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Abstract
Objectives—To perform a critical review of the literature on the mood and cognitive changes
associated with subclinical hypothyroidism (SCH), with an emphasis on the elderly. To evaluate
these data against the Consensus Statement on management of SCH from the American
Association of Clinical Endocrinologists, the American Thyroid Association, and The Endocrine
Society.

Method—A comprehensive literature review.

Results—SCH may be associated with an increased risk of mood and cognitive dysfunction,
though the strength of this association and the efficacy of replacement hormone therapy requires
further investigation.

Conclusion—It remains unclear whether SCH leads to significant mood and cognitive
impairments in most elderly patients. More research is required to determine the nature and extent
of this association and whether thyroid hormone replacement therapy is appropriate and effective
in treating SCH-associated neurobehavioral impairments.
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Introduction
The relationship between overt thyroid disease and mood impairment, as well as cognitive
dysfunction, has been well described (Whybrow et al, 1969; Rack and Makela, 2000). Overt
hypothyroidism is a frequent cause of major depressive disorder, including melancholia, and
may lead to a reversible dementia (Rack and Makela, 2000). Recently, more attention has
been focused on subclinical hypothyroidism (SCH) and its potential neuropsychiatric and
neurocognitive consequences, though, as this review will demonstrate, the specific nature
and strength of this association remains unclear. Subclinical hypothyroidism, or “mild
hypothyroidism,” is defined as an elevation of thyrotropin (TSH) levels in the presence of
normal free circulating thyroid hormones, and is a common abnormality of the thyroid axis
(Evered et al, 1973; Woeber, 1997; Surks et al, 2004; Papi et al, 2007). The prevalence of
SCH increases with age and is more common in women (Evered et al, 1973; Woeber, 1997;
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Surks et al, 2004; Papi et al, 2007). SCH may affect up to 5–10 percent of adults in the
general population. SCH has been found to be associated with vulnerability to adverse
medical consequences, including abnormal blood lipids (Pearce, 2004; Papi et al, 2007),
increased risk of ischemic heart disease and cardiac mortality (Rolondi et al, 2006; Papi et
al, 2007), as well as the well documented progression to overt hypothyroidism (Evered et al,
1973; Woeber, 1997; Surks et al, 2004; Papi et al, 2007). However, there remains some
disagreement about these findings (Pearce, 2004; Papi et al, 2007).

There is substantial controversy about the definition of abnormally elevated TSH, the
evidence to support adverse medical and psychiatric sequelae, and, most particularly, the
potential benefits and risks of treating SCH with thyroid hormone replacement therapy.
Given the current state of knowledge and uncertainties about a rational treatment approach,
we will focus this review on the cognitive and psychiatric consequences of SCH and the
potential benefits of thyroid hormone treatment.

With the elderly population growing substantially as Baby Boomers age, there is a need to
increase our understanding of possible causes of morbidity and diminished functioning
amongst this age group. The etiology of cognitive and mood disturbance in the elderly is
especially critical to understand because of the growing number of older individuals with
clinical dementia, mostly caused by Alzheimer’s disease (AD) (Alzheimer’s Association,
2011). Detecting and treating possible reversible causes of neurobehavioral impairment in
the elderly, rather than simply attributing such changes to “normal aging” or to the early
stages of AD is critical. SCH is one of those potential contributors to reversible cognitive
and mood impairment in the elderly.

Subclinical Hypothyroidism
SCH is defined as an elevated serum TSH in the presence of normal circulating levels of
free thyroxine (T4) and triiodothyronine (T3) (Wenzel et al, 1974; Turnbridge et al, 1977).
Thyroid antibodies, particularly those against thyroperoxidase (TPO), may be elevated
depending on the etiology of the condition, although the most common cause of SCH is
chronic autoimmune thyroiditis. In addition to these irreversible causes of SCH, there are
reversible causes of elevated TSH levels, such as under-treatment of clinical hypothyroidism
and drug treatments such as lithium, amiodarone, and interferon alpha, all of which have
some degree of antithyroid effects (Evered et al, 1973). Transient elevations of TSH are also
observed in non-thyroidal illness which may be observed in severe medical illness and acute
psychiatric disorders. This “sick euthyroid syndrome” is not a disorder of thyroid function
and will not be considered further (Warner and Beckett, 2010). SCH can be conceptualized
as a mild form of hypothyroidism, which represents a stage on the continuum of normal
thyroid function to overt clinical hypothyroidism; although in the past, it has been defined as
purely a laboratory abnormality with limited clinical significance (Gharib et al, 2004).

In addition to the common clinical signs and symptoms of clinical hypothyroidism (Papi et
al, 2007), psychiatric symptoms, especially depressive and anxiety symptoms and depressive
syndromes, are most common (Stern and Prange, 1995; Hennessey and Jackson, 1996), and
often lead to initial misdiagnosis. Major depression is a prominent feature of clinical
hypothyroidism and often can only be distinguished from the primary psychiatric disorder
by thyroid function tests (Stern and Prange, 1995; Hennessey and Jackson, 1996). Cognitive
dysfunction, including the clinical features of dementia (i.e., memory and other cognitive
impairment severe enough to impact functional independence), are also frequently observed
(Stern and Prange, 1995; Hennessey and Jackson, 1996).

Although not as common as in clinical hypothyroidism, a substantial minority of SCH
patients -- perhaps up to 30 percent -- will have clinical complaints, many of which are
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similar to those reported with clinical hypothyroidism (Cooper et al, 1984; Nystrom et al,
1988; Haggerty et al, 1990; Monzani et al, 1993; Meier et al, 2001; Biondo and Cooper,
2008). In addition to depression, anxiety, and cognitive difficulties, SCH patients frequently
report fatigue, hoarseness, constipation, muscle weakness and cramps, cold intolerance, and
weight gain (Cooper et al, 1984; Nystrom et al, 1988; Haggerty et al, 1990; Monzani et al,
1993; Meier et al, 2001; Biondo and Cooper, 2008). Most, but not all, studies have found
significant differences in physical, mood and cognitive measures between SCH subjects and
healthy controls (see below).

Thyroid hormone production and metabolism change with age (Marriotti et al, 1995) with
decreased secretion of both total T4 and total T3. However, serum concentrations of T4 and
free T4 remain relatively unchanged due to metabolic changes associated with aging, while
both T3 and free T3 levels are reduced due to reduced peripheral conversion of T4 (Marriotti
et al, 1995). Data regarding changes in TSH levels with aging have been reported as stable,
increased, or decreased in healthy adults, and the impact of these changes in the thyroid axis
on the aging process are unknown (Marriotti et al, 1995; Surks and Hollowell, 2007;
Atzmon et al, 2009). It is clear, however, that there is an age-related increase in SCH and
that a significant minority of older adults demonstrates increased TSH levels (Marriotti et al,
1995; Surks and Hollowell, 2007; Atzmon et al, 2009). As already noted, the prevalence
estimates for SCH are about 5–10 percent in the general adult population and increase with
advancing age, particularly in women (Bagchi et al, 1990; Lindeman et al, 1999; Rivolta et
al, 1999; Canaris et al, 2000; Hollowell et al, 2002). Prevalence rates of 26 percent in
women over 60 years of age were reported in the Wickham survey of a random sample of
2779 adults in a United Kingdom community (Tunbridge et al, 1977). Gender differences
were demonstrated with elevated TSH levels increasing from 2% to 5% across the age
spectrum in men and from 4% to 18% in women (Tunbridge et al, 1977). In the Colorado
Thyroid Disease Prevalence Study, carried out at health fairs in individuals older than 64
years, the prevalence of SCH was 16% in men and 21% in women (Canaris et al, 2000).

In addition to elevated TSH levels, TPO antibodies are more common in the elderly, with
prevalence estimates of 15 to 20 percent (Tunbridge et al, 1977; Hollowell et al, 2002). The
prevalence of TPO antibodies is much higher in older adults with SCH, ranging from 40 to
67 percent, in most (Tunbridge et al, 1977; Hawkins et al, 1980; Manciet et al, 1995;
Sundbeck et al, 1995; Canaris et al, 2000), but not all studies. (Pinchera et al, 1995). Taken
together, these findings suggest that the increased prevalence of thyroid antibodies seen in
the elderly is associated with disease rather than normal age-related changes in the thyroid
axis (Davis et al, 2003).

SCH and Mood
Several, but not all, studies have suggested a link between SCH and current depressive
symptoms, current major depression, and a lifetime history of major depression (Tappy et al,
1987; Joffe and Levitt, 1992; Haggerty et al, 1993; Esposito et al, 1994; Luboshitsky et al,
1996; Roberts et al, 2006; Chuiere et al, 2007). Most studies report a higher frequency and/
or severity of current depressive symptoms in young or middle-aged adults with SCH
(Tappy et al, 1987; Joffe and Levitt, 1992; Monzani et al, 1993; 16,34,35). There are fewer
studies examining the association between depressive symptoms and SCH in the elderly,
although some (Chuiere et al, 2007), but not all (Manciet et al, 1995; Roberts et al, 2006),
report such an association. These studies do not provide evidence of vulnerability to
depression and variations in TSH levels within the normal range (Chueire et al, 2007).

There may also be a higher lifetime prevalence of major depressive disorder in SCH
individuals. Haggerty et al. (1993) reported a lifetime prevalence for major depression of 56
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percent versus 20 percent in non-elderly women with SCH versus controls; whereas,
Esposito and colleagues (1994) found that in 163 SCH subjects older than 65 years in a
general medical clinic, 75 percent had a lifetime diagnosis of major depression compared
with 18 percent in the euthyroid group. A recent study by Chueire et al. (2007) of 323
subjects over the age of 60 years, also concluded that SCH increases the risk for depression
(OR=4.9; 95% CI=2.8–8.6) and that this risk is even greater than it is for clinical
hypothyroidism.

These data do not necessarily suggest a direct causal link between SCH and mood
disturbance or disorders. However, several studies now suggest that patients with primary
major depressive illness may have a reduced rate of antidepressant response and a greater
risk of chronicity of depression, if they have co-morbid SCH (Joffe and Levitt, 1992;
Chuiere et al, 2007).

SCH and Cognition
There have been various types of studies examining the relationship between mild thyroid
failure and cognitive dysfunction. First, several studies have examined cognitive parameters
in samples that include subjects with SCH. These studies are summarized in Table 1. Most
of these studies are cross-sectional comparisons to euthyroid subjects and few involve
longitudinal follow up. Although some include only elderly subjects, others include broad
ranges of age, limiting the conclusions that can be drawn from the data. Perhaps the most
problematic methodological issue in these studies is the reliance on limited measures of
cognitive function, especially the Mini Mental State Examination which provides a very
limited assessment of cognition and likely lacks sensitivity to potentially subtle, though
clinically meaningful neuropsychological impairments. This may explain why not all studies
in both younger and older adults have demonstrated cognitive alterations associated with
SCH. Nonetheless, the studies show that in younger adults, mild cognitive abnormalities
may occur in individuals with SCH. These are generally identified as difficulties with
selective attention and new learning.

A few studies have specifically addressed cognition in older adults with SCH. In one such
study, neuropsychological function was assessed in subjects (mean age approximately 69
years) with both clinical and subclinical hypothyroidism and compared to euthyroid controls
(Osterweil et al, 1992). This study found that the overall thyroid group (i.e. both clinical and
subclinical hypothyroidism) performed worse than controls on various cognitive measures,
but differences between the SCH and control group were not significant. They further
observed that older adults performed more poorly than younger adults on
neuropsychological measures regardless of thyroid status, but there was no interaction
observed between age and thyroid status in their study. This study suggests that SCH may be
associated with deficits in attention, some aspects of executive functioning, verbal and
visual recall, and reaction time, but the degree to which SCH differentially impacts mental
status in older individuals, and women in particular, requires additional investigation.
Several of the studies in older subjects have not demonstrated significant findings (See
Table 1). However, these are predominantly larger population studies with generally limited
neuropsychological assessments (Samuels, 2010.) (See Table 1).

In a related set of studies, the relationships between cognitive function and thyroid hormone
levels within the normal reference range or across the entire spectrum have been examined.
These studies have produced somewhat conflicting findings. Van Boxtel and colleagues
(van Boxtel et al, 2004), in the Maastricht Aging Study, reported the predicted inverse
relationship between higher TSH levels and poorer cognitive function in a population
sample of 120 euthyroid subjects with a mean age of 60.3 years. In contrast, Wahlin (2005)
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and collaborators found a direct correlation between TSH levels and cognitive performance
in a Swedish sample of 200 subjects, 75 years of age or older. In a third study (Volpato et al,
2002), cognitive performance and thyroid function were assessed in 464 community-
dwelling older women who were euthyroid. When the sample was divided into tertiles based
on T4 levels, women in the lowest versus the highest tertile had a twofold risk of cognitive
decline. There was no association between baseline TSH and cognitive changes. A much
larger investigation with the Rancho Bernardo Study examined 1110 men and women (age
42–99) and found that TSH was not associated with cognitive function in both men and
women (Kritz-Silverstein et al, 2009). These studies indicate that variation in thyroid
function tests within the normal range may be related to cognitive impairment, especially in
older women but the directionality of these relationships requires further study.

Another line of research has examined the relationship between thyroid function other than
clinical hypothyroidism and vulnerability to dementia especially AD, in the elderly. In a
community-based study of 194 individuals age 65 years and older, equally distributed
between men and women, a three- to fourfold increase in the probability of definite or
possible dementia in subjects with elevated TSH levels was reported (Ganguli et al, 1996).
This finding held even after accounting for the effect of age, gender, and years of education.
This association was still evident when men and women were separately examined. In
contrast to this report, two studies have reported a link between low TSH levels and AD.
The Oxford Project to Investigate Memory and Ageing (van Osch et al, 2004), reported low
TSH levels as an independent risk factor for AD in a cross sectional study of 178 Alzheimer
patients and 291 controls. In the prospective Rotterdam Study (Kalmijn et al, 2000) with
average two year follow up, risk for Alzheimer’s disease was associated with lower TSH
levels and positive thyroid peroxidase antibodies. In a much larger, longitudinal population-
based study, the risk of AD based on earlier TSH levels was examined in the original
Framingham Study cohort (Tan et al, 2008). In this investigation, 1864 cognitively intact
participants (mean age=71) were followed for an average of 12.7 years after an initial TSH
measurement. Both low and high initial TSH levels were associated with an increased risk of
developing AD in women, but not in men. In a cross-sectional investigation of the Sao Paulo
Ageing and Health Study (Bensenor et al, 2010), 1276 subjects (age 65 and older) were
examined. There was a positive association of subclinical hyperthyroidism but not SCH with
overall dementia (especially vascular dementia), but only in men.

Taken together, these findings present inconsistent support for an association between SCH
and dementia (Bensenor et al, 2010). They also underscore the potential differential
sensitivity of the elderly brain to smaller perturbations of the thyroid axis manifesting as
cognitive changes.

Treatment Studies of Neurobehavioral Symptoms in SCH
Given the complex relationship between varying degrees of thyroid failure and alterations of
mood and cognition, it does not necessarily follow that resolution of the thyroid disorder and
mood and cognitive changes occur at the same time. In overt hypothyroidism, the link
between thyroid hypofunction and depression is clearly documented. However, although the
depression associated with clinical hypothyroidism usually resolves with restoration of
normal thyroid function, a substantial minority will require further intervention, usually
antidepressants, in order to restore normal mental state.

There have only been a few studies that have assessed the impact of T4 treatment on
neurobehavioral symptoms in SCH. These are summarized in Table 2. These studies provide
preliminary evidence for the efficacy of T4 treatment of SCH from a mood and cognitive
perspective but most are insufficiently powered to detect differences between T4 and
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placebo. Some of the larger studies provide some support for the efficacy of T4 (Cooper et
al, 1984; Nystrom et al, 1988; Jaeschke et al, 1996; Bono et al, 2004) while the negative
studies with larger sample sizes (Volpato et al, 2002; Parle et al, 2010) employed limited
psychometric assessments (Kong et al, 2002; Jorde et al, 2006; Parle et al, 2010), fixed T4
doses (Kong et al, 2002) and a very broad age range (Jorde et al, 2006). A critical
shortcoming of the largest study to date by Parle and colleagues (2010) was that the
neuropsychological test scores in both placebo and T4 groups were within the normal range
at baseline so that there were no or limited cognitive impairments to treat. Future studies
should focus on the treatment of SCH patients with documented cognitive or mood
impairments.

Treatment Recommendations
In general, the potential risk versus benefit of treating SCH has long been a matter of
controversy (Surks et al, 2004; Gharib et al, 2004, 2005). As a result, a consensus statement
was developed jointly by the American Association of Clinical Endocrinologists, the
American Thyroid Association, and The Endocrine Society to provide an evidence-based
approach to the management of SCH. The statement notes the absence of good evidence on
which to base treatment decisions and, therefore, the need for good clinical judgment and
the importance of patient preference in deciding whether to treat SCH. The Consensus
Statement underscores the continued need for well designed and adequately powered studies
with comprehensive assessments. In general, there are limited data documenting benefit of
thyroid replacement except when TSH levels exceed 10 mIU/L, with progression to overt
hypothyroidism, at annual conversion rate of approximately 2 to 5%, and higher in those
with thyroid auto-antibodies (Surks et al, 2004; Gharib et al, 2004, 2005). There is
increasing evidence that SCH may also be associated with increased risk of cardiac disease
with increased mortality from this cardiac risk. Moreover, there is also accumulating
evidence for abnormal lipid profiles in patients with SCH (Pearce, 2004; Papi et al, 2007).
However, there is insufficient data that thyroid hormone replacement therapy significantly
reduces risk or mortality of cardiac illness or restores normal blood lipid levels, particularly
triglycerides (Pearce, 2004; Papi et al, 2007). Currently, it is increasingly recommended that
patients with TSH levels in excess of 10 mIU/L receive thyroxine replacement; whereas,
treatment for non-pregnant individuals with TSH levels above the normal range but below
10 mIu/L is still an issue of substantial debate (Surks et al, 2004; Papi et al, 2007; Gharib et
al, 2004, 2005).

The potential risks of treatment of SCH include the danger of over-treatment resulting in
clinical hyperthyroidism with associated serious medical consequences such as cardiac
events, particularly atrial fibrillation, and osteoporosis, especially in the elderly. The cardiac
risks are well documented (Pearce, 2004), whereas both cross-sectional and longitudinal
studies are inconclusive with regard to the effects of long-term T4 treatment on bone
mineral density in postmenopausal women (Ross, 1993; Gyulai et al, 2001; Sheppard et al,
2002 ; Surks et al, 2004). If T4 is to be recommended for treatment of any aspect of SCH, its
demonstrated benefit has to exceed the potential risks.

The Consensus Statement highlights the controversy over routine thyroid screening (Gharib
et al, 2004, 2005). Although there is support for case finding in subjects with one or two
symptoms suggestive of some degree of thyroid failure, applicability to mood and cognitive
changes is unknown. This is a particular problem with the potential mood and cognitive
benefits of T4 treatment of SCH. The studies in Table 2 are of limited value and the value of
the addition of T3, which has been used to treat depression, has not been clearly
demonstrated (Sawka et al, 2003).
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Conclusions
SCH is a common disorder, particularly in the elderly, and may be associated with clinical
symptoms of hypothyroidism as well as associated mood and cognitive deficits.
Furthermore, untreated SCH may have significant adverse long-term mental and physical
health outcomes that could be ameliorated with treatment.

The pattern and severity of mood and cognitive symptoms in SCH has not been fully
delineated, although both depressive symptoms and depressive syndromes may occur with
increased frequency. SCH may also be associated with both current cognitive impairment
and the future risk of cognitive decline. The efficacy of thyroid hormone treatment in
improving the sequelae of SCH has not been rigorously or appropriately tested. Substantial
research is required to accumulate data regarding SCH so that, given its considerable
potential risks, there is good evidence to allow a rational clinical approach to SCH.

Acknowledgments
Supported, in part, by grants from the National Institutes of Health: R01MH080295 and P30AG13846

References
Alzheimer’s Association. 2011 Alzheimer’s Disease Facts and Figures. Alzheimer’s & Dementia.

2011; 7:208–244.

Atzmon G, Barzilai N, Hollowell JG, Surks MI, Gabriely I. Extreme longevity is associated with
increased serum thyrotropin. J Clin Endocrinol Metab. 2009; 94:1251–12541. [PubMed: 19158193]

Whybrow PC, Prange AJ Jr, Treadway CR. Mental changes accompanying thyroid gland dysfunction:
A reappraisal using objective psychological measures. Arch Gen Psychiatry. 1969; 20:48–63.
[PubMed: 4387067]

Bagchi N, Brown TR, Parish RF. Thyroid dysfunction in adults over age 55 years. A study in an urban
US community. Arch Intern Med. 1990; 150:785–787. [PubMed: 2109585]

Baldini IM, Vita A, Mauri MC, Amodei V, Carrisi M, Bravin S, Cantalamessa L. Psychopathological
and cognitive features in subclinical hypothyroidism. Prog Neuropsychopharmacol Biol Psychiatry.
1997; 21:925–935. [PubMed: 9380789]

Benseñor IM, Lotufo PA, Menezes PR, Scazufca M. Subclinical hyperthyroidism and dementia: the
Sao Paulo Ageing & Health Study (SPAH). BMC Public Health. 2010; 10:298. [PubMed:
20515500]

Biondo B, Cooper DS. The clinical significance of subclinical thyroid dysfunction. Endocr Rev. 2008;
29:76–131. [PubMed: 17991805]

Bono G, Fancellu R, Blandini F, Santoro G, Mauri M. Cognitive and affective status in mild
hypothyroidism and interactions with L-thyroxine treatment. Acta Neurol Scand. 2004; 110:59–66.
[PubMed: 15180808]

Canaris GJ, Manowitz NR, Maycor G, Ridgeway EC. The Colorado thyroid disease prevalence study.
Arch Intern Med. 2000; 160:526–534. [PubMed: 10695693]

Ceresini G, Lauretani F, Maggio M, Ceda GP, Morganti S, Usberti E, Chezzi C, Valcavi R, Bandinelli
S, Guralnik JM, Cappola AR, Valenti G, Ferrucci L. Thyroid function abnormalities and cognitive
impairment in elderly people: results of the Invecchiare in Chianti study. J Am Geriatr Soc. 2009;
57:89–93. [PubMed: 19054181]

Cooper DS, Halpern R, Wood LC, Levin AA, Ridgeway EC. L-thyroxine therapy in subclinical
hypothyroidism: A double-blind, placebo-controlled trial. Ann Intern Med. 1984; 101:18–24.
[PubMed: 6428290]

Correia N, Mullally S, Cooke G, Tun TK, Phelan N, Feeney J, Fitzgibbon M, Boran G, O’Mara S,
Gibney J. Evidence for a specific defect in hippocampal memory in overt and subclinical
hypothyroidism. J Clin Endocrinol Metab. 2009; 94:3789–3797. [PubMed: 19584178]

Joffe et al. Page 7

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Chueire VB, Romaldini JH, Ward LS. Subclinical hypothyroidism increases the risk for depression in
the elderly. Arch Gerontol Geriatrics. 2007; 44:21–28.

del Ser Quijano T, Delgado C, Martinez Espinosa S, Vazquez C. Cognitive deficiency in mild
hypothyroidism. Neurologia. 2000; 15:193–198. [PubMed: 10850118]

Davis JD, Stern RA, Flashman LA. Cognitive and neuropsychiatric aspects of subclinical
hypothyroidism: significance in the elderly. Curr Psychiatry Rep. 2003; 5:384–390. [PubMed:
13678560]

Esposito, SM.; Haggerty, JJ.; Stern, RA. Geropsychiatric effects of subclinical hypothyroidism. Paper
presented at the 147th annual meeting of the American Psychiatric Association; Philadelphia, PA.
1994.

Evered DC, Ormston BJ, Smith PA, Hall R, Bird T. Grades of hypothyroidism. Br Med J. 1973;
1:290–293. [PubMed: 4550378]

Ganguli M, Burmeister LA, Seaberg EC, Belle S, DeKosky ST. Association between dementia and
elevated TSH: A Community based study. Biol Psychiatry. 1996; 40:714–725. [PubMed:
8894063]

Gharib H, Tuttle RM, Baskin J, Fish LH, Singer PA, McDermott MT. CONSENSUS STATEMENT.
Subclinical thyroid dysfunction: A joint statement on management from the American Association
of Clinical Endocrinologists, the American Thyroid Association, and The Endocrine Society.
JCEM. 2005; 90:581–585. [PubMed: 15643019]

Gharib H, Tuttle RM, Baskin J, Fish LH, Singer PA, McDermott MT. Subclinical thyroid dysfunction:
a joint statement on management from the American Association of Clinical Endocrinologists, the
American Thyroid Association, and the Endocrine Society. Endocr Pract. 2004; 10:497–501.
[PubMed: 16033723]

Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frölich M, Westendorp RG. Thyroid status,
disability and cognitive function, and survival in old age. JAMA. 2004; 292:2591–2599. [PubMed:
15572717]

Gyulai L, Bauer M, Garcia-Espana F, Hierholzer J, Baumgartner A, Berghöfer A, Whybrow PC. Bone
mineral density in pre- and post-menopausal women with affective disorder treated with long-term
L-thyroxine augmentation. J Affect Disord. 2001; 66:185–191. [PubMed: 11578671]

Haggerty J Jr, Garbutt JC, Evans DL. Subclinical hypothyroidism: A review of neuropsychiatric
aspects. Int J Psychiatry Med. 1990; 20:195–2008.

Haggerty JJ, Stern RA, Mason GA, Beckwith J, Morey CE, Prange AJ. Subclinical hypothyroidism: a
modifiable risk factor for depression? Am J Psychiatry. 1993; 150:508–510. [PubMed: 8434671]

Hawkins BR, Cheah PS, Dawkins RL, Whittingham S, Burger HG, Patel Y, Mackay IR, Welborn TA.
Diagnostic significance of thyroid microsomal antibodies in randomly selected population. Lancet.
1980; 2:1057–1059. [PubMed: 6107681]

Hennessey JV, Jackson IMD. The interface between thyroid hormones and psychiatry.
Endocrinologist. 1996; 6:214–223.

Hogevorst E, Huppert F, Matthews FE, Brayne C. Thyroid function and cognitive decline in the MRC
Cognitive Function and Ageing Study. Psychoneuroendocrinol. 2008; 33:1013–1022.

Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer CA, Braverman LE.
Serum TSH, T(4), and thyroid antibodies in the United States population (1988 to 1994): National
Health and Nutrition Examination Survey (NHANES III). J Clin Endocrinol Metab. 2002; 87:489–
99. [PubMed: 11836274]

Jaeschke R, Guyatt G, Gerstein H, Patterson C, Molloy W, Cook D, Harper S, Griffith L, Carbotte R.
Does treatment with L-thyroxine influence health status in middle-aged and older adults with
subclinical hypothyroidism? J Gen Intern Med. 1996; 11:744–749. [PubMed: 9016421]

Joffe RT, Levitt AJ. Major depression and subclinical hypothyroidism. Psychoendocrinology. 1992;
17:215–221.

Jorde R, Waterloo K, Storhaug H, Nyrnes A, Sundsfjord J, Jenssen TG. Neuropsychological function
and symptoms in subjects with subclinical hypothyroidism and the effects of thyroxine treatment. J
Clin Endocrinol Metab. 2006; 91:145–153. [PubMed: 16263815]

Joffe et al. Page 8

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Kalmijn S, Mehta KM, Pols HA, Hofman A, Drexhage HA, Breteler MM. Subclinical
hyperthyroidism and the risk of dementia. The Rotterdam study. Clin Endocrinol (Oxf). 2000;
53:733–737. [PubMed: 11155096]

Krtiz-Silverstein D, Schultz ST, Palinska LA, Wingard DL, Barrett-Connor E. The association of
thyroid stimulating hormone levels with cognitive function and depressed mood: the Rancho
Bernardo study. J Nutr Health Aging. 2009; 13:317–21. [PubMed: 19300866]

Kong WM, Sheikh MH, Lumb PJ, Naoumova RP, Freedman DB, Crook M, Doré CJ, Finer N. A 6-
month randomized trial of thyroxine treatment in women with mild subclinical hypothyroidism.
Am J Med. 2002; 12:348–354. [PubMed: 11904108]

Lindeman RD, Schade DS, LaRue A, Romero LJ, Liang HC, Baumgartner RN, Koehler KM, Garry
PJ. Subclinical hypothyroidism in a biethnic, urban community. J Am Geriatr Soc. 1999; 47:703–
709. [PubMed: 10366170]

Luboshitsky R, Oberman AS, Kaufman N, Reichman N, Flatau E. Prevalence of cognitive dysfunction
and hypothyroidism in an elderly community population. Isr J Med Sci. 1996; 52:60–65.

Manciet G, Dartigues JF, Decamps A, Barberger-Gateau P, Letenneur L, Latapie MJ, Latapie JL. The
PAQUID survey and correlates of subclinical hypothyroidism in elderly community residents in
the southwest of France. Age Ageing. 1995; 24:235–241. [PubMed: 7645445]

Mariotti S, Franceschi C, Cossarizza A, Pinchera A. The aging thyroid. Endocr Rev. 1995; 16:686–
715. [PubMed: 8747831]

Meier C, Staub JJ, Roth CB, Guglielmetti M, Kunz M, Miserez AR, Drewe J, Huber P, Herzog R,
Müller B. TSH-controlled L-thyroxine therapy reduces cholesterol levels and clinical symptoms in
subclincal hypothyroidism: a double blind, placebo-controlled trial (Basel Thyroid Study). J Clin
Endocrinol Metab. 2001; 86:4860–4866. [PubMed: 11600554]

Monzani F, Del Guerra P, Caraccio N, Lippolis PV, Miccoli P, Cavina E, Baschieri L. Subclinical
hypothyroidism: neurobehavioral features and beneficial effect of L-thyroxine treatment. Clin
Invest. 1993; 71:367–371.

Nyström E, Caidahl K, Fager G, Wikkelsö C, Lundberg PA, Lindstedt G. A double-blind crossover
12-month study of L-thyroxine treatment of women with “subclinical” hypothyroidism. Clin
Endocrinol. 1988; 29:63–76.

Osterweil D, Syndulko K, Cohen SN, Pettler-Jennings PD, Hershman JM, Cummings JL, Tourtellotte
WW, Solomon DH. Cognitive function in non-demented older adults with hypothyroidism. J Am
Geriatr Soc. 1992; 40:325–335. [PubMed: 1556359]

Papi G, Uberti ED, Betterle C, Carani C, Pearce EN, Braverman LE, Roti El. Subclinical
Hypothyroidism. Curr Opin Endocrinol Diabetes Obes. 2007; 14:197–208. [PubMed: 17940439]

Park YJ, Lee EJ, Lee YJ. Subclinical hypothyroidism (SCH) is not associated with metabolic
derangement, cognitive impairment, depression or poor quality of life (QoL) in elderly subjects.
Arch Gerontol Geriatr. 2010; 50:e68–e73. [PubMed: 19545916]

Parle J, Roberts L, Wilson S, Pattison H, Roalfe A, Haque MS, Heath C, Sheppard M, Franklyn J,
Hobbs FD. A randomized controlled trial of the effect of thyroxine replacement on cognitive
function in community-living elderly subjects with subclinical hypothyroidism: The Birmingham
Elderly Thyroid Study. J Clin Endocrinol Metab. 2010; 95:3623–3632. [PubMed: 20501682]

Pearce EN. Hypothyroidism and dyslipidemia: modern concepts and approaches. Curr Cardiol Rep.
2004; 6:451–456. [PubMed: 15485607]

Pinchera A, Mariotti S, Barbesino G, Bechi R, Sansoni P, Fagiolo U, Cossarizza A, Franceschi C.
Thyroid autoimmunity and aging. Horm Res. 1995; 43:64–68. [PubMed: 7721264]

Rack SK, Makela EH. Hypothyroidism and depression: A therapeutic challenge. Ann Pharmacother.
2000; 34:1142–1145. [PubMed: 11054982]

Rivolta G, Cerutti R, Colombo R, Miano G, Dionisio P, Grossi E. Prevalence of subclinical
hypothyroidism in a population living in the Milan metropolitan area. J Endocrinol Invest. 1999;
22:693–697. [PubMed: 10595833]

Roberts LM, Pattison H, Roalf A, Franklyn J, Wilson S, Hobbs FD, Parle JV. Is subclinical thyroid
dysfunction in the elderly associated with depression or cognitive dysfunction? Ann Intern Med.
2006; 145:573–581. [PubMed: 17043339]

Joffe et al. Page 9

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Rodondi N, Aujesky D, Vittinghoff E, Cornuz J, Bauer DC. Subclinical hypothyroidism and the risk of
coronary heart disease: a meta-analysis. Am J Med. 2006; 119:541–551. [PubMed: 16828622]

Ross DS. Bone density is not reduced during the short-term administration of levothyroxine to
postmenopausal women with subclinical hypothyroidism: a randomized, prospective study. Am J
Med. 1993; 95:385–388. [PubMed: 8213870]

Samuels MH. Cognitive Function in Subclinical Hypothyroidism. J Clin Endocrinol Metab. 2010;
95:3611–3613. [PubMed: 20685889]

Samuels MH, Schuff KG, Carlson NE, Carello P, Janowsky JS. Health status, Mood, and Cognition in
experimentally induced Subclinical Hypothyroidism. J Clin Endocrinol Metab. 2007; 25:2545–
2551. [PubMed: 17473069]

Sawka AM, Gerstein HC, Marriott MJ, MacQueen GM, Joffe RT. Does a combination regimen of
thyroxine (T4) and 3,5,3′-triiodothyronine improve depressive symptoms better than T4 alone in
patients with hypothyroidism? Results of a double-blind, randomized, controlled trial. J Clin
Endocrinol Metab. 2003; 88:4551–4555. [PubMed: 14557420]

Sheppard MC, Holder R, Franklyn JA. Levothyroxine treatment and occurrence of fracture of the hip.
Arch Intern Med. 2002; 162:338–343. [PubMed: 11822927]

Stern, RA.; Prange, AJ, Jr. Neuropsychiatric aspects of endocrine disorders. In: Kaplan, HI.; Sadock,
BJ., editors. Comprehensive Textbook of Psychiatry. Vol. 6. Baltimore: Williams and Wilkins;
1995.

Sundbeck G, Edén S, Jagenburg R, Lundberg PA, Lindstedt G. Prevalence of serum antithyroid
peroxidase antibodies in 85-year old women and men. Clin Chem. 1995; 41:707–712. [PubMed:
7729049]

Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH, Franklyn JA, Hershman JM, Burman
KD, Denke MA, Gorman C, Cooper RS, Weissman NJ. Subclinical Thyroid Disease: Scientific
Review and Guidelines for Diagnosis and Management. JAMA. 2004; 292:228–238. [PubMed:
14722150]

Surks MI, Hollowell JG. Age-specific distribution of serum thyrotropin and antithyroid antibodies in
the US population: implications for the prevalence of subclinical hypothyroidism. J Clin
Endocrinol Metab. 2007; 92:4575–4582. [PubMed: 17911171]

Tan ZS, Beiser A, Vasan RS, Au R, Auerbach S, Kiel DP, Wolf PA, Seshadri S. Thyroid function and
the risk of Alzheimer disease: the Framingham Study. Arch Intern Med. 2008; 168:1514–20.
[PubMed: 18663163]

Tappy L, Randin J, Schwed P, Wertheimer J, Lemarchand-Béraud T. Prevalence of thyroid disorders
in psychogeriatric inpatients. A possible relationship of hypothyroidism with neurotic depression
but not with dementia. J Am Geriatr Soc. 1987; 35:526–531. [PubMed: 3571805]

Tappy L, Randin J, Schwed P, Wertheimer J, Lemarchand-Béraud T. Prevalence of thyroid disorders
in psychogeriatric inpatients. A possible relationship of hypothyroidism with neurotic depression
but not with dementia. J Am Geriatr Soc. 1987; 35:526–531. [PubMed: 3571805]

van Boxtel MP, Menheere PP, Bekers O, Hogervorst E, Jolles J. Thyroid function, depressed mood,
and cognitive performance in older individuals: the Maastricht Aging Study.
Psychoneuroendocrinol. 2004; 29:891–898.

Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F, Grimley Evans J, Hasan
DM, Rodgers H, Tunbridge F. The incidence of thyroid disorders in the community: a twenty-year
follow-up of the Whickham Survey. Clin Endocrinol (Oxf). 1995; 43:55–68. [PubMed: 7641412]

van Osch LA, Hogervorst E, Combrinck M, Smith AD. Low thyroid-stimulating hormone as an
independent risk factor for Alzheimer disease. Neurology. 2004; 62:1967–1971. [PubMed:
15184598]

Volpato S, Guralnik JM, Fried LP, Remaley AT, Cappola AR, Launer LJ. Serum thyroxine level and
cognitive decline in euthyroid older women. Neurology. 2002; 58:1055–1061. [PubMed:
11940692]

Wahlin A, Bunce D, Wahlin TB. Longitudinal evidence of the impact of normal thyroid stimulating
hormone variations on cognitive functioning in very old age. Psychoneuroendocrinol. 2005;
30:625–637.

Joffe et al. Page 10

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Wenzel KW, Meinhold H, Raffenberg M, Adkofer F, Schleusener H. Classificantion of
hypothyroidism in evaluating patients after radioiodine therapy by serum cholesterol, T3 uptake,
total T4, F-T4, total T3, basal TSH, and TRH test. Eur J Clin Invest. 1974; 4:141–148. [PubMed:
4208979]

Whybrow PC, Prange AJ Jr, Treadway CR. Mental changes accompanying thyroid gland dysfunction:
A reappraisal using objective psychological measures. Arch Gen Psychiatry. 1969; 20:48–63.
[PubMed: 4387067]

Warner MH, Beckett GJ. Mechanisms behind the non-thyroidal illness syndrome: an update. J
Endocrinol. 2010; 205:1–13. [PubMed: 20016054]

Woeber KA. Subclinical thyroid dysfunction. Arch Intern Med. 1997; 157:1065–1068. [PubMed:
9164371]

Joffe et al. Page 11

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Key Points

1. Subclinical hypothyroidism is associated with increased depressive symptoms.

2. Subclinical hypothyroidism is associated with increased abnormal measures of
cognitive function.

3. The clinical significance of these neuropsychiatric changes require further
evaluation.

4. The effect of L-thyroxine treatment for neuropsychiatric changes requires
further study.
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Table 1

Studies of TSH, SCH, and Cognitive Dysfunction

STUDY SAMPLE DESIGN ASSESSMENT RESULT

Osterweil et
al., 1992

54 hypothyroid, 14 with
SCH 30 euthyroid
controls

Cross-sectional comparison Comprehensive neuropsychological Hypothyroid broad
cognitive
impairment but no
difference between
SCH and controls

Monzani et
al., 1993

14 SCH young women,
50 euthyroid controls

Cross-sectional comparison Wechsler Memory Scale Significant memory
impairment in SCH
group

Baldini et al.,
1997

17 SCH women, 19
euthyroid controls, mean
age 52.9yrs

Cross sectional comparison Neuropsychological tests SCH impaired
memory but no
difference in mental
control, attention, or
visuospatial skills.

del Ser
Quijano et al.,
2000

15 younger SCH women
and 15 euthyroid controls

Cross-sectional comparison Comprehensive neuropsychological SCH slowed
reaction time,
reduced verbal
fluency, and
impaired visual
memory

Gusselkoo et
al., 2004

N=558, SCH =30,
population based sample
of 85 yr old from Leiden
85+ study

Baseline and 2yr follow up MMSE only No association
between SCH and
MMSE

Roberts et al.,
2006

N=5865 65yrs or older
from primary care
registry, SCH N=168

Cross-sectional comparison MMSE
Middlesex Elderly Assessment of
Mental State

Statistically
significant but
clinically limited
reduction in MMSE
in SCH

Samuels et
al., 2007

N=19 women, aged 20–
75 yrs, primary
hypothyroidism,
euthyroid on T4

Double-blind, randomized
cross-over study, euthyroid
versus experimental SCH

Tests of working and declarative
memory and motor learning

In SCH phase
reduced working
memory

Hogevorst et
al., 2008

N=1054 over 64 yrs,
including all cases of
thyroid dysfunction.
MRC Ageing Study

Baseline and 2 year follow up MMSE only Association
between high TSH
and low MMSE
score

Ceresini et
al., 2009

N=1171, N=918 >65
years. All types of
thyroid dysfunction. In
Chianti Study

Cross sectional, community
based

MMSE only Only SCH not
associated with
significant
impairment on
MMSE

Park et al.,
2009

SCH N=164, Controls
N=764. All >65 years
old. Korean population
sample

Cross sectional comparison Neuropsychological battery No difference
between SCH and
euthyroid groups

MMSE= Folstein Mini-Mental Status Exam
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Table 2

Treatment Studies of Neurobehavioral Symptoms in SCH

STUDY SUBJECTS T4 DOSE AND
DURATION

DESIGN RESULTS

Cooper et al.,
1984

N=33
M:F=1:32

Titrated to normalize TSH Placebo-controlled T4>Placebo on psychiatric measures

Nystrom et al.,
1988

N=34
Women
51–73 years

Fixed dose
Six months

Placebo-controlled
Cross over

T4>Placebo on psychiatric measures

Monzani et al.,
1993

N=14
Women
20–47 years

Fixed dose
Six months

Open label Improvement in obsessionality

Jaeschke et al.,
1996

N=37
Men and women
>55 years old

Titrated to normalize TSH
Six months

Placebo-controlled T4>Placebo on psychometric but not
Quality of Life measures

Baldini et al.,
1997

N=19
Women
28–68 years

Titrated to normalize
TSH.
Three months

Open. Compared to
goiter patients

No improvements in mood ratings

Kong et al., 2002 N=40
Women

50–100 micrograms per
day
Six months

Placebo controlled Placebo improved more than active
treatment.

Bono et al., 2004 N=36
Women
31–70 years

Titrated to normalize
TSH.
Six months

Open label Improved Hamilton Depression and
Anxiety Scales

Jorde et al., 2005 N=89
M:F=45:44
0–75 years

Titrated to normalize TSH
One year

Placebo controlled T4=Placebo

Correia et al.,
2009

N=17
18–65 years

Titrated to normalize TSH
Assessments at 3 and 6
months

Open Label Improvement in memory tasks

Parle et al., 2010 N=94
64–94 years

Titrated to normalize
TSH.
Twelve months

Placebo Controlled No improvement, but not selected for
deficits at baseline
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