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22.66–26.77). Of these, 15.4% older adults were classified 
as subclinical hypothyroidism, 7.2% overt hypothyroidism, 
0.5% subclinical hyperthyroidism, and 0.6% overt hyper-
thyroidism. The association of thyroid dysfunction with 
cognitive impairment was most evident in overt hypothy-
roidism OR = 1.261 (1.185–1.343).
Conclusions The present study demonstrated a high prev-
alence of thyroid dysfunction in Mexican elderly people 
living in the community. A relationship between cognitive 
impairment and the presence of hypothyroidism was also 
shown, and to a lesser degree in hyperthyroidism.
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Introduction

Thyroid disease is a common endocrine disorder whose 
prevalence of overt and subclinical hypothyroidism has 
been consistently reported, with frequencies ranging from 
0.5 to 5% for overt hypothyroidism and from 5 to 20% for 
subclinical hypothyroidism [1–3]. However, only a limited 
number of studies have described thyroid disease in elderly 
patients and its impact on cognition. The thyroid, like other 
endocrine glands of the human body, has wide-ranging 
effects on nervous system, and overt thyroid dysfunctions 
are associated with several forms of cognitive impairment, 
peripheral neuropathies, and depressive or anxiety disor-
ders [4]. Also, they act on muscular function, cardiovas-
cular system [5], erythropoiesis, and oxidative stress [6], 
among other organic functions, as well as mobility [7], 
which is an important marker of independence for activities 
of daily living (ADLs) in old age.

Abstract 
Introduction Subclinical thyroid dysfunction is a possible 
risk factor for cognitive impairment in old age, but results 
are inconsistent. Aim of the present study was to evaluate 
the prevalence of thyroid dysfunction among older com-
munity-dwelling adults and to see whether thyroid function 
impacts the cognitive status of the elderly.
Methods We included 1750 participants from the Study 
on Aging and Dementia in Mexico (SADEM). All sub-
jects were evaluated clinically via specific interviews. 
TSH levels were analyzed by chemiluminescent immu-
nometry assay. We classified participants into five thy-
roid state groups: (1) normal TSH levels (0.40–4.0  IU/L) 
were considered euthyroid; (2) Overt hyperthyroidism: 
TSH <0.3  IU/l and FT4 >23  pmol/l; (3) Overt hypothy-
roidism: TSH >4.8  IU/l, FT4 <13  pmol/l; (4) Subclinical 
hyperthyroidism: TSH <0.3  IU/l, FT4: 13–23 pmol/l; (5) 
Subclinical hypothyroidism: TSH >4.8  IU/l, FT4: 13–23 
pmol/l.
Results The overall estimated prevalence of thyroid 
dysfunction in Mexican population was 23.7% (95% CI, 
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The thyroid gland produces thyroid hormones thyrox-
ine (T4) and triiodothyronine (T3) under the stimulation of 
pituitary secretion of thyrotrophin (TSH), and the diagno-
sis of hyperthyroidism is confirmed by demonstrating ele-
vated free thyroxine (FT4) in conjunction with suppression 
of TSH via negative feedback to the pituitary. Conversely, 
hypothyroidism is characterized by reduced FT4 in the set-
ting of elevated TSH. Subclinical hyperthyroidism is char-
acterized by low TSH and normal free triiodothyronine 
(FT3) and free thyroid hormone (FT4) or thyroxine levels 
[8].

Primary hypothyroidism is the most prevalent thyroid 
dysfunction in elderly individuals, and subclinical hypothy-
roidism is found in almost 20% of the elderly population 
[9] (Biondi B 2008). Recent research has suggested that the 
upper reference value for serum TSH levels varies among 
age strata [10]. However, to date, there is no exact defini-
tion of these specific cut-offs, according to age, in our pop-
ulation [8].

A decline in cognitive function with aging may involve 
perception, memory, speech, judgment, and reasoning. 
Because thyroid hormone has profound effects on the cen-
tral nervous system and modulates fetal and neonatal brain 
development, it affects cognition and may be important for 
optimal cognitive performance in adults [11]. Subclinical 
hyper- and hypothyroidism have been implicated as risk 
factors for cognitive impairment, risk for cardiovascular 
disease [12], and dementia [12–14], although the litera-
ture regarding these associations shows inconsistent results 
[15]. Some studies have reported a positive association 
[16–18], while others found no relationship between cog-
nitive impairment and hypothyroidism [18, 19]. For these 
reasons, the association of clinical hypothyroidism with 
cognitive impairment is controversial and continues to be 
an issue for debate. Demographic change in aging popu-
lations is worldwide; this is a topical issue and likely to 
become an important area for future research, as dementia 
is a major health concern in older adults [20]. The aim of 
the present study was to evaluate the prevalence of thyroid 
dysfunction among older community-dwelling adults and 
to see whether thyroid function impacts the cognitive status 
of the elderly.

Materials and methods

Subjects

The population in this study came from the Study on Aging 
and Dementia in Mexico (SADEM study), held in 2009. 
This is a population-based study where men and women 
over 60 years of age who participated in the SADEM study 
were chosen at random from those insured by the Instituto 

Mexicano del Seguro Social (IMSS), residents of Mex-
ico City. The SADEM study had a total of 3105 elderly; 
the objective of that study was to study the prevalence of 
dementia in Mexico City, and it has been described previ-
ously. Patients diagnosed with dementia were followed up 
to the present [21].

The participants in this cross-sectional study were 
selected at random from the 3105 older adults in the 
SADEM study, in order to estimate the prevalence of thy-
roid dysfunction and guarantee the extrapolation of the data 
to the elderly population in general, leading to a sample of 
1750 elderly.

The exclusion criteria were as follows: being institu-
tionalized, with brain tumor, iodine contrast use, unable to 
respond because of visual or severe hearing impairment, as 
well as presenting acute neurological diseases, and being 
unable to give informed consent. All criteria have been 
described previously [22].

In the present survey, we excluded subjects with a pre-
vious diagnosis of thyroid dysfunction and/or treated with 
drugs known to affect thyroid function. Patients affected by 
dementia were also excluded.

The research protocol was reviewed and approved by the 
National Commission of Scientific Research of the Mexi-
can Institute of Social Security, as well as by the Institu-
tional Ethics Committee (registration number R-2012-785-
102). All participants agreed to be part of the study through 
a signed written informed consent.

Clinical evaluation

All included subjects were evaluated clinically via a spe-
cific interview. We collected information on age, education 
(years of schooling), marital status, and body mass index 
(measured weight/measured height2), cigarette smoking 
(current smoker), alcohol consumption (number of drinks/
month). Comorbidity was evaluated using the Charlson 
Comorbidity Index. Waist circumference was measured 
at a level midway between the lower rib margin and iliac 
crest with the tape all around the body in horizontal posi-
tion. Body weight was measured without shoes with a 
0.1  kg precision. Systolic and diastolic blood pressures 
were measured using an automatic blood pressure monitor 
(Microfile BP A 100).

Body composition was assessed with a 353ioi JAWON 
body composition analyzer. Bioelectrical impedance was 
analyzed in the morning after a 12-h fast and adequate 
hydration, with the patient standing up and wearing light 
clothing, without shoes [23]. The analyzer measured 
weight with an accuracy of within 0.1 kg, as well as body 
impedance (in ohms), with calculation of the VAT value, 
percentage of total body fat (%BF).
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The Mini-Mental State Examination (MMSE) [24] 
(Franco-Marina et  al. 2010) was used to evaluate global 
cognitive function. The MMSE is a fully structured scale 
that consists of 30 points grouped into seven categories: 
orientation to place, orientation to time, registration, atten-
tion and concentration, language, and visual construction. 
In the Mexican population, 23/30 on the MMSE was found 
to be the optimal cut-off point to indicate cognitive impair-
ment, with a sensitivity of 97% and specificity of 88% [25] 
The 1984 National Institute of Neurological and Communi-
cative Disorders and the Alzheimer`s Disease and Related 
Disorders Association (NINCDS-ADRDA) recommended 
the MMSE as a screening test to detect cognitive impair-
ment [26]. Nevertheless, care was taken due to the ceiling 
effect to which this test is subject [7].

Functional status was determined using the Katz basic 
activities of daily living (ADL) scale, where scores range 
from zero (all functions preserved) to six (all functions 
lost). This scale determines the level of personal independ-
ence in six activities: bathing, dressing, toileting, transfer-
ring from bed to chair, continence, and feeding [27]. The 
level of independence in executing tasks, such as using the 
telephone, shopping for personal items, preparing meals, 
doing light housework, and managing money or drugs, was 
assessed by the Instrumental ADL [28]. Scores range from 
zero (all functions preserved) to eight (all functions lost), 
and we used the SF-36 questionnaire used to evaluate the 
quality of life (QOL) of elderly. It measures the eight con-
cepts of physical functioning, bodily pain, role limitations 
due to physical, personal, and emotional health problems, 
emotional well-being, social functioning, energy/fatigue, 
and general health perceptions. The total score is obtained 
by adding the items to create a score from zero to 100; 
higher scores indicate a better QOL. Scores of more than 
117, 72–117, and less than 72 denote good, moderate, and 
negative QOL, respectively [29, 30].

Depressive symptoms. Depressive symptoms were 
assessed using the adapted Mexican version of the Center 
for Epidemiologic Studies Depression scale (CES-D 
20-item version) [31, 32]. The final score ranged from zero 
to 60 points. Cut-off points for identifying depression were 
at >16 points.

Laboratory analysis

Blood samples were collected in the morning, after a fast 
equal to or greater than 10 h, and centrifuged at the clini-
cal chemistry laboratory of the National Medical Center, 
IMSS. Glucose, total cholesterol, high-density lipopro-
tein cholesterol (HDL-chol), and triglyceride levels were 
determined in serum through the semiautomatic chemi-
cal analyzer Ekem Control Lab. Low-density lipoprotein 

cholesterol (LDL-chol) was calculated using the Friede-
wald formula.

TSH levels were analyzed by chemilluminescent 
immunometry assay, using IMMULITE by Diagnostic 
Products Corporation (Los Angeles, USA). The refer-
ence range was 0.4–4.0  mIU/L [33]. The limits of detec-
tion were 0.004  mIU/L for TSH, 0.28  ng/dL for free-T4 
(FT4), and 1 pg/mL for free-T3 (FT3). TSH and FT4 lev-
els were recoded based on the classification system for 
thyroid disorders, which includes clear definitions for sub-
clinical thyroid disorders [34, 35]. Using this algorithm, 
we classified participants into five thyroid state groups: 
(1) participants with normal TSH levels (0.40–4.0  IU/L) 
were considered euthyroid; (2) Overt hyperthyroidism: 
TSH <0.3 IU/l and FT4 >23 pmol/l; (3) Overt hypothyroid-
ism: TSH >4.8 IU/l, FT4 <13 pmol/l; (4) Subclinical hypo-
thyroidism: TSH <0.3  IU/l, FT4: 13–23  pmol/l; and (5) 
Subclinical hyperthyroidism was defined as TSH >4.8 IU/l, 
FT4: 13–23 pmol/l.

Statistical analyses

Statistical analyses were performed using the Statistical 
Package for Social Sciences [36]. Means and standard devi-
ation (SD) were calculated for continuous variables, and 
significance differences evaluated using one-way analysis 
of variance (ANOVA) in the four groups (Euthyroid, Overt 
hyperthyroidism, Overt hypothyroidism, Subclinical hypo-
thyroidism, and Subclinical hyperthyroidism). Descriptive 
characteristics of categorical variables were summarized as 
frequencies, and comparisons among the groups performed 
using Chi square tests. Based on low to high serum TSH, 
all participants were divided into five groups, and logistic 
regression analyses performed using the fifth quintile as 
the reference. Logistic regression was used to evaluate the 
association of thyroid dysfunction with MCI (crude analy-
sis and multivariate adjustment for age, sex and educa-
tion). All calculated P values were unpaired and two-tailed, 
and differences were considered statistically significant at 
P < 0.05. Bonferroni correction was applied to adjust for 
multiple comparisons.

Results

Prevalence of thyroid dysfunction

Of the 1750 participants, 1276 (76.3%) had normal thyroid 
function, 256 (15.4%) had subclinical hypothyroidism, 121 
(7.2%) had overt hypothyroidism, 9 (0.5%) had subclinical 
hyperthyroidism, and 10 (0.6%) had overt hyperthyroidism. 
Table 1 shows thyroid dysfunction prevalence. The preva-
lence was not affected by age or education. 78 participants 
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were excluded for being under treatment for thyroid disor-
ders. Subjects with hypothyroidism have a higher preva-
lence of metabolic syndrome as compared with subjects 
with hyperthyroidism.

Alteration in thyroid was associated with lower edu-
cation (4.0 for overt hyperthyroidism vs 60.3 to euthy-
roidism; p = 0.026), BMI (24.8 subclinical hypertyriodism 
vs 25.8 euthyroidism; p <  0.000), percent body fat (PBF) 
(subclinical hypertyriodism 29.0 vs 31.9% euthyroidism; 
p  < 0.000), visceral fat area (subclinical and overt hyper-
tyriodism 107.1 vs 157.0  cm2 euthyroidism; p <  0.000), 
abdominal circumference (subclinical and overt hypertyri-
odism 80.1 vs 86.6 cm euthyroidism; p < 0.000), total cho-
lesterol (subclinical hypertyriodism 168.2 vs 203.3 mg/dL 
euthyroidism; p < 0.000), LDL-chol (106.9 vs 116.7 mg/dL 
euthyroidism; p < 0.000), triglycerides (149.4 vs 166.6 mg/
dL euthyroidism; p = 0.008), and albumin (4.3 vs 4.4 g/dL 

euthyroidism; p < 0.000) when compared to euthyroid par-
ticipants. Glucose was higher in participants with subclini-
cal hypothyroidism compared to those with euthyroidism 
(120.8 vs 113.9 mg/dL euthyroidism; p = 0.000).

Thyroid status and other geriatric assessment

Table 2 shows associations of serum TSH levels with cog-
nitive function test scores with MMSE. Based on serum 
TSH, all patients were divided into five groups. Compared 
with the fifth quintile, participants in the lowest and second 
lowest quintiles of TSH presented odds ratio (OR) for Cog-
nitive Impairment of 2.50 [95% confidence interval (95% 
CI), 1.01–7.02] and 2.23 (95% CI, 1.05–6.35), respec-
tively. All analyses were adjusted for age, sex, and years of 
education.

Table 1  Prevalence and baseline demographic and clinical characteristics for clinical strata of thyroid function characteristics

Data are presented as mean (SD) except for sex which is n (%)
Overt hyperthyroidism: TSH <0.3 IU/l and FT4 >23 pmol/l
Subclinical hyperthyroidism: TSH >4.8 IU/l, FT4: 13–23 pmol/l
Overt hypothyroidism: TSH > 4.8 IU/l, FT4 <13 pmol/l
Subclinical hypothyroidism: TSH <0.3 IU/l, FT4: 13–23 pmol/l
a Compared with normal control after Bonferroni correction, 2 vs 1 P < 0.001; 3 vs 1 P < 0.001; 4 vs 1 P < 0.001; 5 vs 1 P < 0.001
b Compared with normal control after Bonferroni correction, 2 vs 1 P < 0.001; 3 vs 1 P < 0.001; 4 vs 1 P < 0.001; 5 vs 1 P < 0.001
c Compared with normal control after Bonferroni correction, 2 vs 1 P < 0.001; 3 vs 1 P < 0.001; 4 vs 1 P < 0.001; 5 vs 1 P < 0.001
d Compared with normal control after Bonferroni correction, 2 vs 1 P < 0.001; 3 vs 1 P < 0.001; 4 vs 1 P < 0.001; 5 vs 1 P < 0.001
e Compared with normal control after Bonferroni correction, 2 vs 1 P < 0.001; 3 vs 1 P < 0.001; 4 vs 1 P < 0.001; 5 vs 1 P < 0.001
f 2 vs 1 P = 0.031; 3 vs 1 P = 0.011; 4 vs 1 P = 0.022; 5 vs 1 P = 0.022
g 2 vs 1 P = 0.002; 3 vs 1 P = 0.005; 4 vs 1 P = 0.008; 5 vs 1 P = 0.006
h 2 vs 1 P = 0.004; 3 vs 1 P = 0.001; 4 vs 1 P = 0.007; 5 vs 1 P = 0.002
i 2 vs 1 P = 0.002; 3 vs 1 P = 0.004; 4 vs 1 P = 0.005; 5 vs 1 P = 0.003

Thyroid function

Overt2 hypothyroidism
(n = 121)

Subclinical3 
hypothyroidism
(n = 256)

Euthyroidis1

(n = 1276)
Subclinical4 
hyperthyroid-
ism
(n = 9)

Overt5 hyperthyroidism
(n = 10)

P value*

Prevalence, (95% CI) 7.2 (5.91–8.36) 15.4 (13.40–16.81) 0.5 (0.18–0.88) 0.6 (0.22–0.95)
Sex men/women (%) 49 (40.5) 102 (39.8) 529 (41.46) 5 (55.6) 4 (40.0) 0.817
Age 73.3 (8.3) 72.0 (7.6) 72.1 (7.9) 71.0 (7.0) 74.8 (8.2) 0.682
Education (years) 7.4 (5.6) 5.9 (4.9) 6.3 (4.8) 8.0 (5.3) 4.0 (4.4) 0.026f

Body mass index 27.3 (3.5) 28.0 (3.2) 25.8 (4.4) 22.1 (3.1) 23.9 (2.0) 0.007g

Percent body fat 31.7 (7.1) 31.0 (6.6) 31.9 (7.6) 29.0 (5.0) 31.0 (5.4) 0.008h

visceral fat area 142.8 (50.7) 143.4 (49.3) 157.0 (68.8) 107.1 (28.0) 107.7 (20.2) <0.000a

Abdominal circumference 84.8 (8.1) 85.3 (7.7) 86.6 (9.6) 80.5 (4.9) 80.1 (5.6) <0.000b

Total cholesterol 194.7 (41.0) 193.1 (38.9) 203.3 (40.7) 168.2 (35.9) 181.1 (33.0) <0.000c

HDL-cholesterol 53.5 (15.1) 51.4 (14.7) 52.6 (14.2) 39.5 (12.5) 50.2 (11.4) 0.225
LDL-cholesterol 104.9 (37.2) 108.8 (34.8) 116.7 (39.9) 86.4 (36.5) 98.6 (39.5) <0.000d

Triglycerides 152.1 (62.4) 149.5 (69.0) 166.6 (90.1) 119.2 (41.1) 132.1 (34.6) 0.008i

Glucose 118.8 (32.5) 125.2 (45.8) 113.9 (41.4) 98.2 (3.9) 94.2 (2.2) <0.000e
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Thyroid dysfunction and cognitive impairment

The association of thyroid status and cognitive performance 
is presented in Table 3. There was a significant difference 
in MMSE between participants with hyperthyroidism and 
hypothyroidism when compared to participants with euthy-
roidism (all p < 0.05). Compared with the normal thyroid 
function group, we found significant association between 
MCI and thyroid dysfunction after adjusting the model 
for covariates of age, sex, and education years. In patients 
with hypothyroidism, the association was significant, while 
patients with hyperthyroidism did not reach statistical sig-
nificance. (OR, 1.23, 95% CI, 1.28–5.69; OR, 1.23, 95% 
CI,) 1.39–5.42; OR, 1.23, 95% CI, 0.19–5.56; OR, 1.03, 
95% CI, 0.69–8.69, respectively.

Discussion

The prevalence of thyroid disease in this study was simi-
lar to that reported in previous studies [2] (Robles-Osorio 
2014). Given the known effects of thyroid hormone on 

brain function, it is reasonable to ask whether altered thy-
roid status is a risk factor for the cognitive impairment. 
The results of the present study showed the risk effect of 
thyroid dysfunction on cognitive performance in elderly 
people, reflecting a global decline related to aging. Simi-
larly hypothyroidism and subclinical hypothyroidism 
were associated with cognitive dysfunction, but only the 
former was statistically significant [37]. This result set is 
contrary to that reported in other large studies which indi-
cate that subjects with subclinical hypothyroidism do not 
have major cognitive impairments. However, the admin-
istered tests were often designed to screen large numbers 
of subjects and might not have detected subtle deficits. 
The association between subclinical hypothyroidism and 
cognitive impairment has not been completely clarified, 
especially in the elderly, where the assessment of neuro-
logical function is more challenging [38].

Some studies have assessed whether there are signifi-
cant differences in cognitive function in elderly subjects 
affected by subclinical hypothyroidism. Cook et al. [39], 
studying 15 subjects of a mean age of 74  years, have 
noted that patients with subclinical hypothyroidism had 
significantly lower MMSE scores compared with euthy-
roid controls. In another report [40] in 425 subjects aged 
between 65 and 85  years, verbal fluency, an aspect of 
cognitive status, was found to be significantly impaired 
in subclinical hypothyroidism. Wijsman et al. [41], study-
ing 161 participants, found no consistent association of 
subclinical hyper- or hypothyroidism with altered cogni-
tive performance compared to euthyroid. The same thing 
was observed in a subsample of 62 participants aged 67 
years and over at baseline from the NuAge study (Que-
bec longitudinal study). In conditional regression logistic 
models, there was no significant association between any 
thyroid function indices and the 3-year risk of cognitive 
impairment, as measured with the Modified Mini-Mental 
State [42]. The underlying causes of this discrepancy 

Table 2  Association of serum thyroid stimulating hormone with 
cognitive function

Linear regression models adjusted for age, sex, and years of education
a Quintile fifth was used as the reference

Cognitive function score MMSE

Variablea β (SE) P value Exponential (B) 95% CI for 
exponential 
(B)

TSH (1) 2.02 (0.50) 0.003 2.50 (1.01–7.02)
TSH (2) 1.90 (0.49) 0.040 2.23 (1.05–6.35)
TSH (3) 0.76 (0.43) 0.232 1.52 (0.80–4.68)
TSH (4) 0.34 (0.40) 0.312 1.43 (0.75–4.60)

Table 3  Association of thyroid 
dysfunction with mild cognitive 
impairment

a Multivariate adjustment for age, sex, and education years

Modela Odds ratio (95% CI)

Overt hypothyroidism (n = 46)
Mild cognitive impairment (n = 60) Crude

Multivariate-adjusteda
1.00 (1.01–4.36)
1.23 (1.28–5.69)

Subclinical hypothyroidism (n = 70)
Mild cognitive impairment
(n = 59)

Crude
Multivariate-adjusteda

1.01 (1.02–3.46)
1.23 (1.39–5.4)

Overt hyperthyroidism (n = 10)
Mild cognitive impairment
(n = 60)

Crude
Multivariate-adjusteda

1.01 (0.29–3.26)
1.23 (0.19–5.56)

Subclinical hyperthyroidism (n = 9)
Mild cognitive impairment (n = 60) Crude

multivariate-adjusteda
1.01 (0.49–5.26)
1.03 (0.69–8.69)
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could be related to different exclusion criteria, age, or 
other confounding conditions.

However, other cross-sectional or longitudinal studies 
performed in this area are consistent with our results and 
observed an association between subclinical hypothyroid-
ism and cognitive performance.

In a recent meta-analysis, a relationship was observed 
between subclinical hypothyroidism and cognitive impair-
ment only in individuals younger than 75 years and those 
with higher TSH concentrations. No correlation was found 
when considering all the studies as a whole. Nonetheless, 
in this systematic review, none of the meta-analyzed stud-
ies used age-adjusted expected ranges, leading to the pos-
sible misclassification of older subjects as having subclini-
cal hypothyroidism. Other limitations of this meta-analysis 
were dissimilar data collection and marked heterogeneity in 
the definition of hypothyroidism and cognitive scales [38].

Hogervorst et al. [16] reported that high log-transformed 
TSH levels were associated with lower MMSE perfor-
mance, independent of FT4, age, sex, education, and mood. 
However, the analysis in that study focused on the level 
of TSH, in contrast to our study, where the objective was 
to evaluate cognitive state with the different categories of 
thyroid dysfunction. Although the concentration of TSH 
may be a reflection of the intracellular amount of thyroid 
hormones, it has been observed that the circulating level of 
these thyroid hormones is associated with oxidative stress 
and neuronal damage in elderly patients. Moreover, other 
studies in elderly participants have found that low thyroid 
hormone (T4, but not TSH level) predicted low baseline 
cognitive performance. In addition, the Hogervorst study 
included patients with known diagnosis of thyroid disease, 
in spite of which in the present study, it is noteworthy that 
the frequency of patients with hypothyroidism, both clini-
cal and subclinical, was elevated.

The present study data were adjusted for age, sex, and 
education, and the MMSE scale has been previously 
reported [25]. Considering the high prevalence of subclini-
cal hypothyroidism, additional studies using more specific 
methodologies to examine cognitive function in elderly 
patients with subclinical hypothyroidism are needed; also, 
knowing the practical repercussions of any such association 
is needed.

The results of our study indicate that in elderly people, 
cognitive impairment is evidently associated with overt 
hypothyroidism. Recent research has suggested that thy-
roid status varies among age strata. However, thyroid biol-
ogy itself partly argues against the delineation of universal 
TSH cut-off points, since each individual appears to have 
a specific cut-point set by the hypothalamic–pituitary–thy-
roid axis [43]. To date, there is no exact definition of these 
specific cut-offs, according to age, in our population.

In this study, there was also a significant associa-
tion between hyperthyroidism and cognitive impairment, 
although to a lesser degree. These results are consist-
ent with previous studies reporting associations between 
hyperthyroidism and cognitive impairment [44]. Several 
plausible mechanisms for these associations have been sug-
gested, including thyroid hormones inducing deposition of 
β-amyloid changes, and higher thyroid hormone levels have 
been found to be associated with a higher count of neocor-
tical neuritic plaque and smaller hippocampal volume [44, 
45].

Despite these limitations, our data suggest that even in 
relatively healthy elderly participants, thyroid dysfunction 
is associated with low cognitive function. Moreover, thy-
roid screening of cases with cognitive impairment may be 
important, as one prospective study found that levothyrox-
ine prescribed to patients with hypothryoidism improved 
their affected memory performance significantly [25].

Strengths of the present study are that the sample was 
drawn from a community-dwelling population, and that 
important factors potentially affecting the thyroid function 
were considered. The well-known limitations of cross-
sectional studies apply to the present study. Therefore, it is 
difficult to determine whether thyroid dysfunction was pre-
sent before cognitive impairment. The major limitation to 
the study is that the chosen measures cover a broad range 
of cognitive domains. However, the MMSE is a screening 
test to detect gross impairment, as the authors point out. It 
is possible that subtle defects in specific cognitive domains 
may have been missed in this study. The valid counter-
argument is that such subtle defects may not be clinically 
significant, at least in otherwise healthy elderly subjects. 
Further research is needed to elucidate causality and direc-
tions of these associations across the life course.

Conclusions

The present study demonstrates a high prevalence of thy-
roid dysfunction in adult population, as well as a relation-
ship between cognitive impairment and the presence of 
hyperthyroidism and hypothyroidism. We have shown that 
overt hypothyroidism, whether clinical or subclinical, is 
associated with poorer cognitive performance in elderly 
people. Thyroid dysfunction and cognitive impairment are 
common problems in older individuals. The possible asso-
ciation of thyroid dysfunction with cognitive impairment is 
very important, because management of thyroid dysfunc-
tion is likely to have beneficial effects on mental health and 
quality of life. Better knowledge of this and other aspects in 
the elderly population is urgently needed. More thorough 
studies are needed to assess these findings and their impact 
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on quality of life, hospitalization, and mortality in this spe-
cific population.
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