table 3).

DISCUSSION
Using data from a representative population dispersed over a wide age-range, we found that
the prevalence of subclinical hypothyroidism was 0.4% and 3%, respectively, below and
above 65 years of age. In parallel, 2% of the younger and 8% of the older participants had
subclinical hyperthyroidism. Consistent with other studies, we found that the prevalence of
overt thyroid dysfunction in both age groups was much lower (1,2,4,15,16). Of note, the
prevalences of both subclinical and overt hyperthyroidism estimated in the present study
were similar to those observed in populations who live in mildly to moderately iodine
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deficient areas (5,17). A recent study conducted in the US population suggests that TSH
tends to increase with age, revealing a tendency toward the development of subclinical
hypothyroidism (18). Interestingly, we did not confirm this finding and, almost
unexpectedly, in our study TSH was slightly, but significantly, lower in older individuals.
Whether the discrepancies among these studies could be explained by differences in iodine
sufficiency between the US and Italy remains unclear and requires further investigation.

A slight, though significant, age-related decrease in both TSH and FT3 and an increase in
FT4 plasma concentrations were found in study participants with “normal” thyroid function.
One previous study conducted in 172 healthy Italian individuals aged 25 to 110 years
reported that FT3 and TSH decline with age, whereas FT4 levels remain relatively stable
(19). In the present, larger, population-based study, the age-related trends in TSH and FT3
were confirmed, though, contrary to the above report, we found a slight, though statistically
significant, age-related increase in FT4 levels. Concomitant divergent changes in both FT3
and FT4 suggest that hepatic 5’ deiodinase activity may decline with age in humans,
analogous to what has been reported in rats (20), resulting in decreased peripheral T4
degradation. The age-related decline in TSH concentrations observed in this study may be
accounted for, at least in part, by a reduction in TSH secretion from the pituitary (1,21).
Beyond the speculative value of these observations, it is important to note that the age-
related differences in both thyroid hormone and TSH concentrations that we found in our
study are subtle and unlikely to be clinically relevant. In addition, it is possible that the
effect of age on thyroid dysfunction is mediated by the increased burden of comorbidity in
aged individuals, which could not be fully accounted for in our analysis.

We found that subclinical hyperthyroidism was associated with impaired cognition, as
measured by MMSE, even when the analysis was adjusted for potential confounders, such as
chronic heart failure, smoking, and physical activity, which are known to affect cognition
(22,23). An increased risk of dementia in subjects affected by subclinical hyperthyroidism
was previously demonstrated in Rotterdam Study (10). In contrast, other reports have failed
to demonstrate any association between thyroid dysfunction and cognition in cross-sectional
or in longitudinal observations (3,8). Of note, the prevalence of subclinical hyperthyroidism
observed in the negative studies was substantially lower than that observed in our study
population.

The mechanism by which subclinical hyperthyroidism negatively affects cognitive function
remains uncertain. Autoimmune thyroid disorders are highly prevalent among Alzheimer’s
disease patients (24,25), and a significant association between autoimmune-associated
subclinical hyperthyroidism and the risk of dementia has been observed (11). Data on
circulating antithyroid antibodies are not available in the present study. Therefore, it cannot
be excluded that thyroid autoimmunity, independently of thyroid function, may play a role
in the impairment of cognitive function we observed in subclinically hyperthyroid elderly
subjects. Since the population examined in this study resides in an area that is generally
considered moderately iodine deficient (26,27), it can be speculated that a significant
proportion of subclinically hyperthyroid subjects of this population may be affected by
thyroid nodular disease and associated thyrotoxicosis. Elevated thyroid hormones tend to
increase oxidative stress (28) and eventually trigger apoptosis that may lead to neuronal
damage and even neuronal death (29). In addition, a hyperthyroidism-induced reduction in
TRH secretion may lead to an impairment of brain acetylcholine metabolism, since TRH has
been shown to increase local acetylcholine synthesis and release (30). Interestingly, in the
present study, the magnitude of the odds of having decreased cognitive function were
greater for subclinical hyperthyroidism than for stroke, diabetes, and Parkinson’s disease.
Although our study cannot directly address this question, we speculate that high levels of
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thyroid hormones may have a two-fold negative effect on neuronal cells, namely a direct
metabolic damage and a signalling damage due to impairment of acetylcholine release.

In conclusion, using data from a large, population-based study, we found that the overall
prevalence of thyroid dysfunction tends to be higher in older than in younger persons, with
subclinical hyperthyroidism being the most highly prevalent condition. In euthyroid
individuals, thyroid hormones showed significant age-related trajectories, which were small
in size and unlikely to be clinically relevant. Finally, in the older population we found an
independent association between subclinical hyperthyroidism and cognitive impairment. The
external validity of this finding and its extension to a younger population should be tested in
prospective studies and in representative populations over a wide age-range

Since subclinical hyperthyroidism can be easily reversed with treatment, unlike many of the
established risk factors for cognitive decline, future studies should examine the potential
cognitive benefits of treating subclinical hyperthyroidism in the elderly.
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