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Abstract
Background
Thyroid metabolites play an important role in cognitive functions. It is absolutely recommended to
evaluate thyroid function tests (TFT) in the etiologic examination of cognitive disorders in dementia. In
this study, we aimed to compare laboratory and cognitive data of patients aged under 65 years who
presented to the other clinics with memory loss and who had been diagnosed with Alzheimer disease
(AD).
Methods
We retrospectively reviewed the ndings of patients aged under 65 years meeting the inclusion criteria of
the study. Before admitting to our clinic, the patients who had memory problems were diagnosed with AD
without screening TFT and started medications in different centers were screened. After performing
thyroid screening for differential diagnosis in our rst evaluation, patients who had diagnosed with
disorders of thyroid hormones or/and antibodies and started to treat with thyroid medical therapy,
included in our study.
There were three groups. GroupI patients had elevated values of fT3 and anti-TPO, normal anti-TG levels.
GroupII patients had decreased fT3 and fT4 levels and normal values of antibodies. GroupIII patients had
normal fT3-fT4 and elevated values of anti-TPO and anti-TG.
The patients of medications for AD (donepezil/rivastigmine/memantine/irregular medications) were
recorded. The patients were followed-up for at 1st and 24th weeks after starting thyroid medical treatment.
Follow-up of the patients was performed by the standardized mini mental state examination (MMSE),
Verbal memory process, Boston naming test (BNT), Frontal assessment battery (FAB), Barthel activities of
daily life index (BI) and Ideomotor apraxia test (IAT).
Results
We identi ed 55 (30 female-25 male) patients who could be included. The mean age of patients was
51.8±7.6 (35-65). There were 40 (72.7%) patients in GroupI, 11 (20.2%) in GroupII, and 4 (7.1%) in GroupIII.
MMSE, BNT, FAB (similarities go-no-go and lexical uency), IAT were found statistically signi cant
differences in all groups. Cognitive tests were found to be improved in patients. Although BI was found
signi cant improvement in GroupII at 24th week.
Conclusion
If there is a disorder of thyroid hormones and antibodies in patients with memory loss, the treatment of
thyroid dysfunction should be planned before onset of anti-dementia medications.
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Background
The thyroid gland controls the body's metabolic function. Glands produce hormones that regulate various
functions in the body. Thyroid metabolites play an important role in the central nervous system, especially
for cognitive functions [1]. Thyroid dysfunction, which may develop with aging, may have a negative
effect on quality of life with impaired cognition. Hypothyroidism is a common cause of treatable
cognitive impairment. The diagnosis of hypothyroidism in the elderly may be di cult, because
hypothyroidism-associated symptoms of cognitive dysfunction may occur in older ages is generally
attributed to the aging process or a neurodegenerative disease as likely Alzheimer disease (AD). A number
of other reasons that bear similarity to AD must be excluded on clinical or laboratory grounds. Inadequate
investigation of differential diagnosis of AD can result with starting to anti-dementia medications. Thus,
the patient not only takes an unnecessary medication, but also health insurance faces an unnecessary
economic cost. Moreover, while the disease is treatable, it remains untreated.
Therefore, it is absolutely recommended to evaluate thyroid function tests in the etiologic examination of
cognitive disorders in dementia guidelines [2, 3]. However, it is seen that the patients who had memory
problems in clinical practice are diagnosed with AD without testing any thyroid hormone and antibody
analysis.
In this study, we aimed to compare laboratory and cognitive data of patients aged under 65 years who
presented to the other clinics with the symptoms of memory loss and who had been diagnosed with AD
and started treatment for AD, regardless of clinical or subclinical thyroid dysfunctions. Also, cognitive
functions of the patients which had no response to AD therapy, had improvement with medical therapy
for thyroid dysfunction.

Methods
We retrospectively reviewed the ndings of patients aged under 65 years meeting the inclusion criteria of
the study. Before admitting to our clinic, the patients diagnosed with AD and started medications in
different centers were screened in our datas. These patients were admitted to the centers with memory
problems, however, the functions of the thyroid glands were not evaluated because they were not
considered as a cause of memory problems. After performing thyroid screening for differential diagnosis
in our rst evaluation, patients who had diagnosed with disorders of thyroid hormones or/and antibodies
and started to treat with thyroid medical therapy, included in our study.
The patients were divided into three groups according to serum thyroid values. Group I patients had
elevated values of free triiodothyronine (fT3) and anti-thyroid peroxidase antibody (anti-TPO), normal
anti-thyroglobulin antibody (anti-TG) levels. Group II patients had decreased fT3 and free thyroxine (fT4)
levels and normal values of antibodies. Group III patients had normal fT3-fT4 and elevated values of antiTPO and anti-TG.
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Optimum value ranges of the patients were evaluated; thyroid stimulating hormone (TSH) 0.45–5.33
µIU/mL, fT3 2.5–3.9 pg/mL, fT4 0.62–1.13 ng/dL, anti-TPO < 9.0 IU/mL, anti-TG 0–4.0 IU/mL in the
laboratory for serum examinations.
The patients of medications for AD (donepezil 10 mg/day, rivastigmine 9,5 mg/day, memantine
20 mg/day) were recorded. The patients who take their medications irregularly or not use instead of
physicians’ recommendation were included as another group for medical treatment evaluation. The
certain duration of anti-dementia drugs therapy could not be recorded because the anti-dementia drugs
were started in other centers. We had no detailed information about exact duration.
Data of the patients who attended the outpatient clinic follow-up regularly and whose neuropsychological
tests were performed both at the rst admission and at 24th week were recorded. The patients with other
causes of dementia were excluded from the study.
The patients were followed-up for at least 6 months after starting thyroid medical treatment. Follow-up of
the patients was performed by the standardized mini mental state examination (MMSE), Verbal memory
process test (VMPT), Boston naming test (BNT), Frontal assessment battery (FAB), Barthel activities of
daily life index (BI) and Ideomotor apraxia test (IAT). MMSE is a simple screening test that is important
for cognitive impairment [4]. In this study, it was evaluated over 30 points depending on literacy status of
the patients. VMPT involve tasks measuring verbal memory capacity including learning of word lists,
story recall or logical memory and learning sequence of paired words [5] In the evaluation, immediate
memory score, complete learning points (number of attempts ensuring complete learning), total learning
score (total number of words recalled in each trial) and long-term recall scores are determined. In this
study, to evaluate verbal learning and working memory (verbal), immediate learning, delayed recall and
total recall criteria scores were used. The objective of BNT is to measure a person's ability to name
illustrated objects in 20 seconds [6]. The FAB examines similarities (conceptualization), lexical uency
(mental exibility), motor series (programming), con icting instructions (sensitivity to interference), go-no
go (inhibitory control), prehension behaviour (environmental autonomy). In similarities test, the patient is
asked to comprehend the relationship between two objects of the same category. Patients with
dysfunction of the frontal lobe can not establish a relationship between objects and can not establish
concrete features or similarity. In lexical uency, people must recall as many words as possible according
to a given one letter in one minute. In the motor series test, the patient is asked to do the “punch-edgepalm” sequence (Luria’s three step test). In the go-no go test, if the researcher hits twice in the con icting
instructions test, the patient should strike once. Thus, cases should follow verbal commands and avoid
doing what they see. In this test, case should inhibit the previous response with the same stimulus.
BI is a scale used to measure the individual's performance in daily living activities. Nutrition, self-care,
toilet activities, bathing, stair-climbing, dressing, bowel care, bladder care, mobility, and transfer are
evaluated over 100 points in 10 categories.
IAT consists of 20 items in 4 different categories (facial, upper extremity, instrumental and complex) each
containing 5 items. Each item is given by verbal instruction and the patient is asked to do it. When it is not
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correct or the patient does not react, the patient is shown movement and asked to mimic. The patient’s
score is presented from a scale one to 60 points [7].

Statistical analysis
The Kolmogorov-Smirnov test was used to test the normality of the distribution of variables. Continuous
parametric variables were compared using the independent-sample t-test. Continuous nonparametric
variables were compared using the Mann-Whitney U-test. The continuous variables were reported as
mean ± standard deviation. Pearson’s chi-squared test was used to detect the relationship between the
two categories of variables. Statistical signi cance was set at p < 0.05. All analyses were performed using
IBM SPSS Statistics, Version 13.0. (Armonk, NY: IBM Corp.)

Results

Patients
We identi ed 55 (30 female-25 male) patients who could be included in the study. All cases were between
the age of 35–65 (the mean age; 51.8 ± 7.6). There were 40 (72.7%) patients in Group I, 11 (20.2%)
patients in Group II, and 4 (7.1%) patients in Group III. (Table 1) The distribution of patients with memory
loss according to age was 4, 9, 8, 11, 18, 5 patients respectively. (35–40, 41–45, 46–50, 51–55, 56–60,
61–65 years) (Table 1)
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Table 1
Number and percentage of patients’ gender and age distribution.
N
Group I (increased fT3 and anti-TPO)

40 (%72.7)

Donepezil

23

Rivastigmine

7

Memantine

4

Irregularly or not use treatment

6

Group II (decreased fT3 and fT4)

11 (%20.2)

Donepezil

3

Rivastigmine

1

Memantine

1

Irregularly or not use treatment

6

Group III (increased anti-TPO and anti-TG)

4 (%7.1)

Donepezil

2

Irregularly or not use treatment

2

fT3: free triiodothyronine, fT4: free thyroxine, anti-TPO: anti-thyroid peroxidase antibody, anti-TG: antithyroglobulin antibody
Also, the groups had detailed information about medical treatment for memory problems. In Group I, the
patients continued to use donepezil (n = 23), rivastigmine (7) and memantine (4). Six patients who used
the medical treatments irregularly or not take any medications in Group I. In Group II, 3 patients were
treated with donepezil, one patient was treated with rivastigmine, and one memantine. Six patients had
irregular medical treatment in Group II. In Group III, two patients were treated with donepezil. Table 2
shows the distribution of the patients according to anti-dementia drugs.
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Table 2
Groups for serum levels of thyroid hormones and antibodies and medications for memory loss.
GROUP I (n = 40)

1st week

24th week

p

Mini Mental State
Examination

18.22 ± 4.17

21.6 ± 3.11

0.001

Boston Naming Test

11.23 ± 2.36

13.1 ± 1.4

0.004

Immediate Learning

2,90 ± 1,19

3,12 ± 1,40

ns

Delayed Recall

5,54 ± 1,12

6,80 ± 1,74

ns

Total Recall

5,25 ± 1,19

6,75 ± 2.65

ns

Similarities

1.27 ± 0.10

2.12 ± 0.81

0.001

Go-no go

0.90 ± 1.20

1.52 ± 1.02

0.001

Lexical uency

1.21 ± 1.1

2.02 ± 0.91

0.001

Barthel Activities of
Daily Life Index

81.2 ± 2.02

85.41 ± 3.21

ns

Ideomotor Apraxia
Test

41,02 ± 13,05

46,62 ± 10,63

0.001

Verbal Memory
Processes Test

Frontal Assessment
Battery

ns: p > 0.05

Cognitive Evaluation
The cognitive tests including MMSE, VMPT, BNT, FAB, BI and IAT performed at the 1st week and 24th
week were compared in all groups.
MMSE, BNT, FAB (similarities go-no-go and lexical uency), IAT were found statistically signi cant
differences in all groups. Cognitive tests were found to be improved in patients. Although BI was found
signi cant improvement in Group II at 24th week.
Tables 3,4 and 5 shows all differences of cognitive batteries in all groups.
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Table 3
The comparison of Group I patients’ (fT3 and anti-TPO high, anti-TG normal) cognitive tests at the 1st
and 24th week
GROUP II (n = 11)

1st week

24th week

p

Mini Mental State
Examination

16.24 ± 4.1

20.6 ± 2.01

0.001

Boston Naming Test

10.31 ± 1.41

14.10 ± 2.12

0.001

Immediate Learning

2,76 ± 1,21

3,03 ± 1,34

ns

Delayed Recall

5,31 ± 1,34

5.41 ± 1,14

ns

Total Recall

4,35 ± 1,01

4,75 ± 2.45

ns

Similarities

1.21 ± 0.10

2.52 ± 1.16

0.001

Go-no go

0.76 ± 1.21

2.02 ± 0.01

0.001

Lexical uency

1.33 ± 1.10

2.12 ± 0.76

0.001

Barthel Activities of
Daily Life Index

79.2 ± 2.02

83.31 ± 4.12

0.001

Ideomotor Apraxia
Test

44,02 ± 11,15

47,62 ± 8,63

0.001

Verbal Memory
Processes Test

Frontal Assessment
Battery

ns: p > 0.05
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Table 4
The comparison of Group II patients’ (fT3-T4 low, anti-TPO and anti-TG normal) cognitive tests at the 1st
and 24th week
GROUP III (n = 4)

1st week

24th week

p

Mini Mental State
Examination

21.12 ± 3.21

25.21 ± 2.43

0.001

Boston Naming Test

14.31 ± 2.44

16.10 ± 1.74

0.004

Immediate Learning

3,01 ± 1,12

3,11 ± 1,32

ns

Delayed Recall

6.01 ± 1,13

6,04 ± 1,81

ns

Total Recall

5,96 ± 1,20

6.00 ± 2.03

ns

Similarities

2.11 ± 0.10

2.96 ± 0.02

0.004

Go-no go

0.91 ± 1.26

1.62 ± 1.16

0.012

Lexical uency

2.11 ± 1.10

2.96 ± 0.01

0.013

Barthel Activities of
Daily Life Index

86.2 ± 3.02

88.41 ± 2.26

ns

Ideomotor Apraxia
Test

44,01 ± 11,05

49,12 ± 8,13

< .000

Verbal Memory
Processes Test

Frontal Assessment
Battery

ns: p > 0.05
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Table 5
The comparison of Group III patients’ (fT3-fT4 low, anti-TPO and anti-TG high) cognitive tests at the 1st
and 24th week
GROUP III
(n=4)

1st week

24th week

p

Mini Mental
State
Examination

21.12 ± 3.21

25.21± 2.43

0.001

Boston
Naming Test

14.31± 2.44

16.10± 1.74

0.004

3,01±1,12

3,11±1,32

ns

Delayed
Recall

6.01±1,13

6,04±1,81

ns

Total
Recall

5,96±1,20

6.00±2.03

ns

2.11±0.10

2.96±0.02

0.004

0.91±1.26

1.62±1.16

0.012

Lexical
uency

2.11±1.10

2.96±0.01

0.013

Barthel
Activities of
Daily Life
Index

86.2±3.02

88.41±2.26

ns

Ideomotor
Apraxia Test

44,01±11,05

49,12±8,13

< .000

Verbal
Memory
Processes
Test
Immediate
Learning

Frontal
Assessment
Battery
Similarities
Go-no go

ns: p >0.05
In our study, the e cacy of thyroid dysfunction therapy was observed in patients who were previously
diagnosed with AD and treated with AD medication, but did not experience cognitive improvement. The
most prominent tests of improvement were found in FAB in which the three groups showed signi cant
differences in similarities, go-no go and lexical uency, MMSE, BNT and IAT.
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Discussion
Treatment of dementia depends on its cause. Potentially reversible dementias should be identi ed and
treatment considered. Treatable cognitive disorders have been reported to be between 0–30% in all
dementia patients. [8, 9, 10] However, even the types of dementia classi ed as reversible do not result in
complete treatment and complete recovery in cognitive functions.
Thyroid dysfunction is one of the most important causes of cognitive impairment. Cognitive dysfunction
due to thyroid disorder can be seen alone or co-morbidity with other types of dementia. Thyroid disorders,
which may be seen as hypothyroidism or hyperthyroidism, have been reported to be a risk factor for the
progression of irreversible dementia [11].
Thyroid hormones have broad and signi cant effects in the central nervous system starting from fetal life
and continuing throughout adult life [12]. De ciency of thyroid hormones has been associated with
decreased growth, decreased number of cells in the dentate gyrus, and unusual neuronal migration and
maturation, which may explain cognitive-behavioral de ciencies. In the thyroid hormone de ciency, cortex
cells accumulate smaller and denser than normal; this leads to a reduction in the progression of axon and
dendritic processes. Axonal density decreases and the probability of axodendritic interaction decreases
approximately 80% [13, 14, 15]. Also, thyroid hormones accelerate the myelin process; it can affect cell
migration and controls cell differentiation and maturation of speci c neuronal populations.
Thyroid function should be performed while physicians evaluate cognitive functions, but disruptions can
be seen in clinical practice. In a retrospective study from Japan's large database, it was found that only
32.6% of 262,279 patients over 65 years of age who newly prescribed anti-dementia medication had
thyroid function tests before the initiation of antidementia medication. [16]. This approach should be a
result of physicians’ assumptions that cognitive dysfunction is caused by primary dementia, such as AD,
whose prevalence increases with age [17]. Another point of view is that physicians tend to avoid possible
harm that may be caused by unnecessary examinations and treatments in elderly patients. The
prevalence of thyroid dysfunction was reported 4.4% in population aged over in elderly patients [18].
These publications have been reported with data from older patients. However, in our study, although
thyroid hormone and/or antibody tests were not performed in patients presenting with memory loss under
65 years at the rst admission in other clinics. So, unnecessary anti-dementia medication was started
instead of thyroid treatment.
Hypothyroidism is more common in the elderly than in young people [19]. One study found an inverse
linear relationship between serum fT3 and risk of AD [20]. In our study, 11 patients (20.2%) with
hypothyroidism were detected in Group II. There was a statistically signi cant difference in the rst and
24th week cognitive tests with appropriate thyroid treatment.
Although hypothyroidism is more known, hyperthyroidism has important effects on cognitive function. In
the Rotterdam study, 9446 people aged 65 years were followed for an average of 8 years and the risk of
dementia was reported to be higher in people with high free thyroxine [21]. In our study, 40 (70.2%)
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patients with elevated fT3 levels were detected and signi cant improvement was observed in thyroid
therapy and cognitive tests. In the literature, not only hyperthyroidism but also subclinical
hyperthyroidism has been reported to be associated with high risk for dementia [22].
When thyroid function tests are performed as fT3, fT4 and TSH, evaluation of anti-TPO and anti-TG
antibodies is often overlooked. In our study, 4 (7.1%) patients had normal thyroid hormone levels but high
antibodies and cognitive improvement was detected with thyroid treatment. Cognitive impairment should
also be considered in the evaluation of thyroid antibodies despite normal thyroid hormone levels [23].
However, AD is the most common type of dementia diagnosed for patients who had memory problems. In
clinical practice, we can see that young patients were diagnosed with AD and started to treated with antidementia medications quickly. All treatment guidelines recommend to exclude the other causes of
dementia that can be treatable reasons in patients with memory loss. Thus, besides the treatment is safe
and effective, it can be prevented in the economic burden of unnecessary medications. Our study is a
good example of this approach.
In our study, patients who admitted to the clinics with the symptoms of memory problems had an
erroneous diagnosis with incomplete diagnostic methods during rapid examinations. Alzheimer's drugs
were started to the patients both created an unnecessary and risky treatment for the patients and also
created an economic and psychosocial burden for them. The evaluation of patients in our center has
been important. The memory problems of our patients were caused by treatable dementia. Also, a
cheaper treatment is su cient for the treatment of dementia.
The most important problem in our study is the question of why we continue the anti-dementia drugs of
the patients. The answer to this question may be that we want to see that patients respond well to thyroid
therapy. Besides, anti-dementia drugs of the patients seem to be stopped after 24 weeks. Also, cognitive
functions of the patients which had no response to AD therapy, had improvement with medical therapy
for thyroid dysfunction. However, in recent studies, the fact that thyroid hormones are a risk factor for
neurodegenerative diseases may also consider restarting similar drugs in the future.
Worldwide costs of dementia are enormous. The increase in costs arises from increased number of
patients with dementia and in increases in per person costs. In 2015, the costs of dementia estimated at
United States $818 billion and increase of 35% since 2010 [24]. In Turkey, minimum cost of anti-dementia
drug is $12.65 (€11.62), maximum cost is $64.88 (€59.7) for a month. Whereas, costs of thyroid
screening blood test and medical treatment for thyroid for a month are $7.06 (€6.5) in Turkey. Although
the certain duration of anti-dementia drugs therapy could not be recorded in our study, the difference
between the costs of thyroid screening-medical treatment and unnecessary AD medications for a month
is remarkable.
The limitations of our study are the fact that the number of patients was not similar in all groups, that the
follow-up of the patients could be recorded retrospectively up to 24 weeks and that dementia
treatment/costs ratios could not studied.
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Conclusion
If there is a disorder of thyroid hormones and antibodies in patients with memory loss, the treatment of
thyroid dysfunction should be planned before onset of anti-dementia medications.
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activities of daily life index; IAT:Ideomotor apraxia test; fT3:free triiodothyronine; fT4:free thyroxine; antiTPO:anti-thyroid peroxidase antibody; anti-TG:anti-thyroglobulin antibody; TSH:Thyroid stimulating
hormone.
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