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Abstract
BACKGROUND: Hypothyroidism is frequently accompanied by depression symptoms, whereas depression is 
considered the most common mental disorder.

AIM: It is crucial to analyze the associations of the brain neurotrophic factor (BDNF) gene polymorphism (rs6265), 
the VDR gene polymorphism (rs2228570), and the NMDA gene polymorphism (rs4880213) with the depression 
in patients with autoimmune thyroiditis and hypothyroidism in the Western Ukrainian population and predict the 
development of depressive disorders in these patients.

METHODS: The study involved a total of 153 patients with various forms of thyroid pathology. BDNF levels in the sera 
of the patients and healthy individuals were quantified using enzyme-linked immunosorbent assay with highly sensitive 
Human BDNF ELISA Kit (Elabscience®, United States, Catalog No: E-EL-H0010) on E.I.A. Reader Sirio S (Seac, Italy). 
Genotyping of the VDR (rs2228570), BDNF (rs6265), and NMDA (rs4880213) gene polymorphism using TaqMan probes 
and TaqMan Genotyping Master Mix (4371355) on CFX96™Real-Time Polymerase chain reaction (PCR) Detection 
System (Bio-Rad Laboratories, Inc., USA). PCR for TaqMan genotyping was carried out according to the kit instructions 
(Applied Biosystems, USA). We used the Student’s t-test, ANOVA, Pearson’s Chi-square test, ROC-analysis, odds ratio 
test, relative odds ratio test. The odds ratio and 95% confidence interval were computed by binary logistic regression.

RESULTS: When comparing the presence of depression on the Hamilton scale, statistically significant differences were 
found depending on BDNF gene polymorphism (rs6265) (p < 0.001), and non-statistically noticeable differences were 
detected depending on the VDR gene polymorphism (rs2228570) and NMDA gene polymorphism (rs4880213). Our study 
revealed a marked inverse connection between depression and BDNF levels (p < 0.001) and a reverse moderate correlation 
between depression and fT4 (p < 0.001) and 25-OH Vitamin D levels (p < 0.001). In addition, we identified a direct moderate 
correlation between pronounced levels of depression and thyroid-stimulating hormone (TSH) in the blood (p < 0.001).

CONCLUSIONS: Indicators such as BDNF, TSH, fT4, anti-TPO, and 25-OH Vitamin D levels were found to be 
prognostically significant criteria for the risk of developing depression.
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Introduction

The common reasons for hypothyroidism 
development are autoimmune disorders (Hashimoto’s 
thyroiditis) and insufficient thyroid hormone production 
resulting from surgical removal of thyroid adenomas. 
Hypothyroidism is frequently accompanied by depression 
symptoms [1], [2]. The rate of depression moderately 
increases in patients with hypothyroidism [3].

Brain neurotrophic factor (BDNF) deficiency 
is considered one of the neurobiological mechanisms 
critically involved in depression [4], [5].

Various polymorphisms of Vitamin D receptors 
are considered significant in developing the risk for 
autoimmune thyroiditis (AIT) [6]. Recently, evidence 
has emerged that low Vitamin D levels are involved 
in the manifestations of depression and anxiety in the 
general population [7].

Autoimmune diseases of the thyroid gland 
affect the transcriptional activity of genes regulating 
neurogenesis and neurotrophins and can cause 
depression and neurological complications. Although, 
the neuronal N-methyl-D-aspartate receptor is 
believed to play a key role in the pathophysiology 
of depression and neurological and mental illness 
correspondingly [8], [9].

One of the main directions of biomedical 
research today aimed to discover the role of genetic 
factors in the development of widespread multifactorial 
diseases [10] and the search for new targets 
for therapy [11]. Efficient methods for identifying 
hereditary predisposition to certain conditions are the 
analysis of transcriptome [12] and single nucleotide 
polymorphism [13], [14].

Our previous studies have proved that AIT and 
hypothyroidism can impair the transcription of genes 
engaged in neurogenesis [15], [16], the transmission 
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of nerve impulses [17], and the regulation of the cell 
cycle  [18]. Such changes in gene expression may 
influence the development of neurological complications 
associated with thyroid pathology [19], [20], [21], [22].

The work aims to analyze the associations 
of the BDNF gene polymorphism (rs6265), the VDR 
gene polymorphism (rs2228570), and the NMDA gene 
polymorphism (rs4880213) with the depression in 
patients with AIT and hypothyroidism in the Western 
Ukrainian population and predict the development of 
depressive disorders in these patients.

Materials and Methods

Our research was conducted in Bukovinian 
State Medical University, Chernivtsi Regional 
Endocrinology Center, and I. Horbachevsky Ternopil 
National Medical University, Ukraine. The study 
included a total of 153 patients with different types of 
thyroid pathology. The subjects were distributed into 
three groups. Group 1 (n = 16) comprised patients with 
postoperative hypothyroidism (PO); Group 2 (n = 65) 
included patients with hypothyroidism (H) caused by 
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 sex.

Ethical approval

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

To diagnose hypothyroidism, we were guided 
by recommendations required by 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 [23].

Blood samples from patients and controls were 
taken in the morning (8–10 am) after a night fast. Using 
STAT FAX303/Plus analyzer (Awareness Technology 
Inc, USA), we determined 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) in 
each individual who participated in the study.

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

We identified the severity of depression levels 
using the Hamilton Depression Rating Scale (HDRS), 
which is reliable for depression assessment. Due to the 
HDRS, scores of 0–7, 8–13, 14–18, 19–23, and 23–53 
are regarded as normal, mild, medium, severe, and 
very severe, correspondingly [24].

To quantify BDNF levels in the sera of the 
patients and healthy individuals, we used enzyme-
linked immunosorbent assay with highly sensitive 
Human BDNF (Brain-Derived Neurotrophic Factor) 
ELISA Kit (Elabscience®, United States, Catalog No: 
E-EL-H0010) on E.I.A. Reader Sirio S (Seac, Italy).

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

Genotyping of the VDR (rs2228570), 
BDNF (rs6265), and NMDA (rs4880213) Gene 
Polymorphism

DNA isolation

When collecting venous blood, we used a 
sterile Vacutainer and stabilized it with K2EDTA. To 
isolate Total DNA from peripheral blood, we applied 
PREP-RAPID-GENETICS DNA Extraction Kit (DNA-
TECHNOLOGY, Russian Federation), adhering 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 polymerase chain reaction 
(PCR) Detection System (Bio-Rad Laboratories, Inc., 
USA). 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 
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the 5’ end of the Allele 2 probe), and a non-fluorescent 
quencher 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 Chi-square 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 < 0.05 
were regarded as a statistically significant difference 
between the two groups (Statsoft Statistica v.12.0).

Results

In our present study, we inspected the 
relationship between BDNF gene polymorphism 
(rs6265), VDR gene polymorphism (rs2228570), 
and NMDA Gene Polymorphism (rs4880213) with 
depression in patients with AIT and hypothyroidism in 
the population of Western Ukraine.

The demographic, clinical, and biochemical 
characteristics of the participants are displayed in Table 1.

When analyzing the data on the Hamilton 
scale, depression was detected in all patients with 
post-operative hypothyroidism and 95.4% of patients 
with AIT with hypothyroidism. In patients with AIT, 
depressive disorders were observed in 59.7% of 
patients (Figure 1).

Mild depressive disorder was observed in 26.2% 
of patients with AIT with hypothyroidism and 36.1% of 
patients with AIT. Moderate depressive disorder was 
found in all patients with PO, in 69.2% of patients with 
AIT-induced hypothyroidism and 23.6% of patients with 
AIT. We detected no severe or highly severe depressive 
disorder in the examined patients (Table 2).

We performed the analysis of the presence of 
depression on Hamilton conditioning on SNP.

According to Table  3, when comparing the 
presence of depression on the Hamilton scale, statistically 
significant differences were found depending on BDNF 
gene polymorphism (rs6265) (p < 0.001). Due to the 
presence of depression on the Hamilton scale, depending 
on the VDR gene polymorphism (rs2228570) and NMDA 
gene polymorphism (rs4880213), non-statistically 
noticeable differences were detected (p = 0.246, p = 
0.633, respectively) (Pearson’s Chi-square test).

When comparing the level of depression on the 
Hamilton scale (Table 4), there was a probable increase 
in scores in the study group in carriers of all genotypes 
compared with the control group. Thus, there was a 
possible increase in the number of scores by 2.42-fold 
in carriers of the CC genotype, 2.32-fold in carriers of 
the CT genotype, and 2.21 folds in carriers of the TT 
genotype compared to the control.

A study of Depression Levels (in scores) in 
patients with different thyroid pathology depending on 
the rs6265 polymorphism genotype (Table 4) showed 
the highest scores on the Hamilton Depression Scale 
in TT genotype carriers in the experimental group of 
patients compared to the CC genotype carriers. In a 
like manner, in groups of patients with TT genotype, the 
Depression Levels (in scores) were significantly higher 
(AIT with hypothyroidism: 1.26-fold; and AIT: 2.56-fold) 
compared to patients with CC genotype. Such results 
indicate that the TT genotype carriers have higher rates 
of depression on the Hamilton scale, which the thyroid 
gland pathology can further exacerbate.

Table 1: Demographic, clinical, and biochemical characteristics of study participants
Variable Сontrol group (n = 25) Patients with postoperative 

hypothyroidism (PO, n = 16)
Patients with AIT‑induced hypothyroidism 
(AIT with hypothyroidism, n = 65)

Patients with AIT and elevated anti‑Tg 
and anti‑TPO antibodies (AIT, 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 ± 3.144 (p < 0.001) 21.48 ± 2.83 (p < 0.001)
BDNF (pg/ml) 1037.8 ± 361.83 310.19 ± 112.84 (p < 0.001) 329.34 ± 312.57 (p < 0.001) 1031.34 ± 385 (p = 0.95)
Data are presented as a mean ± standard deviation. TSH: Thyroid‑stimulating hormone, AIT: Autoimmune thyroiditis.

Table 2: Analysis of the presence of depression on the Hamilton scale in groups of subjects
Variable Categories Groups of subjects p

Control PO АІТ with H АІТ
Presence of 
depression on 
hamilton rating 
scale

Normal 24 (96.0) 0 (0.0) 3 (4.6) 29 (40.3) pControl – PO < 0.001
pControl – АІТ with H < 0.001
pControl – АІТ  < 0.001
pPO – АІТ with H = 0.038
pPO – АІТ  < 0.001
pАІТ with H – АІТ  < 0.001

Mild depressive disorder 1 (4.0) 0 (0.0) 17 (26.2) 26 (36.1)
Depressive disorder of 
moderate severity

0 (0.0) 16 (100.0) 45 (69.2) 17 (23.6)

Differences are statistically significant (p < 0.05).
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In patients with postoperative hypothyroidism, 
the depression indices on the Hamilton scale were high 
in carriers of all three genotypes and, probably, did not 
differ from each other.

At the same time, in patients with AIT, the 
Hamilton rating scale for depression indicate that 
individuals with TT genotypes had significantly higher 
scores on the depression scale compared to those with 
CT and CC genotypes.

Correlation analysis of the relationship between 
the levels of hormones and Depression was conducted 
(Table 5).

Analysis of the correlation between 
depression and the levels of TSH, fT4, anti-TG, 
and anti-TPO antibodies, 25-OH Vitamin D, and 
BDNF levels exhibits a marked inverse connection 
between depression and BDNF levels (p < 0.001) 
and a reverse moderate correlation between 
depression and fT4 (p < 0.001) and 25-OH Vitamin 
D levels (p < 0.001). In addition, we identified a 

Table 3: Analysis of the presence of depression on hamilton conditioning on SNP
Variables Categories Presence of depression on Hamilton Rating Scale p

Normal Mild depressive disorder Depressive disorder of moderate severity
BDNF gene polymorphism (rs6265) CC 49 (40.5) 38 (31.4) 34 (28.1) p < 0.001*

pCC – CT < 0.001
pCC – TT = 0.001

CT 6 (13.3) 5 (11.1) 34 (75.6)
TT 1 (8.3) 1 (8.3) 10 (83.3)

VDR gene polymorphism (rs2228570) AA 25 (36.8) 13 (19.1) 30 (44.1) 0.246
AG 21 (28.8) 17 (23.3) 35 (47.9)
GG 10 (27.0) 14 (37.8) 13 (35.1)

NMDA gene polymorphism (rs4880213) CC 15 (27.8) 17 (31.5) 22 (40.7) 0.633
CT 30 (35.3) 18 (21.2) 37 (43.5)
TT 11 (28.2) 9 (23.1) 19 (48.7)

*Differences are statistically significant (p < 0.05).

Table 4: Indices of the level of depression on the Hamilton scale (in scores) in patients with different thyroid pathology depending 
on the genotype variants by gene polymorphism
BDNF gene polymorphism (rs6265) (M ± m)
Variables CC CT TT P5 P6 P7
Сontrol group (n = 25) 4.24 ± 0.75 (17) 6.67 ± 0.516 (6) 7.5 ± 0.7 (2) < 0.001 0.066 0.065
Study group (n = 153) 10.26 ± 4.63 (104) 15.51 ± 1.57 (39) 16.6 ± 1.43 (10) < 0.001 < 0.001 < 0.001
P1 < 0.001 < 0.001  < 0.001
PO (n = 16) 16 ± 1.07 (8) 14.83 ± 0.75 (6) 14.5 ± 0.7 (2) 0.033 0.119 0.117
P1 < 0.001 < 0.001 0.01005
P2 < 0.001 < 0.0034 0.1154
AIT with hypothyroidism (n = 65) 2.93 ± 3.4 (46) 16.31 ± 1.14 (16) 16.33 ± 1.15 (3) < 0.001 0.0103 0.01
P1 < 0.001 < 0.001 0.0018
P3 < 0.001 0.0196 0.188
AIT (n = 72) 6.88 ± 3.25 (50) 15 ± 1.84 (17) 17.6 ± 0.55 (5) < 0.001 < 0.001 < 0.001
P1 < 0.001 < 0.001 0.0094
Р4 < 0.001 0.75 0.053
P1‑ Student’s t between the control group and study groups. Р2‑ Student’s t between PO and АІТ with hypothyroidism groups. Р3 ‑ Student’s t between AIT and АІТ with hypothyroidism groups. Р4 ‑ Student’s t between PO 
and AIT groups. Р5 ‑ Student’s t between СС and СТ genotypes. Р6 ‑ Student’s t between СС and ТТ genotypes. Р7 ‑ Student’s t between СТ and ТТ genotypes. AIT: Autoimmune thyroiditis.

Figure 1: Analysis of depression conditioning on the Hamilton scale 
in Groups of subjects

Table 5: Results of the correlation analysis of the association 
between the levels of hormones and depression
Variables Correlation characteristics

p The strength of the association was 
assessed using the Chaddock scale

p

BDNF – Depression −0.612 Close correlation < 0.001*
TSH – Depression 0.434 Moderate correlation < 0.001*
fT4 – Depression −0.442 Moderate correlation < 0.001*
anti‑TPO – Depression 0.284 Weak correlation < 0.001*
anti‑TG – Depression 0.156 Weak correlation 0.048*
25‑OH Vitamin D – Depression −0.376 Moderate correlation < 0.001*
*Differences are statistically significant (p < 0.05). TSH: Thyroid‑stimulating hormone.

direct moderate correlation between pronounced 
levels of depression and TSH in the blood (p < 
0.001) and a weak direct relationship between 
depression and anti-TPO (p < 0.001) and anti-TG 
(p = 0.048).

The observed dependence of depression 
from BDNF is described by a linear regression 
equation:

With 1 increase of BDNF −0.008 change of 
depression should be awaited. Due to the coefficient 
for determination R² of the resulting model, 54.4% of 
the observed variance of depression was explicated 
(Figure 2).

According to Table  6, when comparing 
the “Depression” indices depending on the “BDNF 
Level,” we detected significant differences (p = 0.025, 
p < 0.001, respectively).
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Table 6: Analysis of depression conditioning on BDNF and 
25‑OH Vitamin D levels
Variables Categories Depression p

Absence of 
depression

Presence of 
depression

BDNF Level Normal level 19 (43.2) 25 (56.8) p = 0.025*
Decrease level 6 (18.8) 26 (81.2)

25‑OH Vitamin D Normal level 24 (96.0) 1 (4.0) p1 < 0.001
p2 < 0.001
p3 = 0.015

Vitamin D < 20 ng/mL (Vitamin 
D deficiency)

10 (13.0) 67 (87.0)

Vitamin D = 20–30 ng/mL  
(Suboptimal Vitamin D 
availability)

22 (28.9) 54 (71.1)

*Differences are statistically significant (p < 0.05). P1‑ P value between Normal level and Vitamin D 
deficiency. Р2‑ P value between Normal level and Suboptimal Vitamin D provision. Р3 ‑ P value between 
Vitamin D deficiency and Suboptimal Vitamion D provision.

The probability of the presence of depression 
in the group with a decreased level of BDNF was 
3.293-fold higher than in the normal level group, the 
chance differences were statistically significant (95% 
CI: 1.130–9.597).

Figure  2: Regression line characterizing the dependence of 
depression from brain neurotrophic factor

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

Figure 3: ROC-curve characterizing the dependence of the probability 
depression on brain neurotrophic factor levels

The area under the ROC curve comprised 
0.900 ± 0.044 with 95% CI: 0.814–0.985. The resulting 
model was statistically significant (p < 0.001).

The cut-off value of BDNF which corresponds 
to the highest Youden’s J statistic is 566.240. If BDNF 
was less than or equal to this value, the presence of 

depression was predicted. The sensitivity and specificity 
of the method were 74.5% and 100.0%, respectively.

In addition to the BDNF level, indicators such 
as TSH, fT4, anti-TPO, and 25-OH Vitamin D levels 
were found to be prognostically significant criteria for 
the risk of developing depression.

Therefore, the estimation of the dependence 
of detecting the presence of depression conditioning on 
TSH using ROC analysis revealed that the area under 
the ROC curve comprised 0.770 ± 0.037 with 95% 
CI:  0.697–0.844. The resulting model was statistically 
significant (p < 0.001). The cut-off value of TSH which 
corresponds to the highest Youden’s J statistic is 6.300. If 
TSH was greater than or equal to this value, the presence 
of depression was predicted. The sensitivity and specificity 
of the method were 65.0% and 95.6%, respectively.

The analysis of the dependence of detecting 
the presence of depression conditioning on fT4 using 
ROC analysis revealed that the area under the ROC 
curve comprised 0.797 ± 0.043 with 95% CI: 0.713–
0.881. The resulting model was statistically significant 
(p < 0.001). The cut-off value of fT4 which corresponds 
to the highest Youden’s J statistic is 7.200. If fT4 was less 
than or equal to this value, the presence of depression 
was predicted. The sensitivity and specificity of the 
method were 68.4% and 93.3%, respectively.

We found that the area under the ROC curve of 
the dependence of depression conditioning on anti-TPO 
using ROC analysis comprised 0.745 ± 0.040 with 95% 
CI: 0.667–0.822. The resulting model was statistically 
significant (p < 0.001). The cut-off value of anti-TPO which 
corresponds to the highest Youden’s J statistic is 42.000. If 
АТПО was greater than or equal to this value, the presence 
of depression was predicted. The sensitivity and specificity 
of the method were 86.3% and 53.3%, respectively.

The following curve was obtained when 
estimating the dependence of detecting the presence 
of depression conditioning on 25-OH Vitamin D using 
ROC analysis (Figure 4).

Figure 4: ROC-curve characterizing the dependence of the probability 
of depression on 25-OH Vitamin D

The area under the ROC curve comprised 
0.791 ± 0.039 with 95% CI: 0.714–0.868. The resulting 
model was statistically significant (p < 0.001).
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The cut-off value of 25-OH Vitamin D which 
corresponds to the highest Youden’s J statistic is 
28.000. If 25-OH Vitamin D was less than or equal to 
this value, the presence of depression was predicted. 
The sensitivity and specificity of the method were 
98.4% and 44.6%, respectively.

The depression dependency on quantitative 
variables was assessed by multiple linear regressions 
(Table  7). Simple or multivariate linear regression 
enabled the development of predictive modeling of the 
quantitative variable conditioning on other quantitative 
variables.

Table 7: Analysis of depression conditioning on BDNF, 25‑OH 
Vitamin D

B Std. error T P
Intercept 23.792 0.976 24.372 < 0.001*
BDNF −0.006 0.001 −8.450 < 0.001*
25‑OH Vitamin D −0.317 0.042 −7.578 < 0.001*
*Differences are statistically significant (p < 0.05).

The observed association of depression 
with BDNF, 25-OH Vitamin D is presented by a linear 
regression equation:

Ydepression = 23.792  -  0.006 × XBDNF  -  0.317 × 
X25-OH Vitamin D

With a 1 increase of BDNF, 0.006 of depression 
should be expected. With a 1 increase of 25-OH Vitamin 
D, 0.317 of depression should be expected.

The resulting regression model is characterized 
by a correlation coefficient rxy = 0.9, which corresponds 
to the Strong relationship on the Chaddock scale. The 
model was statistically significant (p < 0.001). Based 
on the value of the coefficient of determination R², the 
model accounts for 74.5% of depression variance.

Discussion

Thyroid dysfunctions are commonly related to 
impaired brain function [25]. The connection of thyroid 
hormone deficiency with anxiety and depression 
has been addressed extensively in different reliable 
studies [2], [3], [26].

An evidence-based study (with 13,000 subjects 
enrolled) evaluating this issue [27] detected a correlation 
between increased TSH levels and depression, even 
with TSH levels within the standard laboratory range. 
In particular, the depression rate was twice as high in 
women with TSH levels above 2.3 mIU/mL, indicating 
again that the optimal TSH level is well below 4 mIU/mL. 
It is of interest that this current study demonstrates a 
positive correlation and statistical significance between 
T4 and TSH levels and depression symptoms.

In our study when analyzing the data on the 
Hamilton scale, depression was detected in all patients 
with postoperative hypothyroidism and 95.4% of 

patients with AIT with hypothyroidism. In patients with 
AIT, depressive disorders were observed in 59.7% of 
patients. This outcome is similar to a large study that 
enrolled over 1000 women with thyroid disease taking 
T4 [28], which showed that higher TSH levels were 
attributive to more depression and anxiety. Two other 
studies report no relationship between TSH levels and 
depression symptoms in patients with different types of 
thyroid diseases [29].

In addition, another study found that untreated 
hypothyroidism is correlated with an increase in the 
Beck Depression Inventory score [3].

The current neurotrophic hypothesis claims 
that depression contributes to the lower expression 
of neurotrophins and aberrant neurogenesis in brain 
areas [30]. BDNF is an essential neuronal growth 
factor in the brain, regulating neurogenesis, neuronal 
maturation, survival, and synaptic plasticity. Low levels 
of BDNF have been noticed in the brain of depressed 
patients [31]. It has also advocated that depression is 
associated with neuronal cell loss in specific brain areas 
such as the hippocampus and cerebral cortex [32].

A decrease in hippocampus volumes in 
depressed patients proves the hypothesis that 
depression is connected with a reduced level of 
neurotrophic factors that regulate neuronal plasticity in 
the adult brain [33].

Our study revealed that the probability of the 
presence of depression in the group with a decreased 
level of BDNF was 3.293-fold higher than in the normal 
level group; the chance differences were statistically 
significant (95% CI: 1.130–9.597).

Regarding the critical role of BDNF in the 
brain, a variety of genetic studies have concentrated 
on the effect of BDNF polymorphism on brain 
function and behavior in healthy people, in addition to 
pathological conditions, especially neuropsychiatric 
disorders [34].

Rs6265, a common BDNF SNP in humans, 
causes an amino acid change from valine to methionine 
at codon 66 (Val66Met), which is located in the BDNF 
prodomain. The Val66Met polymorphism has been 
demonstrated the interference with BDNF trafficking 
and lower its secretion [35]. Some respective studies 
have identified an association between the Val66Met 
polymorphism and a decrease in hippocampal and 
prefrontal gray matter volumes, causing abnormal 
hippocampal activity, impaired cognitive function, and 
decreased memory and executive function [36].

In our study, when comparing the level of 
depression on the Hamilton scale (in scores) in patients 
with different thyroid pathology depending on the rs6265 
polymorphism genotype showed, the highest scores 
in TT genotype carriers in the experimental group 
of patients compared to the CT and CC genotypes 
carriers.
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Studies reported that the rs6265 T allele 
is associated with reduced concentrations of blood 
serum BDNF in healthy German subjects [37]. Mice 
homozygous for the T allele showed a decrease in 
basal BDNF levels in the hippocampus. Administration 
of antidepressant fluoxetine could not regulate 
these levels [38]. As opposed to another study that 
suggested that the Met allele of the BDNF Val66Met 
polymorphism can be related to an increase in BDNF 
serum concentrations [39].

Besides, the rs6265 T allele is related to low 
serum BDNF levels. We suppose that against the 
background of thyroid pathology, genetic predisposition 
played quite an essential role in depression.

During the estimation of the dependence of 
detecting, the presence of depression conditioning on 
BDNF using ROC analysis the area under the ROC curve 
comprised 0.900 ± 0.044 with 95% CI: 0.814–0.985. The 
resulting model was statistically significant (p < 0.001).

The cut-off value of BDNF which corresponds 
to the highest Youden’s J statistic is 566.240. If BDNF 
was less than or equal to this value, the presence of 
depression was predicted. The sensitivity and specificity 
of the method were 74.5% and 100.0%, respectively.

Recent studies profoundly described a correlation 
between a 25(OH)D deficiency and depressive disorders 
and symptoms [7]. Hoogendijk et al., in a cohort study of 
1200 individuals older than 65 years, noticed significantly 
reduced 25(OH)D levels of 14% and 14% in patients 
with minor and major depression, correspondingly, when 
compared to the healthy controls, even after matching 
for the age, sex, body mass index, smoking status, and 
several chronic conditions [40].

In our study, we identified a marked inverse 
connection between depression and BDNF levels 
(p < 0.001) and a reverse moderate correlation 
between depression and fT4 (p < 0.001) and 25-OH 
Vitamin D levels (p < 0.001). In addition, we found a 
direct moderate correlation between pronounced levels 
of depression and TSH in the blood (p < 0.001) and a 
weak direct relationship between depression and anti-
TPO (p < 0.001) and anti-TG (p = 0.048).

Present studies have also reported about 
relationship between Vitamin D deficiency and thyroid 
dysfunction [41]. Low 25(OH)D levels have been observed 
in patients with hypothyroidism and Grave’s disease [42].

Carta et al. have found a connection between 
having a lifelong diagnosis of mood or anxiety disorder 
and Hashimoto’s euthyroid disease [43]. Another 
study also exhibited an elevated frequency and higher 
severity of depression in patients with chronic AIT and 
normal thyroid function [44].

Thus, there may be an association between 
thyroid autoimmunity, changes in the immune system, 
and changes in neurotransmitters that could lead to 
depressive disorders, impact the course of the disease 

and influence the response to antidepressant treatment.

Conclusions

This study traces and proves a link between 
AIT and hypothyroidism and depressive disorders. 
Patients with AIT and hypothyroidism show an increased 
chance of developing symptoms of depression or being 
diagnosed with depressive disorders. Thе outcomes 
of this study are essential for patients with AIT and 
could contribute not only to early treatment choices but 
psychotherapeutic treatment for organic disease.

Ongoing and prospective long-term 
randomized controlled trials are necessary to gain 
insight into the effectiveness and safety of Vitamin D as 
a therapeutic agent for these thyroid disorders and the 
prevention and treatment of neurological complications.
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