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A B S T R A C T

Introduction: According to various data, 25–50% of all patients with schizophrenia suffer from treatment re-
sistance. It is believed that patients with treatment-resistant schizophrenia (TRS) have reduced cognitive skills,
compared to the patients with a more favourable type of schizophrenia. However, according to some authors,
there is limited evidence-based research on this topic at present.
Materials and methods: The total number of patients included 130 patients with a diagnosis of schizophrenia (F20
according to ICD 10). All patients were examined according to the following scales: Positive and Negative
Syndrome Scale (PANSS), Global Assessment of Functioning (GAF), Brief Assessment of Cognition in
Schizophrenia (BACS).
Results: Our results showed that patients with TRS as a whole had worse cognitive functions than nTRS patients
(p=0.357). In the group of patients with TRS, polymorphism CYP2D6*4 showed an effect on executive func-
tions. Carriers of the heterozygous GA genotype had higher values of executive functions (p= 0.043). No as-
sociation between the studied gene polymorphic variants and TRS was found in this research.
Conclusion: The polymorphic variant CYP2D6*4 showed an effect on cognitive function in the TRS group, re-
gardless of their mental state and the effect of pharmacotherapy. In the future, it will be necessary to conduct
larger prospective studies with a greater number of patients and a greater number of polymorphic variants of
genes. Further identification of genetic predictors of cognitive impairment will improve researchers’ under-
standing of their causes and possibly move closer to more targeted therapy for schizophrenia.

1. Introduction

In modern psychiatry, treatment-resistant schizophrenia (TRS) re-
mains one of the most challenging problems. Treatment resistance is
understood as the lack of response to antipsychotic therapy (Iasevoli

et al., 2018). According to various data, 25–50% of all patients with
schizophrenia suffer from TRS (Lally & MacCabe, 2015), which, leads to
a high frequency of disability and results in a poor prognosis (Iasevoli
et al., 2016). TRS leads to significant financial expenses; however, any
partial solution to the problem can be considerably beneficial
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(Kennedy, Altar, Taylor, Degtiar, & Hornberger, 2014). The definition
of treatment resistance itself, or rather absence of generally accepted
criteria for this form of schizophrenia, creates additional complexities
(Howes et al., 2017; Mazo & Gorobets, 2017).

One of the main clinical characteristics of schizophrenia is re-
presented by cognitive impairment (Yanushko, Ivanov, & Sorokina,
2014), which is observed in more than 80% of patients with schizo-
phrenia (Keefe & Fenton, 2007). TRS patients are believed to have re-
duced cognitive skills, compared to the patients with a more favourable
type of schizophrenia. However, according to some authors, there is
limited evidence-based research on this topic at present (Woodward &
Meltzer, 2010). Today, there are few many studies confirming that TRS
patients have lower scores when performing cognitive tests (Anderson,
McIlwain, Kydd, & Russell, 2015). The causes of this fact also require
attention. The most likely risk factors are as follows: explicit positive
and negative symptoms of schizophrenia, intensive pharmacotherapy
and individual biomarkers – primarily genetic (Albert et al., 2018).

There is evidence that the first-generation antipsychotics impair
cognitive function significantly (Medalia, Gold, & Merriam, 1998),
while the second-generation drugs have a positive effect on them
(Clissold & Crowe, 2018). However, according to the results obtained
by Kontis et al. (2010), polypharmacy does not affect cognitive func-
tions of patients with schizophrenia (Kontis et al., 2010). There is also
evidence that refusal to receive antipsychotic therapy in the future
leads to a significant improvement in the cognitive sphere (Albert et al.,
2018).

Considering the fact that cognitive abilities are a feature with a high
degree of heritability (Blokland et al., 2017), the study of the regulation
of these processes by genetic mechanisms is a promising area of re-
search (Yanushko, Sosin, Shamanina, & Ivanov, 2018). The Interna-
tional Consortium for Psychiatric Genetics has confirmed the presence
of at least 108 loci, which act as significant risk factors for schizo-
phrenia. Thus, since cognitive impairment is determined in a significant
portion of patients with schizophrenia, each of these genes can affect
cognitive functions (Schizophrenia Working Group of the Psychiatric
Genomics Consortium Schizophrenia Working Group of the Psychiatric
Genomics Consortium (2014)).

Today, several genome-wide association studies (GWAS) have been
conducted in which the authors have attempted to explore the re-
lationship between schizophrenia, cognitive functions, and various
SNPs. Bansal et al. (2018) found a similar association (Bansal et al.,
2018). A total of 21 SNPs have been shown to have an impact on
schizophrenia and higher educational attainment. Other authors have
investigated domains of reaction time and verbal-numerical reasoning
as cognitive functions. They also found a relationship between 21
single-nucleotide polymorphisms (SNPs, which differed from the pre-
vious study) and these cognitive domains and schizophrenia (Smeland
et al., 2017). Smeland et al. (2019) have already installed 75 SNPs af-
fecting intelligence and schizophrenia (Smeland et al., 2019). They
studied patients with bipolar disorder and compared 37 SNPs common
to schizophrenia, intelligence and bipolar disorder.

According to various pharmacological and neuroimaging studies,
the dopamine system has a significant impact on schizophrenia in
general (Howes, McCutcheon, & Stone, 2015) as well as on cognitive
functions (Woodward, Jayathilake, & Meltzer, 2007). Based on these
findings, data on the effects of catechol-O-methyltransferase (COMT)
(Matsuzaka et al., 2017) and dopamine type 1 receptor gene (DRD1)
(Tsang et al., 2015) on cognition performance were obtained.

In addition to the dysfunctionality dopamine system, disorders in
the serotonin metabolism system play an important role in the patho-
genesis of schizophrenia, and serotonin receptors (5-HTR) are known to
be a target in the implementation of the therapeutic effect of second-
generation antipsychotic drugs (Goldberg & Weinberger, 1994; Lee,
Thompson, & Meltzer, 1994; Meltzer, Alphs, Bastani, Ramirez, & Kwon,
1991). Moreover, the serotonin system plays a role in synaptic plasticity
disorders (Stephan, Friston, & Frith, 2009). Chen et al. (2001) showed a

significant association of the polymorphic variant of the HTR2A gene
(5-Hydroxytryptamine Receptor 2A) T102C with cognitive impairment
in schizophrenia (Chen et al., 2001). Other researchers have shown that
T-allele carriers of this polymorphism spent more time performing the
tests (Alfimova, Golimbet et al., 2008; Alfimova, Lezheĭko et al., 2008)
and had a lower "continuous performance task" (Polesskaya & Sokolov,
2002; Uçok, Alpsan, Cakir, & Saruhan-Direskeneli, 2007), while
homozygous T-allele carriers performed worse in verbal fluency, both
in the patient group and in the healthy control group (Alfimova,
Golimbet, & Mitiushina, 2003).

The role of glutamate system disorders in schizophrenia is widely
known. Several authors have reported that patients with TRS have
higher concentrations of glutamate from the anterior cingulate cortex.
This fact suggests the feasibility of studying the role of this neuro-
transmitter in TRS (Gillespie, Samanaite, Mill, Egerton, & MacCabe,
2017; Nucifora, Woznica, Lee, Cascella, & Sawa, 2018).

The brain-derived neurotrophic factor (BDNF) is associated with the
neuroplasticity of the hippocampus, which in turn participates in the
cognitive processing of incoming information (Gorski, Zeiler,
Tamowski, & Jones, 2003; Nieto, Kukuljan, & Silva, 2013).

Schizophrenia causes changes in the development of the nervous
system, which leads to changes in the neuroplasticity of the hippo-
campus mediated by BDNF, which is, according to researchers, one of
the causes of cognitive impairment. In this regard, a large number of
researchers have tried to find a relationship between the BDNF gene
and cognitive functions. Thus, different authors have found that the
polymorphic variant of the Val66Met BDNF gene is significantly asso-
ciated with the cognitive impairment as a whole (Chung, Chung, Jung,
Chang, & Hong, 2010; Ho, Andreasen, Dawson, & Wassink, 2007;
Rybakowski et al., 2006). Carriers of one or two Met alleles had lower
values when performing learning tasks, attention (Egan, Weinberger, &
Lu, 2003) and verbal memory (Ho et al., 2006). Carriers of the Val/Val
allele, on the contrary, had better results when performing tasks for
attention (Alfimova, Golimbet et al., 2008; Alfimova, Lezheĭko et al.,
2008), as well as visual and spatial orientation (Zhang et al., 2012).

In 2014, Kroken et al. proposed to prioritise the improvement of
cognitive functions in the treatment of schizophrenia (Kroken et al.,
2014). Thus, the allocation of cognitive impairment characteristics in
patients with TRS seems the most relevant, which should certainly fa-
cilitate the comprehension of the problem.

2. Aim of research

To identify the roles of DRD2, DRD3, HTR2A, BDNF and CYP2D6
genetic polymorphisms in the presence of cognitive impairment in pa-
tients with schizophrenia, depending on the presence or absence of
treatment resistance.

3. Materials and methods

The study included patients receiving treatment in the V. M.
Bekhterev National Research Medical Centre for Psychiatry and
Neurology, Kashcenko Mental Hospital №1, Saint – Petersburg
Psychoneurological Dispensary of Petrogradskiy District, Saint
Petersburg State Budgetary Institution of Public Health Services
Psycho-neurological Dispensary №2.

The duration of each patient's mental disorder at the time of in-
clusion in the study was at least 24 months. The study was approved by
the local ethics committee at V. M. Bekhterev National Research
Medical Centre for Psychiatry and Neurology. The study was approved
by the local ethics committee at V. M. Bekhterev National Research
Medical Centre for Psychiatry and Neurology. According to the rules of
International Conference on Harmonisation-Good Clinical Practice
(ICH-GCP), the patients were included in the study after having pro-
vided voluntary informed consent. The study excluded patients whose
mental condition did not allow the assessment of their cognitive
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functions, as well as patients with comorbid mental disorders and/or
somatic and infectious diseases in the stage of decompensation.

The total number of patients included 130 patients with diagnosis of
schizophrenia (F20 according to International Statistical Classification
of Diseases Tenth Revision (ICD 10), of which 85 (65.4%) were men and
45 (34.6%) were women.

The patients were divided into 2 groups: 1) with TRS and 2) nTRS
(not treatment-resistant). The selection of patients with TRS was carried
out according to the following criteria (Stahl et al., 2013):

2 courses of antipsychotic therapy (one of which done by the second
generation antipsychotic) in an adequate dose, lasting 4–6 weeks
without a proper response, especially while maintaining psychotic
symptoms; persistent psychotic symptoms affecting the patient’s beha-
viour and functioning; suicidal tendencies, violent acts or comorbid
abuse of surfactants.

The mental condition of patients was assessed by means of the
Positive and Negative Syndrome Scale (PANSS) (Kay, Fiszbein, & Opler,
1987). The values on these scales stay in positive correlation with the
severity of psychotic state. The assessment of the social and professional
functioning quality was carried out using the Global Assessment of
Functioning (GAF) scale (Endicott, Spitzer, Fleiss, & Cohen, 1976). The
assessment of cognitive functions was carried out using a battery of
Brief Assessment of Cognition in Schizophrenia (BACS) tests (Keefe
et al., 2014). Composite scores were calculated by averaging all z and T
scores for the six subcomponents (verbal memory, working memory,
motor speed, verbal fluency, attention and speed of information pro-
cessing and executive functions (Sarkisian, Gurovich, & Keefe, 2010).
Score values in the tests correlate positively with cognitive functions,
i.e., the higher the score, the better the cognitive function.

Information on current pharmacotherapy, as well as on the previous
two courses of treatment was obtained retrospectively for each patient.
The rationality of antipsychotic therapy (using a standardized tool, the
Medical Appropriateness Index (MAI), the version adapted to the
Russian language) (Sychev, Sosnovsky, & Otdelenov, 2016) and drug
interactions (medium and high-risk interactions using the Drug Inter-
actions Checker Tool – www.drugs.com) were evaluated.

The laboratory portion of study was carried out in the Research
Institute of Molecular and Personalised Medicine of the Russian Medical
Academy of Continuous Professional Education (Moscow). The DNA
from the blood samples was isolated by the sorption method using
"Ampliprime" kits (produced by Synthol Ltd.). Genotyping was per-
formed using the real-time polymerase chain reaction (real-time PCR)
on a BioRad CFX-96 amplifier. For amplification of polymorphic var-
iants: DRD2 Taq1A, DRD3 Ser9Gly and BDNF rs6265, HTR2A T102C
commercial kits were used (produced by Synthol Ltd.).

Our sample includes patients on clozapine therapy (as the main
drug); all included patients had a response to the therapy with this
drug.

4. Statistical analysis

Statistical processing of the results was carried out in the program
SPSS Statistics 21.0. Quantitative variables were compared using the
Mann-Whitney and Kruskal-Wallis methods due to the abnormal dis-
tribution of values in the sample (Shapiro-Wilk test, p < 0.05).
Pearson's chi-squared test was used to compare categorical variables,
and the Bonferroni correction was introduced for multiple comparisons.

A linear regression analysis was carried out. Linear regression in-
cluded a quantitative dependent variable and covariates, which were
selected on the basis of pairwise comparisons using non-parametric
statistics. The plausibility of the model was calculated by means of
single-factor dispersion analysis (F), while a significance of p < 0.05 in
the model was considered plausible (i.e., it predicted the value of the
dependent variable using the included covariates). The method of se-
lection of covariates into the equation was inverse stepwise, with
consecutive exclusion of insignificant covariates from the regression

equation.

5. Results

5.1. Comparison of patients with TRS and nTRS groups

5.1.1. Clinical and anamnestic parameters of patients
There was no statistically significant age difference between the

patients with TRS and nTRS (p=0.357). It was proven that patients in
the TRS subgroup had a less favourable disease course, which was re-
flected by the shorter remission period, worse response to therapy and
ratio of effective antipsychotic therapy courses to their total number
(see Table 1).

5.1.2. Assessment of cognitive functions and severity of mental condition
Cognitive function was assessed in each subgroups using by the

BACS and mental state severity was evaluated by the PANSS.
When comparing the TRS and nTRS groups, there were no reliable

differences in the performance of several BACS battery tests. However,
when comparing composite values, patients with TRS had lower values
of z (p= 0.002) and T (p=0.002). In assessing the mental state using
the PANSS, patients with TRS had more pronounced positive and ne-
gative symptoms of schizophrenia. The additional assessment of the
level of adaptation in society or in everyday life on the GAF scale
proved that the TRS subgroup is less safe (p=0.0001) (see Table 2).

5.2. Associations of genetic polymorphisms DRD2, DRD3, HTR2A, BDNF
and CYP2D6 with cognitive functions

5.2.1. General sample of patients
No statistically significant differences between the carriers of dif-

ferent genotypes of the studied polymorphisms and cognitive functions
were obtained in the general group of patients (p > 0.05).

5.2.2. TRS group
The association of the GA genotype carrying of the polymorphic

variant CYP2D6*4 with higher values during the "Tower of London" test
was found in the group of patients with TRS according to both z

Table 1
Comparison of clinical and medical history parameters of patients with TRS and
Ntrs.

Characteristics TRS/
nTRS

N Mean SD p

Age (years) TRS 51 36,84 11,95 0,357
nTRS 79 34,81 11,58

Trials of antypsychotics therapya

(number)
TRS 31 11,06 7,32 0,0001
nTRS 52 5,12 3,69

Effective trials of antypsychotics b

(number)
TRS 31 3,32 3,99 0,053
nTRS 52 4,17 3,49

Uneffective trials of antypsychotics c

(number)
TRS 31 7,68 5,79 0,0001
nTRS 49 0,92 1,04

Duration of last remission (months) TRS 45 2,64 8,7 0,0001
nTRS 73 15,78 23,58

Average duration of remission (months) TRS 45 5,22 12,2 0,0001
nTRS 73 22,67 29,74

“Major” drug-drug interactions during
trial 1d (number)

TRS 28 0,36 0,69 0,06
nTRS 44 0,11 0,32

MAI course 1 e (score) TRS 29 1,14 1,3 0,019
nTRS 44 0,55 1,02

a The total number of antipsychotic therapy trials throughout life.
b The total number of effective antipsychotic therapy trials throughout life.
c The total number of uneffective antipsychotic therapy trials throughout

life.
d The total number of drug-drug interactions of the relevant category during

any course of therapy. All groups of drugs used at the same time were taken into
account.

e The total score scale MAI during any course of therapy.
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(p= 0.043) and T (p= 0.043) values (see Table 3).

5.2.3. nTRS group
The association of polymorphic variant rs6265 of the BDNF gene

with the "Tower of London" test was found in the nTRS group. Carriers
of the GG genotype had higher z-values in the London Tower test
(p= 0.036). In the same group of patients, an association of general
parameters with the polymorphism of T102C of the HTR2A gene was
found. CC genotype carriers had higher values for both z (p=0.042)
and T (p= 0.042) (see Table 4).

5.3. Associations of the DRD2, DRD3, HTR2A and BDNF gene
polymorphisms with the severity of mental state

To exclude the influence of mental status on cognitive functions, the
association of the studied genes polymorphisms carrier with the

severity of mental state was analysed.

5.3.1. The total sample of patients
Mental state measured at the moment of inclusion of patients in the

study in the general group of patients showed the relationship with the
polymorphism of DRD2, DRD3, HTR2A and CYP2D6*4 genes. In parti-
cular, the association of carrying Taq1A DRD2 with a higher score on
the points of the PANSS scale "Stereotyped of Thinking", the sum of
points on the subscale "Negative Symptomatic", "Mannerisms & pos-
turing" and "Unusual thought content" was revealed. The T102C HTR2A
polymorphism was associated with a higher degree of "Emotional
withdrawal", "Passive/apathetic social withdrawal", "Lack of sponta-
neity & flow of conversation", "Poor rapport" and "Disorientation". The
polymorphic variant of Ser9Gly DRD3 was associated with the subscale
of "Positive symptoms" of PANSS scale. In addition, differences were
obtained in the item "Somatic concern" between the carriers of different
polymorphism genotypes CYP2D6*4 (p= 0.042). Carrying poly-
morphic variants of rs6265 BDNF and CYP2D6*10 did not show any
effect on the mental state in this group of patients (p > 0.05) (see
Table 5).

Table 2
Comparison of cognitive functions between TRS and nTRS subgroups according
to the BACS, PANSS, GAF.

Characteristics TRS/nTRS N Mean SD p

BACS duration TRS 48 29,17 7,03 0,813
nTRS 75 28,36 5,43

z Verbal memory TRS 51 −9,08 1,44 0,649
nTRS 79 −9,24 1,26

T Verbal memory TRS 51 −40,38 14,24 0,526
nTRS 79 −42,37 12,63

z Digit sequencing task TRS 51 −9,02 1,23 0,526
nTRS 79 −9,2 1,05

T Digit sequencing task TRS 51 −40,14 12,12 0,581
nTRS 79 −40,82 14,15

z Test with Tokens TRS 51 −8,97 1,3 0,921
nTRS 79 −9,1 1,15

T Test with Tokens TRS 51 −39,66 13,02 0,927
nTRS 79 −40,92 11,49

z Semantic or category fluency TRS 51 −9,51 1,45 0,996
nTRS 79 −9,59 1,16

T Semantic or category fluency TRS 51 −45,08 14,47 0,992
nTRS 79 −45,87 11,58

z Symbol coding TRS 51 −9,27 1,34 0,908
nTRS 79 −9,3 1,12

T Symbol coding TRS 51 −42,31 14,05 0,91
nTRS 79 −42,97 11,19

z Tower of London TRS 51 −8,59 1,21 0,31
nTRS 79 −8,39 1,17

T Tower of London TRS 51 −34,65 15,4 0,293
nTRS 79 −32,19 15,93

z Composite TRS 51 −2,99 1,7 0,002
nTRS 79 −1,98 1,33

T Composite TRS 51 20,16 17,07 0,002
nTRS 79 30,22 13,34

PANSS P common (score) TRS 51 13,55 2,54 0,0001
nTRS 79 10,82 2,78

PANSS N common (score) TRS 51 24,24 5,18 0,0001
nTRS 79 18,86 5,51

PANSS O common (score) TRS 51 33,29 5,44 0,0001
nTRS 79 27,9 5,32

PANSS common (score) TRS 51 70,98 10,12 0,0001
nTRS 79 57,81 10,57

GAF (score) TRS 46 40,87 8,6 0,0001
nTRS 72 59,96 13,9

Table 3
Associations of the CYP2D6 gene polymorphism with cognitive impairment in
the TRS subgroup.

Gene Characteristics Genotype N Mean SD p

CYP2D6*4 z Tower of London GG 30 −8,87 1,25 0,043
GA 21 −8,21 1,05

T Tower of London GG 30 −38,76 12,43 0,043
GA 21 −28,94 17,56

Table 4
Associations of the BDNF and HTR2A gene polymorphisms with cognitive im-
pairment in the nTRS subgroup.

Gene Characteristics Genotype N Mean SD p

BDNF (rs6265) z Tower of London GG 60 −8,25 1,2 0,036
AG+AA 19 −8,82 0,97

HTR2A (T102C) z Composite CC 21 −1,44 1,15 0,042
CT 42 −2,23 1,29
TT 16 −2,02 1,53

T Composite CC 20 35,62 11,56 0,042
CT 42 27,67 12,85
TT 16 29,81 15,36

Table 5
Associations of the DRD2, HTR2A, DRD3 and CYP2D6 gene polymorphisms with
the severity of mental state on the PANSS in the general sample of patients.

Gene PANSS scale a Genotype N Mean SD p

DRD2 (Taq1A) Stereotyped of
Thinking

CC 88 2,25 1,18 0,05
CT; TT 42 2,67 1,22

Negative Symptomatic
(total score)

CC 88 20,39 6,11 0,05
CT; TT 42 22,19 5,55

Mannerisms &
posturing

CC 88 2,3 1,12 0,05
CT; TT 42 2,69 1,02

Unusual thought
content

CC 88 2,22 1,01 0,023
CT; TT 42 2,64 0,88

HTR2A (T102C) Emotional withdrawal CC 42 3,1 1,3 0,017
CT 65 3,55 1,03
TT 23 2,83 1,27

Passive/apathetic
social withdrawal

CC 42 2 1,17 0,022
CT 65 2,57 1,17
TT 23 2 1,21

Lack of spontaneity &
flow of conversation

CC 42 3,17 1,27 0,027
CT 65 3,52 1,06
TT 23 2,78 1,28

Poor rapport CC 42 2,52 1,27 0,016
CT 65 2,85 1,18
TT 23 1,96 1,26

Disorientation CC 42 1,1 0,43 0,032
CT 65 1,48 0,89
TT 23 1,22 0,6

DRD3 (Ser9Gly) Positive symptoms
(total score)

TT 64 12,67 3,33 0,014
TC 42 10,88 2,41
CC 24 11,58 2,43

CYP2D6*4 Somatic concern GG 85 1,65 1,03 0,042
GA 45 1,27 0,65

a Relevant items of the PANSS scale.
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5.3.2. TRS group
In the group of patients with TRS, an association was found between

mental state severity and the polymorphic variants of DRD2, HTR2A,
DRD3 and CYP2D6 genes under study, in particular, the polymorphic
variant DRD2 Taq1A with the item "Delusions", the polymorphic variant
T102C HTR2A with the item "Disorientation", and the polymorphic
variant Ser9Gly DRD3 with the item "Motor retardation", CYP2D6*10
with the item "Guilt feelings", as well as the general score of the scale
PANSS. Polymorphisms of rs6265 of BDNF and CYP2D6*4 gene did not
show any effect on mental state (p > 0.05) (see Table 6).

5.3.3. nTRS group
The association of polymorphic variants of DRD2, DRD3 and HTR2A

genes was shown in this group of patients. The polymorphic variant of
Taq1A DRD2 was associated with the item "Unusual thought content",
Ser9Gly DRD3 with the item "Excitement", "Somatic concern",
"Disturbance of volition", T102C HTR2A with "Poor rapport" and
CYP2D6*10 with "Delusions" and "Suspiciousness/persecution" of the
PANSS scale. Polymorphic variants of rs6265 BDNF and CYP2D6*4 also
showed no effect on the mental state of this group of patients.
(p < 0.05) (see Table 7).

5.4. Analysis of the medical appropriateness among the carriers of
polymorphic variants of the studied genes

The analysis of pharmacotherapy and drug interactions rationality
was carried out to assess the impact of this exogenous factor on

cognitive impairment. It was necessary to determine the level of ag-
gravation of the pharmacological anamnesis in the carriers of poly-
morphic variants of the studied genes. In addition, ineffective anti-
psychotic therapy courses were compared (see Tables 8–10).

5.5. Linear regression for the "Tower of London" test z-value of the BACS
test battery in the TRS group

The total PANSS score, disease duration and polymorphism carriers
rs6265 BDNF, Taq1A DRD2, Ser9Gly DRD3, T102C HTR2A and
CYP2D6*4 were used as covariates. This model is reliable and can

Table 6
Associations of the DRD2, HTR2A, DRD3 and CYP2D6 gene polymorphisms with
the severity of mental state according to the PANSS in the TRS subgroup.

Gene PANSS scalea Genotype N Mean SD p

DRD2 (Taq1A) Delusions CC 31 2,71 1,13 0,05
CT; TT 20 3,35 1,23

HTR2A (T102C) Disorientation CC 21 1,19 0,6 0,012
CT 23 2 1,09
TT 7 1,29 0,76

DRD3 (Ser9Gly) Motor retardation TT 29 2,24 1,09 0,029
TC 12 2 1,04
CC 10 3,2 1,32

CYP2D6*10 Guilt feelings CC 26 1,58 0,95 0,037
CT 25 1,12 0,44

a Relevant items of the PANSS scale.

Table 7
Association of the DRD2, DRD3, HTR2A and CYP2D6 gene polymorphisms with
the severity of the mental state according to the PANSS in the nTRS subgroup.

Gene PANSS scalea Genotype N Mean SD p

DRD2 (Taq1A) Unusual thought
content

CC 57 1,86 1,03 0,022
CT, TT 22 2,45 0,96

DRD3 (Ser9Gly) Excitement TT 35 1,54 0,89 0,031
TC 30 1,07 0,37
CC 14 1,5 1,02

Somatic concern TT 35 1,31 0,72 0,043
TC 30 1,4 0,77
CC 14 2 1,11

Disturbance of volition TT 35 3,31 1,02 0,029
TC 30 2,77 1,07
CC 14 2,57 1,16

HTR2A (T102C) Poor rapport CC 21 1,62 1,07 0,05
CT 42 2,38 1,17
TT 16 2,06 1,29

CYP2D6*4 Delusions CC 47 1,87 1,03 0,012
CT 32 1,31 0,74

Suspiciousness /
persecution

CC 47 1,45 0,85 0,047
CT 32 1,13 0,55

a Relevant items of the PANSS scale.

Table 8
Analysis of the previous therapy depending on the DRD2, HTR2A, DRD3 and
gene polymorphisms carriers in the general group of patients.

Gene Characteristics Genotype N Mean SD p

DRD2 (Taq1A) Uneffective trials of
antypsychotics
(number)

CC 51 2,47 4,13 0,048
CT 18 5,39 6,31
TT 7 5,43 4,61

HTR2A (T102C) Number of
hospitalization
(number)

CC 37 3,62 3,03 0,038
CT 59 6,25 6,15
TT 19 6,16 6,62

Duration of last
remission (months)

CC 37 10,68 22,73 0,053
CT 59 7,47 12,68
TT 19 22,26 30,6

MAI course 1 (score) CC 24 1,25 1,33 0,04
CT 34 0,62 1,02
TT 13 0,46 1,13

DRD3 (Ser9Gly) Uneffective trials of
antypsychotics
(number)

TT 37 3,7 4,74 0,059
TC 25 2,88 5,49
CC 15 4,27 4,8

Table 9
Analysis of the previous therapy depending on the BDNF, HTR2A, DRD3 gene
polymorphisms carrier in patients with TRS.

Gene Characteristics Genotype N Mean SD p

BDNF (rs6265) “Major” drug-drug
interactions during
current trial (number)

GG 31 0,26 0,68 0,045
AG;AA 10 0,6 0,7

HTR2A (T102C) “Moderate” drug-drug
interactions during trial
2 (number)

CC 12 2,17 2,33 0,044
CT 16 0,81 1,22
TT 3 2,33 0,58

DRD3 (Ser9Gly) “Major” drug-drug
interactions during
current trial (number)

TT 24 0,54 0,83 0,059
TC 8 0 0
CC 9 0,11 0,33

MAI current trial
(number)

TT 24 1,46 1,32 0,03
TC 8 0,38 0,52
CC 9 0,44 1,01

Table 10
Analysis of the previous therapy depending on the HTR2A, DRD3 genes poly-
morphisms carrier in patients with nTRS.

Gene Characteristics Genotype N Mean SD p

HTR2A (T102C) Number of
hospitalization
(number)

CC 19 2,63 1,71 0,059
CT 38 6,18 6,16
TT 15 4,13 2,33

“Major” drug-drug
interactions during
trial 1 (number)

CC 13 0,31 0,48 0,036
CT 20 0,05 0,22
TT 10 0 0

MAI trial 1 (number) CC 13 1,31 1,38 0,009
CT 20 0,35 0,76
TT 10 0 0

DRD3 (Ser9Gly) Average duration of
remission (month)

TT 31 27,65 30,17 0,024
TC 27 14,56 27,58
CC 13 27,31 33,82

Duration of last
remission (month)

TT 31 22,03 31,44 0,022
TC 27 6,89 8,98
CC 13 16,23 15,7
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reliably predict the z-value of the London Tower Battery BACS test in
the TRS group (F= 25.02, p=0.0001, R2= 0.375). This model was
created by reverse step-by-step inclusion of covariates.

As a result of the model construction, all covariates except for the
duration of the disease were excluded. Predictive significance was in
the middle range (beta= 0.625, p=0.0001) and indicated a direct
correlation with z-value of the "London Tower" test of the BACS battery
in the TRS group. Of the excluded covariates, the greatest influence on
this parameter was caused by the presence of T102C HTR2A poly-
morphism (beta=−0.23, p=0.08).

5.6. Linear regression for the "Tower of London" test T-value of the BACS
test battery in the group TRS

The covariates were chosen by analogy with the last model. This
model is able to reliably predict changes in the dependent variable
(F= 14.45, p=0.0001, R2= 0.25). The model was created by the
reverse step-by-step inclusion of covariates.

As a result of the model construction, all covariates except for the
duration of the disease were excluded. Predictive significance was in
the middle range (beta= 0.52, p=0.0001) and indicated a direct
correlation with the T-value of the "Tower of London" test of the BACS
test battery in the group of TRS. Of the excluded covariates, this de-
pendent variable was influenced by the carriage of CYP2D6*4 poly-
morphism (beta= 0.24, p= 0.09).

6. Discussion

Traditionally, it is believed that patients with TRS are worse at
coping with cognitive tests, and also have more pronounced psychotic
symptoms (de Bartolomeis et al., 2013). The reasons for parameter
deterioration can be a more "malignant" course of the mental disorder
itself and some indirect factors of both external and internal character.
Genetic features, in particular, the carrier of polymorphic variants of
certain genes, are first among the internal causes (Schizophrenia
Working Group of the Psychiatric Genomics Consortium, 2014;
Yanushko et al., 2018). In addition to more pronounced positive and
negative symptoms, pharmacotherapy is a related external cause.
Concerning the absence of antipsychotic therapy effect, most practicing
psychiatrists will do augmentation, which means a combination of
several psychotropic drugs. As is widely known, polypharmacy leads to
various drug interactions, which in turn increases the risk of adverse
drug reactions that can affect cognitive functioning and mental condi-
tion, reduce compliance, lead to a change of therapy and eventually
exacerbate therapeutic resistance (Cheng et al., 2018).

In our study, we obtained associations of several polymorphic gene
variants with cognitive functions.

The T102C HTR2A polymorphism has been shown to have an effect
on cognitive functions in the nTRS group. Carrying the CC genotype
was associated with higher cognitive functions, according to the general
z- and T-indicators of the BACS. In the analysis of current and past
pharmacotherapy courses, carriers of the homozygous genotype ac-
cording to allele C had a significantly higher number of drug interac-
tions of the category "Major", as well as a higher index of rationality of
pharmacotherapy during the course of therapy 1. Since CC genotype
carriers had a greater number of drug interactions and a higher index of
rationality, and these differences were obtained for the therapy in the
history, we can only discuss the indirect influence of this therapy on
cognitive functions. In this case, we can exclude the effect of the
therapy on cognitive function. When analysing the differences in the
psychotic state of the carriers of different genotypes of this poly-
morphism, the carriers of the CC genotype had a more pronounced
negative symptomatology (according to the item "Emotional with-
drawal" of the PANSS scale) at the moment of inclusion in the study.
This fact does not allow us to draw a conclusion about the influence of
the studied polymorphism on cognitive functions in this group of

patients, since these differences may depend on the severity of negative
disorders.

In the group of patients with TRS polymorphism CYP2D6*4 showed
the effect on the executive functions. Carriers of the heterozygous GA
genotype had higher indices during the "Tower of London" test. When
analyzing pharmacotherapy in patients with TRS, it was obtained that
the carriers of this genotype had a higher index of rationality of phar-
macotherapy during the current course of therapy. Taking into account
a higher index of rationality in patients of this genotype, it can be
concluded that there is no effect of pharmacotherapy on cognitive
functions in this group of patients. There were no statistically sig-
nificant differences in the mental state of the carriers of this poly-
morphism. Thus, in the group of patients with TRS, this polymorphism
showed the influence on the executive functions outside of the psy-
chotic state severity and psychopharmacotherapy performed. No asso-
ciation between the studied gene polymorphic variants and TRS was
found in this research.

According to the data obtained by constructing linear regression
models, the duration of the disease significantly affected the executive
functions in the TRS group. At the same time, the correlation was di-
rectly related: the longer the duration of the disease, the better the
indicators of executive functions. However, at the level of the tendency
to reliability, we can say about the influence of CYP2D6*4 poly-
morphism on the executive functions. Carriers of the GA genotype had
higher indices of executive functions.

At the trend level, the T102C polymorphism of the HTR2A gene
showed its influence on the executive functions in patients in the TRS
group. Carriers of the CC genotype had higher indices of executive
functions.

At the trend level, the effect of the Taq1A polymorphism of the
DRD2 gene on cognitive function in the general patient group can be
seen. Carriers of the TT genotype of this polymorphism had the lowest
total z- and T- values, and carriers of the homozygous genotype by al-
lele C were the highest.

In the nTRS group, we obtained data on the effect of the disease
duration on the executive functions. This relationship is directly pro-
portional, i.e., cognitive functions improve in patients with increased
disease duration.

7. Limitations

We considered the most significant polymorphic variants of genes.
The limited genetic panel does not allow the full assessment of the
treatment resistance problem. Although it reduces time expenses, the
cross-sectional design of our study leads to some restrictions. The as-
sessment of mental condition at one point does not allow a detailed
study of the efficiency or fully capture the parameters of safety of the
antipsychotic therapy. We did not have the opportunity to replicate the
results of our study to a larger cohort of patients with schizophrenia. In
addition, we were unable to find similar studies of patients with TRS,
and as a result, we were unable to compare our results with others.
Additional difficulties come with collecting the information about past
courses of therapy and the course of the mental disorder itself.

8. Conclusion

We examined the most significant pharmacodynamic genes asso-
ciated with mental state and cognitive functions (Schizophrenia
Working Group of the Psychiatric Genomics Consortium, 2014). Ad-
ditionally, pharmacokinetic genes also play an important role, affecting
drug metabolism and therefore, effectiveness and safety of anti-
psychotic therapy. Further research on the role of these genes is also
necessary. The absence of association between the carriers of the stu-
died polymorphic variants and TRS may be explained by the fact that
this problem is the most complex, and the mechanisms involved are
quite diverse.
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The polymorphic variant of the CYP2D6*4 gene showed its influ-
ence on cognitive functions regardless of the mental state, pharma-
cotherapy used or the presence or absence of TRS. The association of
this gene with cognitive impairment was also obtained in the study by
Zeng et al. (2017); however, this work was carried out in patients with
schizophrenia, without distinguishing a separate group of TRS (Zeng
et al., 2017).

Considering the large number of difficulties encountered in the
treatment of TRS, this topic seems the most interesting and promising
for further research. Future studies should focus on expanding the panel
of polymorphic gene variants and conducting larger prospective studies
with a large number of patients, despite the high cost. Early prediction
of TRS will enable the start of the anti-resistant therapy at an earlier
stage, which can prevent social decline and disability. In turn, further
identification of genetic predictors of cognitive impairment will help to
understand their causes and possibly approach a more targeted therapy
for schizophrenia.
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