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Abstract
It is well known that thyroid disorders are associated with impairments in cognitive function and
the appearance of symptoms of mental disorders. Thyroid hormone replacement therapy was shown
to ameliorate these symptoms. During aging, subtle changes in regulation of the hypothalamuspituitary-thyroid axis and in serum concentrations of the pituitary thyroid-stimulating hormone
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(TSH) can be observed, along with decreased sensitivity of peripheral tissues to thyroid hormones.
Since decline in cognitive function is concomitant to aging, there is a question on the influence of
these subtle changes in serum thyroid hormone concentrations on age-related cognitive decline.
Due to the fact that both, the progression of cognitive function decline, and the appearance of
symptoms of mental disorders, in older people, are depended on accumulation of comorbidities
during aging, associations of these disorders with subclinical thyroid conditions should be assessed
in the context of age and the existing comorbidity patterns.

Abbreviations
TSH: the pituitary thyroid-stimulating hormone
T3: triiodothyronine
T4: thyroxine

Introduction
Thyroid hormones, triiodothyronine (T3) and thyroxine (T4), have a major influence on metabolic processes
in the human body. The tight regulation of secretion of thyroid hormones by the hypothalamic-pituitarythyroid neuro-endocrine axis, and undisturbed responsiveness of peripheral tissues on the action of these
hormones, are prerequisites for the optimal function of many organs and systems. The pituitary thyroidstimulating hormone (TSH) has an essential role in this regulation [1].
Thyroid dysfunctions, in addition to metabolic impairments associated with increased insulin resistance,
are the most common endocrine disorders in a population, with the prevalence increasing with age [2].
The most common causes of thyroid dysfunctions refer to the thyroid gland-related pathologies [1]. After
introduction of the iodised salt programmes in many regions of the world, and the subsequent reduction of
the prevalence of iodine deficiency dependent goiter, thyroid autoimmune disorders, manifested as Graves`
disease or Hashimoto`s thyroiditis, have become the main causes of thyroid dysfunctions.
For both, overt hyperthyroidism and hypothyroidism, associations with increased cardiovascular morbidity
and mortality have been confirmed [3]. Overt hypothyroidism is well-known as a reversible cause of cognitive
impairment and depression [4]. Overt hyperthyroidism is also known to be associated with impairments in
concentration, mood changes, and alterations in perception [5].
Symptoms of thyroid disorders are usually non-specific and the diagnosis is based on laboratory testing. In
the last decades, due to technological advancements, there has been a dramatic increase in testing serum
thyroid hormones. This revealed the subtle deviations in serum TSH and thyroid hormone concentrations,
that were found to be particularly frequent in elderly individuals [3-5].
Since there are changes in serum concentrations of thyroid hormones with age, and cognitive impairments
are concomitant to aging, the question has raised on whether thyroid dysfunctions in older individuals are
causally associated with the decline in cognitive functions [6].
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Aging and Cognitive and Mental Disorders
Mild cognitive impairment, defined as a state in the continuum of cognitive decline, ranging from normal
cognition to dementia, which can be objectively measured by the available psychological tests, is frequently
registered in people of older age [7]. Some aspects of cognitive function are more affected during normal
aging than some others. Manifestations of age-related cognitive decline include impairments in working
memory, information processing speed and long-term memory [6]. Only a small part of these individuals
show a progression towards more advanced stages of cognitive decline and incident dementia [8]. Although
factors and mechanisms which drive this progression are not well understood, it is known that behavioural
and lifestyle factors and chronic diseases accelerate aging and age-related decline in both, physical and
cognitive performances [9]. Some chronic conditions, including diabetes, chronic heart failure, and chronic
kidney disease, are particularly associated with increased risk of cognitive decline [10-12]. That these
conditions do not increase the risk only of vascular dementia, but also of the neurodegenerative Alzheimer`s
disease, the proofs are common cardiovascular risk factors that are known to share between these two types
of dementia [13].
Symptoms of mental disorders are frequent in older people but less specific than in people of younger age
and often shared between physical and cognitive conditions [14]. These symptoms appear in a wide range
of variations, including anxious feeling, dysphoria, apathy, worrying, trouble sleeping, irritability, and fatigue.
The risk of the appearance of symptoms of mental disorders increases with the level of comorbidities [15].
The presence of symptoms of mental disorders was found to increase the risk of cognitive impairment and
dementia [16].

Aging and Subclinical Thyroid Conditions
Subclinical thyroid conditions, including subclinical hypothyroidism, defined as increased serum TSH
concentrations, with normal circulating free T4 and T3, and subclinical hyperthyroidism, defined as serum
TSH concentrations below the reference range, with normal free T4 and T3, are more prevalent in older
people, than in those of younger age [4-6]. Very mild variations in TSH, that may be observed in older
people, are not likely to reflect thyroid dysfunctions, but rather pathophysiology changes associated with
aging [4]. Variations in distribution of pathophysiology changes in an older population, is the reason of
the significant variations in the upper reference range of TSH (measured at 97.5 percentile), as found in
different study groups.
Studies on changes in serum concentrations of thyroid hormones and TSH during aging, are complicated
by the presence of a number of confounding factors in older population, such as chronic diseases, multiple
medications, nutritional deficiencies, variations in thyroid antibody status, and increased prevalence of nonthyroidal disease (a state of decreased tissue supply of thyroid hormones in the absence of intrinsic thyroid
disease) [5,6].
In general, studies indicate the age-dependent decrease in serum concentrations of total and free (biologically
active) T3, while concentrations of total and free T4 remain unchanged. In the healthy elderly, thyroid
function appears to be well preserved until the eight decade of life, and a reduction of serum free T3 is
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observed only in the oldest old (>85). Regarding TSH, some studies show unchanged serum TSH
concentrations, while some other show a mild increase of TSH with age. More rarely, there is a mild decrease
in serum TSH concentrations. Serum concentrations of reverse T3 (rT3), a metabolite of thyroid hormones,
was found to increase with age, in line with the increasing prevalence of non-thyroidal disease (which is
characterised with increased rT3, low free T3, and normal or low TSH).

Associations Between Subclinical Thyroid Conditions and Cognitive and Mental
Disorders in Older People
There is a number of published studies performed among older people, both cross-sectional and longitudinal,
on associations between cognitive performances and thyroid function. Results of these studies are conflicting
with respect to questions, such as, which indicator of thyroid function is the most relevant as a marker
of cognitive function decline, and for which specific domains of this function. Differences in results are
considered to be due to differences in characteristics of individuals in the samples, age range, cognitive tests
used for analysis, and due to higher variations in TSH and cognitive functions, known to characterize aging
[4-6].
In general, studies show that even variations within the reference ranges of serum TSH and thyroid
hormones, in healthy elderly individuals without signs of thyroid disorders, can affect certain aspects of
cognitive function. Studies also show that the elderly with subclinical hypothyroidism might be more
vulnerable to cognitive impairments than their younger counterparts. This finding is important from the
practical perspective, as it indicates the need for systematic screening of elderly individuals on both, different
aspects of cognitive function, and serum TSH concentrations. This is even more important when taking
into account that subclinical hypothyroidism is rather common in older population, with the prevalence
increasing up to 20% in people old 75 years or more [6].
Yet, there is no consensus on recommendations for screening and treatment of older people with higher
normal values of TSH or subclinical hypothyroidism. This is because many uncertainties still exist in this
area of research and clinical decision making. Studies suggest that there may be a different situation in older
individuals aged 60 to 80 years, than in those older than 80-85 years. In the former group, the correlation
with decreased cognitive function was found to be stronger for T4 than TSH, which may reflect the direct
role of thyroid hormones in regulation of the brain haemodynamics and metabolism. On the contrary, in the
oldest population group, positive correlations were found between features of subclinical hypothyroidism
(indicated with increasing TSH and decreasing free T4) and preserved cognitive function and better survival,
which may indicate the protective adaptive role of decreased thyroid function, as a response to the catabolic
processes associated with advanced age.
Studies also show associations between subclinical hyperthyroidism and cognitive decline, but the results
are less consistent than in case of subclinical hypothyroidism [5]. It has been emphasized that low serum
TSH values, as a part of subclinical hyperthyroidism syndrome, must be considered with a caution, as it
can reflect the presence of comorbidities and the associated non-thyroidal disease, or may be due to thyroid
medications that are administered to patients with hypothyroidism, or may reflect autoimmune thyroid
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disorders. Thus, it is important, in case of a suspicion to subclinical hyperthyroidism, to include information
on comorbidities, medications, and thyroid antibodies.
Anxiety in subclinical thyroid disorders has been rarely examined [17]. In the recent meta-analysis, the
association was confirmed between subclinical hypothyreoidism and depression [18].

Conclusions
Aging is associated with accumulation of chronic diseases, and higher variations in serum values of TSH
and thyroid hormones, cognitive function performances and symptoms of mental disorders. To get more
precise answers on the question on whether there are causal relationships between these subtle disorders
that are concomitant to aging, these disorders should be considered together, and in the context of age and
the comorbidity patterns.
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