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Objective. The aim of the present work is to define the risk factors that can affect the pres-
ence of a cognitive impairment and analyze the associations of the brain-derived neurotrophic 
factor (BDNF) gene polymorphism (rs6265), vitamin D receptor (VDR) gene polymorphism 
(rs2228570), and N-methyl-D-aspartate (NMDA) receptor gene polymorphism (rs4880213) with 
the cognitive impairment in patients with autoimmune thyroiditis and hypothyroidism in the 
Western Ukraine population and predict the development of cognitive disorders in these patients.

Methods. The study involved 153 patients with various forms of thyroid pathology (hypothyroid-
ism, autoimmune thyroiditis, elevated serum antibodies anti-thyroglobulin and anti-thyroid per-
oxidase). Cognitive impairment in the examined patients was evaluated based on the results of the 
Mini-Mental State Examination (MMSE) test. BDNF, GRIN2B, and 25-OH Vitamin D levels in the 
serum of the patients and healthy individuals were quantified using highly sensitive commercial en-
zyme-linked immunosorbent assay kits. Genotyping of the VDR (rs2228570), BDNF (rs6265), and 
NMDA receptor (rs4880213) gene polymorphism was performed using TaqMan probes and Taq-
Man Genotyping Master Mix (4371355) on CFX96™Real-Time PCR Detection System. Polymerase 
chain reaction (PCR) for TaqMan genotyping was carried out according to the kit instructions.

Results. Strong direct relationship between the “Level GRIN2B” and cognitive impairments 
(p=0.006) was established after evaluating the complex model based on the values of the regression 
coefficient. An increase in the likelihood of cognitive impairment by 24.898-fold (p=0.012) was 
seen after assessing the effect of the CT rs6265 genotype. In addition, direct relationship between 
the influence of the TT rs6265 genotype and an increase in the likelihood of cognitive impairment 
by a factor of 21.734 (p=0.024) was also established.

Conclusion. The present data indicate that the BDNF, TSH, fT4, and vitamin D levels prognos-
tically belong to the significant indicators of the cognitive impairment development. 
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The thyroid gland function significantly act upon 
the human cognitive function and mood. Overt 
hypothyroidism is accompanied by various disorders 
affecting neuropsychological and mental activities, 
namely attention deficit, concentration and memory 
impairment, psychomotor retardation, depressed 

mood, and anxiety (Leyhe and Mussig 2014). An 
increasing number of well-powered studies has 
reported a cognitive impairment in patients with 
Hashimoto’s thyroiditis (HT), which is not dependent 
on the thyroid function disorders (Djurovic et al. 
2018). Relevant clinical studies have shown a strong 
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interconnection between vitamin D levels in serum 
and a cognitive impairment in patients with HT (Xu 
et al. 2018).

Vitamin D receptors (VDR) and vitamin D-acti-
vating enzyme 1α-hydroxylase are located in the 
hippocampus, hypothalamus, cortex, and subcortex, 
which are regions vital for cognition (Annweiler et 
al. 2015). Vitamin D insufficiency has been closely 
related to the progress of thyrocyte damage in HT 
and disorders like AITD and HT (Kim 2016).

Brain-derived neurotrophic factor (BDNF), the 
major member of the neurotrophin family, is broadly 
expressed in the mammalian brain and engaged in 
the learning and memory (Sable et al. 2021). Thyroid 
hormones directly regulate BDNF, which plays an 
essential role in the brain development (Hung et al. 
2018).

There is an increasing need to elucidate the risk 
factors that may influence the presence of cognitive 
impairment in patients with HT, since the cognitive 
impairment is associated with a high risk of 
depression and disruption of the patient’s daily life 
suffering from chronic diseases (LeMoult and Gotlib 
2019). One of the relevant directions of the biomedical 
research is to investigate the role of genetic factors in 
the development of common multifactorial diseases 
(Dzhuryak et al. 2020; Kamyshna and Kamyshnyi 
2021) and to search for new targets for their therapy 
(Nosulenko et al. 2014). In this case, the analysis 
of transcriptome (Degen et al. 2020; Putilin et al. 
2020; Bilous et al. 2021; Kamyshna et al. 2021c) and 
single nucleotide polymorphism (Kamyshna et al. 
2021b) have been considered to be effective tools for 
identifying the hereditary predisposition to some 
conditions.

The aim of the present work was to define the risk 
factors that can affect the presence of a cognitive 
impairment and analyze the associations of the 
BDNF gene polymorphism (rs6265), the VDR gene 
polymorphism (rs2228570), and the N-methyl-D-
aspartate (NMDA) receptor gene polymorphism 
(rs4880213) with the cognitive impairment in patients 
with autoimmune thyroiditis and hypothyroidism 
in the Western Ukraine population and predict the 
development of cognitive disorders in these patients.

Materials and methods

Our research was conducted in Bukovinian State 
Medical University, Chernivtsi Regional Endocri-
nology Center, and I. Horbachevsky Ternopil National 
Medical University, Ukraine. The study included 153 
patients with different types of thyroid pathology. All 

of them were women. The subjects were divided into 
three groups: group 1 (n=16) comprised of patients 
with postoperative hypothyroidism (PO); group 2 
(n=65) included patients with hypothyroidism (H) 
caused by autoimmune thyroiditis (AIT), and group 3 
(n=72) included patients with both AIT and elevated 
serum antibodies anti-thyroglobulin (anti-Tg) and 
anti-thyroid peroxidase (anti-TPO). Twenty-five 
healthy individuals were randomly selected as a 
control group without adjusting for age or gender.

Ethical approval. The study fully ensured the 
standards described in the Helsinki Declaration of 
Human Rights 1975 (amended in 2008). The partici-
pants completed and signed a written consent before 
being voluntarily enrolled in the research. The Ethics 
Committee of the HSEEU “Bukovinian State Medical 
University”, I. Horbachevsky Ternopil National 
Medical University and Chernivtsi Regional Endo-
crinology Center, Ukraine, have approved this study 
under an approval ID: 11-07.11.2017.

Assessment of thyroid gland function. In the 
hypothyroidism diagnosis, we were guided by 
the requirements of the American Association of 
Clinical Endocrinologists 2012. The corresponding 
clinical features were considered when verifying AIT, 
namely the results of a sonogram of the thyroid gland 
(reduced echogenicity) and circulating antibodies 
to thyroid antigens, anti-TPO, and anti-TG were 
detected (Garber et al. 2012).

Blood samples from patients and controls were 
taken in the morning (8:00 to 10:00 a.m.) after 
an overnight fasting. The levels of thyroxine (fT4, 
normal range 6.0–13.0 pmol/L for males and 7.0–13.5 
pmol/L for females), thyroid-stimulating hormone 
(TSH, normal range 0.3–4.0 mIU/mL), anti-thyroid 
peroxidase (anti-TPO, normal range 0–30 IU/mL) 
and anti-thyroglobulin (anti-TG, normal range 0–65 
IU/mL) were determined using STAT FAX303/Plus 
analyzer (Awareness Technology Inc, USA) in each 
individual who participated in the study.

The study exclusion criteria were the following: 
less than 18 years of age, malignancy, inflamma-
tion resulting from rheumatic diseases or acute/
chronic infection, diabetes mellitus, vascular and 
chronic diseases of liver and kidneys, and pregnancy. 
Individuals administering drugs that could influence 
thyroid function were also ruled out from the study.

Assessment of cognitive function, depression, 
and anxiety. We detected a decline in the cognitive 
function using the Mini-Mental State Examination 
(MMSE), which has been the most used screening 
instrument throughout decades (Batty et al. 2013; 
Bos et al. 2015). We identified the severity of 
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depression and anxiety levels using the Hamilton 
Depression Rating Scale (HAM-D; Hamilton 1967) 
and Hamilton Rating Scale for anxiety (HAM-A; 
Hamilton 1959). Due to the HAM-D, scores of 0–7, 
8–13, 14–18, 19–23, and 23–53 were considered as 
normal, mild, medium, severe, and very severe, 
respectively (Blacker 2007). The Hamilton Rating 
Scale for Anxiety (HAM-A; Hamilton 1959) is one of 
the most widely used values for assessing the anxiety 
severity in the research settings. Due to the HAM-A, 
each item was scored on a scale of 0 (not present) 
to 4 (severe) with a total score range of 0–56, where 
<17 indicates mild severity, 18–24 mild to moderate 
severity, and 25–30 moderate to severe.

Enzyme-linked immunosorbent assays (ELISA). 
BDNF levels in the serum of patients and healthy 
individuals were quantified by a highly sensitive 
Human BDNF ELISA Kit (Elabscience®, United 
States, Catalog No: E-EL-H0010) using E.I.A. Reader 
Sirio S (Seac, Italy).

Glutamate Receptor (Ionotropic, N-Methyl-D-
Aspartate 2B) GRIN2B levels in the serum of patients 
and healthy subjects were assessed by to Human 
highly sensitive GRIN2B ELISA Kit (Elabscience®, 
United States, Catalog No E-EL-H1631).

For determining 25-OH Vitamin D levels in the 
serum of patients and healthy individuals, 25-OH 
Vitamin D Total (Vit D-Direct) Test System ELISA 
Kit (Monobind Inc.®, United States, Product Code: 
9425-300) using E.I.A. Reader Sirio S (Seac, Italy) was 
applied.

Genotyping of the VDR (rs2228570), BDNF 
(rs6265), and NMDA receptor (rs4880213) gene 
polymorphism.

DNA isolation. The venous blood was collected 
in a sterile Vacutainer stabilized with K2EDTA. The 
total DNA was isolated from the peripheral blood 
by PREP-RAPID-GENETICS DNA Extraction 
Kit (DNA-TECHNOLOGY, Russian Federation, 
Catalog No P-021/4) according to the manufacturer’s 
instructions.

DNA amplification and genotyping. The samples 
were genotyped by TaqMan probes and TaqMan 
Genotyping Master Mix (4371355) on CFX96™Real-
Time PCR Detection System (Bio-Rad Laboratories, 
Inc., USA). Polymerase chain reaction (PCR) for 
TaqMan genotyping was conducted due to the kit 
instructions (Applied Biosystems, USA). TaqMan 
Genotyping Master Mix contains DNA polymerase 
AmpliTaq Gold®, dNTPs, reference dye ROX™, and 
buffer ingredients. TaqMan probes are target-specific 
oligonucleotides with reporter dyes attached to the 5’ 
end of each probe: (VIC® dye on the 5’ end of the Allele 

1 probe and 6FAM ™ dye on the 5’ end of the Allele 2 
probe), and a non-fluorescent quencher (NFQ) the 
3’ end of the probe. Genomic DNA was intensified 
in a 10 μL reaction mix comprising genomic DNA, 
forward and reverse primers, fluorescent probes, and 
TaqMan Genotyping Master Mix. Genotyping of the 
samples conducted on the CFX-Manager ™ software 
using allelic discrimination assays based on the 
magnitude of relative fluorescence units.

Statistical analysis. We used the Student’s t-test, 
ANOVA, Pearson’s χ2 test, ROC-analysis, odds ratio 
test, relative odds ratio test, and equality 0 correlation 
test to determine the difference between groups. The 
odds ratio and 95% confidence interval (CI) were 
computed by binary logistic regression where p values 
<0.05 were regarded as a statistically significant 
difference between the two groups (Statsoft Statistica 
v.12.0).

Results

The demographic, clinical, and biochemical char-
acteristics of the participants are displayed in Table 1. 
In our study, we evaluated cognitive impairment in 
the examined patients based on the results of the 
MMSE test (Table 2). According to our study, in 50% 
of patients with PO no cognitive impairment was 
detected according to the MMSE test, whereas 37.5% 
of patients in this group had moderate pre-dementia 
cognitive impairment and 12.5% mild dementia. In 
49.2% of patients with AIT with hypothyroidism, 
cognitive impairment was not detected, while 30.8% 
of patients had moderate pre-dementia cognitive 
impairment, and 20% of patients in this group mild 
dementia. Moderate and severe dementia was not 
detected in the examined patients. In the group of AIT 
patients, only 16.7% showed moderate pre-dementia 
cognitive impairment. In the rest of the patients of 
this group, no pathology was detected according to 
the MMSE test.

Analysis of the cognitive impairment presence 
was performed conditioning on the polymorphism 
of the BDNF gene (rs6265). According to the data 
obtained, when comparing the presence of cognitive 
impairment according to the MMSE test (Table 3), we 
revealed statistically reliable differences depending 
on the polymorphism of the BDNF gene (rs6265) 
(p<0.001). Thus, probable changes were observed 
among carriers of CT and TT genotypes with carriers 
of CC genotype (p<0.001). Due to the presence of 
cognitive impairment according to the MMSE test, 
depending on the polymorphism of the VDR gene 
(rs2228570) and the polymorphism of the NMDA gene 
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Table 2
Analysis of cognitive impairment on the MMSE test conditioning on groups of subjects.

Variable Categories
Groups of subjects

p-value
Control PO АІТ

with H АІТ

Cognitive impairment
on the MMSE test

No cognitive impairment 25 (100.0) 8 (50.0) 32 (49.2) 60 (83.3) p<0.001*
pControl – PO =0.002

pControl – АІТ with H <0.001
pPO – АІТ =0.003

pАІТ with H – АІТ <0.001

Moderate (pre-dementia) 
cognitive impairment

0 6 (37.5) 20 (30.8) 12 (16.7)

Mild dementia 0 2 (12.5) 13 (20.0) 0 (0.0)

Abbreviations: AIT – autoimmune thyroiditis; H – hypothyroidism; MMSE – Mini-Mental State Examination; PO – postoperative 
hypothyroidism. *p<0.05 – differences are statistically significant.

Table 3
Analysis of the presence of cognitive impairment conditioning on the polymorphism of the BDNF gene (rs6265), VDR gene 

(rs2228570), and NMDA gene (rs4880213).

Variables Categories
Presence of cognitive impairment

p-value
No cognitive impairment Presence

of cognitive impairment
BDNF gene polymorphism 
(rs6265)

CC 105 (86.8) 16 (13.2) p<0.001*
pCC – CT<0.001
pCC – TT<0.001CT 17 (37.8) 28 (62.2)

TT 3 (25.0) 9 (75.0)
VDR gene polymorphism 
(rs2228570)

AA 49 (72.1) 19 (27.9) 0.898
AG 50 (68.5) 23 (31.5)
GG 26 (70.3) 11 (29.7)

NMDA gene 
polymorphism (rs4880213)

CC 36 (66.7) 18 (33.3) 0.555
CT 63 (74.1) 22 (25.9)
TT 26 (66.7) 13 (33.3)

Abbreviations: BDNF – brain-derived neurotrophic factor; NMDA – N-methyl-D-aspartate; VDR – vitamin D receptor. *p<0.05 – 
differences are statistically significant.

Table 1
Demographic, clinical, and biochemical characteristics of study participants.

Variables Control group
(n=25)

Patient groups
PO

(n=16) AIT with H (n=65) AIT and elevated anti-Tg and 
anti-TPO antibodies (n=72)

Age (years) 46.08±14.58 47.30±12.27 46.72±15.49 45.02±13.65
fT4 (pmol/L) 8.91±0.97 3.44±0.31 4.13±0.52 8.51±0.82
TSH (mIU/mL) 2.67±0.52 8.61±0.84 7.09±0.50 2.38±0.62
anti-TPO (IU/mL) 34.04±3.70 36.13±2.78 380.62±73.42 330.36±50.23
anti-TG (IU/mL) 15.32±1.97 15.50±1.90 32.97±4.27 36.38±7.70
Current dose of 
L-thyroxine (μg/day)

None 110.95±5.25 88.46±1.55 None

25-OH Vitamin D 
(ng/mL)

39.2±6.58 20.69±3.09
(p<0.001)

19.08±3.14
(p<0.001)

21.48±2.83
(p<0.001)

BDNF (pg/ml) 1037.80±361.83 310.10±112.84
(p<0.001)

329.34±312.57
(p<0.001)

1031.34±385.00
(p=0.95)

Abbreviations: AIT – autoimmune thyroiditis; anti-Tg – anti-thyroglobulin antibody; anti-TPO – anti-thyroid peroxidase antibody; 
fT4 – free thyroxine; H – hypothyroidism; PO – postoperative hypothyroidism; TSH – thyroid stimulating hormone. Data are 
presented as a mean ± standard deviation.
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(rs4880213), statistically not significant differences 
were found (p=0.898, p=0.555), respectively.

We conducted a cognitive impairment analysis 
on the MMSE scale conditioning on the poly-
morphism of the BDNF gene (rs6265). According 
to the data obtained, when comparing cognitive 
impairment on the MMSE scale (Table 4), statisti-
cally reliable differences were detected depending 
on BDNF gene polymorphism (rs6265) (p<0.001). 
Thus, among CC carriers of the genotype only 9.1% 
of the subjects showed moderate (pre-dementia) 
cognitive impairment, while in carriers of CT and TT 
genotypes, such changes were detected in 51.1% and 
33.3%, respectively. Mild dementia was observed in 
41.7% of carriers of the TT genotype, 11.1% of carriers 
of the CT genotype, and only 4.1% of carriers of the 
CC genotype (p=0.621, p=0.802) respectively.

Correlation analysis of the association between 
hormones levels and MMSE was performed (Table 5). 
Analysis of the correlation between cognitive 
impairment according to MMSE test and the levels of 
TSH, fT4, anti-TG, and anti-TPO antibodies, 25-OH 
Vitamin D, and BDNF levels showed a strong direct 
correlation between MMSE test and BDNF levels 
(p<0.001) and a direct moderate correlation between 
cognitive impairment and fT4 (p<0.001), and weak 
direct correlation between 25-OH Vitamin D levels 
(p<0.001). Furthermore, we revealed a moderate 
inverse correlation between the MMSE test and TSH 
in the blood (p<0.001) and GRIN2B (p=0.003). At 
the same time, we detected a weak inverse relation-
ship between depression and anti-TPO (p<0.001) and 
anti-TG (p=0.035).

The observed dependence of the “MMSE” index on 
the “BDNF” index is described by the paired linear 
regression equation: YMMSE =0.003×XBDNF+24.278. 
With an increase in BDNF by 1, an increase in 
MMSE by 0.003 should be expected. Following the 
coefficient of determination R², the obtained model 
considers 41.6% of the factors influencing the value of 
the “MMSE” index (Figure 1).

The dependence of the “MMSE” index on the 
“GRIN2B” index is described by the paired linear 
regression equation: YMMSE=-0.227×XGRIN2B+28.18. 
With a decrease in the “GRIN2B” index by 1, an 
increase in the “MMSE” index by -0.227 should 
be expected. By the coefficient of determina-
tion R², the resulting model considers 7.2% of the 
factors influencing the value of the “MMSE” index 
(Figure 2). The assessment of the dependence 
of the “MMSE” index on quantitative factors 
was performed by the multiple linear regression 
method (Table 6). The observed dependence of the 
MMSE index on the BDNF index, TSH index, the 
anti-TG index is described by the linear regression 
equation: YMMSE=28.507+0.002×XBDNF–0.269×XTSH–
0.076×Xanti-TG.

With an increase in the “BDNF” index by 1, an 
increase in the “MMSE” index by 0.002 should be 
expected, with an increase in the “TSH” index by 1, 
a decrease in the “MMSE” index by 0.269 should be 
expected, with an increase in the “ anti-TG” index by 
1, a decrease should be expected the “MMSE” index 
by 0.076. The resulting regression model is charac-
terized by a correlation coefficient of rxy=0.7, which 
corresponds to a high correlation on the Chaddock 

Table 4
Analysis of the cognitive impairment on the MMSE scale on the polymorphism of the BDNF gene (rs6265), VDR gene 

(rs2228570), and NMDA gene (rs4880213).

Variables Categories

Cognitive impairment on the MMSE scale

p-valueNo cognitive 
impairment

Moderate
(pre-dementia) 

cognitive impairment
Mild dementia

BDNF gene 
polymorphism 
(rs6265)

CC 105 (86.8) 11 (9.1) 5 (4.1) p<0.001*
pCC – CT<0.001
pCC – TT<0.001
pCT – TT=0.047

CT 17 (37.8) 23 (51.1) 5 (11.1)
TT 3 (25.0) 4 (33.3) 5 (41.7)

VDR gene 
polymorphism 
(rs2228570)

AA 49 (72.1) 12 (17.6) 7 (10.3) 0.621
AG 50 (68.5) 19 (26.0) 4 (5.5)
GG 26 (70.3) 7 (18.9) 4 (10.8)

NMDA gene 
polymorphism 
(rs4880213)

CC 36 (66.7) 12 (22.2) 6 (11.1) 0.802
CT 63 (74.1) 16 (18.8) 6 (7.1)
TT 26 (66.7) 10 (25.6) 3 (7.7)

Abbreviations: BDNF – brain-derived neurotrophic factor; MMSE – Mini-Mental State Examination; NMDA – N-methyl-D-
aspartate; VDR – vitamin D receptor. *p<0.05 – differences are statistically significant.
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scale. The model was statistically reliable (p<0.001). 
Based on the value of the coefficient of determina-
tion R², the model considers 55.2% of the factors that 
determine the change in the “MMSE” index.

We conducted a study of the prognostic value of 
plasma levels of a number of hormones as potential 
markers of cognitive impairment. The displayed curve 
was obtained during estimation of the dependence 
of detecting the presence of cognitive impairment 
conditioning on BDNF using ROC analysis. The 
following curve was gained when assessing the 
dependence of detecting the presence of cognitive 
impairment conditioning on BDNF using the ROC 
analysis (Figure 3).

The area under the ROC curve constituted 
0.864±0.042 with 95% CI: 0.781–0.947. The resulting 
model was statistically reliable (p<0.001). The cut-off 

Figure 1. Regression line characterizing the dependence of 
Mini-Mental State Examination (MMSE) on brain-derived 
neurotrophic factor (BDNF).

Figure 2. Regression line characterizing the dependence of 
Mini-Mental State Examination (MMSE) test on Glutamate 
Receptor (Ionotropic, N-Methyl-D-Aspartate 2B, GRIN2B).

Figure 3. ROC-curve describes the dependence of the prob-
able Presence of cognitive impairment on brain-derived neu-
rotrophic factor (BDNF).

Table 5
Results of the correlation analysis of the association between 
the levels of hormones and cognitive impairment due to the 

MMSE test.

Variables

Correlation characteristics

p-value

The strength of the 
association was 

assessed using the 
Chaddock scale

p-value

BDNF – MMSE 0.714 Strong <0.001*
GRIN2B – MMSE –0.332 Moderate 0.003*
TSH – MMSE –0.455 Moderate <0.001*
fT4 – MMSE 0.428 Moderate <0.001*
anti-TPO – MMSE –0.296 Weak <0.001*
anti-TG – MMSE –0.166 Weak 0.035*

Vitamin D – MMSE 0.275 Weak <0.001*
Abbreviations: anti-TG – anti-thyroglobulin antibody; anti-
TPO – anti-thyroid peroxidase antibody; BDNF – brain-derived 
neurotrophic factor; fT4 – free thyroxine; GRIN2B – Glutamate 
Receptor, Ionotropic, N-Methyl-D-Aspartate 2B; MMSE – 
Mini-Mental State Examination; TSH – thyroid-stimulating 
hormone. *p<0.05 – differences are statistically significant.

Table 6
Analysis of the “MMSE” index depending on “BDNF”, “TSH”, 

“anti-TG”.

B S.E. T p-value
intercept 28.507 1.038 27.459 <0.001*
BDNF 0.002 0.001 3.674 <0.001*
TSH –0.269 0.101 –2.654 0.010*

anti-TG –0.076 0.019 –3.920 <0.001*
Abbreviations: anti-TG – anti-thyroglobulin antibody; B – 
regression coefficient; BDNF – brain-derived neurotrophic 
factor; MMSE – Mini-Mental State Examination test; S.E. – 
standard error; T– Student’s t-test; TSH – thyroid-stimulating 
hormone. *p<0.05 – differences are statistically significant.
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value of BDNF, which is aligned with the highest 
Youden’s J index, was 566.240. If BDNF was lower or 
equal to this value. Cognitive Impairment Detection 
was predicted. The sensitivity and specificity of the 
method constituted 83.3% and 80.0%, respectively.

For the development of cognitive impairment, prog-
nostically significant indicators were also found to be 
TSH levels (p<0.001; sensitivity: 80.4%, specificity: 
67.6%), fT4 (p<0.001; sensitivity: 86.3%, specificity: 
59.5%) and vitamin D (p=0.010; sensitivity: 54.7%, 
specificity: 60.8%).

The construction of a predictive model of the 
probability of a certain outcome was carried out 
using a logistic regression method. The Nigelkirk’s R² 
coefficient was a measure of certainty indicating that 
part of the variance can be explained using logistic 
regression.

To assess the diagnostic significance of quan-
titative signs in predicting a certain outcome, the 
analysis method of ROC curves was used. The 
separating value of the quantitative trait at the 
cut-off point was determined by the highest value of 
the Youden index.

A predictive model was developed to 
determine the likelihood of the presence of 
cognitive impairment depending on the VDR, 
the (rs4880213), the GRIN2B index, the rs6265, 
on “Hamilton depression rating scale” by the 
method of binary logistic regression. The observed 
dependence is described by the equation: P=1/
(1+e–z)×100%; z=–7.162+0.365XAG–1.170XGG+0
.310XCT+0.942XTT+1.843XGRIN2B+3.215XCT+ 
3.079XTT+2.365X. Mild depressive disorder+1.575X 
and moderate depressive disorder +1.746X. The 
presence of anxiety on the Hamilton scale, where P is 
the probability of presence of cognitive impairment, 
XAG-VDR (0-AA, 1-AG), XGG-VDR (0-AA, 1-GG), 
XCT-(rs4880213) (0-CC, 1-CT), XTT-(rs4880213) 
(0-CC, 1-TT), XLIN level GRIN2)-GRIN2 level), 
XCT-rs6265 (0-CC, 1-CT), XTT-rs6265 (0-CC, 
1-TT), X Mild depressive disorder - presence of 
depression on the Hamilton scale (0 – Norm, 1 – 
Mild depressive disorder), X depressive disorder of 
moderate severity – presence of depression on the 
Hamilton scale (0-Norm, 1- depressive disorder 
of moderate severity), X presence of anxiety - the 
presence of anxiety on the Hamilton scale.

The obtained regression model is statistically 
significant (p<0.001). Based on the value of the 
Nigelkirk coefficient of determination, the model 
explains 77.1% of the variance observed in the 
presence of cognitive impairment. When evaluating 
the complex model, based on the values of the 

regression coefficients, a direct relationship between 
the “Level GRIN2B” index and cognitive impairments 
was established (Table 7). Thus, the likelihood of 
cognitive impairment increased by 6.317 (p=0.006). 
When assessing the effect of the CT rs6265 genotype, 
an increase in the likelihood of cognitive impairment 
by 24.898-fold (p=0.012) was also showed. In addition, 
a direct relationship was also established between the 
influence of the TT rs6265 genotype and an increase 
in the likelihood of cognitive impairment by a factor 
of 21.734 (p=0.024) (Figure 4).

When assessing the dependence of the probability 
of the presence of cognitive impairments on the value 
of the logistic function P using the ROC analysis, the 
following curve was obtained (Figure 5). The area 
under the ROC curve was 0.956±0.025 with 95% CI: 
0.907–1.000. The resulting model was statistically 
significant (p<0.001).

The threshold value of the logistic function P at the 
cut-off point, which corresponded to the highest value 
of the Youden’s index, was 0.729. The appearance of 
cognitive impairments was predicted when the value 
of the logistic function P was higher or equal to this 
value. The sensitivity and specificity of the model 
were 83.3% and 95.0%, respectively.

Discussion

In the present study, a strong direct relation-
ship between the GRIN2B levels and cognitive 
impairments was found after evaluating the 
complex model based on the values of the regression 
coefficient and an increase in the likelihood of 
cognitive impairment after assessing the effect of the 
CT rs6265 genotype. In addition, direct relationship 
between the influence of the TT rs6265 genotype and 
an increase in the likelihood of cognitive impairment 
was also established. The present data also indicate 
that the BDNF, TSH, fT4, and vitamin D levels may 
prognostically belong to the significant indicators of 
the cognitive impairment development. 

Deteriorated cognitive function, memory 
impairment, and depressive symptoms have been 
observed in the adult patients brain with hypothy-
roidism (Lass et al. 2008). Patients who received T4 
to overcome hypothyroidism were not always fully 
cured of symptoms that impact the central nervous 
system (CNS), such as the memory capacity (Wekking 
et al. 2005).

Our previous studies have shown that autoimmune 
thyroiditis (AIT) and hypothyroidism can affect 
the neuropeptides genes transcription and their 
receptors (Kamyshna et al. 2021c), the cell cycle 
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regulation (Bilous et al. 2020a), and the transmission 
of nerve impulses (Bilous et al. 2020b). Such changes 
in gene expression can contribute to the development 
of neurological complications related to the thyroid 
pathology (Kamyshna et al. 2021a,d). Due to the 
high incidence of hypothyroidism in the human 
population, there is a rising necessity to understand 
the cellular and molecular mechanisms altered by 
this disorder.

In humans, an investigation of normal subjects 
has shown that carriage of the Met66 allele of the 
BDNF Val66Met polymorphism is connected with 
the poorer episodic memory, atypical patterns of 
hippocampal activation (as estimated by functional 
magnetic resonance imaging), and lesser n-acetyl 
aspartate levels in the hippocampus (analyzed 
by functional magnetic resonance imaging spec-
troscopy) (Egan et al. 2003) assuming that this 

Figure 4. Estimation of the odds ratio with the corresponding 95% CI’s for the predictors included 
in the model Presence of cognitive impairment.

Table 7
Characteristics of the relationship of model predictors with the probability of detecting the presence of cognitive impairment.

Predictors
Unadjusted Adjusted

COR (95% CI) p-value AOR (95% CI) p-value
VDR: AG 1.667

(0.647–4.297)
0.290 1.440

0.200–10.381)
0.718

VDR: GG 0.689
(0.218–2.173)

0.525 0.310
(0.033–2.936)

0.308

(rs4880213): CT 0.596
(0.240–1.481)

0.266 1.363
(0.120–15.456)

0.802

(rs4880213): TT 1.619
(0.502–5.223)

0.420 2.565
(0.131–49.999)

0.534

GRIN2B 5.750
(2.790–11.858)

<0.001* 6.317
(1.696–23.524)

0.006*

(rs 6265): CT 3.082
(1.146–8.290)

0.026* 24.898
(2.050–302.475)

0.012*

(rs6265): TT 3.524
(0.856–14.498)

0.081 21.734
(1.499–315.135)

0.024*

Presence of depression on the Hamilton scale:
Mild depressive disorder

0.818
(0.170–3.931)

0.802 10.645
(0.326–347.930)

0.184

Presence of depression on the Hamilton scale: 
Depressive disorder of moderate severity 

18.666
(5.403–64.522)

<0.001* 4.830
(0.245–95.393)

0.301

The presence of anxiety on the Hamilton scale 15.596
(5.028–48.376)

<0.001* 5.734
(0.845–38.900)

0.074

Abbreviations: AOR – adjusted odds ratio; COR – crude odds ratio; GRIN2B – Glutamate Receptor, Ionotropic, N-Methyl-D-
Aspartate 2B; VDR – vitamin D receptor. *p<0.05 – association of the outcome value with the predictor value is statistically 
significant.
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polymorphism can be related to specific cognitive 
functions.

Recently, a relationship between BDNF Val66Met 
polymorphism and hippocampal activity during 
episodic memory processing by blood oxygenation 
level-dependent functional magnetic resonance 
imaging and a declarative memory task in a healthy 
population has been reported (Hariri et al. 2003). 
The outcomes have shown that the Met66 allele 
carriers revealed a relatively reduced hippocampal 
involvement than the Val66 homozygotes during 
encoding and retrieval processes. The interaction 
between the BDNF Val66Met polymorphism and the 
hippocampal response during encoding constituted 
one-fourth of the total variation in the recognition 
memory performance.

Numerous (Harris et al. 2006; Schofield et al. 
2009), but not all (Tsai et al. 2008; Houlihan et al. 
2009) studies have revealed reliable evidence of the 
connection between BDNF Val66Met polymor-
phism and cognition. In our study, statistically 
reliable differences were detected depending on 
the BDNF gene (rs6265) (p<0.001) polymorphism. 
Thus, among CC carriers of the genotype only 9.1% 
of the subjects showed moderate (pre-dementia) 
cognitive impairment, while in carriers of CT and 
TT genotypes, such changes were detected in 51.1% 
and 33.3%, respectively. Mild dementia was observed 
in 41.7% of carriers of the TT genotype, 11.1% the CT 
genotype and only 4.1% the SS genotype (p=0.621, 
p=0.802, respectively).

Vitamin D deficiency was connected with AITD 
and HT along with the progress of thyrocyte damage 
in HT and a negative correlation between the vitamin 
D levels and TSH after considering age, sex, body 
mass index, and sampling season has been noticed 
(Kim 2016). In our study, analysis of the correlation 

between cognitive impairment, according to the 
MMSE test and the levels of 25-OH Vitamin D 
and BDNF levels, showed a weak direct correlation 
between 25-OH Vitamin D levels (p<0.001) and a 
strong direct correlation between the MMSE test and 
BDNF levels (p<0.001).

The specific role of vitamin D in the pathophysi-
ology of cognitive impairment in patients with HT 
has not yet been clarified. A probable elucidation 
is vitamin D effect on the inflammatory cytokines. 
Earlier studies have described an increased cytokine 
production, which includes interleukin-1β (IL-1β), 
interleukin-6 (IL-6), monocyte chemoattractant 
protein-1 (MCP-1), and tumor necrosis factor-alpha 
(TNF-α), in patients with HT (Mikos et al. 2014; 
Sun et al. 2016). Vitamin D has been implicated 
in modulating the cytokines secretion, including 
TNF-α, IL-6, IL-1β, and MCP-1 (Farhangi et al. 
2017). Various studies have indicated that they are in 
a favor of the notion that inflammation characterized 
by elevated cytokine levels may play a crucial role in 
the cognitive impairment pathogenesis (Takeda et 
al. 2014). These outcomes presuppose that vitamin D 
might play a vital role in the cognitive impairment in 
the HT patients.

A meta-analysis of vitamin D receptor gene 
polymorphisms and AITD has shown a significant 
correlation between specific vitamin D receptor 
gene polymorphisms (such as BsmI and TaqI) and 
autoimmune thyroid diseases (Feng et al. 2013). In our 
study, due to the presence of cognitive impairment 
according to the MMSE test depending on the poly-
morphism of the VDR gene (rs2228570), statistically 
not significant differences were found.

N-methyl-D-aspartate receptors (NMDARs) are a 
family of ionotropic glutamate receptors that mediate 
a slow, Ca2+ permeable component of excitatory 
synaptic transmission in the central nervous system 
(CNS). NMDARs are a tetrameric assembly of two 
glycine-binding GluN1 subunits and two glutamate-
binding GluN2 subunits (Saito et al. 2020). 

In the light of an important role of GRIN2B in 
controlling NMDAR function, the time course of 
synaptic currents and plasticity, mutation-related 
disruption in the GluN2B subunit expression or 
function might give a rise to several neurodevel-
opmental phenotypes that reflect alterations in 
circuit formation, neuronal connectivity, synaptic 
plasticity, and excitatory transmission. Some variants 
in the NMDAR gene family with the GRIN2B gene 
encoding the GluN2B subunit being implicated in 
many cases of neurodevelopmental disorders, which 
are psychiatric conditions originating in childhood 

Figure 5. ROC-curve displaying the dependence of the pres-
ence of cognitive impairment feasibility on the logistic function 
p-value.
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and include language, motor and learning disorders, 
autism spectrum disorder (ASD), attention deficit 
hyperactivity disorder (ADHD), developmental 
delay, epilepsy, and schizophrenia have been found 
(Endele et al. 2010; Hu at al. 2017). The GRIN2B gene 
has been shown to play a crucial role in the normal 
neuronal development and is important for learning 
and memory (Reutlinger et al. 2010).

It has also been noticed at the molecular level 
that hypothyroidism contributes to the altered 
expression of mRNA encoding subunits comprising 
the N-methyl-D-aspartic acid receptor (NMDAR) 
in adult rats (Lee et al. 2003). We did not reveal 
significant differences between the polymorphism 
of the NMDA gene (rs4880213) and cognitive 
impairment according to the MMSE test. At the same 
time, we revealed a moderate inverse correlation 
between the cognitive impairment on the MMSE 
scale and the level of GRIN2B (p=0.003).

Conclusion

When evaluating the complex model based on 
the values of the regression coefficients, a strong 
direct relationship was established between the 
“GRIN2B Level” and cognitive impairments. When 
assessing the effect of the CT rs6265 genotype, an 
increase in the likelihood of cognitive impairment by 
24.898-fold was seen. In addition, direct relationship 
was also established between the influence of the TT 
rs6265 genotype and an increase in the likelihood of 
cognitive impairment by a factor of 21.734. The levels 
of BDNF (p<0.001), TSH (p<0.001), fT4 (p<0.001), 
and vitamin D (p=0.01) prognostically belong to the 
significant indicators of the cognitive impairment 
development.
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