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Abstract: This study enrolled 291 patients diagnosed with depression and schizophrenia (F32, F33,
and F20 according to ICD-10) and 227 ethnicity-matched control subjects. We analyzed the distribution
of BDNF rs6265 and BDNF rs962369 genotypes, finding no significant associations between these
and schizophrenia. We revealed a significant increase in the risk of single-episode major depression
disorder (MDD) for rs962369 minor allele homozygotes (CC vs. TT+TC), an association that persisted
after adjusting for age and sex (OR 3.47; 95% CI 1.36–8.85; p = 0.009). Furthermore, rs962369 genotype
was significantly associated with an increased risk of recurrent MDD in a log-additive model (OR
per C-allele 1.65; 95% CI 1.11–2.45; p = 0.013). A comparative analysis between MDD subtypes
and between MDD subtypes and schizophrenia showed no significant differences for BDNF rs6265.
Notably, the frequency of minor allele C of BDNF rs962369 varied across subgroups, with the highest
frequency in patients with recurrent MDD (0.32) and the lowest in schizophrenia patients (0.20). The
presence of genotypes with at least one minor allele C was significantly higher in the recurrent MDD
patient group compared to the schizophrenia group. In conclusion, the BDNF rs962369 variant was
associated with MDD but not with schizophrenia.

Keywords: schizophrenia; depression; polymorphism; BDNF; rs6265; rs962369

1. Introduction

Depression is a common mental disorder. Globally, it is estimated that 5% of adults
suffer from the disorder [1]. Major depressive disorder (MDD) is a type of depressive
disorder characterized by episodes that last at least two weeks. These episodes bring about
changes in emotions, including feelings of sadness, irritation, or emptiness, and disruptions
in cognition and neurovegetative functions. Such changes can impair the individual’s
ability to function normally [2]. Depression rates are on the rise globally. According to
the World Health Organization (WHO), the number of MDD cases grew by 18.4% from
2005 to 2015 [1], though this increase could also be attributed to population growth and/or
gradually decreasing stigmatization surrounding mental illness [3]. In the first year of the
COVID-19 pandemic, rates of common conditions, such as depression and anxiety, went
up by more than 25% [4]. Generally, major depressive disorder (MDD) is more common in
women than men. Worldwide reported female-to-male ratio can range from 1.4–2.8 to 1 [5].

Schizophrenia affects approximately 24 million people or 1 in 300 people (0.32%)
worldwide. Its rate is 1 in 222 people (0.45%) among adults [6]. The female-to-male ratio of
schizophrenia prevalence varies depending on the study, but it is generally thought to be
around 1:1.2 to 1:1.4. This means that men are slightly more likely to develop schizophrenia
than women. However, some studies did not find sex differences in the lifetime prevalence
of the illness [7]. Schizophrenia is a complex genetic disorder characterized clinically by a
heterogeneous syndrome comprising delusions, hallucinations, and cognitive impairment.
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These myriad of signs and symptoms arise from dysfunction in distributed neural circuits
and complex genes-environment interactions [8,9]. In schizophrenia, primary evidence
suggests symptoms of low mood, suicidal ideation, and pessimism have more specificity
for depression, whereas alogia and blunted affect may have more specificity as negative
symptoms. Anhedonia, anergia, and avolition may be common to both. A detailed
phenomenology of schizophrenia can further distinguish depressive features from negative
symptoms. However, the two domains continue to share certain phenomena, emphasizing
their close relationship [10].

Schizophrenia and mood disorders overlap phenomenologically. Mood symptoms
are common features of prodromal psychosis and established schizophrenia [11], whereas
psychotic symptoms are often found in severe mood disorders. Such observations, as well
as expanding biological evidence [12,13], call the Kraepelinian dichotomy into challenge.
One area of investigation is negative symptoms. These may manifest variously as loss of
motivation to act and lack of the elements that make up the normal repertoire of social and
emotional response [14], but these are also commonly found in depression [15]. Both the
above diagnostic entities can lead to suicidal behavior and to completed suicide.

Family and twin studies have consistently shown that both schizophrenia and de-
pression tend to run in families, indicating a hereditary influence. These studies have
estimated that the heritability of schizophrenia is around 70–80% [16,17]. Similarly, for
depression, the heritability is estimated to be around 30–40% and might be higher for
severe depression [18,19]. Several genes have been implicated in both schizophrenia and
depression, although it is important to note that these disorders are polygenic, meaning
they involve multiple genes interacting with environmental factors. Some genes associated
with schizophrenia and depression include those involved in neurotransmitter systems
such as dopamine (e.g., COMT, DRD3, and DRD4), serotonin (e.g., SLC6A4, TPH1, and
TPH2), and glutamate (e.g., GRIA4)), neurodevelopmental processes (e.g., GRIN1), and
immune system functioning (e.g., IL6 and IL6R) [20–23].

The brain-derived neurotrophic factor (BDNF) protein, a member of the neuronal
growth factor family, is found not only in neuronal tissues but also in nonneuronal tis-
sues. These include endothelial cells, cardiac cells, vascular smooth muscle, leukocytes,
megakaryocytes, and platelets [24]. The BDNF gene is located on chromosome 11p14.1
in humans, and it harbors a specific single nucleotide polymorphism (SNP) known as
rs6265 C>T. This change results in the substitution of valine with methionine at the 66th
codon (Val66Met) of the BDNF precursor, known as pro-BDNF. This substitution leads to a
reduction in the secretion of the BDNF protein [25,26].

Research examining the expression of the BDNF gene and its peripheral levels in
relation to major depressive disorder (MDD) has yielded inconsistent results. Some studies
have found a significant association, while others have found no connection at all [27]. This
inconsistency in findings is likely attributable to the genotypic and phenotypic diversity
across different populations.

Several studies, along with a meta-analysis, have previously identified a higher risk
for schizophrenia in individuals carrying the Met/Met variant of the non-synonymous
Val66Met SNP in the BDNF gene [28]. The Val66Met (rs6265) polymorphism, a functional
variation of the BDNF gene, has been extensively investigated in connection with suicidal
behavior, but the results have been inconsistent. This specific SNP has been linked to an
increased risk of suicidal behavior in certain ethnic groups, such as Caucasians and Asians,
but this association has not been found in the overall population [29]. Additionally, another
BDNF gene polymorphism, the intron variant rs962369, has been strongly associated
with suicidal thoughts during antidepressant treatment [30], as well as with completed
suicides [31].

Researchers are also interested in the epigenetic regulation of BDNF. In the BDNF gene,
changes in DNA methylation at specific promoter regions can influence its transcriptional
activity. Increased DNA methylation at the promoter regions is generally associated with
decreased BDNF expression, while reduced methylation is linked to increased expression.
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A study by Januar et al. [32] suggested a connection between the rs6265 Val66Met polymor-
phism and promoter methylation, indicating that the Val66Met variant may influence the
methylation status of the BDNF gene’s promoter region, but other studies did not confirm
these findings [33–35].

This study aimed to evaluate the contribution of BDNF gene variants (rs6265, rs962369)
to the susceptibility of one-episode MDD, recurrent MDD, and schizophrenia. While
schizophrenia and depression are distinct conditions with different symptoms and diag-
nostic criteria, it was of interest to investigate whether these differences are also reflected in
BDNF gene variant frequencies.

2. Materials and Methods
2.1. Study Sample

In total, 291 unrelated patients diagnosed with schizophrenia (F20) and major de-
pressive disorder (MDD) (F32 and F33), as classified by the International Classification of
Diseases 10th revision (ICD-10), were included in the study. The control group, comprising
227 ethnicity-matched adult volunteers, was selected to correspond with the patient group.
Individuals in the control group had no known relationship to the cases nor any known
psychiatric disorders or history of mental disorders.

The participants included in all groups were of Slovak origin (Caucasians). Blood
samples were collected from November 2018 to January 2023 except for the period when
the clinic was reprofiled for COVID-positive patients (from November 2020 to March 2021).

Participation in the testing was voluntary, and any individual could withdraw at any
time during the study. The study received approval from the Ethics Committee of the Louis
Pasteur University Hospital in Kosice, and all subjects provided their written informed
consent. The research was conducted in accordance with the principles of the Declaration
of Helsinki.

2.2. Genotyping

DNA from peripheral blood was extracted using the QIAamp DNA Blood Mini
QIAcube Kit according to the manufacturer’s instructions on the QIAcube—robotic work-
station for automated purification of DNA, RNA, or proteins (QIAGEN, Hilden, Germany).
Genotyping of the BDNF rs6265 and BDNF rs962369 was performed using asymmetric
real-time polymerase chain reaction (primers ratio 1:10). The high-resolution melting
analysis was conducted in the presence of an unlabeled probe using the Eco™ Real-Time
PCR System (Illumina, Inc., San Diego, CA, USA). The reaction mixture was composed
of 1×MeltDoctor™ HRM Master Mix (Applied Biosystems by Thermo Fisher Scientific,
Vilnus, Lithuania), the appropriate oligonucleotides, and 20 ng of template DNA, all in a
final volume of 15 µL. Genotypes were identified using the Eco™ Software 4.1, and the
oligonucleotides were specifically designed in our laboratory (as shown in Table 1).

Table 1. Sequences of oligonucleotides.

Gene Oligonucleotides Sequences

BDNF rs6265 forward-limit 5′-GCCGAACTTTCTGGTCCTCATCC-3′

reverse-excess 5′-AAGGCAGGTTCAAGAGGCTTG-3′

probe 5′-GCTCTTCTATCACGTGTTCGAAAGTGTC-Phos
BDNF rs962369 forward-limit 5′-GACATTTTTATGAGAAGGGTTTACATAAG-3′

reverse-excess 5′-AAAGAATTGCTCACTGTAATGAC-3′

probe 5′-TGCCAAGAGAGTTGAGTCCATGG-Phos

2.3. Statistical Analysis

The Hardy-Weinberg equilibrium (HWE) was assessed for the tested groups by com-
paring the observed numbers of each genotype with those expected under the HWE for the
estimated allele frequency. A comparison of frequencies was made using χ2 -test. Multivari-
able logistic regression was used to study the association between diseases and genotypes
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and for adjustment for covariates or stratification. Results are expressed as odds ratios
(OR) and 95% confidence intervals (CI). Online available software SNPStats (accessed on
20 February 2018) was used for statistical analysis [36]. The association between gene varia-
tions and phenotypes was analyzed using several genetic models, including codominant,
dominant, overdominant, recessive, and log-additive. The analysis of this association was
conducted through binomial logistic regression. Because two SNPs were evaluated in the
present study, Bonferroni’s correction was applied, and p-value of <0.025 was considered
statistically significant.

3. Results
3.1. Characteristics of Study Groups

Two hundred and ninety-one patients diagnosed with depression and schizophrenia
(F32, F33, and F20 according to ICD-10) and 227 control subjects were included in the
present study. Sex and age characteristics according to the diagnoses can be found in
Table 2. The basic information on the two SNPs examined in this study is summarized
in Table 3. The BDNF rs6265 and BDNF rs962369 genotype distributions were in the
Hardy–Weinberg equilibrium in controls (χ2-test; p = 0.42 resp. p = 0.19).

The sex ratios of patients with major depressive disorders and schizophrenia in our
study are consistent with global epidemiology. The female-to-male ratio for major depres-
sive disorders (F32 and F33) was 2.3:1, while the male-to-female ratio for schizophrenia
was 1.7:1.

Table 2. Age and gender characteristics of the studied groups.

Variables MDD, One Episode
F32

MDD, Recurrent
F33

Schizophrenia
F20 Controls

Total 108 106 77 227
Sex Females 69 (64%) 80 (75%) 28 (36%) 115 (51%)

Males 39 (36%) 26 (25%) 49 (63%) 112 (49%)
Age Mean ± SD 48.55 ± 15.72 57.04 ± 10.48 44.71 ± 13.39 54.06 ± 22.55

Table 3. Genotype and alleles distribution of BDNF rs6265 (Val66Met) and rs962369 variants in
groups of patients with different types of psychiatric disorders.

BDNF rs6265 BDNF rs962369

Genotypes Alleles Frequency Genotypes Alleles Frequency

CC
(%)

CT
(%)

TT
(%) C (Val) T (Met) TT

(%)
TC
(%)

CC
(%) T C

Controls

Total 227 151
(66.5)

66
(29.1)

10
(4.4) 0.81 0.19 133

(58.6)
86
(37.9)

8
(3.5) 0.78 0.22

Females 115 72
(62.6)

36
(31.3)

7
(6.1) 0.78 0.22 64

(55.6)
46
(40.0)

5
(4.3) 0.76 0.24

Males 112 79
(70.5)

30
(26.8)

3
(2.7) 0.84 0.16 69

(61.6)
40
(35.7)

3
(2.7) 0.79 0.21

F32

Total 108 69
(63.9)

28
(25.9)

11
(10.2) 0.77 0.23 61

(56.5)
35
(32.4)

12
(11.1) 0.73 0.27

Females 69 45
(65.2)

17
(24.6)

7
(10.2) 0.78 0.22 37

(53.6)
26
(37.7)

6
(8.7) 0.72 0.28

Males 39 24
(61.5)

11
(28.2)

4
(10.3) 0.76 0.24 24

(61.5)
9
(23.1)

6
(15.4) 0.73 0.27
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Table 3. Cont.

BDNF rs6265 BDNF rs962369

Genotypes Alleles Frequency Genotypes Alleles Frequency

CC
(%)

CT
(%)

TT
(%) C (Val) T (Met) TT

(%)
TC
(%)

CC
(%) T C

F33

Total 106 73
(68.9)

26
(24.5)

7
(6.6) 0.81 0.19 47

(44.3)
50
(47.2)

9
(8.5) 0.68 0.32

Females 80 55
(68.8)

20
(25.0)

5
(6.3) 0.81 0.19 38

(47.5)
34
(42.5)

8
(10.0) 0.69 0.31

Males 26 18
(69.2)

6
(23.1)

2
(7.7) 0.81 0.19 9

(34.6)
16
(61.5)

1
(3.8) 0.65 0.35

F20

Total 77 45
(58.4)

28
(36.4)

4
(5.2) 0.77 0.23 49

(63.6)
25
(32.5)

3
(3.9) 0.80 0.20

Females 28 18
(64.3)

8
(28.6)

2
(7.1) 0.79 0.21 20

(71.4)
6
(21.4)

2
(7.1) 0.82 0.18

Males 49 27
(55.1)

20
(40.8)

2
(4.1) 0.76 0.24 29

(59.2)
19
(38.8)

1
(2.0) 0.79 0.21

3.2. Associations between BDNF Variants and Different Types of Mental Disorders

The distribution of BDNF rs6265 genotypes (Figure 1) and alleles was similar between
controls and patients with recurrent MDD (F33) or schizophrenia (F20) (Table 4, Figure 1).
The crude analysis showed a higher frequency of the minor homozygote genotype TT (Met-
Met) in patients with one-episode MDD (F32) than in controls under the recessive genetic
model. However, this difference did not remain statistically significant after adjusting for
sex and age or after stratifying by sex.
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Table 4. Association analysis of BDNF rs6265 and rs962369 variants with susceptibility to different
types of psychiatric disorders.

Disorder Genetic Model Crude Analysis Sex and Age-Adjusted Analysis

BDNF rs6265 OR (95% C.I.) p (Wald Test) OR (95% C.I.) p (Wald Test)

F32 recessive (TT vs. CC+CT) 2.46 (1.01–5.99) 0.049 2.37 (0.96–5.89) 0.063
F33 all tested models non-significant >0.05 non-significant >0.05
F20 all tested models non-significant >0.05 non-significant >0.05

BDNF rs962369
F32 recessive (CC vs. TT+TC) 3.42 (1.36–8.64) 0.009 3.47 (1.36–8.85) 0.009
F33 log-additive (per C allele) 1.71 (1.16–2.51) 0.006 1.65 (1.11–2.45) 0.013
F20 all tested models non-significant >0.05 non-significant >0.05

The analysis of the second BDNF genetic variant rs962369 (Table 4, Figure 2) did not
confirm its association with schizophrenia in any of the five genetic models nor after sex
stratification. We have revealed a significantly increased risk of one-episode MDD for the
minor allele homozygotes (CC vs. TT+TC). This association persisted after adjustment for
age and sex. Further, we analyzed the association between selected SNP and recurrent
MDD risk. Genotypes were significantly associated with increased recurrence of MDD risk
in the log-additive model.
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3.3. Comparison of Different Types of Mental Disorders in Relation to BDNF Variants

To examine whether the analyzed mental disorders differ in their genetic overlap, we
performed a comparative analysis between MDD subtypes, and we also compared BDNF
variants between MDD subtypes and schizophrenia. When comparing all patient groups
to each other for BDNF rs6265, no statistically significant differences in genotype or allele
frequency were observed.

The frequency of minor allele C varied across subgroups of patients for BDNF rs962369.
The highest frequency of the allele C was observed in patients with recurrent MDD (0.32) and
the lowest in patients with schizophrenia (0.20). The presence of genotypes with at least one
minor allele C (genotypes TC+CC) was significantly higher in the group of patients with
recurrent MDD in comparison with a group of patients with schizophrenia (55.7% vs. 36.4%;
p = 0.009). No statistically significant difference was observed in genotype distribution or
allele frequency between patients with one-episode MDD and patients with schizophrenia.



Biomedicines 2023, 11, 2243 7 of 10

4. Discussion

The most important finding of the present study was that BDNF intron variant,
rs962369 was associated with a significant 3.5-times increase in the risk of single-episode
MDD for subjects who were homozygous for the minor allele C. In addition, the variant
rs962369 demonstrated an effect on the development of recurrent MDD, most significantly
in the log-additive model (1.7-times per C-allele).

The BDNF rs962369 variant showed differences across subgroups of patients. The
presence of at least one minor allele (TC+CC genotypes) was significantly higher in the
group of patients with recurrent MDD compared to the group of patients with one-episode
MDD and the group of patients with schizophrenia, respectively. We did not come across
any comparative analyses in the literature that specifically investigated the genetic BDNF
variants in relation to selected mental disorders in our study, namely MDD or schizophrenia.
Genetic variant rs962369 is less widely referenced or studied and is mainly associated with
attempted suicide [31] or suicidal ideation [30].

Suicidal ideation and completed suicide can occur in both one-episode and recurrent
depression, but the risk is generally considered higher in individuals with recurrent de-
pression due to the chronic and repetitive nature of their condition. Our recently published
study [26] demonstrated a significant association between rs962369 and completed suicide.
Based on our findings, we hypothesize that rs962369 is one of the risk factors that contribute
to the development of recurrent MDD and may ultimately lead to completed suicide. We
observed no statistically significant differences in BDNF rs6265 (Val66Met) genotype or
allele frequency between all patient groups and controls after adjusting for sex and age.
Likewise, no association between depression status and the Val66Met polymorphism was
confirmed, neither in a retrospective study on 7389 British study subjects participating in the
European Prospective Investigation [37] nor in a meta-analysis involving 14 studies with a
total sample size of 2812 cases with DSM-III or -IV defined MDD and 10,843 non-depressed
controls [38].

Similarly, the association was not observed in the onset of depression in European
(white) premenopausal women [39] or in the Russian study of newly admitted depressed
patients. However, the already-mentioned study from Russia showed an association
between the BDNF gene variant rs6265 and the severity of depression. In contrast, an
increased risk of developing MDD for homozygote genotype TT (Met/Met) and the possible
role of BDNF in the pathogenesis of major depression was observed in studies from
Asia [40,41].

The results from studies investigating the BDNF rs6265 gene variant and its relation-
ship to the onset of schizophrenia were inconclusive. In a small Greek study [42] and
several meta-analyses conducted in 2006, 2007 [43], and 2016 [28], it was observed that
homozygous carriers of the Met allele were overrepresented in the group of patients with
schizophrenia compared to the control group. However, other studies, such as those con-
ducted on the Chinese Han population [44] or individuals of Slavic descent [45,46], did
not find any association between the Val66Met polymorphism and schizophrenia. Our
data also support the latter findings. Furthermore, a recently published meta-analysis that
included 11,480 patients with schizophrenia and 13,490 healthy controls confirmed the lack
of association of Val66Met polymorphism with schizophrenia [47].

MDD is a multifactorial disorder, and genetics is just one of the factors that have
an additive effect leading to the disorder. It is important to note that while BDNF has
shown associations with various psychiatric disorders, it is not a definitive diagnostic
marker on its own. Psychiatric diagnoses rely on a comprehensive assessment that includes
clinical symptoms, medical history, and other relevant factors. BDNF can serve as a
potential biological marker that, when considered alongside other clinical information,
may contribute to the differential diagnosis process or identification of patients requiring
increased attention. However, its use in clinical practice is still an area of ongoing research,
and further studies are needed to establish its diagnostic utility.
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The main limitation of the present study is a relatively small group of included
participants. In genetic association studies with smaller number of included subjects, it is
harder to spot small genetic effects, leading to possibly missed findings. Different groups
of people can have different genetic variations, thus the link between certain genes and
diseases might differ among ethnicities. Therefore, if a study looks at diverse ethnic groups,
the findings might change. Conditions like MDD and schizophrenia are complicated and
can have various root causes and ways they show up in people. Some specific versions of
these disorders, or particular symptoms, might have a stronger genetic link. The different
results we see now could be due to factors such as gender, environment, and the presence
of multiple genes or how they interact, which we still need to explore. In addition, the
mental disorder may also manifest itself in patients from the control group in the future.

Author Contributions: Conceptualization, A.B.; methodology, A.B. and V.H.; statistical analysis,
V.H.; validation, I.T. and V.H.; formal analysis, V.H.; investigation, A.B. and V.H.; resources, A.B. and.
I.T.; data curation, A.B.; writing—original draft preparation, A.B., V.H. and I.T.; writing—review
and editing, A.B., V.H. and I.T.; visualization, A.B. and V.H.; supervision, I.T.; project administration,
A.B.; funding acquisition, A.B. and I.T. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Slovak Psychiatric Society of the Slovak Medical Society
(scientific grant no. 02/2020), the Ministry of Education, Science, Research and Sport of the Slovak
Republic (VEGA 1/0183/20) and PSYCHGEN research project of the Louis Pasteur University
Hospital in Kosice (149/2018/OVaV).

Institutional Review Board Statement: The study was conducted with the Declaration of Helsinki
and approved by the Ethics Committee of the Louis Pasteur University Hospital, Kosice, Slovakia
(2018/EK/11037), approval date: 15 November 2018.

Informed Consent Statement: All subjects provided written informed consent.

Data Availability Statement: The data that support the findings of this study are available upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Mental Health Atlas; World Health Organization: Geneva, Switzerland, 2023.
2. American Psychiatric Association. Manual Diagnóstico e Estatístico de Transtornos Mentais: DSM-5.5; Artmed: São Paulo, Brazil, 2014.
3. Ferreira, F.C.; Willatan, S.J.; Rodrigues, G.B.; de Lima, S.M.; de Souza Silva, C.M.; Rodrigues da Silva, I.C. BDNF Genetic Variant

and Its Genotypic Fluctuation in Major Depressive Disorder. Behav. Neurol. 2021, 2021, 7117613. [CrossRef]
4. Available online: https://www.who.int/news/item/02-03-2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-

anxiety-and-depression-worldwide (accessed on 15 June 2023).
5. Gutiérrez-Rojas, L.; Porras-Segovia, A.; Dunne, H.; Andrade-González, N.; Cervilla, J.A. Prevalence and correlates of major

depressive disorder: A systematic review. Braz. J. Psychiatry 2020, 42, 657–672. [CrossRef] [PubMed]
6. Institute of Health Metrics and Evaluation (IHME). Global Health Data Exchange (GHDx). Available online: http:

//ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/27a7644e8ad28e739382d31e77589dd7 (accessed on 12
June 2023).

7. Aleman, A.; Kahn, R.S.; Selten, J.P. Sex differences in the risk of schizophrenia: Evidence from meta-analysis. Arch. Gen. Psychiatry
2003, 60, 565–571. [CrossRef]

8. Moldin, S.O. Indicators of liability to schizophrenia: Perspectives from genetic epidemiology. Schizophr. Bull. 1994, 20, 169–184.
[CrossRef] [PubMed]

9. Harrison, P.J.; Weinberger, D.R. Schizophrenia genes, gene expression, and neuropathology: On the matter of their convergence.
Mol. Psychiatry 2005, 10, 40–68. [CrossRef] [PubMed]

10. Krynicki, C.R.; Upthegrove, R.; Deakin, J.F.W.; Barnes, T.R.E. The relationship between negative symptoms and depression in
schizophrenia: A systematic review. Acta Psychiatr. Scand. 2018, 137, 380–390. [CrossRef]

11. Upthegrove, R.; Marwaha, S.; Birchwood, M. Depression and Schizophrenia: Cause, consequence or trans-diagnostic issue?
Schizophr. Bull. 2016, 2, 240–244. [CrossRef]

12. Craddock, N.; Owen, M.J. The Kraepelinian dichotomy—Going, going but still not gone. Br. J. Psychiatry 2010, 196, 92–95.
[CrossRef]

13. Koutsouleris, N.; Meisenzahl, E.M.; Borgwardt, S. Individualized differential diagnosis of schizophrenia and mood disorders
using neuroanatomical biomarkers. Brain 2015, 138, 2059–2073. [CrossRef]

https://doi.org/10.1155/2021/7117613
https://www.who.int/news/item/02-03-2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-anxiety-and-depression-worldwide
https://www.who.int/news/item/02-03-2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-anxiety-and-depression-worldwide
https://doi.org/10.1590/1516-4446-2020-0650
https://www.ncbi.nlm.nih.gov/pubmed/32756809
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/27a7644e8ad28e739382d31e77589dd7
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/27a7644e8ad28e739382d31e77589dd7
https://doi.org/10.1001/archpsyc.60.6.565
https://doi.org/10.1093/schbul/20.1.169
https://www.ncbi.nlm.nih.gov/pubmed/8197413
https://doi.org/10.1038/sj.mp.4001558
https://www.ncbi.nlm.nih.gov/pubmed/15263907
https://doi.org/10.1111/acps.12873
https://doi.org/10.1093/schbul/sbw097
https://doi.org/10.1192/bjp.bp.109.073429
https://doi.org/10.1093/brain/awv111


Biomedicines 2023, 11, 2243 9 of 10

14. Barnes, T.R.E. Clinical assessment of the negative symptoms of schizophrenia. Eur. Neuropsychopharmacol. 1993, 3, 207–208.
[CrossRef]

15. Malla, A.K. Negative symptoms and affective disturbance in schizophrenia and related disorders. Can. J. Psychiatry 1995, 40
(Suppl. S2), S55–S59. [CrossRef]

16. van de Leemput, J.; Hess, J.L.; Glatt, S.J.; Tsuang, M.T. Genetics of Schizophrenia: Historical Insights and Prevailing Evidence.
Adv. Genet. 2016, 96, 99–141. [CrossRef]

17. Sullivan, P.F.; Kendler, K.S.; Neale, M.C. Schizophrenia as a complex trait: Evidence from a meta-analysis of twin studies. Arch.
Gen. Psychiatry 2003, 60, 1187–1192. [CrossRef] [PubMed]

18. Sullivan, P.F.; Neale, M.C.; Kendler, K.S. Genetic epidemiology of major depression: Review and meta-analysis. Am. J. Psychiatry
2000, 157, 1552–1562. [CrossRef]

19. Polderman, T.J.C.; Benyamin, B.; de Leeuw, C.A.; Sullivan, P.F.; van Bochoven, A.; Visscher, P.M.; Posthuma, D. Meta-analysis of
the heritability of human traits based on fifty years of twin studies. Nat. Genet. 2015, 47, 702–709. [CrossRef] [PubMed]

20. Postolache, T.T.; Del Bosque-Plata, L.; Jabbour, S.; Vergare, M.; Wu, R.; Gragnoli, C. Co-shared genetics and possible risk gene
pathway partially explain the comorbidity of schizophrenia, major depressive disorder, type 2 diabetes, and metabolic syndrome.
Am. J. Med. Genet. B Neuropsychiatr. Genet. 2019, 180, 186–203. [CrossRef]

21. Perry, B.I.; Upthegrove, R.; Kappelmann, N.; Jones, P.B.; Burgess, S.; Khandaker, G.M. Associations of immunological pro-
teins/traits with schizophrenia, major depression and bipolar disorder: A bi-directional two-sample mendelian randomization
study. Brain Behav. Immun. 2021, 97, 176–185. [CrossRef] [PubMed]

22. Shnayder, N.A.; Novitsky, M.A.; Neznanov, N.G.; Limankin, O.V.; Asadullin, A.R.; Petrov, A.V.; Dmitrenko, D.V.; Narodova, E.A.;
Popenko, N.V.; Nasyrova, R.F. Genetic Predisposition to Schizophrenia and Depressive Disorder Comorbidity. Genes 2022, 13, 457.
[CrossRef]

23. García-Juárez, M.; Camacho-Morales, A. Defining the Role of Anti- and Pro-inflammatory Outcomes of Interleukin-6 in Mental
Health. Neuroscience 2022, 492, 32–46. [CrossRef]

24. Colucci-D’Amato, L.; Speranza, L.; Volpicelli, F. Neurotrophic Factor BDNF, Physiological functions and therapeutic potential in
depression, neurodegeneration and brain cancer. Int. J. Mol. Sci. 2020, 21, 7777. [CrossRef]

25. Egan, M.; Kojima, M.; Callicott, J.; Goldberg, T.E.; Kolachana, B.S.; Bertolino, A.; Zaitsev, E.; Gold, B.; Goldman, D.; Dean, M.;
et al. The BDNF val66met polymorphism affects activity-dependent secretion of BDNF and human memory and hippocampal
function. Cell 2003, 112, 257–269. [CrossRef]

26. Bednarova, A.; Habalova, V.; Iannaccone, S.F.; Tkac, I.; Jarcuskova, D.; Krivosova, M.; Marcatili, M.; Hlavacova, N. Association of
HTTLPR, BDNF, and FTO Genetic Variants with Completed Suicide in Slovakia. J. Pers. Med. 2023, 10, 501. [CrossRef]

27. Kishi, T.; Yoshimura, R.; Ikuta, T.; Iwata, N. Brain-derived neurotrophic factor and major depressive disorder: Evidence from
meta-analyses. Front. Psychiatry 2018, 8, 308. [CrossRef] [PubMed]

28. Kheirollahi, M.; Kazemi, E.; Ashouri, S. Brain-Derived Neurotrophic Factor Gene Val66Met Polymorphism and Risk of Schizophre-
nia: A Meta-Analysis of Case-Control Studies. Cell. Mol. Neurobiol. 2016, 36, 1–10. [CrossRef] [PubMed]

29. González-Castro, T.B.; Salas-Magaña, M.; Juárez-Rojop, I.E.; López-Narváez, M.L.; Tovilla-Zárate, C.A.; Hernández-Díaz, Y.
Exploring the Association between BDNF Val66Met Polymorphism and Suicidal Behavior: Meta-Analysis and Systematic Review.
J. Psychiatr. Res. 2017, 94, 208–217. [CrossRef] [PubMed]

30. Perroud, N.; Aitchison, K.J.; Uher, R.; Smith, R.; Huezo-Diaz, P.; Marusic, A.; Maier, W.; Mors, O.; Placentino, A.; Henigs-
berg, N.; et al. Genetic Predictors of Increase in Suicidal Ideation During Antidepressant Treatment in the GENDEP Project.
Neuropsychopharmacology 2009, 34, 2517–2528. [CrossRef]
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