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Duration Matters: Anticonvulsant
Therapy Linked to Bone Loss in Interim
Cross-Sectional Study

doi: 10.17816/CP15553
Original research

Natalia Sivakova, Irina Abramova, Hatanua CuBakoBa, MprMHa A6paMoBa,

Irina Trukhina, Varvara Rybasova, MpuHa TpyxuHa, Bapsapa Pbi6acoBa,

Mikhail Sorokin, Evgeny Kasyanov, Muxaunn CopokuH, EBreHuni KacbsiHOB,

Larisa Lukina, Vladimir Mikhailov, Galina Mazo Jlapuca JlykuHa, Bnagumup Muxannos, FaauHa Maso
V.M. Bekhterev National Medical Research Centre for @rbY «HayuoHaneHbIl MeduyuHckul uccredosamensckuli
Psychiatry and Neurology, Saint Petersburg, Russia yeHmp ncuxuampuu u Hegposo2uu um. B.M. bexmepesa»

MuH30paea Poccuu, CaHkm-lemepbype, Poccus

ABSTRACT

Anticonvulsants are widely used in treating patients with mental and neurological disorders. Their
long-term use increases the risk of a decrease in bone mineral density (BMD) and low-energy fractures. Despite the
growing number of studies of drug-induced osteoporosis, the effect of anticonvulsants on bone microarchitecture
remains poorly studied.

To study the effect of treatment duration with different generations of anticonvulsants on bone mineral density
and fracture risk.

We examined 100 adult patients with epilepsy who had been on anticonvulsants for more than 12 months
and 58 healthy subjects who had never taken anticonvulsants. All the participants underwent a general clinical and
neuropsychological assessment, as well as bone densitometry using quantitative computed tomography in three
regions of interest (lumbar vertebrae L1, L2 and femoral neck).

BMD reductions were observed in 47 patients (47%) taking anticonvulsants and 29 (50%) subjects in the
control group. The mean duration of anticonvulsant therapy was 8.7 years (SD=8.05) in patients with normal BMD, 10.7
years (SD=7.07) in patients with osteopenia, and 9.5 years (SD=5.24) in patients with osteoporosis. Age was found to
significantly affect BMD, while the duration of anticonvulsant therapy affected it to a lesser extent. Patients taking first-
generation anticonvulsants had lower BMD (p=0.018). ROC analysis confirmed the existence of a relationship between
the duration of anticonvulsant therapy and the risk of fractures (p<0.001). The “duration of anticonvulsant therapy”
threshold at the cut-off point corresponding to the highest Youden index value was 10 years.

Long-term treatment with conventional anticonvulsants adversely affects BMD and can lead to
pathological bone resorption, increasing the risk of fractures in patients. New-generation anticonvulsants did not
show any significant negative impact on BMD. The results of this study indicate the need for further research to better
understand the effects of anticonvulsants on bone tissue.


https://doi.org/10.17816/CP15553

AHHOTALMA

AHTVKOHBY/bCAHTBI LLMPOKO MPUMEHSAOTCS /151 IeYeHNS MaLNEHTOB C HEBPOIOTMYECKMMU 33601eBaHNAMM
N ACUXNYECKUMI PacCTPOCTBaMU. VX ANNTENBHbBIV MPUEM NOBLILLAET PUCK CHYXXEHNS MUHEPaIbHOM NAIOTHOCTU KOCTHOW
TKaHW (MIMKT) 1 H13KO3HEpreTnYeckmx nepesoMoB. HecMOTpS Ha POCT UCCef0BaHMIA NeKapCTBEHHO-NHAYLIMPOBAHHOIO
0CTeornoposa, BANAHNE aHTUKOHBY/IbCAHTOB Ha MUKPOaPXUTEKTOHWKY KOCTHOM TKaHW U3y4YeHO HeZloCTaTOuHO.

N3yunTb BANSHNE AIUTENBHOCTM NpYeMa aHTUKOHBY/IbCAHTOB PasnnYHbIX NokoneHnr Ha MIMKT n puck
pa3BUTUA NepesoMoB.

O6cnegoBany 100 B3poC/bIX MAaLMEHTOB C anuaencnen, NPUHUMAOLLMX aHTUKOHBY/IbCaHTLI 6onee 12
MecsLeB, 1 58 340pOBbIX YH4aCTHMKOB, KOTOPbIE HUKOTAa He MPUHUMAaM aHTUKOHBY/bCaHTLI. Bce y4acTHMKM npoLunm
06LLieKIMHNYeCKoe, NCUXMATPUYECKOe U HEBPOIOTMYecKkoe 06C1ejoBaHIe, a TakKe JeHCUTOMETpUYecKoe nccnejoBaHumne
C MOMOLLBH0 KONNYECTBEHHOM KOMMbHOTEPHOM TOMOrpadum B Tpex ToUKax (MOSACHYHbIe NO3BOHKM L1, L2 v welika 6eapa).

Y 47 (47%) naumeHToB, MPUHMMAROLLMX aHTUKOHBYIbCAHTHI, BbIsIBUAW CHKeHe MIKT, B KOHTPONbHOM
rpynne —y 29 (50%). CpeaHss ANNTENBHOCT NPUEMA aHTUKOHBY/TbCAHTOB Y NaLMeHTOB ¢ HopManbHo MIKT coctaBuna
8,7 roga (SD=8,05), c octeoneHwneir — 10,7 roga (SD=7,07), c octeonopo3zom — 9,5 roga (SD=5,24). YcTaHOBNEHO, YTO
BO3PacT 3HauMTeNbHO BAMSET Ha nokasatenu MIKT, a AnMTeNbHOCTb MPMEMAa aHTUKOHBY/IbCAHTOB — B MeHbLUel
cTeneHu. NaumeHTbl, MPUHUMAalOLLME aHTUKOHBYNbCAHTBI MEPBOro MOKO/IEHNS, Menn 6oee H1U3KMe NokKasaTenu
MTIIKT (p=0,018). ROC-aHann3 noaTBEPAUS CBA3b MEXAY ANUTENIbHOCTLIO MPUEMA aHTUKOHBY/ILCAHTOB N PUCKOM
nepenomos (p<0,001). MoporoBoe 3HaveHe NokasaTens «ANTeNbHOCTb NPYeMa aHTUKOHBY/IbCAHTOB» B TOUKe cut-
off, KOTOpOW COOTBETCTBOBANO HaMBbICLLEe 3HaUYeHMe nHaekca KogeHa, — 10 neT.

AnvTenbHas Tepanus TPagULMOHHBIMU aHTUKOHBY/IbCAHTaMW HEraTUBHO BAUsSieT Ha MIMKT v MoxeT
NPUBOAUTL K MAaTONOMMYEeCKOl 0CTeope3op6bLmK, yBenymBas PUCK NepeloMoB Y NaumeHTOB. AHTUKOHBY/IbCaHTbI HOBOIO
MOKOJIEH WS He NMOKa3asv BblPaXXeHHOro HeraTMBHOMO Bo3aelicTBms Ha MIMKT. Pe3ynbTaTbl MCCNeL0BaHWS yKa3biBatOT
Ha HeobXOANMOCTb AaNbHENLLNX NCCNeL0BaHWIA A8 601ee TOUHOro MOHUMAaHWS BIVNSIHUST aHTUKOHBYbCAHTOB Ha
KOCTHYIO TKaHb.

INTRODUCTION risk of fractures in patients with mental disorders receiving

Anticonvulsants are commonly used in clinical practice to
treat various mental and neurological disorders. However,
the use of anticonvulsants in neurology and anticonvulsants
with mood-stabilizing properties in psychiatry is significantly
complicated by the adverse effects of drugs that affect the
quality of life and the effectiveness of therapy in patients
suffering from epilepsy and mental disorders. One of the
negative consequences of long-term anticonvulsant therapy
in neurological and psychiatric clinics is the metabolic effect
it has on the bone system, leading to the development
of osteopenia and osteoporosis, which can eventually
result in low-energy fractures. Studies have demonstrated
a decrease in bone mineral density (BMD) and an increased

long-term treatment with psychotropic drugs, including
anticonvulsants [1, 21.

The prevailing context for the use of anticonvulsant
drugs is epilepsy, a neuropsychiatric disorder affecting
more than 50 million people worldwide [3]. Patients with
epilepsy are a heterogeneous group characterized by
variable durations and severities of the disease, as well
as, in most cases, the presence of concomitant mental
disorders. Today, epilepsy and its consequences represent
a serious medical problem with an added socio-economic
component. Most patients with epilepsy need lifelong
anticonvulsant therapy for the symptomatic treatment of
epileptic seizures and psychopathological disorders [4, 5].



The main goal of pharmacotherapy in epilepsy is to
achieve complete remission of seizures with the lowest risk
of adverse effects associated with drug therapy. Currently,
about 30 anticonvulsants are in daily use worldwide. Factors
usually taken into account for the choice of antiepileptic
therapy include the type of seizures, the form of epilepsy, the
age and sex of the patient, as well as concomitant diseases
and the characteristics of the anticonvulsants, including
efficacy, safety, tolerability, the pharmacological profile and
availability of the drug for the patient. It is important to
remember that monotherapy with an anticonvulsant cannot
provide control of the patient's condition in most cases,
not only in neurological practice, but also when it is used
as a mood stabilizer in psychiatry. As a result, psychiatric
and neurological patients usually receive multiple-drug
therapy. Unlike patients with mental disorders, for whom
anticonvulsants are usually combined with psychotropic
drugs of other classes, the drug combination for epileptic
patients can often include several anticonvulsants of
different generations. This increases the cumulative adverse
effects of medicinal products and, at the same time,
complicates the management of adverse events through
the discontinuation of antiepileptic therapy.

One of the insufficiently studied adverse effects of
anticonvulsants is their negative impact on mineral and
bone metabolism. On the one hand, many researchers
have reported the negative effect of inducers of
microsomal liver enzymes (cytochrome P450) on BMD [6].
Antiepileptic drugs increase the activity of the enzyme
25-hydroxyvitamin D, 24-hydroxylase (CYP24), which
catalyzes the conversion of 25(0OH)D to its inactive metabolite,
24,25-dihydrooxycholecalciferol (24,25-(OH),D,). Deficiency
of the active metabolite of vitamin D, 1,25(0H),D, leads to
decreased calcium absorption, which, in turn, increases
the proliferation of parathyroid cells and parathyroid
hormone secretion [6]. Such secondary hyperparathyroidism
stimulates bone resorption, impairing bone remodeling
and mineralization, reducing bone density, altering the
bone microarchitecture, and increasing the risk of low-
energy fractures [6, 7]. On the other hand, there is evidence
that long-term use of anticonvulsants (inducing and non-
inducing enzymes) can cause secondary osteoporosis [8].
Findings from a recent study identified drug type, dosage,
treatment duration, and polytherapy as predictors of
osteoporosis induced by anticonvulsant medications.
The use of carbamazepine and valproic acid has been
shown to be an independent factor in the development of

osteoporosis, but nevertheless, these drugs are still the most
widely used agents in psychiatric and neurological clinical
practice [9]. Anticonvulsants with minimal enzyme-inducing
activity, such as lamotrigine, are considered to be safer than
conventional anticonvulsants [10]. However, despite the
increasing application of new-generation anticonvulsants,
data on their effect on BMD are lacking and the mechanisms
of their effect on bone metabolism remain unknown [11].
Calcitonin deficiency, hyperhomocysteinemia (associated
with changes in the bone microarchitecture and increased
bone fragility), vitamin K and carnitine deficiency, decreased
sex hormone levels, and direct effects on osteoclasts are
among the hypotheses that exist to explain bone loss during
anticonvulsant therapy. Anticonvulsants also have a direct
effect on chondrocyte growth, especially in children, and
on vitamin D and calcium levels [7]. In this regard, control
of vitamin D levels in patients with mental and neurological
disorders on long-term anticonvulsant therapy seems to
be a rational osteoporosis prevention measure.

However, there are quite contradictory data in this area.
A study conducted in India showed a significant decrease in
BMD of the femoral neck in patients taking anticonvulsants,
in contrast to the control group [12]. By contrast, a more
recent study, also in India, did not find significant differences
in BMD of the lumbar spine or femoral neck between
compared groups. Computed tomography (CT) densitometry
in patients with epilepsy demonstrated a negative correlation
between cumulative exposure and the T-score. In patients
on long-term treatment with anticonvulsants, bone tissue
microarchitecture significantly changes, as evidenced by
biochemical parameters and a decrease in BMD [13]. Since
patients need to take anticonvulsants for a long time, often
combining drugs of different generations and receiving
multiple drugs simultaneously for maximum control of
their condition, some researchers believe that the use
of anticonvulsant therapy for =2 years (carbamazepine,
phenobarbital, phenytoin, valproic acid) is a risk factor of
increased incidence of vertebral fractures [14].

Bone loss associated with anticonvulsant therapy is usually
asymptomatic and inconspicuous. Osteoporosis is usually
detected only after a fracture. Vertebral compression
fractures are the most common type of osteoporotic
fractures and are associated with an increased risk of hip
and wrist fractures. Vertebral compression fractures are
often diagnosed untimely in the general population [15].
At that stage, the impairment of bone microarchitecture
is already so pronounced that bone damage can occur



with minimal injury or even without it. Such fractures are
called pathological or low-energy fractures.

Patients with epilepsy have a six-fold increased risk of
falling compared with the general population, which can
increase the likelihood of injury. In addition, the incidence
of osteoporosis in this group of patients is 1.7-fold higher
[6]. Patients with primary mental disorders are also at
an increased risk of falling compared with the general
population. Their risk factors include an acute psychotic
episode, bipolar affective disorder and the risky behavior
associated with it, and the adverse effects of psychotropic
therapy (sedation, orthostatic hypotension) [16]. Decreased
BMD generally complicates the treatment of injuries in
patients. Any planned surgery, whether it is the replacement
of a deformed joint or osteosynthesis of a broken vertebra
with metal implants, is associated with an increased risk
due to bone fragility and the risk of implant migration.
The combination of these factors adversely affects the
quality of life of patients with mental and neurological
disorders; for example, by decreasing motor activity through
prolonged hospitalization and immobilization, which, in
turn, exacerbates vitamin D deficiency and worsens the
condition of the bone tissue [17]. It should be noted that
the risk group for the development of low-energy fractures
includes, in addition to elderly and very old patients, young
and middle age individuals; that is, active working people,
which worsens the burden of the disease.

Despite the available data describing the relationship
between changes in bone and mineral metabolism in
patients on long-term anticonvulsant therapy, there has been
a limited number of studies in Russia that considered this
aspect. The poorly understood mechanisms of the effects of
anticonvulsants on bone metabolism emphasize the need
for studies that evaluate the risk factors of anticonvulsant-
induced osteoporosis in the Russian population.

Based on the abovesaid, the basic hypothesis of our
study was as follows: long-term use of anticonvulsants
adversely affects mineral metabolism, which leads to
a decrease in BMD. A number of additional hypotheses
were formulated: 1) last-generation anticonvulsants affect
bone tissue in the same way as older products of this class,
leading to pathological bone resorption; 2) long-term use
of anticonvulsants increases the likelihood of fractures
in patients with epilepsy, as they experience the highest
exposure to regular anticonvulsant therapy.

The study aims to study the effect of treatment duration
with different generations of anticonvulsants on bone

mineral density and fracture risk. To achieve this aim, the
following objectives were defined:

1. To study BMD using CT densitometry in epilepsy
patients meeting neuropsychiatric criteria with
>12 months of anticonvulsant therapy, and in
relatively healthy volunteers who had not received
anticonvulsant therapy.

2. To determine the frequency and severity of BMD
loss in two compared groups (AC and NAC).

3. To compare the differential impact of traditional
(AC1: carbamazepine, valproic acid, benzobarbital,

agents
(AC2: levetiracetam, lacosamide, lamotrigine,
oxcarbazepine) on BMD.

phenobarbital) and last-generation

4. To analyze the effect of anticonvulsant therapy
duration on the bone tissue condition, and to
identify the relationship between the duration of
anticonvulsant therapy and a decrease in BMD with
the construction of a prognostic risk model for BMD
changes during long-term antiepileptic therapy.

5. To assess the effect of the duration of anticonvulsant
therapy on the probability of fracture with the
construction of a prognostic risk model for BMD
changes during long-term antiepileptic therapy.

METHODS

An observational cross-sectional study was conducted
in the two compared groups: patients with epilepsy who
had received anticonvulsants for more than 12 months
and healthy volunteers who had never undergone
antiepileptic drugs.

The study was conducted at the V.M. Bekhterev National
Medical Research Centre for Psychiatry and Neurology.
Inclusion criteria for the group of patients with epilepsy:

1. Male and female participants aged between 21 and
60 years inclusive.

2. In-and outpatients.

3. A confirmed diagnosis of “epilepsy” (G40 according
to ICD-10).

4. Disease duration of no less than 12 months.

5. Anticonvulsant therapy duration of no less than
12 months (AC1: carbamazepine, valproic acid,
benzobarbital, phenobarbital; AC2: levetiracetam,
lacosamide, lamotrigine, oxcarbazepine).



6. Ability to read, understand, and sign the informed
consent form for inclusion in the study.

7. Ability and willingness to comply with all study
procedures in accordance with the protocol.

8. Signed voluntary informed consent of the
patient to participation in the study, collection of
demographic and medical data, imaging studies,
collection and examination of biomaterial (venous
blood), as well as the processing of anonymized
personal demographic and medical data.

9. For women of childbearing age: a negative
pregnancy test.

Inclusion criteria for the group of healthy volunteers:
1. Male and female participants aged between 21 and
60 years inclusive.

N

No current or previous anticonvulsant therapy.

w

Ability to read, understand, and sign the informed

consent form for inclusion in the study.

4. Ability and willingness to comply with all study
procedures in accordance with the protocol.

5. Signed voluntary informed consent of the
patient to participation in the study, collection of
demographic and medical data, imaging studies,
collection and examination of biomaterial (venous
blood), as well as the processing of anonymized
personal, demographic, and medical data.

6. For women of childbearing age: a negative

pregnancy test.

Non-inclusion criteria for all study participants:

1. Age less than 21 years or more than 60 years.

2. Refusal of the patient or his/her legal guardian to
participate in the study.

3. Presence of clinically significant, uncontrolled
somatic diseases, endocrine diseases, cancer, or
other progressive diseases.

4. Present or past use of hormone replacement
therapy, glucocorticoids, heparin, antidepressants,
antipsychotics.

5. Suicidal thoughts or aggressive behavior that
require immediate medical intervention, as
revealed during the assessment interview.

6. Severe cognitive impairment, manifested by the
participant's inability to read and understand
the essence of the informed consent form for
participation in the study.

7. For women of childbearing age: a positive
pregnancy test.

Exclusion criteria for all study participants:

1. Refusal to undergo protocol-specified procedures,
withdrawal of consent.

2. Pregnancy detected during the study.

3. |Initiation of medical use of antidepressants,
antipsychotics, glucocorticoids, heparin, hormone
replacement therapy.

4. Uncontrolled somatic diseases that interfere with
participation in the study.

All study participants underwent a clinical examination
with an assessment of their somatic, neurological, and
psychiatric status, detailed drug history, and the collection
of information on their lifestyle, social activities, and factors
likely to affect bone metabolism. A case report form was
developed for the study, which included anonymized data
on the subjects’ age, diagnosis, treatment, and previous
injuries.

BMD was assessed by bone densitometry using
quantitative computed tomography performed with a Canon
Aquilion One 640 multidetector computed tomography
system, in three regions of interest (lumbar vertebrae L1,
L2 and femoral neck). CT bone densitometry data were
evaluated based on the T- and Z-scores, according to the
World Health Organization (WHO) classification.

The study data were encoded, organized into tables, and
analyzed statistically using the StatTech software, version
3.1.10. Quantitative variables were tested for distribution
normality using the Shapiro-Wilk test. If the data were
normally distributed, they were described by the mean (M)
and standard deviations (SD), as well as the limits of the
95% confidence interval (95% Cl). Non-normally distributed
quantitative data were represented by the median (Me)
and the lower and upper quartiles (Q1-Q3). Categorical
data were expressed in absolute values and percentages.
Comparison of two groups in terms of a quantitative
parameter with normal distribution and equal variance
was performed using the Student's t-test. For data with
non-standard distribution, the Mann-Whitney U-test
was used. Univariate analysis of variance was used to
compare three or more groups with normal distribution,



and the Kruskal-Wallis test was used for data with non-
standard distribution. Comparison of two groups in terms
of a binary attribute was performed by calculating the
odds ratio. Percentages were compared using Pearson’s
chi-square test and Fisher’s exact test when analyzing
four-way contingency tables. The relationship between
abinary dependent variable and one or more independent
variables was assessed by multivariate logistic regression.
The correlation was assessed using the Spearman’s rank
correlation coefficient. The linear regression method was
used to develop a prognostic model, and the diagnostic
significance of quantitative attributes was analyzed using
the ROC curve method. The ROC curve was plotted by
comparing the sensitivity and specificity of the test at
different cut-off points. The Youden index was used to
select the optimal point on the ROC curve. Significance
levels (p-values) were considered as follows: p<0.05 were
significant, p<0.01 were highly significant, and p=0.05 were
non-significant.

All participants were provided full information about the
study, and they gave their written consent to participate in
it. The study protocol, the informed consent form, and the
case report form, as well as the conduct of the study, were
reviewed and approved at a meeting of the Ethics Committee
of the V.M. Bekhterev National Medical Research Centre

Group
Parameter

AC (n=100)
Age, Me (IQR) 36.0(29.0; 43.0)
T-score, L1/L2, M (SD) -0.864 (1.224)
Z-score, L1/L2, M (SD) —-0.550 (1.183)

BMDmean, L1, M (SD) 145.850 (34.189)

BMDmean, L2, M (SD) 145.080 (34.436)

Women 53 (53.00%)
Sex, n (%)

Men 47 (47.00%)

Normal 53 (53.00%)
BMD changes : o
on CT, n (%) Osteopenia 32 (32.00%)

Osteoporosis 15 (15.00%)

NAC (n=58)
29.0(25.0; 43.3)
-0.724 (1.500)
-0.512(1.129)
142.500 (39.528)
142.138 (39.185)
42 (72.41%)

16 (27.59%)

29 (50.00%)

21 (36.21%)
8(13.79%)

for Psychiatry and Neurology (Minutes No. 3K-1-1/23 dated
January 26, 2023).

RESULTS

The study included 100 adult patients with epilepsy aged
21-60 years (Me=29.0; interquartile range (IQR): 25.0;
43.3) who were on long-term (more than 12 months)
anticonvulsant therapy (AC group), receiving outpatient
or inpatient treatment at the V.M. Bekhterev National
Medical Research Centre for Psychiatry and Neurology.
Of these, 53 (53%) were women and 47 (47%) were men.
The median duration of anticonvulsant therapy was 7
(IQR: 3; 14) years, with a minimum duration of 1 year
and a maximum duration of 25 years. The control group
included 58 somatically healthy volunteers aged 22-60
years (Me=29; IQR: 25; 43) who were not on anticonvulsants
(NAC group) or other medications that could have affected
BMD. Of these, 42 (72%) were women and 16 (28%) were
men. The characteristics of the AC and NAC groups are
presented in Table 1.

The distribution of study participants by age and sex
in the AC and NAC groups was heterogeneous (H=4.008;
p=0.045 and x?2=4.990; p=0.026, respectively). Although
the median age and interquartile range in the AC and NAC
groups were within the same age category according to
WHO criteria, the distribution of participants by age was
significantly different: participants aged about 40 years

All participants

(n=158) Values

34.5(26.0; 43.0) H=4.008, p=0.045, £2=0.026

-0.812(1.329) F=0.402, p=0.527, d=0.102
-0.536 (1.160) F=0.040, p=0.842, d=0.033
144.620 (36.152) F=0.314, p=0.576, d=0.091
144.000 (36.156) F=0.242, p=0.624, d=0.080
95 (60.13%)

X?=4.990, p=0.026, V=0.178
63 (39.87%)
82 (51.90%)
53 (33.54%) X?=0.294, p=0.863, V=0.043

23 (14.56%)
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Figure 1. Age distribution in the group of patients with

epilepsy taking anticonvulsants and in the group of healthy

volunteers not taking anticonvulsants.

Note: AC — group of patients taking anticonvulsants; Me — median
value; NAC — group of healthy volunteers not taking anticonvulsants;

n — number of participants; p — level of statistical significance
(or p<0.05 indicates the statistical significance of the effect).

Source: Sivakova et al., 2025.

Table 2. General characteristics of the adjusted groups

prevailed in the AC group, whereas the NAC group had 2
peaks at approximately 25 and 60 years (Figure 1).

The identified differences are important for the analysis
of the results and interpretation of the study data, given
that osteoporotic disorders are age- and sex-dependent.
Therefore, an additional analysis was carried out in two
groups selected from the total study sample, which were
comparable in terms of sex (x2=0.000, p=1.000) and age
(H=0.006, p=0.941). The first group included subjects treated
with anticonvulsants (ACa) and consisted of 46 patients with
amedian age of 33 years (IQR: 26.3; 47.3), while the second
group included adjusted samples of healthy subjects (NACa)
and consisted of 46 subjects with a median age of 31 years
(IQR: 25.3; 49.3). It should be noted that comparability of
study groups in terms of key demographic characteristics
minimizes the impact of potential biases and increases the
integrity of the study results. Thus, NACa and ACa groups
were established. Further analysis of these age- and sex-
matched groups will enable a more precise assessment
of the impact of anticonvulsant treatment duration on
osteoporotic changes (Table 2).

Group A=
Parameter All_g;\ ricipants Values
ACa (n=46) NACa (n=46) (n=92)
Age, Me (IQR) 33.0(26.3; 47.3) 31.0(25.3; 49.3) 32.0(26.0; 49.5) H=0.006, p=0.941, €2=0.000

T-score, L1/L2, M (SD)

-0.797 (1.250)

-0.884 (1.496)

-0.840 (1.371)

F=0.091, p=0.763, d=0.063

Z-score, L1/L2, M (SD)

-0.617(1.231)

-0.601 (1.193)

-0.609 (1.206)

F=0.004, p=0.949, d=0.013

BMDmean, L1, M (SD) 146.804 (39.395) 136.413(38.211) 141.609 (38.946) F=1.649, p=0.202, d=0.268
BMDmean, L2, M (SD) 144.783 (39.360) 137.587 (39.189) 141.185 (39.225) F=0.772, p=0.382, d=0.183
T-score, FN, Me (IQR) -0.2(-1.4;0.8) 0.0 (-0.9; 1.1) 0.0 (-1.0; 0.8) H=0.679, p=0.410, €2=0.007
Z-score, FN, M (SD) -0.171(1.100) 0.179 (1.068) 0.004 (1.093) F=2.394, p=0.125, d=0.323
BMDmean FN, Me (IQR) 0.8 (0.7; 0.9) 0.8 (0.7; 0.9) 0.8(0.7;0.9) H=0.085, p=0.771, €2=0.001
Women 30 (65.22%) 30 (65.22%) 60 (65.22%)
Sex, n (%) x?=0.000, p=1.000, V=0.000
Men 16 (34.78%) 16 (34.78%) 32 (34.78%)
Normal 26 (56.52%) 20 (43.48%) 46 (50.00%)
BMD changes .
SET (%g) Osteopenia 12 (26.09%) 19 (41.30%) 31 (33.70%) X?=2.430, p=0.297, V=0.163
Osteoporosis 8 (17.39%) 7 (15.22%) 15 (16.30%)

Note: ACa — adjusted group of patients taking anticonvulsants; NACa — adjusted group of healthy volunteers not taking anticonvulsants;

BMD — bone mineral density; BMDmean — mean bone mineral density; CT — computed tomography; F — Fisher's exact test; FN — femoral neck;
H — Kruskal-Wallis test; IQR — interquartile range; L1 — first lumbar vertebra; L2 — second lumbar vertebra; Me — median value; SD — standard
deviation; V (Cramér's V) — effect size for contingency tables; d (Cohen’s d) — effect size; €2 — effect size for the Kruskal-Wallis test; M — mean
value; n — number of subjects; p — level of statistical significance (or p<0.05 indicates the statistical significance of the effect); x> — Pearson’s chi-

squared test.
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Patients in the AC group were divided into two subgroups
depending on the generation of the anticonvulsant taken:
AC1 — patients taking conventional anticonvulsants
(carbamazepine, valproic acid, benzobarbital, phenobarbital);
AC2 — patients taking latest generation anticonvulsants
(levetiracetam, lacosamide, lamotrigine, oxcarbazepine).
The AC1 subgroup included 40 patients, of whom 21 (52.5%)
were male and 19 (47.5%) were female. The median age was
36 (IQR: 29.8; 42.0) years. The AC2 subgroup included 59
individuals, of whom 25 (42.4%) were men and 34 (57.6%)
women. The median age was 37 (IQR: 28.5; 43.5) years.
The AC1 and AC2 subgroups were comparable in terms of
sex (x2=0.618, p=0.432, V=0.079) and age (H=0.572, p=0.449,
€2=0.006). The differences between the subgroups are not
related to demographic factors such as sex and age, which
allows to focus on the assessment of the impact of the
different generations of anticonvulsants on the studied
parameters. The general characteristics of the studied
subgroups AC1 and AC2 are presented in Table 3.

Changes in BMD were assessed based on the degree of its
regression: normal- decreased- osteopenia- osteoporosis.
BMD measurements using CT densitometry showed that
47 (47%) patients from the AC group had decreased BMD,
including 32 (32.0%) patients with CT signs of osteopenia
and 15 (15%) patients with CT signs of osteoporosis. In the
NAC group, BMD changes were detected in 29 (50.0%)
subjects and were distributed as follows: CT osteopenia
was observed in 21 (36.21%) subjects; CT osteoporosis,
in 8 (13.79%) subjects. The comparative analysis of the
frequency of detection and the degree of BMD changes
on CT between the NAC and AC groups did not reveal
statistically significant differences (x2=0.294, p=0.863,
V=0.043) (see Table 1). The analysis of the frequency and
degree of BMD changes on CT in the age- and sex- adjusted
samples ACa and NACa also demonstrated no significant
differences between the compared groups (x?=2.430,
p=0.297, V=0.163) (see Table 2).

All participant Values

Subgroup
Parameter

AC1 (n=40)
Age, Me (IQR) 36.0(29.8, 42.0)

Duration of AC therapy, years, M (SD)
T-score, L1/L2, M (SD)

Z-score, L1/L2, M (SD)

BMDmean, L1, M (SD)

BMDmean, L2, M (SD)

T-score, FN, M (SD)

Z-score, FN, M (SD)

BMDmean, FN, M (SD)

Women
Sex, n (%)

Men

Normal
ENIDEIENES Osteopenia

on CT, n (%)

Osteoporosis

11.850 (9.542)
-1.126 (1.193)
-0.860(1.310)
137.675(32.734)
136.425(33.012)
-0.478 (1.469)
-0.083 (1.140)
0.769 (0.156)

19 (47.50%)

21 (52.50%)

19 (47.50%)

15 (37.50%)

6 (15.00%)

AC2 (n=59)
37.0(28.5, 43.5)
7.814 (4.950)
-0.662 (1.216)
-0.317 (1.040)
151.932 (34.256)
151.441 (34.409)
-0.010(1.424)
0.116 (1.104)
0.825 (0.210)

34 (57.63%)

25 (42.37%)

34 (57.63%)

17 (28.81%)

8 (13.56%)

(n=99)

36.0(29.0, 43.0)
9.444 (7.396)
-0.850(1.222)
-0.536(1.181)
146.172 (34.211)
145.374 (34.486)
-0.196 (1.453)
0.037 (1.117)
0.802 (0.191)

53 (53.54%)

46 (46.46%)

53 (53.54%)
32(32.32%)

14 (14.14%)

H=0.572, p=0.449, €?=0.006
F=7.577, p=0.007, d=0.531
F=3.518, p=0.064, d=0.385
F=5.247, p=0.024, d=0.459
F=4.279, p=0.041, d=0.426
F=4.690, p=0.033, d=0.445
F=2.477, p=0.119, d=0.324
F=0.743, p=0.391, d=0.177

F=2.027, p=0.158, d=0.303

x*=0.618, p=0.432, V=0.079

Xx*=1.048, p=0.592, V=0.103



In the quantitative BMD analysis conducted in the AC and
NAC groups, the mean T-score of the L1/L2 vertebrae was
-0.864 (SD=1.224) in the AC group and -0.724 (SD=1.500)
in the NAC group (F=0.402, p=0.527, d=0.102). The mean
Z-score of the L1/L2 vertebrae was -0.550 (SD=1.183) in the
AC group and -0.512 (SD=1.129) in the NAC group (F=0.040,
p=0.842, d=0.033). The mean BMD of the L1 vertebra
was 145.850 (SD=34.189) in the AC group and 142.500
(SD=39.528) in the NAC group (F=0.314, p=0.576, d=0.091).
The mean BMD of the L2 vertebra was 145.080 (SD=34.436)
in the AC group and 142.138 (SD=39.185) in the NAC group
(F=0.242, p=0.624, d=0.080). Thus, no statistically significant
differences were demonstrated between the AC and NAC
groups in terms of BMD values. The mean T-scores of the
L1/L2 vertebrae, Z-scores of the L1/L2 vertebrae, and BMD
values (for the L1and L2 vertebrae) in the two groups were
in comparable ranges, which is confirmed by the absence
of significant differences in the F-test (p>0.05) and small
effect size values (d<0.2) (see Table 1).

In the adjusted samples comparable in terms of age and
sex (ACa and NACa), the following results were obtained
in the analysis of BMD values. The mean T-score of the L1/
L2 vertebrae was -0.797 (SD=1.250) in the ACa group and
-0.884 (SD=1.496) in the NACa group (F=0.091, p=0.763,
d=0.063). The mean Z-score of the L1/L2 vertebrae was
-0.617 (SD=1.231) in the ACa group and -0.601 (SD=1.193)
in the NACa group (F=0.004, p=0.949, d=0.013). The mean
BMD of the L1 vertebra was 146.804 (SD=39.395) in the ACa
group and 136.413 (SD=38.211) in the NACa group (F=1.649,
p=0.202, d=0.268). For the L2 vertebra, the mean values were

T-score, L1/L2 | Z-score, L1/L2 | BMDmean,
Subgroup (LS means (LS means L1 (LS means
[95% Cl]) [95% Cl]) [95% Cl])
AC2 -0.539 -0.198 152.481
[-1.062,-0.016] | [-0.643,0.248] | [137.675, 167.288]
Gl -0.884 -0.601 136.413
[-1.285,-0.483] | [-0.942,-0.259] | [125.069, 147.757]
ACT -1.163 -1.212 138.737
[-1.787,-0.539] | [-1.743,-0.681] | [121.086, 156.387]
Pr>F (Model) | 0.304 0.018 0.222
Significant No Yes No

144.783 (SD=39.360) and 137.587 (SD=39.189), respectively
(F=0.772, p=0.382, d=0.183). The median T-score of the
femoral neck was -0.2 (IQR: -1.4; 0.8) in the ACa group
and 0.00001 (IQR: -0.9; 1.1) in the NACa group (H=0.679,
p=0.410, €2=0.007). The mean Z-score of the femoral neck
was -0.171 (SD=1.100) in the ACa group and 0.179 (SD=1.068)
in the NACa group (F=2.394, p=0.125, d=0.323). The median
BMD of the femoral neck was 0.8 (IQR: 0.7; 0.9) in both
groups (H=0.085, p=0.771, €2=0.001). Thus, the analysis of
BMD values in the adjusted ACa and NACa groups also did
not reveal significant differences in the T-score, Z-score
or mean BMD values for the lumbar spine (L1 vertebra,
L2 vertebra) or the femoral neck (see Table 2).

The mean number of years of anticonvulsant therapy
was 11.850 (SD=9.542) in the AC1 subgroup and 7.814
(SD=4.950) in the AC2 subgroup, which is significantly longer
treatment with conventional anticonvulsants (F=7.577,
p=0.007, d=0.531).

When assessing the categorical parameters of BMD
changes in the AC1 subgroup, normal bone density values
were revealed in 19 (47.5%) patients, decreases to the
level of osteopenia in 15 (37.5%) patients, and reductions
to the level of osteoporosis in 6 (15%) patients. In the AC2
subgroup, bone density values within the normal range were
revealed in 34 (57.63%) subjects, decreases to the level of
osteopenia in 17 (28.21%) patients, and reductions to the
level of osteoporosis in 8 (13.56%) subjects. The analysis of

BMDmean, T-score FN Z-score, BMDmean,
L2 (LS means (LS means FN (LS means | FN (LS means
[95% Cl]) [95% Cl]) [95% Cl]) [95% Cl])
151.296 -0.043 0.030 0.784
[136.345, 166.247] | [-0.555, 0.470] | [-0.381,0.442] | [0.711,0.858]
137.587 -0.119 0.179 0.773
[126.133, 149.041] | [-0.512,0.274] | [-0.137,0.494] | [0.716, 0.829]
135.526 -0.837 -0.457 0.720
[117.704, 153.349] | [-1.449,-0.226] | [-0.948,0.034] | [0.632, 0.808]
0.279 0.1 0.101 0.503

No No No No
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the frequency and degree of changes in BMD with respect to
the generation of anticonvulsants did not reveal statistically
significant differences in the compared subgroups AC1and
AC2 (x2=1.048, p=0.592, V=0.103) (see Table 3).

In the analysis of BMD values obtained by CT densitometry,
statistically significant differences were found between
the AC1 and AC2 subgroups in the following parameters:
the Z-score of the L1/L2 vertebrae (F=5.247, p=0.024,
d=0.459), the BMDmean of the L1 vertebra (F=4.279,
p=0.041, d=0.426), and the BMDmean of the L2 vertebra
(F=4.690, p=0.033, d=0.445), which may indicate a lower
level of bone mineralization in patients taking conventional
anticonvulsants. However, no statistically significant
differences were found in the other CT parameters: the
T-score of the L1/L2 vertebrae (F=3.518, p=0.064, d=0.385),
as well as the T-score of the femoral neck (F=2.477, p=0.119,
d=0.324), the Z-score of the femoral neck (F=0.743, p=0.391,
d=0.177), and the BMDmean of the femoral neck (F=2.027,
p=0.158, d=0.303) (see Table 3).

Comparison of CT densitometry results in the AC1 and
AC2 subgroups with the group of healthy subjects (NAC)
demonstrated a more pronounced decrease in BMD in the
subgroup of patients receiving conventional anticonvulsants
(ACT) (Table 4).

The analysis of BMD data obtained by CT allowed a
conclusion that the difference in the Z-score of the L1/L2
vertebrae was statistically significant (p=0.018). The rest of

the parameters, including the T-scores and BMDmean, did
not show statistically significant differences between the
groups (p>0.05). The results indicate a significant decrease
in BMD in the subgroup of patients taking conventional
anticonvulsants (AC1), as compared with AC2 and NAC.
The obtained data may indicate a potentially more negative
effect of conventional anticonvulsants on bone density.
At the same time, no negative effect of the new-generation
anticonvulsants on BMD was observed; on the contrary,
they demonstrated higher mineralization compared with
the control group.

The analysis of BMD changes depending on the duration
of anticonvulsant therapy revealed the following: the
average duration of anticonvulsant therapy was 8.7 years
in patients with normal bone density, 10.7 years in patients
with BMD values decreased to the level of osteopenia,
and 8.5 years in patients with BMD values decreased
to the level of osteoporosis. No statistically significant
differences in the duration of anticonvulsant therapy
were found between patients with different levels of bone

density (pnormal—posteopema=0.091; pnormal_posteoporosiszo'323;
posteopenia_posteoporosis=0'775) (Figure 2)

An analysis of multiple linear regression was performed
in order to assess the relationship between the duration
of the anticonvulsant therapy and BMD, using the “sex”
and “age” of participants as covariates (Table 5). For the
T-score of the L1/L2 vertebrae, duration of anticonvulsant
therapy had no statistically significant effect (p=0.171),
while age had a significant impact (p=0.001). This suggests
that age is the main factor affecting the T-score of the L1/
L2 vertebrae, and that the duration of the anticonvulsant
therapy does not play a significant role; the model explains
14% of the variation (R2=0.14). A statistically significant
negative relationship with the duration of the anticonvulsant
therapy was shown for the Z-score of the L1/L2 vertebrae
(p=0.005), while age had no significant impact (p=0.682).
The obtained data may indicate that the duration of the
anticonvulsant therapy decreases the Z-score of the L1/L2
vertebrae, while the model explains 8.7% of the variation
(R2=0.087). For the mean BMD of the L1 vertebra, the
duration of the anticonvulsant therapy showed a tendency
towards significance (p=0.053); at the same time, age had
a significant impact (p<0.001). This demonstrates that
age is a key factor and the duration of the anticonvulsant



Table 5. Regression analysis of the relationship between the duration of anticonvulsant therapy and bone mineral density
assessed using computed tomography densitometry, with “sex” and “age” covariates

R R? Duration of therapy | Age Gender @R
(p-value) (p-value) (p-value)
Z-score, L1/L2 0.14 0.171 N 0'901. . 0.270 - Duration has no effect, age has an effect
(non-significant) (significant) (non-significant)
0.005 0.682 0.583 Duration has a significant effect
Zestant, Ll Bl (significant) (non-significant) (non-significant) | (negative relationship)
BMDmean, L1 0.286 0.05.3 (on the edge <9'°°_1, 0.129 o Duration is weakly correlated, age is
of significance) (significant) (non-significant) | a key factor
BMDmean, L2 0.224 0.132 - <9‘00.1. 0.278 L Duration has no effect, age has an effect
(non-significant) (significant) (non-significant)
T-score, FN 0.083 0.146 - 0'926. ) 0.406 - Duration has no effect, age has an effect
(non-significant) (significant) (non-significant)
0.119 0.921 0.752 - S .
Z-score, FN 0.028 (non-significant) (non-significant) (non-significant) No relationship with duration and age
BMDmean, FN 0.038 0.083 o 0.935. 0.872 o No r.e‘lationship with duration, age is
(non-significant) (significant) (non-significant) | significant

Note: BMDmean — mean bone mineral density; FN — femoral neck; L1 — first lumbar vertebra; L2 — second lumbar vertebra; p-value — significance
level, indicates a statistically significant effect at p<0.05; R2 — determination coefficient.

therapy is weakly associated; the model explains 28.6%
of the variation (R?2=0.286). The mean BMD of the L2
vertebra was associated with the duration of therapy
without a statistical significance (p=0.132), and the age
was significant, again (p<0.001), and remains an important
factor; the explanatory power of the model stood at 22.4%
(R2=0.224). For the T-score of the femoral neck, the model
explains 8.3% of the variation (R2=0.083), while duration
has no effect (p=0.146), and the age remains significant
(p=0.026). When analyzing the Z-score of the femoral neck,
the model showed very low explanatory power (R2=0.028)
and none of the factors showed a significant impact.
Duration of anticonvulsant therapy was not significant
for the mean BMD of the femoral neck (p=0.083), while
age showed a significant impact (p=0.035). This indicates
a weak relationship with the duration of anticonvulsant
use, while age continues to be a significant factor; the
model explains 8.8% of the variation (R?=0.088).

Effect of the duration of anticonvulsant therapy
on the risk of fracture

An analysis of the relationship between the duration of
anticonvulsant therapy and the history of fractures in the AC
group was performed, with 2 subgroups of patients used.
Subgroup 1included 36 people with a history of fractures,
subgroup 2 consisted of 64 people without a history of
fractures. In the subgroup of patients with a history of
fractures, the duration of anticonvulsant therapy was 14

(8-15) years, which is statistically longer (U=50.5, p<0.001)
compared with patients without fractures, 5 (3-8) years
(Figure 3).

In the control group (NAC), 16 (27.6%) individuals had
a history of fractures, while 42 (72.4%) subjects had had no
fractures. All healthy subjects had a history of a traumatic
injury leading to a fracture. Nevertheless, the NAC and AC
groups had no statistically significant differences in the
fracture rate (x2=0.205, p=0.651).
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Duration of AC therapy (years)

No fractures History of fractures

G J

Figure 3. Relationship between the duration of anticonvulsant
therapy and the history of fractures.

Note: AC — anticonvulsants.

Source: Sivakova et al., 2025.
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A multivariate logistic regression performed to assess the
impact of the duration of AC therapy on the development of
fractures, with adjustments for sex and age, revealed that
the R-squared was 0.103; therefore, the resulting model
can explain only 10% of the identified cases of previous
fractures. The obtained model also demonstrated the
absence of a statistically significant relationship between
the sex, age of the participants and the history of fractures
(B=-0.86, p=0.381 and B=0.16, p=0.871, respectively), but it
confirmed a statistically significant relationship between the
duration of anticonvulsant therapy and the development
of fractures (B=0.295, p=0.03).

To more accurately determine the relationship between the
probability of fractures and the duration of anticonvulsant
therapy, a ROC analysis was performed (Figure 4).

The area under the ROC curve was 0.769+0.052 with
a 95% Cl of 0.667-0.870 (Figure 4). The obtained model
demonstrates a statistically significant relationship between
the probability of fracture and the duration of anticonvulsant
therapy (p<0.001).

The analysis of the specificity and sensitivity of the model
demonstrated that the “duration of anticonvulsant therapy”
threshold at the cut-off point corresponding to the highest
Youden index value was 10 years (Figure 5, Table 6). This
allows one to predict the probability of fracture in patients
with epilepsy who have received anticonvulsant therapy
for 10 years or longer. The sensitivity and specificity of
the final model were used to select the cut-off line: the
highest values for both characteristics were 72.2 and 78.1%,
respectively (Table 6).
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Specificity — Sensitivity

Threshold | Sensitivity (%) @ Specificity (%) | PPV NPV

14 52.8 87.5 70.4 76.7
13 55.6 82.8 64.5 76.8
12 58.3 82.8 65.6 77.9
11 63.9 81.2 65.7 80.0
10 72.2 781 65.0 83.3
9 72.2 75.0 61.9 82.8
8 75.0 71.9 60.0 83.6
7 77.8 64.1 54.9 83.7
6 86.1 60.9 55.4 88.6

The results of the ROC analysis indicate a significant
impact of the duration of anticonvulsant therapy on the
risk of fracture in the patients. It was established that with
increasing duration of anticonvulsant therapy, the probability
of fractures significantly increases. The obtained results
emphasize the importance of considering the duration of
antiepileptic therapy, along with its efficacy, when assessing
potential risks and adverse effects.



DISCUSSION
Osteoporosis represents a major public health challenge
with far-reaching implications for both population health
and economic systems [8, 18]. Despite expectations, the
results of this study did not reveal statistically significant
differences (x?=0.294, p=0.863, V=0.043) in the BMD decrease
between patients receiving long-term anticonvulsant
therapy and healthy subjects not taking anticonvulsants.
The analysis of BMD values obtained using CT revealed that
the mean T-scores and Z-scores of the L1/L2 vertebrae, as
well as the mean BMD values (for the L1 and L2 vertebrae)
in the two groups were in comparable ranges, which
is confirmed by the absence of significant differences in
the F-test (p>0.05) and small effect size values (d<0.2).
Thus, the study results demonstrate that there were no
significant differences in BMD changes between the AC
and NAC groups. This contradicts the results of many
epidemiological studies suggesting a negative effect of
anticonvulsants on BMD [19]. Taking into account that the
ACand NAC groups were heterogeneous in terms of sex and
sex composition, we formed adjusted groups matched for
sex and age. Itis important to emphasize that comparability
of study groups in terms of key demographic characteristics
minimizes the impact of potential biases and increases the
reliability of the study results. Thus, an additional analysis was
performed in adjusted samples of healthy subjects (NACa)
and subjects taking anticonvulsants (ACa) for a more accurate
assessment of the effect of the duration of anticonvulsant
therapy on changes in BMD. However, the analysis of BMD
values in the adjusted ACa and NACa groups also did not
reveal significant differences in the T-score, Z-score, or mean
BMD values for the lumbar spine (L1 vertebra, L2 vertebra)
or the femoral neck (p>0.05, d<0.2). The obtained results
demonstrate that the duration of anticonvulsant therapy
does not have a significant effect on BMD, which contributes
to the ongoing discussion about the safety profile of these
drugs in relation to bone health. Further studies with large
samples and diverse demographics are needed to better
understand the relationship between anticonvulsant
therapy and BMD, especially taking into account individual
risk factors and the pathogenic mechanisms of action of
the drugs. It should be noted that these results are interim
and the enrollment of study subjects is ongoing. Upon
completion of data collection, we plan to conduct an in-
depth analysis that will provide more informative data.
The analysis of changes in BMD depending on the
generation of the anticonvulsant used revealed significant

differences in CT parameters: the Z-score of the L1/L2
vertebrae (F=5.247, p=0.024, d=0.459), the BMDmean
of the L1 vertebra (F=4.279, p=0.041, d=0.426), and the
BMDmean of the L2 vertebra (F=4.690, p=0.033, d=0.445).
These data may indicate that anticonvulsants of different
generations have a heterogeneous effect on bone density,
which is probably due to different mechanisms of action.
In particular, there is a tendency to lower bone density
in patients taking conventional anticonvulsants. This
may indicate a potentially more unfavorable effect on
bone tissue and the development of pathological bone
resorption. At the same time, no negative effect of new-
generation anticonvulsants on BMD was observed; on
the contrary, they demonstrated higher mineralization
compared with the control group. However, a comparative
analysis of the frequency and degree of changes in BMD
showed no statistically significant differences between
groups of patients taking conventional anticonvulsants
(AC1) or latest generation drugs (AC2) (x2=1.048, p=0.592,
V=0.103). These results are consistent with the results
in the study by Hamed (2016), which demonstrated no
significant differences in BMD changes depending on
the generation of the anticonvulsant either [8]. Given
the heterogeneous results obtained, it makes sense to
analyze the effect of specific groups of anticonvulsants on
BMD in future studies, taking into account their different
pathogenic mechanisms of action. Such studies will provide
a deeper understanding of the relationship between the
use of various anticonvulsants and the condition of bone
tissue, which may be important for optimizing therapeutic
approaches and improving the quality of life of patients.

In addition to the generation and different pathogenic
mechanisms of action of anticonvulsants, the duration
of their use may be a significant factor affecting bone
density. A study by Fahmy et al. (2018) demonstrated
a significant increase in the risk of decreased BMD with
increasing duration of antiepileptic therapy, regardless of
the generation of the drug used [19]. Multiple regression
models were constructed to assess the relationship between
decreased bone density and the duration of antiepileptic
therapy. The results of a multiple linear regression analysis,
which evaluated the relationship between the duration
of anticonvulsant therapy and BMD using the covariates
“sex” and “age” showed a significant negative relationship
between the duration of anticonvulsant therapy and
the BMD decrease assessed by the Z-score of the L1/
L2 vertebrae (p=0.005, R2=0.087). However, age and sex



did not have any significant effect on the Z-score of the
L1/L2 vertebrae (p=0.682, p=0.583, respectively), which
can be explained by the age and sex dependence of this
parameter. The Z-score is based on the average age-
specific values and serves for comparison with standardized
population values. This approach provides greater sensitivity
in detecting the influence of external factors — such as
duration of medication use — on bone tissue status,
taking into account the individual age characteristics of
each respondent. The study also demonstrated a weak
relationship between the changes in the mean BMD
values of the L1 vertebra and FN and the duration of
anticonvulsant therapy (p=0.053 and p=0.083). However,
age had a greater effect on these parameters (p<0.001 and
p=0.035). The duration of anticonvulsant therapy had no
significant association with changes in BMD according to
the T-score of the L1/L2 vertebrae and femoral neck, with
age showing a pronounced effect on these parameters.
The T-score compares the bone density with the peak
bone mass of young, healthy individuals, and this makes
it more sensitive to age-related changes and decreases its
sensitivity to changes caused by long-term anticonvulsant
therapy. We believe that the more significant relationship
between the duration of anticonvulsant therapy and the
Z-score, as compared with the T-score, can be explained
by the fact that the Z-score is a better reflection of the
impact of external factors on bone tissue, including the
duration of anticonvulsant therapy, and takes into account
the age-related changes by default for each respondent.
The obtained interim results emphasize the need
for a more in-depth study of the effect of long-term
anticonvulsant therapy on changes in BMD, taking into
account both age and sex, as well as therapeutic factors in
patients with psychiatric and neurological diseases, in whom
long-term use of anticonvulsants for different indications
may be one of the factors. In addition, understanding the
relationship between anticonvulsant therapy and the
condition of bone tissue may contribute to the development
of preventive strategies aimed at maintaining bone health
in long-term users of these drugs. This, in turn, can improve
the quality of patients' life, reducing the fractures risk and
related complications. Thus, this study has significant
potential to improve the conduct of studies aimed at
evaluating the effect of anticonvulsants on BMD and the
development of pathological bone resorption.
According to the recommendations of the National
Osteoporosis Foundation (NOF), individuals with a history

of fractures are at an increased risk of osteoporosis [20].
However, we have not seen any studies that examined
the relationship between the duration of anticonvulsant
therapy and fractures. Our study provided data on the
association between the duration of anticonvulsant therapy
and the history of fractures in patients with epilepsy.
In the subgroup of patients with a history of fractures, the
duration of anticonvulsant therapy was 14 (8-15) years,
which was significantly longer (p(U)<0.001) than in the
subgroup of patients with no history of fractures (64 people),
5 (3-8) years. These results indicate that the duration of
anticonvulsant therapy is a potential risk factor for the
development of fractures in patients with epilepsy and
other neuropsychological disorders requiring the use of
anticonvulsants. The absence of such assessments in prior
research underscores a critical gap, necessitating further
investigation into how the duration of antiepileptic therapy
affects BMD and fracture risk. Studies with a subsequent
development of management strategies for patients taking
anticonvulsants will help lower the risks of osteoporotic
fractures and improve the quality of life of patients.

The presented data are an interim result of the research
project “The effect of anticonvulsants on the development
of osteoporosis in patients with epilepsy”. The age and
sex distributions are significantly different in the groups,
which may be important in analyzing the results and
interpreting the study data. However, the final sample
of the study will include participants in groups of relatively
equal sex and age distributions, and each group will
include equal proportions of female and male subjects in
two age categories (young age of 21-40 years and middle
age of 41-60 years, according to the WHO classification).
Anticonvulsants represent a heterogeneous group of
medications, and the findings described in this article will
be further specified for individual agents as the ongoing
study progresses.

CONCLUSION

The results of the study demonstrated that patients with
epilepsy have no statistically significant differences in the
BMD decrease compared with healthy subjects, which
is not consistent with previous research into the effect of
anticonvulsants on BMD. The study also yielded conflicting
data on the effect of the duration of anticonvulsant therapy
on changes in BMD. However, long-term anticonvulsant



therapy was found to be associated with an increased
fractures risk. The results of the study highlight the
importance of further studying the impact of antiepileptic
therapy on bone health and the need to develop strategies
to minimize the fractures risk. The development of a set of
measures to prevent anticonvulsant-induced osteoporosis
is an important undertaking, since the main goals of
healthcare remain the prevention and prophylaxis of
diseases, and the preservation of the life quality and
working ability of the population.
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ABSTRACT

It is known that disorders of mental activity in schizophrenia patients may be caused by an impairment
in the actualization of past experience during anticipation (prediction), which leads to impairment in constructing
predictions, comparing incoming sensory information with the predictions, and updating the predictions. Previous
studies have shown that the probability of an expected event affects the components of event-related potentials
in mentally healthy individuals. However, it has not yet been studied how changes in the probability of an expected
stimulus influence the behavior of individuals with schizophrenia and their event-related potential measures.

To compare the influence of event probability on the characteristics of brain potentials in patients with schizophrenia
and healthy individuals.

The study included mentally healthy individuals and male schizophrenia patients. Electroencephalograms
were recorded while participants performed a saccadic task within the Central Cue Posner's Paradigm under conditions
of varying probability (50% and 80%) of target stimulus presentation. Pre-stimulus (Contingent Negative Variation) and
post-stimulus (Mismatch Negativity and P3) components of event-related potentials were analyzed upon the presentation
of two types of target stimuli: standard (presented on the same side as the cue stimulus) and deviant (presented on
the opposite side), under conditions of 50% and 80% stimulus congruence probability.

The study involved 20 mentally healthy individuals and 18 schizophrenia patients. In healthy subjects,
the amplitude of the contingent negative variation increased with high stimulus congruence probability, while the
amplitude of the Mismatch Negativity (MMN) and P3 component was higher for deviant stimuli under conditions of
high (80%) probability. In schizophrenia patients, changes in probability demonstrated no impact on the amplitude of
the contingent negative wave, MMN, or P3.

The characteristics of event-related potentials in patients with schizophrenia indicate impaired
anticipation processes.
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AHHOTALUNMA

N3BeCTHO, YTO PaCCTPOCTBA NCUXMYECKON AeATeNbHOCTU Y 60/bHbIX LN30dpeHnel MoryT 6biTb
06YC/I0B/IeHbl HAPYLLUEHUSIMUM aKTyanM3aLmy NpoLLIoro onbiTa B Mpouecce aHTMLMAauUmM (MPOorHO3MPOBaHMS),
KOTOpble MPUBOASAT K HapYyLLEHUAM NOCTPOEHMS MPOrHO3a, COMOCTaB/eHWs NOCTyNatoLLei CeHCOPHOW MHopMaLIMK
C NMPOrHO30M W KOppeKLMN NporHo3a. PaHee 6b110 NOKa3aHo, YTO Y 340POBbIX Nt0Aeli BEPOATHOCTb 0XMAAeMOro
COBLITVS BAMSIET HA KOMMOHEHTbI BbI3BaHHbIX MOTEHLIMAN0B roI0OBHOro Mo3ra. OfHako A0 CUX NMOpP He U3yYeHo, Kak
N3MeHeHVe BEPOATHOCTY OXMAAEMOro CTVIMYya BANSIET HA MOBEJEHNE 1 MO3roBble OTBETbI Y /1ML, C LUM30PPEHNEIA.

CpaBHUTb BAUSIHNE BEPOSTHOCTY COBBLITUIM Ha XapakTePUCTUKN MO3rOBbIX MOTEHLMANO0B Y NaLMeHTOB
C Wn3odpeHmnen 1 340poBbIX TK0geN.

B nccnegosaHuve 6b1n BKIKOUEHbI MCUXNYECKN 340PO0BbIe LA 1 60/bHbIE LUIN30$PeHMeRn My>KCKOro nona.
Mpw BEINOIHEHWM YHaCTHVKaMM CakKaAMYeCcKo 3afaun B napajurme NpoCcTpaHCTBEHHOM CUrHaNN3aLumm B yCNOBUSAX
pa3HOBepoATHOCTHOrO (50 1 80%) NpeAbaBNeHS LIeIeBOro CTMMYy/1a PermcTprpoBanmnck 31eKTpoaHLedanorpamMmmel.
MNpoaHannsnpoBaHbl AOCTVMY/IbHbIE (YC/IOBHasA HeraTMBHas BOIHA) U MOCTCTVMY/IbHbIE (HEraTUBHOCTL PACCOr/IacoBaHNS
1 P3) KOMNOHEHTbI CBA3AHHbIX C COOLITUSIMIM NOTEHLAN0B MO3ra Npv NpeabaBAeH ABYX TUMNOB LieN1eBbIX CTUMYJIOB:
CTaHAapTHbIe (NpeabsBaseMble C TOM Xe CTOPOHbI, UTO N CUTHANBbHBIA CTUMYN) U eBUaHTHble (NpesbaBisemble
C MPOTNBOMOOXHOWN CTOPOHbI) B yc/10BUSX 50 1 80% BepoATHOCTY COBMAAEHNS CTUMYNOB.

B nccnegoBaHuy npuHsaam yyactve 20 NCUXMYECKM 340POBbIX UL U 18 60NbHBIX LW30dpeHnel.
Y NCUXMYECKM 340POBbIX UL, aMIAIUTYAA YCIOBHO HEraTMBHOM BOJHbI YBEIMUMBANACh NPY BbICOKOW BEPOSATHOCTU
COBMajeHns CTUMY/0B, aMNANTYAa HEraTUBHOCTW PaCcCcor1acoBaHMS 1 KOMMOHeHTa P3 6bina Bbille Npu AeBUAHTHbIX
CTUMYyNax B yC/IOBMAX BbICOKOW (80%) BEPOATHOCTU. Y NaLMEHTOB C WM30dpeHmeil N3MeHeHe BEPOSTHOCTA He

OKa3bIlBano BANAHNA Ha aMNNTyay yCJ'IOBHOI7I HeraTVBHOW BOJIHbI, HEraTUBHOCTU paccornacoBaHMa n P3.

XapaKTepl/ICTI/IKI/I CBSI3aHHbIX C COBLITUAMM noTeHUmnanoB Mo3ray 60NbHbIX mm3o¢peH|/|e|7| YKa3blBakOT

Ha Hain4yme 'y H1UX HapyLueHvu7| npoueccoB aHTMUMNaunn.

INTRODUCTION

Theoretical and experimental studies have shown that
psychiatric disorders in schizophrenia patients are, in
part, underpinned by a disruption in the actualization of
previous experience [1, 2]. Reliance on experience is one of
the fundamental requirements for anticipation, which is the
process of foreseeing or predicting events. Therefore, the
study of anticipation processes is essential for understanding
the mechanisms underlying psychopathological symptoms
in schizophrenia patients. In recent years, the theory of
predictive coding has frequently been used to explain
the mechanisms of anticipation and the symptoms
of schizophrenia [3, 4]. According to this theory, the
brain is a hierarchically organized system that performs
probabilistic (Bayesian) inferences about future events by

comparing incoming sensory information with preceding
predictions, with the aim of minimizing prediction errors —
discrepancies between predictions and sensory data [5, 6].
In schizophrenia patients, abnormalities in the brain regions
involved in predictive coding have been demonstrated to
result in sensory, motor, and cognitive disorders, as well
as to disorders in the systems responsible for salience
attribution and reward expectation. The development of
psychopathological symptoms in patients with schizophrenia
may be attributable to these abnormalities [4, 7, 8].

The predictive coding theory has explained some
neurophysiological phenomena, particularly event-
related potentials (ERP). Thus, mismatch negativity (MMN)
is considered one of the key indicators of prediction
error generation. In the classical methodology [9], MMN



is recorded in the auditory modality during passive
(unattended) listening to auditory stimuli in an oddball
paradigm. It appears as a negative peak in the amplitude
of the difference wave (obtained by subtracting the event-
related potential to standard stimuli from the ERP to deviant
stimuli) approximately 100-250 ms following stimulus
presentation. The appearance of MMN indicates that
a pattern in the stimulus sequence has been identified, and
that deviations from this pattern have been detected. This
phenomenon is widely regarded as a signal of prediction
error [10]. Reduced MMN amplitude is one of the most
consistent electrophysiological signs of schizophrenia
[11] and a primary indicator of impaired predictive coding
mechanisms [8, 12]. It is known that in individuals without
mental illnesses, MMN in the passive oddball paradigm
does not differ from that in the active variant, when the
subject’s attention is directed towards the stimuli [13-15].
This confirms the assumption that the MMN reflects pre-
attentive processes involved in discriminating sensory stimuli
and automatically detecting changes in their parameters
[16, 17]. Thus, the MMN can be associated with a prediction
error that is generated due to deviations in local regularities
related to stimulus characteristics [18]. Visual MMN is more
pronounced in the occipital and parietotemporal regions
[19] and is also reduced in patients with schizophrenia [20].

In addition to the MMN, the P3 component of the ERP
is recorded in the active oddball paradigm. This positive
component occurs between 250 and 500 ms after the
presentation of a deviant stimulus. The P3 amplitude in
schizophrenia patients is lower than that in individuals
without mental disorders [21]. MMN and P3 are considered
to index different stages of discrepancies detection between
predictions and sensory data [22]. Whereas MMN reflects
the detection of local deviations tied to specific details
of incoming information that fail to match predictions
(e.g., pitch, brightness, motion trajectory), P3 reflects the
processing of generalized information related to stimulus
selection and/or evaluation, incorporating global deviations
associated with complex patterns (e.g., differences between
sequences comprising a specific number of stimuli) [18].

Anticipation (prediction) processes are also reflected
by such a neurophysiological phenomenon known as the
contingent negative variation (CNV). The CNV is characterized
by a gradual buildup of negative potential in frontal-
central brain regions occurring between two interrelated
stimuli: a cue/warning stimulus (S1) and a trigger/target
stimulus (S2) [23]. CNV is thought to represent preparatory

processes related to the pre-tuning and optimization of
the brain systems involved in a particular task [24, 25].
The amplitude of the CNV could reflect the processes of
anticipation of stimulus S2, which are triggered by the
presentation of stimulus S1[26]. During the anticipation of
the subsequent stimulus, the amplitude would increase if
the target stimulus corresponded to the cue, and decrease
if the target stimulus violated the established rules [27].
In patients with schizophrenia, the amplitude of CNV is lower
in comparison to in individuals without mental disorders.
Furthermore, a disruption of the CNV topography has
also been observed in these patients [28-30]. Based on
the predictive coding theory, a reduced CNV amplitude
may be indicative of an insufficiency in expectations and
predictions concerning upcoming events, as well as an
impaired ability to utilize contextual information in making
predictions [31].

Studies of predictive coding processes using the Central
Cue Posner Paradigm (CCPP) have shown that prior direction
of attention improves reaction speed and visual perception
of target objects. According to the CCPP, spatial cue stimuli
activate hypotheses about the characteristics of subsequent
events, prepare motor responses, and adjust predictions
in case of mismatch [32]. In addition, the influence of the
probability of target stimuli matching the cue on event-
related potential characteristics was revealed in the visual-
auditory version of CCPP for mentally healthy individuals
(50, 64/68 and 86/88% valid trials [matches between cue
and target stimulus] were used) [27, 33, 34]. However,
the effects of the probabilistic organization of stimulus
material on predictive coding processes in individuals
with schizophrenia remain unexplored.

The study aimed at evaluating the effects of the probability
of the events on event-related potentials in schizophrenia
patients compared to healthy individuals.

METHODS

We published the preliminary results of this study in
[35]. The article, which covers the results of a pilot study
on this topic, provides an analysis of existing methods,
describes the development and testing of a technique
(stimulation, analysis algorithm, and ERP component
selection). The results of the pilot study were employed
in this research.

A cross-sectional comparative study was conducted.



The study was conducted at V. Serbsky National Medical
Research Centre of Psychiatry and Narcology of the Ministry
of Health of the Russian Federation (V. Serbsky National
Medical Research Centre) (Moscow, Russia). The main group
consisted of patients with schizophrenia who underwent
forensic psychiatric evaluation at V. Serbsky National
Medical Research Centre from November 2022 to March
2023. The control group included employees of V. Serbsky
National Medical Research Centre and acquaintances of
the investigators.

Inclusion criteria: The main group included male patients
with normal or corrected vision, without signs of
acute psychotic state (to ensure quality recording of
electroencephalogram [EEG]), who had not received
pharmacotherapy (for at least 7 days before inclusion in
the study), without a history of neuroinfectious diseases
and concomitant mental disorders (according to medical
documentation and examination findings at the time of
assessment). All patients underwent forensic psychiatric
evaluation at V. Serbsky National Medical Research Centre
and were diagnosed with schizophrenia by their attending
physicians (F20 according to the International Classification
of Diseases, 10th Revision).

The control group consisted of male individuals without
neurological or psychiatric disorders (according to self-
reported data). This group was selected by frequency
matching, so that the age distribution would be similar
to that of the main group.

Non-inclusion criteria: Individuals were not included in the
study if they were unable to follow the study protocol (severe
cognitive impairment that made it difficult to understand
the instructions for conducting the electrophysiological
study), if they had been diagnosed with alcohol or drug
dependence (the presence of the disease was established
by the attending physician at V. Serbsky National Medical
Research Centre), or were left-handed. The dominant hand
was determined just before the neurophysiological study
based on the results of a questionnaire (which hand the
patient uses for writing, drawing, holding a toothbrush,
scissors, a match when lighting it, a spoon when stirring
liquids) and motor tests for the dominant hand (applause,
interlocked fingers).

Exclusion criteria: Participants with unsatisfactory EEG
quality were excluded from further analysis.

Registration

The recording of the brain’s electrical activity was performed
using a Neuroscan Synamps System (Compumedics, USA)
from 19 channels according to the standard 10-20 system.
Reference electrodes were placed on the earlobes, and
aground electrode was located at the Fpz position. The EEG
signal was recorded with a sampling rate of 1000 Hz and
a bandwidth of 0-500 Hz.

The study was conducted in a darkened and electrically
shielded room. During the investigation, which lasted
approximately 30 minutes, the participants were seated in
a chair with soft upholstery, a high headrest, and armrests,
which allowed them to maintain a stable posture and
minimized discomfort.

The recordings were carried out by the study authors,
who had over 15 years of experience in EEG recording.

Study protocol
To study the features of anticipation, a visual stimulation
paradigm based on CCPP was applied, according to which
two probability conditions were proposed [32]. The choice
of visual stimulation is attributable to the fact that predictive
coding processes have been most thoroughly studied in
the visual modality. The STIM2 stimulator (Compumedics
Neuroscan, USA) was used for presenting visual stimuli.
The stimuli were displayed on a monitor (19" diagonal,
screen resolution 1280x1024), with the center of the
screen adjusted vertically to align with the participants’
eye level and positioned at a distance of approximately
60 cm from their eyes. The presentation protocol had been
previously tested [35]. All participants were given the same
instructions and were asked to perform a saccadic task —
shifting their gaze to the target stimulus [32].

Before the main session, participants had completed
a brief training session to become familiar with the
study procedure. In case of incorrect task performance,
participants were re-instructed. The quality of instruction
comprehension and the process of performing the study
protocol were monitored using electrooculography with Ag/
AgCl skin electrodes placed at the lateral corners of both
eyes by monitoring correct eye movements in response to
the stimuli. In addition, the electrooculography channels
were used to determine the characteristics of behavioral
responses (saccades): the latency period of correct saccades
was identified using a peak detection algorithm that
exceeded a predefined threshold for random fluctuations.



Based on the direction of the saccades, the percentage of
correct and incorrect task performances was calculated.

The study consisted of five consecutive blocks, each
containing 45 trials, with a one-minute break between
blocks. Each trial consisted of four sequentially presented
stimulus types: (1) green or yellow preparatory stimulus
appeared in the center of the screen for 200 ms; (2) white
central fixation stimulus appeared 600-800 ms after the
disappearance of the preparatory stimulus, at the same
location, and remained for 900-1100 ms; (3) white cue
stimulus appeared immediately after the disappearance
of the central fixation stimulus, positioned 5 cm to the left
or right of it, and displayed for 150 ms; (4) green target
stimulus appeared 1300-1500 ms after the disappearance
of the cue stimulus, located 3 cm from the edge of the
monitor, and shown for 1000 ms (Figure 1). Each trial began
with the participant pressing a button, which initiated the
sequence of four stimuli. Participants were instructed
to maintain their gaze fixed at the center of the screen
during the presentation of the first three stimuli. They were
also instructed to shift their gaze to the target stimulus
as quickly as possible once it appeared. After each trial,

Preparatory stimulus Central fixation stimulus

200 ms 600-
800 ms

900-1100 ms

ASAP 150 ms

participants were required to return their gaze to the
center of the screen.

The number of trials was chosen so that each type
of stimulus was presented the necessary and sufficient
number of times to average the ERP, taking into account
possible artifacts [36]. Breaks between blocks were included
to minimize fatigue.

Two experimental schemes were used in the study. In the
first scheme, the preparatory stimulus was green and
indicated to the participants (according to the instructions)
that the target stimulus would appear on the same side
as the cue stimulus with an 80% probability. In the second
scheme, the preparatory stimulus was yellow and indicated
that the probability of the cue and target stimuli had
a 50% probability of appearing on the same side. A target
stimulus presented on the same side as the cue stimulus
will hereafter be referred to as a standard stimulus,
while one presented on the opposite side will be referred
to as a deviant stimulus. Thus, the target stimulus was
presented under four conditions: 1) match with the cue
stimulus at 80% probability (standard stimulus in the 80%
condition) — 91 trials; 2) mismatch with the cue stimulus at

Cue stimulus Target stimulus

1300-
1500 ms

1000 ms



80% probability (deviant stimulus in the 80% condition) —
25 trials; 3) match with the cue stimulus at 50% probability
(standard stimulus in the 50% condition) — 54 trials; and
4) mismatch with the cue stimulus at 50% probability
(deviant stimulus in the 50% condition) — 55 trials.

The sequence of trials was predetermined and
consistent for all participants. To avoid sequence effects,
the order was randomized prior to the initiation of the
study. The randomization was achieved by employing
a sequence of random numbers generated using the
Python programming language, in accordance with the
specified stimulus probabilities. Given that the stimuli
were generated probabilistically, the final distribution
of stimuli was approximate and might not have exactly
matched the predefined probabilities.

Record preprocessing

The EEG recordings were filtered within the range of 0 to 30
Hz. Oculomotor artifacts were removed using independent
component analysis. After that, the records were visually
inspected for the presence of artifacts. The CNV was
isolated by epoching EEG data from -1 to 0 seconds,
relative to the onset of regular saccades (latency >120 ms).
A baseline was defined from -1 to —0.9 seconds, and the
epochs were then averaged for each participant. Then,
the EEG recordings were converted to a time constant of
5 seconds to obtain slow potentials. The transformation
procedure is based on the fact that the cutoff frequency of
analogue filters corresponds to a transmission coefficient
drop of only =3 dB, meaning that only a portion of the slow
activity passes through the filter. However, the part of the
activity that did not pass through the filter's stopband can
be restored, except for the direct current component [37].
The CNV analysis was conducted in the early (900-600 ms
before the target stimulus) and late (300-0 ms before the
target stimulus) intervals, for which average amplitude
values were obtained.

For post-stimulus ERP, the records were segmented in
the range from -0.2 to 0.7 seconds relative to the target
stimulus, with a baseline correction applied in the range
from -0.2 to 0 seconds, and then averaged for each study
participant. For the ERP components extraction, filtering
was performed in the 1-7 Hz range to eliminate slow-wave
artifacts and alpha rhythm interference. For the purpose
of further analysis and to minimize data redundancy, 9
key channels were selected. These channels cover the
regions responsible for the generation of the analyzed

potentials and are least susceptible to oculographic and
myographic artifacts (F3, F4, Fz, C3, C4, Cz, P3, P4, Pz).
The P3 component was identified on these channels as the
maximum positive peak within the 220-400 ms interval (for
latency analysis, see Table S1in the Supplementary). The P3
amplitude was evaluated as the peak-to-peak amplitude
from the preceding negative peak within the 100-300 ms
interval, which was identified visually (see Figure 2). For
the MMN analysis, the mean amplitude was extracted
within a £50 ms window centered on the peak negative
amplitude in the 100-250 ms time range after subtracting
the ERP elicited by the standard stimulus from that elicited
by the deviant stimulus. Data were preprocessed by one
of the authors of the study (Rabinovich El).

Data analysis was performed in the software environment
for the Python programming language (EEG processing,
multiple-comparison correction) and with the Jamovi
statistical software package, version 2.3.31 (normality
testing, ANOVA, and t-tests). The visualization of ERP
and the construction of topographic maps were carried
out using the MNE library for the Python programming
language [38]. The Shapiro-Wilk test was applied to assess

Cz
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the distribution of the quantitative variables (there were
no deviations from the normal distribution, p>0.05 in all
cases). In this connection, the quantitative variables were
described using the arithmetic mean (standard deviation).

The amplitudes of ERP components were compared
using repeated measures analysis of variance with the
between-subjects factor “group” (n=2, schizophrenia and
control groups). In the analysis of CNV, P3, and MMN, the
following within-subject factors were taken into account:
the probability of the cue and target stimuli matching (n=2:
50% and 80%) and electrode location (n=3: frontal, central,
and parietal). Additionally, when analyzing the CNV, the
analysis interval was taken into account (n=2: early [900-
600 ms before the peripheral stimulus] and late [300-0 ms
before the peripheral stimulus]), while for the P3 analysis,
the match between the cue and target stimuli was taken into
account (n=2: standard and deviant stimuli). The selection
of the listed factors is based on theoretical premises and
the methodology employed in the study of anticipation.

Post hoc analysis was conducted using paired Student’s
t-tests and independent Student’s t-tests. Multiple-
comparison correction was performed by calculating the
False Discovery Rate (FDR).

The study was approved by the Ethics Committee of
V. Serbsky National Medical Research Centre (Minutes
No. 3 6/3 dated December 6, 2021). All participants signed
an informed consent form for participation in the study.

RESULTS

During the study period, 20 patients with schizophrenia
undergoing a forensic psychiatric evaluation at V. Serbsky
National Medical Research Centre met the inclusion criteria.
All patients were invited to participate in the study, of whom
two declined to participate; 18 patients were included in
the study and completed the protocol in full. The data from
one patient was excluded from the CNV analysis due to
poor EEG quality (a large number of slow-wave artifacts).

Twenty-two mentally healthy individuals were invited
to join the control group; all of them were included in the
study and completed the protocol in full. However, one
EEG record was completely excluded from the analysis
due to the participant's functional state (drowsiness), and
another was excluded due to a large number of artifacts.
The control group comprised 20 people.

The mean age of the subjects in the control group and
the patient group was 30.4 (6.5) years and 33.3 (6.3)
years, respectively (p=0.121). Sixteen patients were
diagnosed with paranoid schizophrenia (F20.0), one with
hebephrenic schizophrenia (F20.1), and one with another
form of schizophrenia (F20.8). The duration of the disease
exceeded 5 years in 15 patients and was less than 5 years
in the rest of the patients. In the main group, Positive and
Negative Syndrome Scale (PANSS) scores averaged 16.3 (5.8)
for positive symptoms, 18.4 (6.1) for negative symptoms,
and 34.4 (8.3) for general psychopathological symptoms.

The performance results were analyzed using saccade
characteristics under different stimulus presentation
conditions. Table 1 shows the latencies of regular
saccades (latency 2120 ms) toward the target stimulus,
the percentage of anticipatory saccades (latency <0 ms)
and express saccades (latency =0 ms, <120 ms), and the
percentage of error saccades, defined as gaze shifts to
the direction opposite to the cue stimulus. The latent
periods of regular saccades in the study groups were
comparable. The percentage of errors when responding to
the standard stimuli was higher in schizophrenia patients.
Schizophrenia patients also showed a higher overall
percentage of anticipatory and express saccades compared
to the control group under conditions of 50% stimulus
matching probability, although the differences did not
reach the level of statistical significance (see Table 1). Within-
group analysis revealed that, in the control group, saccade
latency to the standard stimulus in the 80% condition
was shorter than that to the deviant stimulus (t=-3.94,
p=0.002). No differences were revealed in the latencies
of saccades to the standard and deviant stimuli in the
50% condition (t=—0.53, p=0.599). The highest number of
saccadic errors was observed in response to deviant stimuli
under the 80% condition, compared to other conditions
(p<0.01 in all cases). At the same time, the 80% matching
condition produced the highest number of anticipatory
and express saccades. In schizophrenia patients, no
statistically significant differences were found across
conditions in saccade latency, the percentage of error
saccades, or the percentage of anticipatory and express
saccades. A repeated-measures ANOVA in the control group
revealed a significant probability and matching interaction
affecting latency (F=12.74, p=0.002, partial n?=0.401) and



Parameters Control group (n=20)

Latency of regular saccadic eye movements (ms)

Standard 50% 263.1(43.3)
Deviant 50% 264.1 (40.3)
Standard 80% 247.8 (40.1)
Deviant 80% 270.7 (43.6)

Errors in saccadic eye movements (%)

Standard 50% 2.2(3.6)
Deviant 50% 4.1 (8.2)
Standard 80% 1.5(1.3)
Deviant 80% 10.3(7.2)

Anticipatory and express saccades (%)

Standard 50% 3.7 (6.2)
Deviant 50% 4.5(6.5)
Standard 80% 7.1 (8.0)
Deviant 80% 8.3(7.5)

error rate (F=12.58, p=0.002, partial n*=0.398); a significant
main effect of probability on the proportion of anticipatory
and express saccades (F=11.40, p=0.003, partial n?=0.375).
The schizophrenia group demonstrated a link between the
matching factor and the regular saccade latency (F=5.70,
p=0.030, partial n*=0.276).

Subsequent to the comparison of CNV values between
groups using analysis of variance, no significant differences
were identified. The control group demonstrated a
statistically significant influence of the probability factor
(F=9.26, p=0.009, partial n?=0.398), as well as a significant
interaction of the probability and interval factors (F=7.60,
p=0.015, partial n?=0.352). Post hoc analysis revealed no
statistically significant differences in the early CNV interval
between the 50% and 80% probability conditions (t=1.70,
p=0.111). Significant differences were observed in the
control group during the late CNV interval in two conditions
(t=3.32, p=0.006). The mean amplitude at 50% probability
was —6.35 pV; at 80% probability was —8.46 pV.

The analysis of MMN showed the significant effect of the
intergroup factor (F=5.53, p=0.025, partial n?>=0.144). In the
control group, differences between the conditions of 50%
and 80% stimulus matching probabilities were identified in
the parietal (t=3.521, p=0.022) and central (t=2.627, p=0.045)
regions. The mean amplitude of MMN for all analyzed leads

Schizophrenia patients (n=18) t p

273.7 (51.7) -0.67 0.603
280.1 (61.0) -0.92 0.479
266.4 (55.2) -1.17 0.376
281.5 (64.0) -0.60 0.603
10.1(11.3) -2.99 0.031
7.7 (8.3) -1.31 0.376
7.4(8.2) -3.17 0.031
5.5(5.9) 2.01 0.156
10.8(10.5) -2.56 0.060
8.9 (8.5) -1.78 0.202
10.7 (9.6) -1.21 0.376
7.6 (6.8) 0.25 0.803

in the 50% and 80% conditions was -0.17 yV and -1.58 pV,
respectively (t=3.09, p=0.007). The schizophrenia group
demonstrated no differences between the 50% and 80%
probability conditions. A decrease in the MMN was more
pronounced in the frontal and parietal regions (when
compared to the control group in the 80% probability
condition [p=0.038 and p=0.019, respectively]). The mean
MMN amplitudes in the 80% condition in the schizophrenia
group on the frontal and parietal electrodes were 0.12 pV
and 0.43 pV, respectively.

The analysis of P3 amplitudes revealed differences
between the groups in the interaction between probability
and matching factors (F=4.39, p=0.044, partial n?>=0.117).

The analysis of P3 amplitudes in the control group
demonstrated that the most pronounced differences
between the amplitudes to the standard and deviant
stimuli were observed in the frontal (t=—-4.93, p<0.001) and
central (t=-5.13, p<0.001) regions. Moreover, in the control
group the amplitude to deviant stimuli was significantly
higher than that to standard stimuli under both the 50%
(t=-3.02, p=0.009) and 80% (t=—5.44, p<0.001) probability
of stimulus side matching. In the schizophrenia group, no
increase in amplitude to deviant stimuli relative to standard
stimuli was observed in the 80% probability of stimulus
side congruence. In the 50% condition, the amplitude
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Figure 3. Event-related potentials (grand averaged for the groups) to the target stimuli on the Cz electrode.

Note: The dashed line marks the moment of stimulus presentation.

Source: Rabinovich, Telesheva, 2025.

to the deviant stimulus was higher than in the standard
stimulus (t=-2.32, p=0.034). The averaged ERPs for the
two groups at the Cz electrode are presented in Figure 3.

Additional results of the study

Analysis of the ERPs in individuals with schizophrenia
showed variations in CNV amplitudes across the two
conditions in contrast to the control group, where such
variations were not observed. Accordingly, two patient
subgroups were identified: the first subgroup included
10 patients (59%) whose CNV amplitude was higher in
the 50% condition than in the 80% condition, or showed
no difference between the two conditions; the second
subgroup included 7 patients (41%) whose CNV amplitude
was higher in the 80% condition. Thus, among patients
in the first subgroup there was no effect (or a distorted
effect) of probability on the CNV amplitude, whereas in

the second subgroup a higher event probability produced
a larger CNV amplitude. All subjects in the control group
satisfied the criterion of the second subgroup (the CNV
amplitude was higher in the 80% condition versus the
50% condition).

A subsequent comparison of the first subgroup with the
control group revealed a significant differences between
the groups in the interaction between probability and
interval factors (F=5.10, p=0.034, partial n?=0.182). Significant
differences between these groups were observed in the late
interval under the 80% condition (t=2.83, p=0.019). Within
the first subgroup, no factors were found to influence
CNV amplitude. There were no differences between the
probabilities in either early (t=0.093, p=0,928) or late
(t=-0.40, p=0.834) intervals. The results of the second
subgroup did not show any significant differences from
the control group. In the second subgroup there were
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50%

significant differences between probabilities in the late
interval: the mean amplitude in the 50% and 80% conditions
was -5.35 pV and -9.88 pV, respectively (t=3.34, p=0.024).

There were no significant differences in the MMN and
P3 amplitudes between the first and second subgroups.

Topographic maps of the CNV for the control group, the
first subgroup, and the second subgroup of individuals
with schizophrenia are shown in Figure 4.

DISCUSSION

The study demonstrated neurophysiological features
of anticipation in schizophrenia patients: the patients
showed a higher error rate in response to standard stimuli
and a greater proportion of anticipatory and express
saccades in the 50% matching probability condition
compared to mentally healthy individuals. There were no
significant differences in the CNV characteristics between
the groups. However, schizophrenia patients showed
differences in MMN and P3 component amplitudes from
the control group. Specifically, no substantial differences in

80%

the MMN amplitude were detected between the 50% and
80% stimulus congruence probability conditions within
the schizophrenia group. In contrast, these differences
were found to be statistically significant in the control
group. Under the 80% stimulus congruence probability
condition, the schizophrenia group lacked the characteristic
increase in P3 amplitude in response to deviant stimuli
that was observed in the control group. Both behavioral
and neurophysiological responses in mentally healthy
individuals depended on the probability and stimulus type.
At an 80% probability, saccade latency was found to be
shorter, the number of anticipatory and express saccades
(and the deviant stimulus error rate) increased, and the
late CNV phase, MMN amplitude, and P3 amplitude all
differed between the 50% and 80% conditions, with the
largest amplitude appearing for the deviant stimulus
in the 80% condition. Schizophrenia patients showed
no differentiation of behavioral or neurophysiological
responses depending on the conditions. The saccade
latency did not vary when the probability changes, and
the overall number of saccade errors (anticipatory and



express saccades) was higher than in mentally healthy
individuals. There were no changes in the CNV, MMN, and
P3 amplitudes between the conditions.

The study showed that there is an absence of influence of
the probability in predictive processing in schizophrenia
patients. Analysis of saccade characteristics revealed
impairment in assessing stimulus probability. In the control
group, presenting the standard stimulus under the 80%
matching probability condition led to an the expectation
of its occurrence in a specific location. This expectation
resulted in a reduction in the latency of regular saccades
and an increase in the number of anticipatory and express
saccades. With deviant stimulus presentation in the 80%
probability range, the error response rate increased. This
reflects the ability of the patient to form robust predictions
based on probabilistic information. The latent period of
regular saccades in schizophrenia patients did not differ
from that in mentally healthy individuals, consistent with
earlier published studies [39]. However, no differences
between conditions were observed in patients, which may
indicate an inability to form reliable predictions regarding
the appearance of stimuli under different probabilities.
At the same time, patients with schizophrenia generally
exhibit a higher number of errors, which may be linked
to anincreased incidence of express saccades due to the
dysfunction of the prefrontal cortex and impaired inhibitory
control, consistent with findings from other studies [30, 40].

In healthy individuals, changes in predictive processes
are associated with a preliminary activation of neuronal
structures and are reflected in CNV characteristics [26].
Mentally healthy individuals showed an increase in the CNV
amplitude under the 80% stimulus matching probability
compared to the 50% probability. This is consistent with
the literature indicating that an informative signal stimulus
elicits a higher CNV amplitude compared to a neutral
stimulus [41]. Thus, top-down probabilistic predictions
facilitate the optimization of stimulus processing and
motor response preparation [41, 42]. In mentally healthy
participants, the maximum CNV amplitude shifted over
time from parietal sites in the early phase to central-
parietal and frontal regions in the late phase. The gradual
increase in the CNV amplitude in these regions may reflect
anticipatory processes linked to visuospatial attention that
facilitate the selection of relevant stimuli for subsequent
processing [43].

Additional analysis of the CNV in patients with
schizophrenia revealed divergent changes across the two
conditions. Particularly, half of patients demonstrated an
increase in the CNV amplitude when the stimulus matching
probability increased. The other half did not show such
a trend. Accordingly, two principal patterns of predictive
impairment can be distinguished in schizophrenia patients:
one subgroup relies more on prior predictions than on
sensory data, while the other relies more on sensory
information than on top-down influences [44, 45]. Overall,
our results demonstrate the heterogeneity of disorders
in predictive processes in schizophrenia patients [46].

Many studies have considered the MMN and the P3
component to reflect the response to expectation violations
[12, 23, 47]. Our study showed that, in mentally healthy
individuals, the MMN amplitude is higher under the 80%
probability condition compared to the 50% condition.
This may which may reflect a higher generation of
prediction errors when deviations occur in a context of
high stimulus-congruence probability. The MMN amplitude
in schizophrenia patients was lower than in the control
group, which is consistent with the results of studies
demonstrating a MMN decrease in schizophrenia patients
[8, 12, 48]. Our data showed that schizophrenia patients
had the lowest MMN amplitude in the frontal and parietal
leads. This is supported by research findings indicating
that the automatic response to a visual deviant stimulus
is modulated by the fronto-occipital network, and that
the lowest amplitude of visual MMN in schizophrenia
patients is observed in the frontal and occipitoparietal
regions [49, 50].

Based on the results obtained with mentally healthy
individuals, it can be concluded that a higher probability
of stimulus appearance increases the contribution of
predictive and top-down processes to perception and
motor-response preparation [4]. A stimulus that does
not match the prediction leads to a prediction error and
serves as an informative signal that updates further
predictions [8, 12]. It is proposed that the reduced MMN
amplitude in schizophrenia patients is associated with
impaired predictive processes and probability assessment,
such that each stimulus fails to conform to the learned
sequence and triggers a prediction error [4]. The greatest
reduction in amplitude in the frontal and parietal regions
may indicate a dysfunctional integration of brain networks,
which manifests as in impaired descending modulation of
the parietal-occipital regions by the prefrontal cortex [51].



The analysis of the P3 component in mentally healthy
individuals showed an increased amplitude to the deviant
stimuli under the 80% matching condition. Schizophrenia
patients showed an increase in the amplitude to the deviant
stimuli in the 50% probability condition and a decrease in
the amplitude to the deviant stimuli in the 80% condition,
which reflects the aberrant probability assessment [52,
53]. This supports the hypothesis that prediction errors
in schizophrenia patients are generated in response to
stimuli that are less significant for predictive processes
(e.g., a stimulus with a 50% probability) and are linked to
an impaired ability to identify significant stimuli (aberrant
salience) [49, 54]. The paradigm employing deviant
stimuli with equal probability to standard stimuli may
represent a novel approach for evaluating impairmentin
probabilistic prediction and anticipation in schizophrenia
patients.

These study results cannot be extrapolated to all cases
of schizophrenia, since the patients included in this study
were not experiencing an acute psychotic episode and
displayed minimal manifestations of positive symptoms.

Another limitation is the small sample size, which increases
the risk of type Il errors and limits the ability to account
for within-group heterogeneity.

Non-standard frequency ranges were used for filtering
when extracting ERP peaks, which impedes comparison
of the results with other investigations. This was due to
an attempt to identify clear peaks not affected by noises
from the alpha rhythms (without any significant amplitude
distortions). Moreover, it appeared that the various filters
had not significantly distorted the P3 component [55].

Our study did not aim to evaluate the connection between
the neurophysiological parameters of anticipation and
clinical manifestations of schizophrenia, or the effects of
the latter on the key findings of this study.

CONCLUSION

The results of our investigation indicate that there are
significant differences in ERP reflecting anticipation and
information processing between mentally healthy individuals
and patients with schizophrenia. These results align with
existing theories about disturbances in prediction and error
detection processes in schizophrenia. In mentally healthy
individuals, the probability was associated with the CNV
amplitude, MMN, and P3 characteristics. This suggests an

effective use of probabilistic information in the prediction
and preparation of the motor response and is confirmed in
the saccade characteristics. The lack of a definite influence of
the probability factor on the CNV, MMN, and P3 amplitudes
in patients with schizophrenia confirms the impairment of
predictive processes in these individuals.
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ABSTRACT

Understanding the motives for suicide attempts is a necessary condition of suicide risk assessment
in adolescents. However, there is a lack of measures in Russian that assess these motives, particularly, in adolescent
populations. The Inventory of Motivations for Suicide Attempts (IMSA) measures a variety of theoretically grounded
intrapersonal and interpersonal motives and can be used in adolescent samples.

To validate the Russian version of the IMSA in a clinical sample of adolescents with suicidal behavior.

The Russian-language adaptation of the IMSA was conducted on a clinical sample of 522 inpatient adolescents
12-17 years old (M=14.51%1.52), including 425 girls and 97 boys. All the adolescents were hospitalized in a psychiatric
hospital due to a suicide attempt, suicidal intentions, or a history of suicide attempts. To test the convergent and
discriminative validity of the Russian version of the IMSA, the Interpersonal Needs Questionnaire, Interpersonal
Sensitivity Measure and Self-Concept Clarity Scale were used.

Confirmatory factor analysis showed that the original 10-factor structure did not have a good fit. After
modifications and removal of 12 items an 8-factor structure emerged, which had the following scales: Hopelessness,
Psychache, Escape, Burdensomeness, Low belongingness, Fearlessness, Problem-solving, Interpersonal motivations.
A generalizing Intrapersonal motivations scale was also defined. The fit measures for the final model were as follows:
X2(df)=1,757.23(808); CFI=0.911; RMSEA=0.053 (p=0.087); SRMR=0.058. All the scales in the Russian version of the IMSA
displayed satisfactory internal (above 0.8 except for Problem-solving) and retest reliability (above 0.6 except for
Interpersonal motivations) and statistically significant positive correlations with scales from the Interpersonal Needs
Questionnaire and Interpersonal Sensitivity Measure and negative correlations with Self-Concept Clarity Scale.


https://doi.org/10.17816/CP15597

The IMSA displayed satisfactory psychometric properties in a Russian adolescent inpatient sample and
can be used to differentiate between the motives for suicide attempts in adolescents.

AHHOTALMA

MoHUMaHKe MOTUBOB CyNLIMAANBHbBIX MOMBITOK ABASETCH HEOOXOAVMBIM YCI0BMEM OLIEHKN CyULINAABHOTO
prickay nogpocTkoB. OfHAKO, PyCCKOA3bIYHbBIX ONPOCHWKOB, MPpeAHa3HauYeHHbIX A5 N3yYeHUs CynumAanbHOM MoTUBaLMK,
HeOoCTaTOYHO, 0COB6EHHO — pa3paboTaHHbIX A1 NOAPOCTKOBOro Bo3pacta. ONpoCHNK MOTUBOB CyNLNAANbHbIX
noneiTok (The Inventory of Motivations for Suicide Attempts, IMSA) npesHa3Ha4veH ANs N3MepeHUs BHYTPUINYHOCTHBIX
N MEXINYHOCTHbBIX MOTUMBOB CyMLMAANBHbBIX MOMBLITOK U MOXET 6bITh MCMOJIb30BaH B UCCEA0BaHUAX C yYacTem
NoAPOCTKOB.

MpOBeCTM MNCUXOMETPUYECKYH MPOBEPKY PYCCKOSI3bIUHOW Bepcumn «ONpPOCHUKA MOTUBOB CyMLMAANbHbBIX
MOMbITOK» Ha KMHUYEeCKOM BbIBOpKe NMOAPOCTKOB C CyULUMAANbHBIM NOBEAEHNEM.

PycckosasblbHag agantaums «OnNpocHMKa MOTUBOB CyULMAANbHbBIX MOMBITOK» 6blaa BbINOJHEHA Ha
KAMHWYeCcKon BbibopKe, cocTosLel 13 522 nogpocTkoB (425 geBouyek 1 97 Manb4nKoB) B Bo3pacTte 12-17 neT
(M=14,5141,52). Bce noApOCTKM 6bIIM FOCAUTANIN3NPOBAHbI B MCUXMATPUYECKMIA CTaLMoHap B CBA3M C COBEPLLIEHHO
CyMUMAANBHOM NOMNLITKOW, CynunaanbHbIM HaMepeHeM Uan UMenu cynuyuganbHble NonbITKA B aHaMHese. [ina
NPOBepPKM KOHBEPreHTHOM U ANCKPUMUHAHTHON BaIMAHOCTU MCMOJIb30BaNNCE PYCCKOA3bIYHbIE BepCUM «ONpOCHMKa
MEXJTNYHOCTHbBIX MOTPeBHOCTE», «ONPOCHNKA MEXINUYHOCTHON HyBCTBUTEIbHOCTUY U «LLIKanbl ACHOCTM F-KOHLeMLmn».

KoHdnpMaTopHbIi GakTOPHbIV aHanu3 nokasan, YTo opurnHanbHasa 10-pakTopHas Mogenb He
COOTBETCTBOBaNA IMMMPUYECKUM AaHHBIM. B pesynbTate Moagndukauuni 1 yaaneHns 12 nyHKTOB bblia BbigeneHa
8-pakTopHas Mogesb Co WKanaMu «be3HagexHoCTb», «ylieBHas 60/b», «<bercTBo», «Bocnpusitne cebsi kak 06y3bli»,
«YyBCTBO BpOLLEHHOCTU», «beccTpalumey, «PelleHme npobaemy», «MeXINYHOCTHbIE MOTUBbI». Takxe Oblia BblgeeHa
0606LLatoLLas WKana — «BHYTPUIMYHOCTHbIE MOTUBbI». VIHAEKCHI MpUrogHocTn mogenu: x4(df)=1757,23(808); CFI=0,911;
RMSEA=0,053 (p=0,087); SRMR=0,058. Bce wwKanbl pycCKOSA3bIYHOWN BEPCUM OMPOCHMKA NPOAEMOHCTPUPOBaNN
npremaemble nokasatenn BHyTpeHHel (Bbiwe 0,8, KpoMe Lkanbl «PelleHne npobnem») n petectoBoi (Bbiwe 0,6,
KpoMe LKanbl «<MeXIMYHOCTHBIE MOTUBBI») HAAEXHOCTY, @ TakXKe CTaTUCTUYECK 3HaUNMble MO0XUTeIbHbIe CBA3N
CO WKanaMu «OnNpoCHNKa MEXTIMYHOCTHBIX NoTpebHocTel», «ONpPOCHMKA MEXINUYHOCTHOM YyBCTBUTENBHOCTU»
1 oTpuLaTenbHble — co «LLkanoli AcHOCTY A-KoHLenumm».

«ONPOCHNK MOTUBOB CYyMLNAANBHBIX MOMbBITOK» MPOAEMOHCTPUPOBAN NPEM/IEMbIE NCUXOMETpUYecKme
XapaKTePUCTMKN Ha KNMHNYECKOR BbI6OPKE POCCUIACKMX MOAPOCTKOB 1 MOXET 1CMO/Ib30BaTbCs AN AnddepeHLMpoBaHHOM
OLeHKN MOTUBOB CyMLMAANbHBIX MOMbLITOK B MOAPOCTKOBOM BO3pacTe.

INTRODUCTION

Suicide is one of the most common causes of death in at any stage can prevent suicide [3, 4]. Therefore, it

many countries, and the risk of suicidal ideation increases
dramatically in adolescents and young adults [1], with
a higher probability of suicide at 15-19 years than at
10-14 years [2]. In most cases, a suicide attempt is the
result of a rather long suicidal process, and intervention

is important to understand and be able to identify the
causes of suicidal behavior, which may include the high
intensity of psychological pain [5, 6] and hopelessness
[7], impaired sense of belonging [8], feelings of defeat
and entrapment [9].



A number of measures aimed at assessing the causes of
suicidal behavior have gained wide acceptance and have
been adapted into Russian. These include the Psychache
Scale by Holden R., which allows for the assessment of the
intensity of psychological pain [10]; the Beck Hopelessness
Scale by Beck A., which reveals the magnitude of a person'’s
negative expectations in relation to his/her life and self [10].
Data obtained through these scales can be used to gauge
suicidal risk: the higher the intensity of psychological pain
or hopelessness, the higher the risk [10]. The Interpersonal
Needs Questionnaire designed to assess the risk factors
of suicide, such as thwarted belongingness and perceived
burdensomeness [11], and the Reasons for Living Inventory
by Linehan M., which measures the factors that prevent
a suicide attempt [12], have also been adapted into Russian.
However, these measures are focused on adults, in some
cases including 16-17-year-old adolescents in the sample
[10], which raises questions about their applicability in
early and middle adolescence. It should also be taken into
account that the wording of some of the items included in
the suicide risk questionnaires refers to the life experience
of an adult, psychologically mature person, but not a child.
We could not find any Russian-language measures developed
for adolescents and focused on identifying the motivational
factors of suicidal behavior, with the exception of scales
assessing specific emotional states (for example, a pediatric
version of the Hopelessness scale [13]).

Therefore, the Inventory of Motivations for Suicide
Attempts (IMSA), which was validated in both adult and
adolescent samples, is of scientific and practical interest.
This measure was developed in 2013 by May A.M. and
Klonsky E.D. in an attempt to synthesize theoretical concepts
about the causes of suicidal behavior [8, 14, 15], that were
later generalized by the authors in the three-step theory
of suicide [16, 17]. According to this theory: 1) suicidal
thoughts arise from a combination of psychological pain and
hopelessness; 2) impaired communication with other people
contributes to increased suicidal thoughts; 3) the transition
from suicidal ideation to suicide attempts occurs due to an
acquired capacity for suicide, which is predicated on the
availability of suicide means and individual features [17].

The IMSA is a self-report measure with a choice of
responses on the Likert scale: from 0 (“not at all important”)
to 4 (“most important”). The questionnaire was initially
validated on an adult sample [18]. Based on previous studies
and theories of suicidal behavior, the authors proposed
10 scales of suicidal motivation: Hopelessness, Psychache,

Escape, Burdensomeness, Fearlessness (lack of fear of
death), Low belongingness, Help-seeking, Interpersonal
influence, Problem-solving, and Impulsivity. Each of those
scales combined 5 items characterizing one of the possible
motivations behind suicide. In addition, the authors kept 4
items that were not included in any of the scales but were
still considered clinically important. These items related
to the desire to die, feeling humiliated, experiencing the
severity of circumstances, and loneliness. Thus, the original
version of the IMSA consists of 54 items and includes
10 substantive scales [18]. Although the authors of the
original inventory did not verify this factorial structure,
they performed a factor analysis on 10 first-order scales
and identified two higher order factors, intrapersonal and
interpersonal motivations behind suicide attempts [18, 19].
In later versions, the authors switched to the terms internal
and communication motivations [19, 20].

Psychometric testing of the IMSA in a clinical sample of
adolescents who attempted suicide was published in 2016
[19]. The adult and adolescent versions of the inventory were
identical. A suicide attempt was defined as a “self-inflicted,
potentially injurious behavior with a nonfatal outcome for
which there is evidence (either explicit or implicit) of intent to
die” [21]. The sample included 52 adolescents (85% female)
aged between 12 and 17 years. Most of them reported
only one suicide attempt (67%). In this case, the authors
excluded the Problem-solving scale from the analysis
due to its low internal reliability (Cronbach’s alpha=0.65).
Exploratory factor analysis also helped identify a two-factor
structure equivalent to the structure obtained in the adult
sample. The intrapersonal factor combined the scales of
Hopelessness, Psychache, Escape, Burdensomeness, Low
belongingness, and Fearlessness. The communication/
interpersonal factor included the scales Interpersonal
influence and Help-seeking. The Impulsivity scale was
not included in any of the factors and was retained as an
independent scale [19]. Psychological pain, hopelessness,
and escape were key motivations behind suicide attemptsin
adolescents [19].

In both adult and adolescent samples, correlations
were found between the intent to die and intrapersonal
motivations for suicide attempt, whereas interpersonal
motivations showed weaker correlation with the intent to die
and a stronger correlation with rescue probability [18, 19].

We have found only one adaptation of this measure,
the Persian version of the IMSA, which consists of 43
items and 9 scales (Hopelessness, Psychache, Escape,



Burdensomeness, Low belongingness, Fearlessness, Help-
seeking, Interpersonal influence and Impulsivity) [22].
The IMSA has not been adapted into Russian.

The aim of this study was to validate the Russian version
of the Inventory of Motivations for Suicide Attempts
(IMSA) in a clinical sample of adolescents with suicidal
behavior.

METHODS

The members of the research group who are proficientin
English professional vocabulary performed a translation
of the questionnaire into Russian. The reverse translation
into English was performed by a clinical psychologist with
an additional philological degree. The final text of the
questionnaire was agreed upon during a discussion by all
members of the research group, who took into account
the linguistic accuracy, psychological clarity, and cultural
appropriateness of the wording of the items.

Permission for Russian adaptation of the IMSA was
obtained from one of its authors, Dr. Klonsky.

The study was conducted at the Crisis Department of
the Scientific and Practical Center for Mental Health of
Children and Adolescents named after G.E. Sukhareva
(Moscow, Russia) from November 2023 to April 2024. All
patients meeting the inclusion criteria were included in
the sample.

Inclusion criteria: Adolescents aged 12-17 years who
were hospitalized due to a suicide attempt with clinically
confirmed suicidal intent or who were hospitalized for
other reasons, but had a history of suicide attempt; without
intellectual disability; without impairment of critical and
purposeful thinking.

Non-inclusion criteria: Impairment of critical and
purposeful thinking; intellectual disability; only non-suicidal
self-injury without suicidal intent or suicide attempts.

Exclusion criteria: Incomplete or incorrect completion
of the IMSA — the participant listed an inaccurate (only
the year or month was indicated) or distant (before 2023)
date of the suicide attempt when indicating the date of his/
her most recent attempt, a negative answer to all items
about the motivation behind this attempt.

The study was conducted individually or in small groups of
2-3 people. Each adolescent received a set of 4 measures,
which he/she completed on his/her own in the presence
of a resident physician. It took the subjects an average of
30 minutes to complete the procedure.

Statistical power analysis was performed using the
semPower package [23]. A sufficient sample size was
calculated to correctly determine the statistical significance
of the root mean square error of approximation (RMSEA)
<0.05 (effect size 0.80). The following models were tested:
a model with 10 factors measuring motivations and 1 factor
including the 4 clinically-relevant items; a model with 10
factors without the clinically-relevant items; a model with 2
higher-order factors (intra- and interpersonal motivations)
[18, 19]. All factors within each model were assumed to
be correlated to each other. The number of degrees of
freedom was calculated using the following formula:

3 (px(p+1)k

where p is the number of observed variables (items in
the IMSA), and k is the number of measured parameters
in the model (free parameters) consisting of the number
of factor loadings for the observed variables minus the
number of latent variables (since the first factor loading
in each factor was assumed to be equal to 1 and was not
measured), residuals for the observed variables (error
variances), variances for the latent variables and covariances
between them [24].

The analysis showed that 42 observations were sufficient
to reject the model with 11 factors (1,322 degrees of freedom);
19 observations were sufficient for the model with 10
factors (1,130 degrees of freedom); and 23 observations
were sufficient for the model with 2 factors (739 degrees
of freedom). However, this number is significantly smaller
compared to the recommended sample size for structural
modeling, especially for complex models with more than
7 constructs (the recommended size is 500) [24], and for
applying estimators that account for deviations from the
normal distribution (the recommended size is >250 for
maximum likelihood with a robust estimates (MLM), 200-
500 for diagonally weighted least squares (DWLS)) [25].
Thus, when forming a sample, we aimed to enroll more
than 500 respondents.

Atotal of 615 adolescents (500 girls, 115 boys) aged 12-17
years, hospitalized due to a recent suicide attempt or due
to an intention to commit suicide, as well as adolescents
hospitalized for other reasons, but with a history of suicide
attempt, participated in the study. To measure the test-
retest reliability of the inventory, respondents who continued
inpatient treatment completed the IMSA again 10-15 days
after participating in the initial testing (n=131).



During data processing we excluded the answers of
87 respondents who had not specified the date of their
suicide attempt, which had been a necessary condition for
filling out the questionnaire, as well as those that gave an
incomplete date (for example, only a year) or a date earlier
than 2023 (this was done in order to reduce recollection
errors). Six respondents who had chosen only one answer
for all IMSA items (“not at all important”) were also excluded.
The final analysis included 522 respondents.

The Inventory of Motivations for Suicide Attempts is a self-
report measure that includes 54 items and assesses
intrapersonal and interpersonal motivations for suicide
attempts [18, 19]. The inventory was preceded by a detailed
instruction (see Appendix 1 in the Supplementary). For
each item, the adolescent chose the answer that best
matched the phrase “| attempted suicide because I...".
The individual significance of each cause was determined
according to the following scale: 0 — “not important at all”;
1 — “somewhat important”; 2 — “important”; 3 — “very
important”; 4 — "most important”.

Three measures were used to test the convergent and
discriminant validity of the IMSA.

The Interpersonal Needs Questionnaire consists of 12
items and is grouped into two scales associated with the
risk of suicide in Joiner's interpersonal theory of suicidal
behavior, perceived burdensomeness (a=0.94") and thwarted
belongingness (a=0.85) [11].

The Interpersonal Sensitivity Measure is a Russian version
of the questionnaire proposed by Boyce P. and Parker G.
[26]. The questionnaire includes 22 items and consists of 3
scales: “Fear of Rejection” (a=0.83), “Interpersonal Worry”
(a=0.79), and “Dependence on the Appraisal by Others”
(a=0.88). The total score for interpersonal sensitivity
can also be calculated by summing up the scores of
the three scales (a=0.92) [27]. Interpersonal sensitivity
is a predictor of depression, non-suicidal self-injury, and
suicidal behavior [26, 28].

The Self-Concept Clarity Scale [29] includes 12 items and
is univariate (a=0.78). Self-concept clarity reflects the
integrity and clarity of a person’s self-image and is associated
with psychological well-being and mental health, whereas
weakness in internal consistency and chronological stability
of the self-concept is associated with the risks of suicide
and psychopathology [29, 30].

Data analysis was conducted using the R language (4.2.3)%,
with the psych 2.4.33, lavaan 0.6-17 [31], and semTools
0.5-6 packages®. The following types of analyses were
performed: distribution normality tests, confirmatory
factor analysis, correlation analysis, and group comparisons
using nonparametric tests.

Distribution normality tests were performed for responses
to the items of the IMSA. The Kolmogorov-Smirnov test
and the Jarque-Bera test were used to check the skewness
and kurtosis (with a normal distribution, the skewness
is considered close to 0 and the kurtosis is approximately 3)
[32]. Mardia's test [32] was used to check multivariate
normality, which is required for confirmatory factor analysis
[33]. Statistical significance of these tests (at a<0.05)
indicates deviations of the responses to the inventory
item from its normal distribution.

Confirmatory factor analysis (CFA) was performed to
determine the structure of the IMSA. Maximum likelihood
with robust estimates (MLM estimator) was used. The choice
of this method was dictated by a non-normal distribution
of responses [31, 33].

Three models that could be derived from the original
key were used as a starting point for the CFA: one with
54 items and 11 factors (10 scales measuring motivations
and a scale with 4 additional items), one with 50 items
and 10 factors, and one with 40 items and 2 factors
[18, 19]. We retained the Problem-solving factor, in
contrast to the creators of the original measure, who
excluded it in an attempt to assess the factor structure
as was proposed by May A.M. and Klonsky E.D. based
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on the theoretical concepts of the motivations of suicide
attempts [18].

The following indicators of satisfactory (good in
parentheses) correspondence between the model and
empirical data were used: x?/df<3 (2); comparative fit index
(CF1)>0.90 (0.95); RMSEA<0.08 (0.05) and pclose>0.05;
standardized root mean square residual (SRMR)<0.08.
Information criteria (Akaike information criterion, AIC;
Bayesian information criterion, BIC) were also calculated,
as a decrease in their values indicates an improvement in
the correspondence between the model and the data® [34].

To further improve the models, the following was done:
1) items with factor loadings of less than 0.4 were excluded
[24]; 2) suggestions of the modIndices function, which
calculates possible ways to improve the chi-square of
structural models, were used [31]. In the latter case, the
model was changed in the following ways. Items were moved
to other factors they better aligned with. Covariances were
also introduced between the residual terms (unexplained
variance) of items with conceptually similar wording.
The suggested improvements were incorporated only
if they could be meaningfully analyzed in the context of
the model.

Internal consistency of the IMSA scales modified as a result
of the CFA was tested with the help of Cronbach'’s alpha
and McDonald's omega and was considered satisfactory
at values higher than 0.7 [24, 35]. The use of the second
parameter becomes important in the context of factor
structures that do not meet the condition of t-equivalence,
when the factor loadings of the items on the scale are
different from each other, as well as in cases where the scale
contains other scales (the factor structure is hierarchical).
For first-order scales that include questionnaire items,
the omega total is calculated; for hierarchical scales, or
second-order scales, the omega hierarchical coefficient
is obtained [35].

The Spearman correlation coefficient was used to assess
the test-retest reliability (the consistency of the scales
in different measurement conditions), convergent and
discriminant validity (the former reflecting the presence
of relationships with theoretically close constructs, and
the latter showing the absence of relationships when
measuring theoretically independent constructs). This
coefficient was also used to establish correlations between
the IMSA scales and age.

Nonparametric criteria (Mann-Whitney and Kruskal-
Wallis tests) were used to determine the specific motivations
behind suicide attempts based on the IMSA, depending
on the gender, diagnosis, and type of suicidal behavior.
The following group variables were determined: gender
(2 groups: male or female), type of suicidal behavior
(2 groups: attempt or intention), and type of diagnostic
category (3 groups: depressive episode; mixed disorders
of conduct and emotions; reaction to severe stress, and
adjustment disorders), according to the International
Classification of Diseases, 10th revision (ICD-10). The Mann-
Whitney test for independent samples was used when
comparing two groups, and the Kruskal-Wallis test was
used when comparing three groups (in the case of statistical
significance of the test, the Dunn test was used for pairwise
comparisons of the groups).

The Wilcoxon test for paired samples was used in order
to identify preferences for a particular suicide motivation.
The purpose of this analysis was to determine the hierarchy
of motivations in the overall sample.

Holm-Bonferroni corrections for multiple hypothesis
testing were applied in the correlation analysis and
all types of group comparisons (both for independent
groups and paired groups). The alpha level for all types
of analysis was 0.05.

The study was approved at the meeting of the Local
Ethics Committee of the Scientific and Practical Center for
Mental Health of Children and Adolescents named after
G.E. Sukhareva (Minutes No. 3/2022 dated 20 Oct. 2022).
Participation in the study was contingent upon providing
informed consent: written consent from legal representatives
or the adolescent himself/herself if over 15 years of age and
oral consent obtained from the adolescent immediately
before engaging the questionnaires. All data obtained
during the study were used in an anonymous form.

RESULTS

The psychometric characteristics of the IMSA were tested
in 522 adolescents (425 girls and 97 boys) aged 12-17 years
(M=14.51+1.52). All of them live in the Russian Federation,
with 516 (98.9%) residing in Moscow. Most adolescents (511,
97.9%) identified as Russian, 11 indicated other nationalities,


https://davidakenny.net/cm/fit.htm

while they cited Russian as their language of communication
and instruction. The majority (476 subjects, 91.1%) were
in secondary school, 29 (5.6%) of the adolescents were
in college, 4 (0.8%) were homeschooled, 2 (0.4%) were
university students, and 11 (2.1%) of the adolescents were
not enrolled in classes at the time of hospitalization.
Almost all the adolescents (507 people, 97.1%) lived with
their parents, 4 (0.8%) indicated that they lived with other
relatives, while 11 (2.1%) indicated that they lived apart
from their family.

The clinical characteristics of the sample are presented
in Table 1.

As Table 1 suggests, the majority of the adolescents were
diagnosed with affective disorders, including depressive
episode, mixed disorders of conduct and emotions, reaction

Parameter

Hospitalization

Primary*

Re-hospitalization

Diagnosis

Moderate depressive episode (F32.1)

Mixed disorders of conduct and emotions (F92)

Reaction to severe stress, and adjustment disorders (F43)
Other anxiety disorders (F41)

Bipolar affective disorder (F31)

Recurrent depressive disorder (F33)
Obsessive-compulsive disorder (F42)

Other disorders** (F98)

Type of suicidal behavior leading to the current hospitalization
Suicidal intent

Suicide attempts

Current suicidal ideation (a history of suicide attempts)
Method of suicide attempt

Poisoning

Cuts and stabs

Falling from a height, throwing oneself under a train or a car
Strangulation

Drowning

Combination of several methods

to severe stress, and adjustment disorders. In all the cases,
depression remained the leading syndrome. For the majority
of the sample (n=406), the reason for hospitalization was
rooted in the current suicide attempt. The most common
methods used to attempt suicide were poisoning, including
drug overdose; cuts (including stabbing the body with
a knife) which were inflicted with suicidal intent; falling
from a height and throwing oneself in front of a train or car.

The responses to the items of the IMSA showed a non-
normal distribution and a multivariate non-normal
distribution (Kolmogorov-Smirnov test and Jarque-Bera
test for all variables: p<0.001; Mardia's test: 44,140.43,

n %
430 82.4
92 17.6
230 441
149 28.5
115 22
11 2.1
7 1.3
3 0.6
1 0.2
6 1.2
70 13.4
406 77.8
46 8.8
189 46.6
100 24.6
86 21.2
16 3.9
4 1

11 2.7



p<0.001; kurtosis: 68.89, p<0.001). For most of the items, the
skewness was positive (the distribution was left-skewed);
a negative skewness was observed for items “2", “6", “7",
“9”,"12","3","6", 21", “35", 37", "40", "45-47".

An analysis of the frequency of the different responses
made by respondents showed that negative responses
(“not at all important”) prevailed for several items. More
than 50% of respondents answered negatively to the
following items: “3" — from the Fearlessness scale in
the original version of the questionnaire; “10", “19" —
Burdensomeness; “11”, “15”, “36", “39", “53" — all items on
the Interpersonal influence scale; “43" — Help-seeking,
“42","33" — Impulsivity; “20” — Problem-solving; “23" and
“25" — additional items.

Model fit indices are presented in Table 2. Models 1-3,
which corresponded to the authors' key, were found to
be unsatisfactory.

The interpersonal factors from the original version of
the IMSA (Help-seeking and Interpersonal influence) were
found to have a very high correlation (r=0.92), which led
to the decision to combine these scales into one (Model
No. 4). In the resulting model, several items turned out to
have low factor loadings (“19”, “20", and “43"); therefore,
they were removed. Further modifications to the model
included moving item “8” (“...wanted to know if someone
really cared about me”) from the Interpersonal motivations

No. | Model description

1 Original factor structure — 2 higher-order factors
2 Original factor structure — 10 factors and 4 additional items

Original factor structure — 10 factors without
the additional items

4 9-factor structure

5 9-factor structure with modifications

6 9-fa§tor' structure with the hierarchical factor Intrapersonal
motivations

7 8-factor structure (without the Impulsivity scale)

8 8-factor structure with modifications

8-factor structure with the hierarchical factor Intrapersonal
motivations

scale (this item was initially included in the Help-seeking
scale) to the Low belongingness scale, and item “40" (“...my
thoughts were too much to bear”) from the Escape scale to
the Psychache scale. Covariates were introduced between
the residuals of items “8" (“...wanted to know if someone
really cared about me”) and “31" (“...thought nobody loved
me”"), “4" (“...wanted to make my family better off”) and “41"
(“...thought it could fix some important practical problems for
my family/friends”), which may be explained by the similar
wording of these items. The resulting model (Model No. 5)
had a satisfactory fit. However, after the introduction of
the hierarchical latent variable Intrapersonal motivations,
which combined the Hopelessness, Psychache, Escape,
Burdensomeness, Low belongingness, Fearlessness, and
Problem-solving scales (Model No. 6), the CFl dropped
below the cut-off value for satisfactory model fit.
Further, it was decided to exclude the Impulsivity
scale from the model, since it demonstrated the lowest
internal consistency (Cronbach’s alpha=0.71) and the
correlations with all IMSA scales, except for the Interpersonal
motivations scale, scored lower than 0.2. In addition, the
items included in this scale showed low factor loadings
(the average factor loading for all five items was 0.58, and
one item had a loading <0.5). The 8-factor model before
the modifications is presented as Model No. 7. To improve
it, the same modifications were made as in Model No. 5,
and a covariance was added between the residuals of
items “17" (“...had thought about it for a while and finally
acted on my plan”) and “32" (“...had been working myself

RMSEA
2,

X2(df) CFI (pclose) SRMR | AIC BIC

3,094.39(739) | 0.762 | 0.087 (p<0.001) | 0.086 | 66,917 | 67,262
3,254.33(1,322) | 0.850 | 0.058 (p<0.001) | 0.072 | 89,446 | 90,140
2,731 (1,130) 0.866 | 0.057 (p<0.001) | 0.071 | 82,526 | 83,144
2,816.51(1,139) | 0.860 | 0.058 (p<0.001) | 0.077 | 82,600 | 83,179
2,136.57(996) | 0.902 | 0.051 (p=0.207) | 0.063 | 77,020 | 77,582
2,257.01(1,022) | 0.894 | 0.053 (p=0.054) | 0.068 | 77,113 | 77,564
2,328.87(917) | 0.873 | 0.060 (p<0.001) | 0.073 | 73,866 | 74,368
1,656 (788) 0.919 | 0.051 (p=0.295) | 0.051 | 68,253 | 68,743
1,757.23(808) | 0.911 | 0.053 (p=0.087) | 0.058 | 68,338 | 68,742



Table 3. Factor loadings of the items in the Inventory of Motivations for Suicide Attempts (8-factor model with the hierarchical

factor “Intrapersonal motivations” — Model No. 9)

Factors with included items Factor loading
Hopelessness

“2" ..was feeling hopeless 0.712
“6" ...lost all hope that things could get better in the future 0.814
“37"...my future seemed dark 0.833
“44" ...didn't think things would get better, no matter what | did 0.765
“45" ...was the most hopeless I'd ever been 0.778
Psychache

“7" ...couldn't stand all the emotions in my head anymore 0.736
“9" ...my state of mind was too unbearable 0.759
“21" ...my emotions were too overwhelming to handle 0.757
“35" ...needed to stop my mental pain 0.782
“40" ...my thoughts were too much to bear 0.813
“46" ...could no longer tolerate my emotional pain 0.882
Escape

“1" ...was so flawed | had to escape from myself 0.639
“16" ...couldn't stand being aware of my failings anymore 0.749
“18" ...hated myself so much 0.815
“47" ...thought so poorly of myself, dying seemed like a relief 0.853
Burdensomeness

“4" ..wanted to make my family better off 0.657
“14" ...was only dragging down those around me by staying alive 0.826
“30" ...was causing too much trouble for those around me 0.846
“34" ...needed to stop being a burden to others 0.775
“50"....was a drain on my loved ones 0.700
Low belongingness

“8" ...wanted to know if someone really cared about me 0.597
“10”...didn't belong to any community 0.556
“31"...thought nobody loved me 0.603
“38" ...didn't fit in anywhere 0.813
“51" ...felt disconnected from everyone in my life 0.820
Fearlessness

“3" ...had almost attempted in the days or weeks beforehand, but this time it didn't seem as scary 0.622
“17" ...had thought about it for a while and finally acted on my plan 0.704
“29" ...was no longer afraid to try attempting suicide 0.714
“32" ...had been working myself up and this time | followed through 0.719
“52"...was less afraid of the physical pain than | used to be 0.653
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Problem-solving

“13"...needed to get out of an impossible situation 0.569
“22" ...seemed like the best way to deal with my problems (e.g., personal, financial) 0.776
“41" ...thought it could fix some important practical problems for my family/friends 0.644
“48" ...felt it would help solve some specific problems 0.738
Interpersonal motivations

“5" ..wanted to get help from someone 0.490
“11"...wanted to make people sorry for the way they treated me 0.683
“15" ...needed to persuade someone to change his or her mind 0.531
“28" ...needed to make other people understand how distressed | was 0.725
“36" ...wanted to make others afraid 0.629
“39" ..wanted to make other people feel guilty for not helping me 0.784
“53" ...hoped to influence the actions of people around me 0.752
“54" ...wanted others to recognize how much | was hurting 0.817
Intrapersonal motivations (general scale)

Hopelessness 0.889
Psychache 0.823
Escape 0.936
Burdensomeness 0.833
Low belongingness 0.848
Fearlessness 0.776
Problem-solving 0.887
Correlations

Intrapersonal motivations and Interpersonal motivations 0.433
Covariances between residuals

Item “4" and item “41" 0.356
Item “8" and item “31"” 0.407
Item “17" and item “32" 0.357

Note: For all factor loadings and covariances, p<0.001.

Table 4. Internal consistency and test-retest reliability of the Inventory of Motivations for Suicide Attempts

Internal consistency Test-retest reliability
IMSA scales

Cronbach’s a McDonald’s w Spearman’s r,
Hopelessness 0.89 0.89 0.63
Psychache 0.91 0.91 0.69
Escape 0.85 0.85 0.64
Burdensomeness 0.88 0.86 0.72
Low belongingness 0.82 0.82 0.64
Fearlessness 0.82 0.83 0.65
Interpersonal motivations 0.87 0.88 0.58
Problem-solving 0.78 0.78 0.62
Intrapersonal motivations (general scale) 0.91 0.91 0.66

Note: All Spearman correlation coefficients are significant with p<0.001. IMSA — Inventory of Motivations for Suicide Attempts.
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up and this time | followed through”), which had similar
wordings. Model No. 8 had a satisfactory correspondence
to the data, which was maintained when the hierarchical
factor of intrapersonal motivations was introduced (Model
No. 9). For further analysis, Model No. 9 served as the final
model (Table 3).

The IMSA scales showed satisfactory indicators of internal
consistency and test-retest reliability (Table 4).

The Intrapersonal motivations scale from IMSA (and its
sub-scales) demonstrated the strongest correlations
with the scales of the Interpersonal Sensitivity Measure
and the Interpersonal Needs Questionnaire, whereas
the correlations with the Self-Concept Clarity Scale were
weak. The Interpersonal motivations scale had either
weak correlations (with the Burdensomeness scale from
the Interpersonal Needs Questionnaire and all scales of
the Interpersonal Sensitivity Measure) or no statistically
significant correlation (with the Low belongingness scale
from the Interpersonal Needs Questionnaire and the Self-
Concept Clarity Scale) (Table 5).

Following in the path of the authors of the original version
of the IMSA [18], we performed an analysis of the raw
responses of the participants to determine the percentages
of “very important” and “most important” responses on
each scale. Such responses made up 48% of all responses
to items in the Hopelessness scale, 49% in the Psychache
scale, 40% in the Escape scale, 32% in the Burdensomeness
scale, 30% in the Low belongingness scale, 27% in the
Fearlessness scale, 38% in the Problem-solving scale, and
20% in the Interpersonal motivations scale.

Afterwards, these scales were ranked using the Wilcoxon
test with the Holm-Bonferroni correction for multiple
comparisons: significant differences indicate a difference
in the magnitude of the motivations for suicide attempts in
the sample, whereas the absence of significant differences
indicates that the compared scales are at the same level
(Table 6).

The Hopelessness and Psychache scales scored
significantly higher than the other scales, indicating that
the adolescents were more likely to confirm the suicidal
motivations included in these scales. Escape, Problem-
solving, and Intrapersonal motivations ranked second
(there were no significant differences between these
scales). The Burdensomeness, Low belongingness, and
Fearlessness scales were in third place. The reasons

Inventory of Motivations for Suicide Attempts

Scales
1 2 3

Interpersonal Needs Questionnaire

Perceived burdensomeness | 0.50*%** | 0.40*** | 0.56%**
Thwarted belongingness 0.24%%% | 0.20%** | 0.30%**
Interpersonal Sensitivity Measure

Dependence on the 0.53%%% | 0.46%*k | 0.57%%
appraisal by others

Fear of rejection OIS8EEY Q52755 YGRS
Interpersonal worry 0.43%** 0.40%** 0.45%**
Interpersonal sensitivity 0.58*** | 0.53*** | 0.63***
Self-Concept Clarity Scale

Self-concept clarity —0.45%*% | —Q.41%%* | —0.471%**
Age

Age 0.15% 0.14* 0.1

4 5 6 7 8 9
0.67*** | 0.60*** | 0.52*** | 0.25%** | 0.49*** | 0.65%**
0.21%%%* | 0.41%** | 0.27*** | 0.07 0.17%* 0.30%**
0.47*** | 0.51*** | 0.45%** | 032%** | 048*** | (.59***
0.56*** | 0.61*** | 0.55%** | 0.25%** | 0.48*** | 0.66%***
0.42*** | 0.41*** | 0.36*** | 0.27*** | 0.41*** | 0.50***
0.55%** | 0.58*** | 0.52*%** | (032%** | (53%** | (.67***
-0.32%*% | -0.34** | -0.27* -0.10 -0.24 —0.41***
0.05 0.02 0.04 -0.05 0.06 -0.02



Scale Min Q1 Med

Hopelessness (A) 0 1.25 2.4
Psychache (B) 0 1.17 2.42
Escape (C) 0 0.75 2
Burdensomeness (D) 0 0.4 1.6
Low belongingness (E) 0 0.4 1.4
Fearlessness (F) 0 0.2 1.2
Interpersonal motivations (G) 0 0.25 0.75
Problem-solving (H) 0 0.75 1.75
Intrapersonal motivations (I) 0 1.06 1.89

included in the Interpersonal motivations scale were the
least frequently cited.

The correlations of the IMSA scales with age were
insignificant, except for weak correlations with the
Hopelessness (r.=0.15, p<0.05) and Psychache (r.=0.14,
p<0.05) scales (see Table 5).

When comparing IMSA scores across genders, significant
differences were encountered for the Burdensomeness
(p=0.013) and Intrapersonal motivations (p=0.036) scales,
with higher values observed in girls (see Table S1 in the
Supplementary).

No significant differences in IMSA scores between groups
with specific types of suicidal behavior were detected,
when adolescents with suicide attempt and adolescents
with suicidal intent were compared (see Table S2 in the
Supplementary).

We also compared the 3 largest groups of ICD-10 diagnostic
categories: 1) depressive episode; 2) mixed disorders of
conduct and emotions; and 3) reaction to severe stress,
and adjustment disorders. Significant differences were
found on the Hopelessness and Fearlessness scales (see
Table S3 in the Supplementary). According to the Dunn
test, the scores on both scales in the group diagnosed with
a depressive episode were significantly higher thanin the
other two groups. The mean values of the Hopelessness
and Fearlessness scales were, respectively, 2.41+1.14 and
1.50+1.11 for depressive episode; 1.99+1.33 and 1.20+1.22 for

3.33

1.88
2.75
2.57

Max Significant differences

AC**, AD***’ AE***’ AF***’ AG***’ AH***’ A|~k~k*
BD***’ BE***' BF***’ BG***' BH***' B|***
CD**, CE*¥*, CF**%, CGr**

DF*, DG***, DI*

EG***, EH***’ E|~k~k*

FH***, Fl-k'k*

GH***’ Gl***

[YCR I O I NG O O N O O O I O N

89 —

mixed disorders of conduct and emotions; and 1.96+1.40
and 1.18+1.12 for reaction to severe stress, and adjustment
disorders.

DISCUSSION
The Russian version of the Inventory of Motivations for
Suicide Attempts, tested in a clinical sample of adolescents
with suicidal behavior, showed satisfactory psychometric
characteristics. The Russian version differs from the original
version of the IMSA in the number of items (42 questions in
the Russian version instead of 54 in the original one) and the
questionnaire structure. The Russian version of the IMSA
includes 8 scales that characterize suicidal motivations:
Hopelessness, Psychache, Escape, Burdensomeness,
Low belongingness, Fearlessness, Problem-solving
and Interpersonal motivations. A generalizing scale
(Intrapersonal motivations) may also be used. At the
same time, the Impulsivity scale present in the original
version was excluded from the factor structure because of
relatively low indicators of internal reliability and the absence
of significant correlations with other motivations [18, 19],
and the scales of Help-seeking and Interpersonal influence
were combined into the Interpersonal motivations scale.

The identified factor structure corresponds to the
theoretically justified components of suicide, such as
unbearable psychological pain and hopelessness, the idea
of death as the only way to solve one’s problems [5, 14], the
perception of self as a burden, thwarted belongingness
[8], and fearlessness (lack of fear of death) [8, 16].

All the scales of the IMSA demonstrated acceptable
internal consistency (Cronbach’s alpha 0.78-0.91) and
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test-retest (r.=0.58-0.72) reliability, which confirms the
interrelations between the items in the scales and their
relative ability to withstand changes in test conditions.

Intrapersonal motivations for suicide attempts showed
significant (r >0.5) correlations with different features
of psychological vulnerability to suicide (interpersonal
sensitivity, suicidal motivations identified in Joiner's theory),
whereas the correlations of the interpersonal motivations
for suicide attempts with these same parameters were either
weaker (r.=0.25-0.32) or absent. As for the self-concept
clarity, which characterizes a psychologically integral,
healthy person, its correlations with the intrapersonal
motivations were mostly negative and weak, while its
correlations with the interpersonal motivations were non-
significant. The obtained data confirm the convergent and
discriminant validity of the Russian version of the IMSA.

The discrepancy between the Russian version and the
factor structure of the original inventory is due to the
following factors: the original measure was not tested
using confirmatory factor analysis, and its factor structure
was based on the synthesis of theoretical concepts of the
nature of suicide. The exploratory factor analysis, which
was used to identify intra- and interpersonal motivations
in different samples, was conducted on scale scores [18,
19] rather than on raw data (responses to the items of
the inventory). Thus, the factor structure of the Russian
version of the IMSA may have changed due to the use
of a different analytical method. This change could also
be due to the cultural differences between Russian and
American adolescents.

The most powerful motivations for suicide attempts/
intentions in Russian adolescents were hopelessness
and psychache, followed by the motivations of escape
and problem-solving. These results are close, although
not identical, to the results obtained by the authors of
the original version of the inventory [18, 19]. Interestingly,
the authors of the original version excluded the Problem-
solving scale from the inventory as unreliable after testing
it in a sample of adolescents [19], whereas in the Russian
version, this scale showed satisfactory reliability and,
moreover, was the second most frequent choice of the
adolescents. Like the authors of the original inventory
[18,19], we discovered that the items relating to interpersonal
motivations for suicide attempts were rarely endorsed.

Although intrapersonal suicidal motivations dominate
interpersonal ones, we believe that the Interpersonal
motivations scale contained in the inventory requires

a separate interpretation, as it affects the social aspects of
suicidal behavior, when a suicide attempt is both a cry for
help and a way to influence the behavior of other people.
Interpersonal suicidal motivations come into play when
other ways to communicate life’s difficulties and painful
experiences are unavailable or ineffective. The IMSA
provides an opportunity for future studies to focus on
assessing both individual suicidal motivations and their
correlations over time in the follow-up of adolescents with
suicidal behavior.

We found that hopelessness and psychache scores tend to
increase with age, which improves our understanding of the
causes of the increase in suicides among older adolescents
compared with younger ones [4]. Burdensomeness scores
were significantly higher in girls (this is of interest in the
sociocultural perspective of parenting practices for girls
and boys).

No differences on IMSA scales were detected depending
on the type of suicidal behavior (attempt or intention).
This confirms that factors other than motivation can also
increase the risk of a suicide attempt when combined.
In addition, this may be due to the combination of individual
features with the availability of means of suicide, which
is defined as the third step to a suicide attempt in Klonsky's
three-step theory. Thus, the decision to commit suicide
is determined not only by the motivation, but also by the
availability of the means to carry it out [17].

Adolescents with a depressive episode scored the highest
on the scales of Hopelessness and Fearlessness, which
is consistent with the clinical presentation of depression
and studies performed in clinical samples of adolescents.
Thus, hopelessness is associated with worsening symptoms
of depression [36] and fearlessness is viewed as a predictor
of future suicide attempts [37].

The Inventory of Motivations for Suicide Attempts uses
recollections of a suicide attempt, which does not completely
rule out errors in recollection, deliberately incorrect answers
to painful questions, or avoiding answers to suicidal topics.
Another limitation is that the sample was not gender-
matched, but the predominance of girls in this sample
corresponds to the gender pattern observed by researchers
among adolescents with suicidal behavior [4].
Generalization of the study results is limited to the
clinical population of adolescents with a history of suicide
attempts. The inventory allows one to garner a rather



wide profile of the motivations behind suicidal behavior.
However, an additional test of its applicability for diagnostic
purposes in comparison with other measures (for example,
the assessment of the intention to die during a clinical
interview) is necessary. To extrapolate the results to the
entire population of adolescents with suicidal behavior,
the sample should be expanded in subsequent studies to
include adolescents with suicide attempts who are not in
hospital (for example, adolescents undergoing outpatient
treatment). The study of motivations in the context of
the development of suicidal behavior will help assess the
diagnostic validity of this measure.

CONCLUSION

The Russian version of the Inventory of Motivations for
Suicide Attempts (IMSA) adapted in a clinical sample of
adolescents allows for a differentiated assessment of
the motivations for suicidal behavior in adolescents.
The inventory consists of 9 scales characterizing
intrapersonal and interpersonal motivations for suicide
attempts. The Intrapersonal motivations scale combines
Hopelessness, Psychache, Escape, Burdensomeness,
Low belongingness, Fearlessness, and Problem-solving.
Interpersonal motivations for suicide attempts are measured
by one scale.

The inventory demonstrated satisfactory reliability
and validity. The intrapersonal suicidal motivations
(hopelessness, psychache, escape, and problem-solving)
were the most endorsed ones in the clinical sample of
Russian adolescents. The highest hopelessness and
fearlessness scores were found in adolescents diagnosed
with a depressive episode. The motivations of hopelessness
and psychological pain seemingly increase with age, but
the causes of this increase require a separate study. Girls
had higher scores on the Burdensomeness scale and the
general scale of intrapersonal suicidal motivations.

The structure of the inventory is consistent with the
theoretical concepts of suicidal behavior, and it also
improves our understanding of the reasons behind suicide,
which in the future may provide an opportunity for a more
accurate assessment of the sources of suicidal motivations
and how they develop.
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ABSTRACT

Schizotypy (ST) and psychotic-like experiences and negative symptoms (PENS) are commonly used
phenotypes in high-risk and early intervention research for schizophrenia and other non-affective psychoses. However,
the origin of these phenotypes in the general population is poorly understood and their association with the genetic
predisposition to psychoses has not yet been proven.

The aim of this study is to answer the question of whether data on the relations of ST and PENS with polygenic
risk scores for schizophrenia (SZ-PRS) support the hypothesis that these phenotypes are subclinical manifestations
of genetic liability for schizophrenia.

Literature describing these relations in the general population was analyzed. The literature search was
performed in the PubMed database using the following keywords in English: ((“schizotyp*” OR “psychotic-like experiences”
OR “psychosis proneness” OR “psychotic experiences”) AND (“polygenic risk” OR “genetic liability” OR “polygenic score”));

1o "o

the search in eLIBRARY.RU was conducted using the Russian words for “schizotypy”, “schizotypal features”, “psychotic

"o "o

experiences”, “psychotic experience”, “psychotic symptoms”, and “polygenic risk”, covering publications from 2009 to 2024.

Of the identified records, 45 publications were found eligible. No expected positive correlations of SZ-PRS
with common ST measures have been observed. For PENS, the results are inconsistent. Overall, SZ-PRS correlate more
often with the PENS general factor and negative symptoms than with psychotic experiences per se.

The literature does not provide convincing evidence of the association between SZ-PRS and ST/PENS.
The search for the substantive psychological meaning of polygenic vulnerability to psychosis captured by SZ-PRS should
be expanded to other personality processes and traits.


https://doi.org/10.17816/CP15629

AHHOTALMA

LWnsoTtunms (LUT), a Takxke nepexmBaHns, CXOAHbIE C NCUXOTUYECKMMMN N HEraTUBHBIMW CUMITOMaMU
(MMHC), — 370 $eHOTMMbI, LUIMPOKO UCMONb3yeMble B UCCIEA0BaHMAX BbICOKOrO pMcka 1 paHHUX BMeLLaTenbCTB Npu
wnsodpeHnn n apyrmx HeapPpekTnBHbLIX NCMX03ax. OJHAKO NPOUCXOXAEHME 3TX GeHOTUNOB B 06LLLel Nonynsumm
OCTaeTCs HeJOCTaTOUHO M3YYeHHBIM, a X CBA3b C reHeTNYeCKol NpeApacrnoNoXeHHOCTLHIO K MCKX03aM MoKa He JokasaHa.

PaccmoTpeTb 0CTOBEPHOCTb FMMnoTe3bl 0 ToM, UTo LUT n/unm MMHC 9BASOTCA CYyOKINHNYECKMMU NPOSBAEHUAMN
reHeTU4ecKol NpeApacrnoNOXeHHOCTU K LWN30PPEHNN, Ha OCHOBE aHanmn3a AaHHbIX 1MTepaTypbl O B3aMMOCBA3N
ncnxomeTpuyeckoin LUT mn MMHC ¢ oueHkamMy NOAUIEHHOro pUcka Wn3odpeHnn B obLLen Nonyaaumm.

Bbin npoBeseH aHann3 AnTepaTypPHbIX MCTOYHNKOB, B KOTOPbIX OMMCaHbI 3TV B3aMMOCBA3U B 06LLel NONyAsLmm.
Mounck MnTepaTypbl OCyLLLeCTBASNCA B 6a3ax AaHHbIX PubMed n eLIBRARY.RU ¢ ncnosb3oBaHveM cneyroLLero nouckoBoro
3anpoca: ((«schizotyp*» OR «psychotic-like experiences» OR «psychosis proneness» OR «psychotic experiences») AND
(«polygenic risk» OR «genetic liability» OR «polygenic score»)); a Takxe COOTBETCTBYHLLMX PYCCKOA3bIYHbIX TEPMUHOB
«LUM30TUMKS», «LLUM30TUMNYECKME YEPTbI», KMCUXOTUYECKME MEPEXMBAHNSY, KMCUXOTUYECKUN OMbIT», <NCUXOTUYECKME
CUMMTOMbI» U «OL,eHKa MOJIMreHHOro prcka». Mounck oxBaTbiBan Nybankaumm 3a nepunog ¢ 2009 no 2024 rog,

N3 3anuceli, BbISBNEHHbIX B XO4e MOUCKa, bbl10 0TO6paHo 45 ny6ankaumnii, COOTBETCTBYIOLLINX
KpuTepusM BKIOUYeHNS. OXnaaeMble MONOXMTENbHbIE KOPPENALMI MeXY OLIEHKOW MONFeHHOro pUCcKa LWnN3odpeHnn
1 pacnpocTpaHeHHbIMK nokasatenamu LT yctaHoBneHbl He 6binu. PesynbTathl oueHkn MMHC HeoAHO3HAYHbI.
B LlesloM oueHKa NOANFreHHOro PUCKa LWN30PPeHUM Yalle KoppeampyroT ¢ obwmm ¢akTopoM MNIMHC n HeraTBHBIMU
CUMNTOMAaMU, YeM C MCUXOTUYECKNMU NEPEXNBAHNAMMN KaK TAKOBbLIMU.

JNnTepaTypHble faHHbIE He MPefOCTaBASIOT yoeANTeNbHbIX 40Ka3aTeNbCTB CBA3N MeX/AY OLIeHKON
NOANreHHOro pucka wunsodppeHunn 1 LUT/MMHC. YTobbl fiyylle NOHSATL OCHOBHOE MCUMXON0rMYeckoe cogepxaHue
NOAVreHHOM NPeApPacnoIoKEHHOCTU K MCUX03Y, OTPaXKaeMOol OLeHKOW MOSMIFeHHOro prcka WnsoppeHnu, ciegyeT

pacLmpUTb MOUCK U YUNTbIBATb APYre IMYHOCTHbIE NMPOLECChl Y XapakTepucTukm nommumo LT v MIMHC.

INTRODUCTION
Schizophrenia is a chronic disabling disorder in which
polygenic predisposition plays an important role [1]. Early
intervention is assumed to reduce the risk of psychosis
in individuals with genetic vulnerability to the disease.
Approaches to identifying vulnerable individuals in non-
clinical samples are based on the idea of a psychoses-
proneness continuum, with psychotic patients at one
end and individuals from the general population with
schizophrenia-like traits or experiences at the other [2-4].
Schizotypy (ST) is an early concept of the “schizophrenic
genotype” subclinical expression [3]. ST represents
a constellation of personality traits resembling positive,
negative, and disorganized symptoms of schizophrenia.
These traits can manifest as several personality disorders
or as normal personality variants [5]. In the latter case, they

are measured mainly with questionnaires for schizotypal
personality and are called psychometric ST. Psychotic-
like experiences (PLEs) are another conceptualization of
schizophrenia liability [4]. PLEs are defined as subclinical
psychotic symptoms (delusions and hallucinations) in the
absence of illness/in a non-clinical population/in individuals
who do not seek psychiatric help [4]. The prevalence of PLEs
in the population is about 8%, with the highest frequency
in childhood (up to 17%) [4]. Recently, it has been proposed
to supplement the PLEs with cognitive disorganization and
negative dimensions, this wider concept being referred to
as psychotic experiences and negative symptoms (PENS) [6].

The development of molecular genetic technologies
in the last decades has made it possible to directly
assess the relationship between genetic liability to
schizophrenia and psychosis-proneness indicators [7-11].



The methodologies include calculating genetic correlations
between schizophrenia and ST/PENS based on genome-wide
association studies (GWAS) of these traits and assessing
associations of ST/PENS with polygenic risk scores for
schizophrenia (SZ-PRS). SZ-PRS is the sum of schizophrenia
risk alleles in an individual genome, weighted by the
strength of the association of each allele with the disease [7].
The weights are effect sizes derived from GWAS conducted
by the Psychiatric Genomics Consortium (PGC) [7-10].

A systematic review, considering the comprehensive
genome-wide data on PENS obtained by 2018, concluded
that PENS in the general population are genetically
associated with schizophrenia and that the negative
dimension in addition shares genetic influences with major
depression [6]. Regarding the relations of PENS with Sz-
PRS, the review's authors found 10 relevant studies, and
four of them reported significant associations, though the
proportion of variance in PENS explained by SZ-PRS did not
exceed 1%. The results obtained for different age groups
and with different instruments were more consistent for
the negative dimension than for PLEs. Notably, only one
of the reviewed papers concerned ST [6]. Since then, new
large-scale studies of both ST and PENS, some of which
used SZ-PRS based on the summary statistics of the latest
and most powerful schizophrenia GWAS (PGC3 GWAS [10]),
have been conducted but not reviewed.

The aim of this study was to answer the question of
whether data on the relations of ST and PENS with polygenic
risk scores for schizophrenia support the hypothesis that
these phenotypes are subclinical manifestations of genetic
liability for schizophrenia. Developing an accurate picture of
the relationship between genetic liability to schizophrenia
and ST/PENS is of importance for the conceptualization
of psychosis-proneness and might help to advance the
prevention of psychotic disorders.

METHODS

Inclusion criteria:

The review included articles, containing the empirical
research on the relationship in the general population of
psychometric Schizotypy and psychotic-like experiences
and negative symptoms with SZ-PRS.

The literature search was performed in the PubMed and
eLIBRARY.RU databases.

The search in PubMed was conducted using the following
keywords: ((“schizotyp*" OR “psychotic-like experiences”
OR “psychosis proneness” OR “psychotic experiences”)
AND (“polygenic risk” OR “genetic liability” OR “polygenic
score”)) published from 01 Jan. 2009 to 30 Dec. 2024.
The lower time threshold was chosen because the GWAS-
based PRS concept in 2009 [7]. The search in eLIBRARY.RU
was conducted using the Russian words for “schizotypy”,

"o " ou

“schizotypal features”, “psychotic experiences”, “psychotic
experience”, “psychotic symptoms”, and “polygenic risk”.
Reference of the identified papers were manually examined

to find additional relevant articles.

The primary screening of potentially relevant articles
was conducted by reviewing their titles and abstracts
and performing a preliminary assessment if they meet
the eligibility criteria. The selected articles were listed for
further review of their full texts and selection of relevant
studies that met all the planned inclusion and exclusion
criteria. Exclusion criteria were as follows: 1) clinical samples
or samples of psychotic patients’ relatives; 2) the use of
basic personality traits (e.g., openness to experience) as
a proxy of ST/PENS; 3) the use of SZ-PRS as a modifying
factor without presenting data on the direct effects of SZ-
PRS on ST/PENS; 4) conference proceedings, dissertation
thesis, or preprints. No restrictions were imposed on the
language of publication or the age of the subjects. Works
with overlapping or even almost identical samples from
the same projects were not excluded to demonstrate the
level of in/consistency of the results and since different
publications of the same project could report on different
aspects of ST/PENS.

The resulting publications were then selected for analysis
based on the following inclusion criteria: 1) research articles;
2) articles contained data on the association of SZ-PRS
with ST or PENS measured in individuals from the general
population using questionnaires or diagnostic interviews;
3) SZ-PRS based on GWAS conducted in 2009 or later;
4) articles published in peer-reviewed scientific journals.

From the publications selected for consideration, the
author extracted information on: 1) available demographic
characteristics of the sample (age, sex, ethnicity, relatedness
between subjects); 2) the way of measuring ST/PENS;



3) GWAS to build SZ-PRS; 4) the presence of a statistically
significant relationship between ST/PENS and SZ-PRS;
5) associations between ST/PENS and PRS for other mental
ilinesses or psychological traits.

RESULTS

The search in PubMed returned 87 articles, of which
35 met the criteria, and one relevant publication (our
own [12]) was found in the eLIBRARY.RU database.
The investigation of the references lists yielded another
9 articles. Thus, 45 publications were selected for analysis,
of which 9 investigated the associations of SZ-PRS with ST,
4 — ST and PENS, and 32 — with PENS (Table S1 in the
Supplementary).

Of the eligible studies [12-56], most were carried out
within a several large longitudinal projects, which had
the genome-wide data for their participants. They mainly
included individuals of European ethnicity, used PGC2
GWAS [8] for SZ-PRS calculation and were balanced by
sex of participants. Of the instruments assessing ST, the
most popular (5 out of 13 publications) was the Schizotypal
Personality Questionnaire (SPQ, or its short form SPQ-B)
measuring cognitive-perceptual (positive), interpersonal
(negative), and disorganized dimensions of ST. PENS were
primarily evaluated with project-specific interviews and
questionnaires exploring selected items from common
clinical diagnostic instruments [26-39]. The exception
was the Community Assessment of Psychic Experience
(CAPE) questionnaire consisting of positive, negative, and
depressive scales, which is a widely used international
instrument for assessing PENS [13, 20-23, 31-33, 42-46,
48, 49]. The main difference between the instruments
measuring ST and PENS was that the former addressed
stable characteristics (personality traits), and the later
evaluated states (whether there were PENS, how often, and
whether this experience was distressing). In addition, the
PENS items were formulated more psychopathologically,
i.e. they concerned symptoms. However, there was no
clear boundary between the PENS and ST indices either
in terms of the temporal stability of characteristics or
in terms of their content. In particular, the CAPE has
been created using items from clinical scales (the Present
State Examination, Scale for the Assessment of Negative
Symptoms, Subjective Experience of Negative Symptoms,
and Calgary Depression Scale) but also assesses stable
characteristics of a person (e.g., magical thinking), and its

positive and negative scales significantly correlate with
similar scales from the Structured Interview for Schizotypy,
Revised (SIS-R) [13].

The first study of self-reported ST using the GWAS-based
SZ-PRS was performed on two samples of Greek conscripts
[14]. The first sample completed SPQ and the Perceptual
Aberrations Scale (PAS). Instead of the expected positive
correlations of the SZ-PRS with ST indicators, the authors
found negative ones that reached the level of significance
for the positive and disorganized ST [14]. When retesting
121 people from the original cohort of 875 conscripts in
18 months, these relationships disappeared, which the
authors explained by a decrease in distress in the conscripts.
In the second sample, the Schizotypal Personality Scale
(STA) was applied to assess paranoid and magical thinking
and unusual experiences; in addition, trait anxiety was
measured with the State-Trait Anxiety Inventory (STAI).
SZ-PRS did not correlate with ST indicators but associated
with anxiety [14].

Subsequent studies also failed to find positive correlations
of SZ-PRS with standard measures of the SPQ or other
ST questionnaires [12, 15-20]. A recent publication [21]
has reported an association of SZ-PRS with the positive
dimension of the Multidimensional Schizotypy Scale (MSS)
in men. However, there were no associations of SZ-PRS
with either the MMS positive dimension in women and in
the combined group, or with the MSS negative dimension
in either group.

Some of the above-mentioned studies attempted to
develop non-standard ST indicators with which the Sz-
PRS could correlate [16, 18, 19]. Nenadic¢ et al. [18] explored
an uncorrelated 4-factor model of the SPQ-B to avoid the
influence of neuroticism on the responses and did not
reveal a relationship between the ST factors and SZ-PRS.
Docherty et al. [16] conducted a factor analysis of the SPQ-B
in the entire sample of more than 9,000 participants and in
groups of men and women and found that in men the first
factor was associated with SZ-PRS. This factor included four
items reflecting difficulties in social interaction. The first
factor extracted in female group consisted of items from
various SPQ-B scales and did not correlate with SZ-PRS.
Tiego et al. [19] used factor analysis and the Item Response
Theory to construct a bifactor model of ST based on 12
different scales. The model consisted of 9 specific factors



(delusions, hallucinations, etc.) and three higher-order
factors (general, positive and negative ones). SZ-PRS
correlated positively with the delusions factor and the
decreased social interest and involvement factor, without
sex differences. These correlations were not mediated by
the higher-order factors.

Two projects — European Network of National Networks
studying Gene-Environment Interactions in Schizophrenia
(EU-GEI) and Genetic Risk and Outcome for Psychosis
(GROUP) — applied the interview (SIS-R) to assess ST.
The first study was on participants from the GROUP
cohort and found positive correlations of SZ-PRS with
the SIS-R positive factor [13]. However, in a replication
study of GROUP and EU-GEI data, the correlations of SZ-
PRS with all analyzed SIS-R indicators (total score, positive
and negative factors) turned out to be negative, and
in the larger sample (EU-GEI) they reached the level of
significance for the total score and the positive scale [22].
Of importance, in unaffected relatives of psychotic patients
from the same projects, SIS-R scores positively correlated
with SZ-PRS [13, 22]. Later, for the EU-GEI sample a bifactor
model was developed that included a general factor and
three specific factors (cognitive-perceptual, paranoid
and negative), and the expected positive correlation
of SZ-PRS with the general factor was observed; the
associations with specific factors were not assessed in
this work [23].

Also worth mentioning is the study of Schaefer et al.
[24] carried out on samples of twins at the age of 24
and 34 years using the Personality Inventory for DSM-5
Psychoticism scale (the total score of psychoticism and
subscales: unusual beliefs and experiences, eccentricity,
perceptual dysregulation). The authors found correlations
between SZ-PRS and all indicators of psychoticism, even
when the cannabis use during adolescence was controlled
for. Of note, the items of this instrument were formulated
in a more psychopathological manner than those of ST
personality questionnaires.

To summarize, despite some positive results, the pooled
data indicate the absence of significant, reproducible
relationships between the psychometric ST and SZ-PRS in
the general population. At the same time, some studies
[12,14,16, 18] have found positive correlations of standard
and non-standard ST indicators with PRS of emotional
dysregulation (neuroticism, anxiety, depression), which
might suggest the influence of genetically determined
negative affectivity on the self-reported ST.

Childhood and youth

Of significant interest is the relation of genetic predisposition
to schizophrenia with PENS in youth, i.e., in individuals
who are approaching or at the age of maximum risk for
developing psychosis. This relation has been examined in
several research projects [25-46].

Two USA longitudinal studies evaluated PLEs in youth
using diagnostic interviews. In the Adolescent Brain Cognitive
Development (ABCD) middle childhood (9-10 years) cohort,
SZ-PRS correlated with the presence of distressing PLEs
but not with the total number of PLEs, while the total
number of PLEs correlated positively with cross-disorder
(psychiatric) PRS and negatively with education PRS [25].
These findings were taken to suggest that among the PLEs,
only the most severe psychotic experiences might reflect
genetic liability to schizophrenia. However, Hernandez et al.
[26] revealed no difference in SZ-PRS between children
(aged 9-12) from the ABCD project who had and had no
severe and/or distressing PLEs. Then Ku et al. [27], having
assessed not only the severity but also the recurrence of
PLEs over 4 years after the first examination, found in this
cohort a positive correlation of SZ-PRS with the presence
of distressing recurring PLEs, but not with transient ones,
which was partly consistent with the initial hypothesis of
Karcher et al. [25]. In the Philadelphia Neurodevelopmental
Cohort (PNC), no association was found between the
presence of PLEs and SZ-PRS or PRS for emotional traits in
youth (8-22 years) of either European or African American
descent; at the same time, the presence of PLEs, especially
in children under 12 years of age, was associated with PRS
for attention deficit hyperactivity disorder (ADHD) [28, 29].

In the UK Avon Longitudinal Study of Parents and Children
(ALSPACQ), PLEs (delusions, hallucinations, thought interference)
were assessed using the Psychosis-Like Symptoms interview
(PLIKSI) or a corresponding questionnaire (PLIKS-Q), and
negative symptoms were measured with the CAPE negative
scale [30-34]. No association was found between SZ-PRS
and PLEs measured at 12, 18, and 20 years [30-32]. SZ-
PRS correlated with negative symptoms, as well as with
anxiety disorders at age 16 [31]. Later, the data of 16-year-
old participants were examined applying two models
of PENS: a model of four correlated factors (positive,
negative, depressive and anxious) and a bifactor model
with a general factor and four specific ones [33]. In the



correlated model, SZ-PRS were significantly positively
associated with all factors. In the bifactor model, there
were positive correlations of SZ-PRS with the general
and negative factors. In addition, the general factor was
associated with PRS for neuroticism. It was also shown that
individuals with different severity and age trajectories of
PENS did not differ in SZ-PRS [34]. Of interest, the latter
study showed a high comorbidity of PENS with generalized
anxiety disorder and depressive episode, reaching 80% in
the group with multiple recurring PENS [34].

Another UK project, the Twins Early Development Study
(TEDS), assessed 16-year-old twins using the Specific
Psychotic Experiences Questionnaire (SPEQ: paranoia,
hallucinations, cognitive disorganization, grandiosity, and
anhedonia) and parental assessment of negative symptoms
[35-38]. No positive correlations were found between
SZ-PRS and the presence, severity or age dynamics of
PENS components [35-38]. However, associations were
observed between PENS and PRS for other mental ilinesses
and traits, mainly depression PRS and education PRS
[37, 38]. Similarly, in the sample of the UK Environmental
Risk (E-Risk) Longitudinal Twin Study, the number of
PENS at 12-18 years was significantly associated with
depression PRS, and only at the trend level — with SZ-PRS
[39]. In contrast, in the Child and Adolescent Twin Study in
Sweden (CATSS), there were positive correlations between
PLEs and SZ-PRS [40]. Notably, the authors did not screen
the sample for schizophrenia due to the young age (18
years) of the subjects. In a meta-analysis of data from
the three mentioned projects (TEDS, ALSPAC and CATSS)
published by 2019, Pain et al. [41] obtained significant
associations of SZ-PRS with cognitive disorganization,
anhedonia and negative symptoms. Associations of SZ-
PRS with hallucinations and delusions were significant only
in the subgroup of adolescents who had these PLEs: the
higher the SZ-PRS, the more pronounced delusions and
hallucinations were. Anhedonia and negative symptomes, in
addition, correlated positively with depression PRS, while
delusions and hallucinations were negatively associated
with PRS for bipolar disorder (BD) [41].

The CAPE-based results are also mixed. In Brazilian
children and adolescents, no association was found
between SZ-PRS and the scores of this questionnaire,
which was slightly modified in the context of this study
[42]. In adolescents and young adults from the European
projects IMAGEN and Dutch Utrecht Cannabis Cohort
(UCQ), different authors obtained correlations of SZ-PRS

with different CAPE indicators. Marchi et al. [43] found
positive associations of SZ-PRS with CAPE total scores in
the UCC sample, which included a significant number of
individuals who used cannabis (the latter is a risk factor for
PLEs), but failed to replicate this association in the IMAGEN
sample. Elkrief et al. [44] found positive associations of SZ-
PRS with CAPE total scores in both samples. Regarding the
CAPE scales, however, it turned out that in the IMAGEN
sample SZ-PRS correlated with the positive and depressive
scales, while in the UCC sample — with the negative and
depressive ones. Previously, Velthorst et al. [45] found
a positive correlation of the CAPE positive symptoms scale
with the SZ-PRS in a subsample of UCC, but the authors
did not report on the use of the other CAPE scales. In the
IMAGEN subsample aged 21-22 years, SZ-PRS predicted
the higher versus low CAPE total scores both directly
(a significant direct effect in a mediation analysis) and
indirectly, through age-related dynamics of personality
traits and victimization (significant indirect effects); however,
in a large replication sample of adolescents from another
project, only the indirect effects were confirmed [46].

In sum, studies of children and young people have not
yielded convincing evidence in favor of a relationship
between SZ-PRS and delusional and hallucinatory
experiences. In some cases, associations of SZ-PRS with
the PENS general factor and negative symptoms have
been observed.

Broad age groups of adults
A significant portion of the PENS studies was conducted
on broad age groups of predominantly adult individuals
(16-65 years). The research of Derks et al. [47] included 148
people of 18-50 years (the initial stage of the GROUP sample
recruitment) and did not find correlations of SZ-PRS with
PENS. Mas-Bermejo et al. [20, 21] observed no significant
correlations between SZ-PRS and the CAPE indicators in
Spanish students aged 18-62. Of the GROUP and EU-GEI
studies mentioned in the ST section, the first study of the
GROUP cohort reported no significant correlations of Sz-
PRS with the CAPE measures [13], while the replication
study of both cohorts found negative correlations [22].
However, subsequent EU-GEI publications reported positive
correlations of SZ-PRS with the CAPE positive scale [48] and
with the positive, negative, depressive [49] and general
factors of the CAPE bifactor model [23, 49].

Some studies considered the relationship of PENS with
the context in which they occurred. Thus, Johnson et al. [50]



assessed cannabis-related PENS in individuals of European
and African descent who were ascertained for addictive
disorders. The authors found positive associations of SZ-
PRS with all symptoms measured by the Semi-Structured
Assessment for the Genetics of Alcoholism interview
(paranoia, depression-anhedonia, decreased social contacts,
and cognitive difficulties), except for hallucinations. In a
replication sample consisting predominantly of individuals
with opioid dependence, the associations did not reach
significance.

In the longitudinal Dutch project NEMESIS-2, Hasmi et al.
[51] tested the hypothesis that PLEs occurring outside
the context of non-psychotic mental disorders (mood,
anxiety and drug use disorders) might not be of interest for
predicting the development of psychosis. Using a clinical
interview, they assessed the occurrence of 20 delusional
and hallucinatory symptoms in people from the general
population during a 9-year follow-up period, then dividing
the symptoms into isolated ones and those observed
in the context of non-psychotic disorders. The authors
compared individuals with the isolated PLEs and with
PLEs in the context of non-psychotic disorders to controls
without PLEs on the frequency of high SZ-PRS (from the
upper quartile of the SZ-PRS distribution). In accordance
with the hypothesis, only the group with non-psychotic
disorders differed from the controls.

Pries et al. [52] examined suspiciousness, fear of losing
control, racing and pervasive thoughts, and difficulties
to express thoughts in a Belgian sample of 593 people
aged 15-35 using the ecological momentary assessment.
The authors also assessed everyday stress. The symptoms
studied correlated with childhood trauma and everyday
stress, but not with SZ-PRS. The authors found only a weak
positive effect of the interaction of SZ-PRS and childhood
trauma on psychotic symptoms. At the same time, SZ-PRS
correlated positively with positive emotions and were not
associated with negative affect or stress reactivity.

Several publications presented the relationships between
SZ-PRS and PLEs in an UK BioBank cohort, which included
people over 40 years old, i.e., those who had already
passed the age of risk [53-56]. Of the almost half a million
biobank sample, 157,387 people completed the UKB online
Mental Health Questionnaire (MHQ). The MHQ included
one question each on the presence and frequency of
visual and auditory hallucinations, persecutory delusions,
and delusions of reference [53]. Additionally, the distress
associated with each symptom was assessed. The findings

regarding correlations between PLEs and SZ-PRS in the
entire group, which included not only healthy individuals
but also individuals who had previously sought psychiatric
help, were mixed [53, 54]. When studying only healthy
unrelated individuals of British or Irish decent, Legge et al.
[55] observed positive correlations of SZ-PRS with the
presence of each symptom, with the strongest associations
being found for distressing experiences and persecutory
delusions. Similar data were obtained by the authors
using PRS for BD, depression, ADHD, and autism, which
suggest a nosologically non-specific relationship between
PLEs and genetic liability to mental disorders. Later, Barbu
et al. [56] confirmed the association of PLEs with SZ-PRS
for this sample, based on the latest and more powerful
GWAS of schizophrenia (PGC3 GWAS).

In summary, there is inconsistency of data regarding
the association of SZ-PRS with PENS in adults from the
general population. It is important to note the discrepancy
between the results obtained by using different factor
models of the same instruments in practically the same
or overlapping samples.

DISCUSSION

Since the introduction of PRS, numerous studies have been
conducted on the contribution of SZ-PRS to the phenotypic
manifestations of psychosis-proneness in the form of ST or
PENS. Their results do not provide convincing evidence of
the association between SZ-PRS and the studied phenotypes.
No expected positive correlations of SZ-PRS with common
ST measures have been observed. The findings regarding
PENS are more complicated. Among the few positive
results, there are more correlations of SZ-PRS with the
general factor of PENS and negative symptoms than with
positive ones. An exception is the findings for individuals
over 40 years old, for whom a significant relationship
between SZ-PRS and PLEs is shown [55]. However, these
results have been obtained within one biobank and may
be subject to population stratification bias. Of note, in
the absence of the reproducible relation with SZ-PRS,
the psychosis-proneness indicators correlate with PRS
for other disorders and traits, particularly PRS for major
depressive disorder and neuroticism. As discussed earlier
[12, 16], this is partly expected given the high prevalence
of symptoms of depression and anxiety in the population,
their potential to bias self-reports, and twin studies linking
schizotypy and neuroticism. However, further research that
takes into account sex differences is needed to provide



a mechanistic understanding of the relationship between
neuroticism and susceptibility to psychosis. In addition,
the PRS-based findings overlap with other types of genetic
data (genetic correlations, Mendelian randomization) from
some projects described above. According to the latter:
1) ST does not show significant genetic commonality with
schizophrenia, but is genetically associated with depression;
2) genetic correlations of PENS with major depressive
disorder are higher than with schizophrenia; 3) PENS in
adolescence are not genetically associated with PENS and
ST in adulthood; and 4) genetic associations of PENS with
schizophrenia and depression are higher in adulthood
than in adolescence [57].

The lack of associations between SZ-PRS and the
psychosis-proneness indicators might be partly explained
by the studies’ methodologies. Most investigations used
data collected within multi-center longitudinal projects
aimed at answering different research questions.
Due to this, the studies have shortcomings associated
with sample compositions. In particular, cohorts of some
projects included related individuals (siblings/twins), which
was not always controlled for. The UK Biobank research
applied minimal phenotyping. A significant number of
studies included heavily overlapping samples. Finally,
some studies included individuals across a broad age
range. Age might be critical for the phenotypic expression
of genetic susceptibility to psychosis. However, the broad
age range hardly fully explains the lack of correlations
between PENS and SZ-PRS, since such correlations have
not been observed in the majority of studies with strict
age cutoffs.

Also this review has some limitations, including the
analysis of only two databases and the lack of co-authors
to discuss the process and results of the literature search.
Future quantitative assessment based on meta-analysis
should provide more rigorous evidence of the presence
or absence of correlations between SZ-PRS and PENS
than the qualitative one and could clarify the reasons for
the heterogeneity of the results related to the sample
composition and measurement instruments used.

CONCLUSION

The available results allow to draw preliminary conclusions
about the relationship between SZ-PRS and behavioral
indicators of predisposition to psychosis, refute previously
stated hypotheses and provide grounds for new ones that
should be tested in future studies. First, they do not confirm

that the current ST assessment is adequate for identifying
individuals at risk for psychosis and necessitate a revision
of existing ST measurement instruments. Second, it has
been previously suggested that psychosis vulnerability
scores may be an expression of both a specific psychotic
factor and a general (transdiagnostic) psychopathological
factor p [2, 58]. The combined data, and especially the
data obtained using the bifactor models of ST and PENS,
support the idea of a transdiagnostic genetic nature of ST/
PENS and the hypothesis that the p factor may to some
extent be a consequence of genetically determined negative
emotionality/affective dysregulation. At the same time, they
do not confirm the association of a specific psychotic factor
with SZ-PRS. Next, only the most severe, recurring and
distressing psychotic experiences appear to reflect genetic
liability to schizophrenia, which calls into question the idea
of a genetic continuum of ST and psychotic experiences
in non-clinical and clinical populations. Further, given the
discrepancy between the data obtained for youth and late
adulthood, it can be assumed that the nature of ST and
PENS in different age groups is different. Finally, the lack
of correlations between SZ-PRS and ST/PENS echoes the
lack of correlations between SZ-PRS and specific clinical
characteristics of schizophrenia [59]. Thus, the search
for the substantive psychological meaning of polygenic
vulnerability to psychosis captured by SZ-PRS should be
expanded to personality processes and characteristics
other than ST and PENS.
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ABSTRACT

Addictive disorders remain a global problem, affecting health, society and the economy. The etiopathogenesis
of addictions, which have a multifactorial nature, is poorly understood, making it difficult to develop personalized
treatment approaches. Of particular interest is the SLC6A4 gene, which regulates serotonergic transmission. The 5-HTTLPR
variation of this gene is associated with the risk of addictions, but the data are contradictory due to the heterogeneity
of clinical manifestations and pleiotropic effects of the gene. Integration of genetic, environmental and neurobiological
factors into multidimensional models is becoming relevant.

The aim of this study is to assess the role of 5-HTTLPR variations in the SLC6A4 gene of the serotonergic system
in the development of addictive disorders.

The manuscripts were searched in the MEDLINE and eLIBRARY.RU databases using the keywords in Russian
and English: “SLC6A4", “5-HTTLPR", “addictive disorders”, “pharmacogenetics”, “serotonin”, “antidepressants”, “ethnic
differences”. After eliminating duplicates and a two-stage screening (by titles/annotations and full-text analysis) of the

1,561 discovered papers, the final review included 41 publications that meet the stated inclusion criteria.

The S-allele of 5-HTTLPR is associated with an increased risk of addictions and comorbid affective disorders,
but its role is ambiguous due to the heterogeneity of symptoms. Ethnic differences have been identified: the S-allele
predominates (70.6-80.9%) in Asian populations, the L-allele in Europeans (38.5-66.7%). Unique neurobiological markers
for S-allele carriers have not been established, and the pleiotropic effects of SLC6A4 are also observed in other mental
disorders, which reduces its specificity for addictions.

The inconsistency of the data on 5-HTTLPR highlights the need to take into account ethnic specificity and
develop multivariate models that integrate genetic, environmental and clinical factors. This will improve risk prediction
(development of addictions), personalization of therapy and the effectiveness of pharmacogenetic approaches, reducing
the likelihood of adverse reactions.


https://doi.org/10.17816/CP15611

AHHOTALMA

ALAVKTVBHbIE PACCTPOICTBA OCTAOTCA rNobanbHOV NpobneMon 34paBooXpPaHEHSs, KOMIMIEKCHO BANAS
Ha 3,0pOBbe, COLMYM N SKOHOMMKY. ITMOMNATOreHe3 3aBUCUMOCTEN, MMEeLLNX MyNbTGaKTOPMaNbHY NPpUpoay,
N3y4eH HeJ0CTaTOUHO, UTO 3aTPYAHSAET pa3paboTKy MepCoHaAN3nPOBaHHbIX MOAXOA0B K 1eUeHI0 NaLmeHToB. OCobblit
VHTepec npeactasnseT reH SLC6A4, perynnpyoLmini cepoTOHUHeprnyeckyto nepegady. Bapmauyua 5-HTTLPR storo
reHa accoummpoBaHa C pUCKOM PasBUTUSA 3aBUCMMOCTEN, O4HAKO AaHHbIe MPOTUBOPEYMBLI 1N3-3a FreTeporeHHOCTH
KAMHNYEeCKMX NPOABAEHNA 1 NAeAOTPONHbIX 3GPeKTOB reHa. AKTyaslbHOM CTaHOBUTCS MHTErpaumsa reHeTnyeckmx,
CPeAoBbIX U Helpoburonornyecknx GakTopos B MHOrOMepHbIe MOAENN.

OueHnTb ponb n3MeHeHns 5-HTTLPR reHa SLC6A4 cepOTOHUHEPrn4eckom cncteMbl B GOpPMUPOBaHNY
AAAVKTUBHBIX PACCTPOMCTB.

Mownck nyb6ankaumii nponssoanan B 6asax MEDLINE v eLIBRARY.RU ¢ ncnonb3oBaHueM KO4YeBbIX C10B
«SLC6A4», «5-HTTLPR», «aAANKTVBHbIE PacCTPOCTBa», «papMakoreHeTnKa», «CePOTOHMH», «aHTUAENPeCCaHTbI»,
«3THMYeCKMe pa3nnumns», «addictive disorders», «pharmacogenetics», «serotoniny, «antidepressants», «ethnic differences».
Mocne ncknoyveHnsa AybnnkaToB 1 ABYX3TanNHOr0 CKPUHWUHIAE (MO Ha3BaHUAM/aHHOTALMAM U MOJIHOTEKCTOBOMY
aHanuay) 13 1561 obHapy>xeHHo paboTbl B PrHaNbHbIA 0630p BoLia 41 nybavKkaums, COOTBETCTBYHOLLAS 3asBIEHHbIM
KpUTEPUAM BKAOYEHNS.

S-annenb 5-HTTLPR accoLmmpoBaH € NOBbILLIEHHBIM PUCKOM Pa3BUTUS 3aBUCUMOCTEN 1 KOMOPBUAHBIX
adpdeKTUBHbBIX HapyLLEHWI, OAHaKO ero ponb HeOAHO3HAYHa 13-3a reTeporeHHOCTV CUMMTOMOB. BbisiBneHbl ciegytoLme
3THUYecKMe pa3nnuus: S-annens npeobnagaet (70,6-80,9%) B a3maTtckmx nonynaumsx, L-annens — y eBponeriues (38,5-
66,7%). YHVKaneHble Helipobronornyecke Mapkepsbl 415 HOCUTeNen S-annens He yCTaHOBNEHbI, @ NMIeNOTPOrHbIe
3¢ PekTbl SLC6A4 HabNOAATCA N MPU APYTNX NCUXUYECKUX PaCcCTPOMNCTBAX, YTO CHUXAeT ero cneumnduyHocTb
AN aaaNKLNIA.

MpoTrBOpPEUMBOCTL AaHHbIX 0 5-HTTLPR noguepkmnsaeT HEO6XOANMOCTb yHeTa STHUYECKON CneLmpukim
1 pa3paboTKM MHOrOMEpPHbIX MoAenei, 06beAVNHAIOLNX FreHeTUuYeckne, cpesoBble U KnnHnYeckmne Gpaktopbl. 3To
MO3BOINT YAYULLNTE MPOrHO3MPOBAHME PUCKOB BO3HUKHOBEHUSA aAANKLMIA, MePCOHaNM3aLnIo Tepanum 1 3pPekTUBHOCTb
dbapmakoreHeTNYeCKNX MOAXOAOB, CHUXAA BEPOSATHOCTb PA3BUTUS HeXeNaTe/lbHbIX peakLuuii.

INTRODUCTION

The number of people who are dependent on psychoactive
substances is rapidly increasing worldwide, including in
Russia [1, 2]. According to the World Health Organization
(WHO), alcohol and drug abuse, as well as the use of other
psychoactive substances, has become an epidemic in this
early 21st century [3, 4]. It should also be noted that the
number of affected families by addiction and requiring
professional and timely assistance is also on the increase
[5]. Differences amongst individuals in the propensity for
addictive behavior, including nicotine dependence, are
partially mediated by genetic factors [6]. Current estimates

of heritability for all major addictive disorders range from
40% to 80% [7].

Addictive behavior is one form of deviant behavior that
arises from the desire to escape reality [8]. The presence
of addictive behavior indicates impaired ability to adapt to
altered environmental conditions [9]. Addictive behavior
traditionally includes alcohol abuse, toxicomania, drug
addiction, tobacco smoking (chemical dependencies), as well
as computer addiction, gambling, love addictions, sexual
addictions, workaholism, and food addiction (overeating,
fasting) [10]. Disorders related to psychoactive substance
use represent the most common and severe forms of



addiction, classified under the International Classification
of Diseases, 10th Revision (ICD-10), code F1: “Mental and
behavioral disorders due to psychoactive substance use” [11].

Such functions as mood, emotions, cognition, motor
abilities, and circadian and neuroendocrine rhythms —
including appetite, sleep, and reproductive activity —
are regulated by the serotonin system in the midbrain
[12]. Fluctuations in serotonin levels is one of the effects
of addictive behavior, underscoring the importance of
the genes that encode serotonergic receptors and the
transporters in the pathogenesis of dependence [13].
One of the candidate genes that affect the development
of dependences is the SLC6A4 serotonin transporter gene
[10]. Recent studies have demonstrated that the 5-HTTLPR
(serotonin transporter-linked polymorphic region) variant
in this gene is associated with smoking behavior; however,
the level of its implication remains inconclusive due to
insufficient research [10, 14].

Studies of the 5-HTTLPR pathological allele in the SLC6A4
gene indicate that there is a connection between various
mental disorders and the transcriptional activity levels of
the S and L-alleles [15]. For example, reduced activity of
the S-allele has been associated with anxiety, depression,
suicide attempts, and bipolar disorder, whereas enhanced
activity of the L-allele is considered protective against
depression, but has also been linked to suicidal behavior,
nicotine dependence, and attention-deficit/hyperactivity
disorder [15-17]. The aforementioned alleles may also
influence treatment efficacy; for example, serotonin
reuptake inhibitors may prove more effective in patients
with depression and posttraumatic stress disorder who carry
the L-alleles [18]. In particular, S-allele carriage is associated
with an increased risk of adverse outcomes as relates to
alcohol use, mediated by reduced sensitivity to ethanol [19].

The aim of this study is to assess the role of 5-HTTLPR
variations in the SLC6A4 gene of the serotonergic system
in the development of addictive disorders.

METHODS

Inclusion criteria:

« original research and meta-analyses regarding the
role of the 5-HTTLPR variant in the SLC6A4 gene in
the development of addictive disorders, including
interaction of genetic and environmental factors;

+ publications analyzing the pharmacogenetic
aspects of the use of antidepressants (selective

serotonin reuptake inhibitors, SSRIs) in carriers of
different 5-HTTLPR polymorphisms;

+ studies related to ethnic differences in the S and
L-alleles distribution and their association with
clinical outcomes.

Exclusion criteria:
+ case reports and case series without the use of
control groups;
+  publications related solely to therapy for addictive
disorders without the analysis of genetic factors;
+ publications in languages other than Russian or
English.

The search was conducted in the electronic databases
MEDLINE and eLIBRARY.RU. The search was carried out in
December 2024.

The search period covered ran from January 2003 to
December 2024. The search was limited to 2003 because that
year marked the publication of the first fundamental studies
ontherole of 5-HTTLPR [20], which laid the foundation for
the study of the interaction between this polymorphism
and mental disorders, as well as addictive behavior.

The following combination of keywords in Russian and
English were used to search for publications: “SLC6A4",
“5-HTTLPR", “addictive disorders”, “pharmacogenetics”,
“serotonin”, “antidepressants”, “ethnic differences”.
The search for publications was performed in stages.
The search sequence is shown in Figure 1.

Each publication was identified by a manual search. Several
specialists from the group of authors of this article conducted
the search and selection of publications (see Authors'
contributions section). Some publications selected at
the screening stage were excluded from further analysis
once it became clear that they did not meet the eligibility
criteria (Figure 1).

The authors analyzed each publication and summarized
information from the selected sources. The results of
the summarization are presented in the structured text
and figures.
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Figure 1. Flow chart demonstrating the selection process.

Source: Krylov et al., 2025.

RESULTS

The SLC6A4 gene and its relation to psychiatric
peculiarities

The 5-HTTLPR (rs4795541) polymorphic region is a functional
insertion/deletion polymorphism of 44 base pairs in the
promoter region of the SLC6A4 serotonin transporter gene
(Figure 2) [21]. 5-HTTLPR is one of the variants that has
most extensively been studied in patients with mental
disorders [22-24]. It has also been widely investigated in the
context of intermediate phenotypes, such as neuroimaging
modalities and gene-environment interactions, with the
latter typically examined in relation to affective and anxiety
phenotypes [21, 25, 26].

However, it should be noted that addictive disorder
is @ complicated process whose development depends
on a number of factors, including those associated
with family history, as well as factors associated with
neurobiology, the social context, and experience [14].
This is why the contribution of the pathological allele
of the SLC6A4 gene to mental characteristics may be

only one of many factors influencing this psychological
trait [27].

In a study comparing the frequency of pathogenic
variations in 5-HTTLPR and rs25531 A<G of the SLC6A4 gene
among the Yakuts and other population samples, a high
frequency of the S-allele was identified, which was similar
to that observed in Chinese and Japanese populations
[14, 25]. According to the study by Nardi et al., the S-allele
(deletion) is associated with a lower expression of the
serotonin transporter gene [28]. Moreover, carriers of the
S-allele demonstrate increased sensitivity to environmental
stimuli [28], which likely contributes to the accumulation
of this allele among the Yakuts [14].

Some mental disorders with a comprehensive mechanism
of pathogenesis (such as schizophrenia) are associated
with a disruption of the serotonin system, which affects
the development and differentiation of neurons [29].
Moreover, its transporter, encoded by the SLC6A4 gene,
plays a key role in the regulation of the activity level of the
serotonergic system [30].
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It has been reported that there is a link between altered
DNA methylation of the gene encoding the serotonin
transporter SLC6A4 and mood disorders, anxiety, as well
as amygdala responsiveness [31]. Furthermore, some
studies have evaluated the epigenetic changes in the
SLC6A4 gene in schizophrenia patients [32-34]. CpG sites
(DNA regions consisting of cytosine and guanine separated
by a phosphate) of the SLC6A4 gene are known to exhibit
changes in methylation levels in patients with bipolar
disorder [35]. Male patients with schizophrenia also
demonstrated similar results [36].

Scientific studies in psychogenetics over the past decade
have demonstrated that a significant number of mental
disorders have a genetic origin [37]. It should be noted

that alcohol abuse is the leading cause of disability and
mortality amongst people [38]. The lack of awareness
about the harmful effects of alcohol and commitment
in society to the ritual of merrymaking, where alcohol
is a key element in bringing young people together, can
lead to the emergence of behavioral patterns of alcohol
consumption [39].
There are two types of addictive disorders:
+ chemical addictions (alcohol abuse, drug addiction,
toxicomania, etc.);
* non-chemical addictions (pathological gambling,
computer addiction, Internet addiction, etc.).
In combination, they can lead to organic disruptions in the
higher nervous functions, which can ultimately result in the
development of mental disorders [40, 41]. Data suggest that
there may be differential genetic vulnerability to alcohol
abuse and opiate dependence in serotoninergic genes [42].



There is also evidence that the serotonin system plays
a role in the pathogenesis of multiple neuropsychiatric
disorders and may be involved in addictions such as
smoking, since nicotine increases serotonin production
in the brain [43-45]. It is assumed that nicotine and other
components of tobacco smoke may contain serotonin and
thereby contribute to the development of homeostatic
resistance [46]. According to some researchers, the genetic
variants of different nations lead to different patterns.
For example, among residents of Texas (USA) with the
LL genotype, smoking was more common than among
carriers of the S-allele [47], whereas the 5-HTTLPR variant
of the serotonin transporter gene and any association with
smoking have not been documented among the Polish
population [48].

It is well known that the genetic basis of alcohol abuse
lies in the mechanism of ethanol metabolism and the
reward system (the neurobiological system associated with
dopamine production and the development of addiction)
[49]. The scientific community has shown a greater interest
in the association between changes in the promoter
region of the serotonin transporter gene SLC6A4 and
alcoholism [50]. The S-allele is associated with alcohol
consumption, while the L-allele is associated with a positive
pharmacological response during the resolution of the
withdrawal syndrome [51, 52].

SSRIs (citalopram, escitalopram, fluoxetine, fluvoxamine)
and serotonin modulators with SSRI-like properties are
the main pharmacological options for treating major
depressive and anxiety disorders [53-55]. The updated
guidelines of the Clinical Pharmacogenetics Implementation
Consortium (CPIC) emphasize the import of genotyping CYP
(CYP2D6, CYP2C19, CYP2B6) genes for dosage optimization;
however, our knowledge on the pharmacodynamic SLC6A4
gene remains insufficient for clinical application [56, 57].
Antidepressants constitute the main therapeutic option
for patients with depression; however, about 50% of
patients fail to achieve an adequate response to them [58].
The site of action of SSRIs is the serotonin transporter,
which means that the concentration of this protein can
affect its efficacy both directly and through adaptive
changes in the serotonergic function [59, 60]. Due to the
differences in the transcriptional activity of 5-HTTLPR,

the dose of SSRIs may inhibit a greater proportion of
serotonin in individuals carrying the S-allele, leading to
arapid accumulation of synaptic serotonin and increasing
the risk of adverse reactions [20]. The Biallelic (5-HTTLPR)
and triallelic (5-HTTLPR/rs25531) patterns in the SLC6A4
gene are frequently studied, but any idea of association
with the antidepressant response remains tenuous [61].
Researchers note differences in the response to SSRIs
depending on ethnic variations in 5-HTTLPR: the S-allele
is associated with a better antidepressant response in
Koreans and Japanese, while the L-allele is associated with
a better response in Europeans. However, it is unclear
whether the 5-HTTLPR variant and its high expression
variant rs25531 have any association with the response
to antidepressants [62].

DISCUSSION

The 5-HTTLPR variant of the SLC6A4 gene may interact
with the environment and affect the development of
addictive disorders [59, 60]. Such stressful events as
losses or unfavorable household conditions may have
a greater effect on patients with the S-allele, making
them predisposed to addictive behavior [63]. It has also
been shown that the presence of the S-allele may lead to
areduction in serotonin concentration in synapses, which,
in turn, is associated with an increased predisposition
to the development of mental disorders and addictive
behavior [63, 64]. At a physiological level, this may manifest
as emotional instability and increased sensitivity to stress
[15, 65]. This emphasizes the importance of considering
both genetic and environmental factors when assessing
the risk of developing dependences [61, 66]. As can be
seen in Table 1, the distribution of genotypes (LL, SL, SS)
and alleles (L/S) of the 5-HTTLPR variant of the SLC6A4
gene varies greatly across different ethnic groups. For
instance, in Asian populations (Japanese, Chinese, Yakut),
the S-allele predominates (70.6%-80.9%), whereas in
European populations (Russian, Ukrainian, Belarusian),
the L-allele is more frequently encountered (38.5%-66.7%)
[26]. These differences indicate the need to consider
population specificity when analyzing genetic risks [26].
Fundamental studies have not identified any unique
neurobiological markers (e.g., features of neuroimaging
or immune parameters) that would clearly distinguish
carriers of the S-allele from patients with other genetic
profiles [20].



Frequency of genotypes, % (n)

Population n

LL SL
Russian (St. Petersburg) | 908 38.10 (346) 46.69 (424)
Ukrainian 60 21.21(14) 37.87 (25)
Belarusian 39 46.15 (18) 41.02 (16)
Chuvash 372 24.46 (91) 51.61(192)
Kabardian 289 26.64 (77) 44.63 (129)
Tatar 142 26.05 (37) 51.40 (73)
Yakut 158 5.7 (9) 32.3(51)
Chinese (Beijing) 558 6.09 (34) 36.02 (201)
Thai 187 9.09 (17) 36.89 (69)
Taiwanese 192 10.93 (21) 36.97 (71)
Japanese 101 3.7 (4) 31.4(31)
Japanese (Tottori) 501 3.19(16) 31.73(159)
Chines (Shanghai) 587 6.30 (37) 41.39 (243)

Category Brief description

Human studies

Mental disorders )
populations.

Smoking/nicotine

Alcohol

Anxiety/stress
Pharmacokinetics
Personality/neurodegeneration
Population differences
Epigenetics

Animal studies

Epigenetics/environment and demethylation in mice.

Recently, in the study by Bousman et al., the authors
excluded the SLC6A4 gene from clinical recommendations
due to conflicting data and insufficient evidence for its
clinical implementation [56]. However, in their systematic
review and meta-analysis, Stein et al. showed that the
pathological variant of 5-HTTLPR can serve as a marker
for antidepressant treatment outcomes in patients with

Relation to schizophrenia, depression, and anxiety in various

Association with nicotine dependence and behavioral patterns.
The role of 5-HTTLPR in the development of alcohol abuse.
Association with panic attacks and stress reactivity.

Effects on the efficacy of antidepressants (SSRIs).

Role in personality traits and neurodegenerative processes.
Ethnic variability of alleles and risks.

Promotor hypermethylation and its clinical correlates.

The effect of environmental enrichment on SLC6A4 expression

Frequency of alleles (%)

Reference
SS L S
15.19 (138) 61.5 38.5
40.90 (27) 61.5 38.5
12.82 (5) 66.7 333

[67]
23.92 (89) 50.3 49.7
28.71(83) 49.0 51.0
22.53(32) 51.8 48.2
62.0 (98) 21.8 78.2 [26]
57.88 (323) 24.1 75.9 [44]
54.01 (101) 27.5 72.5 [20]
52.08 (100) 294 70.6 [68]
65.7 (66) 19.3 80.7 [69]
65.06 (326) 19.1 80.9 [70]
52.29 (307) 27.0 73.0 [71]1

References

(61, [14], [27], [20], [32], [33],
[35], [37]

[10], [43-47]

[19], [51]

[17], [21-23], [61], [69], [70]
[53], [63], [67]

[28], [29], [71]

[25], [42]

[30], [35], [36]

[34]

mental disorders and may be particularly relevant for
the use of SSRIs in individuals of European descent [68].
Laje et al. [69] and Rahikainen et al. [70] demonstrated
that male patients with a low-functioning genotype SS
5-HTTLPR/rs25531, who were on SSRIs (citalopram), were
at increased risk of violent suicide (bringing to suicide).
At the same time, studies conducted in Korean patients with
severe depression by Jang et al. showed that carriers of the



SS 5-HTTLPR genotypes had significantly better treatment
outcomes, while the genotype containing the G (AG+GQG)
rs25531 variant was associated with remission only [71].
Despite the fact that this pathological allele is involved in
the development of addictive disorders, it cannot serve as
a clinical marker due to a lack of evidence. Moreover, at
the current stage of research, many investigators associate
this genetic variant with other mental disorders, such as
depression and anxiety (Table 2) [72, 73].

Although the coverage of scientific publications based on
the keywords used in MEDLINE and eLIBRARY.RU could
be considered comprehensive, the descriptive nature of
some publications prevented us from including them in
the study. The limitation of the search by the specified
search engines and keywords led to the heterogeneity of
the study material in the meta-analyses, as well as to the
retrospective nature of the meta-analyses themselves and
the insufficient comprehensiveness of the studies initially
selected for them. In this review, only one gene SLC6A4
and its two variants (5-HTTLPR and rs25531 A<QG) were
considered. Furthermore, since the pleiotropic effects of the
SLC6A4 gene are associated with depression and anxiety,
this limits the possibility of isolated interpretation of its
role in the development of addictive disorders. The authors
acknowledge the limitations of the information presented
and recognize that, even with the most thorough possible
approach, the study cannot encompass all aspects of the
topic being considered.

CONCLUSION

This review attempted to systematize the data on the
role of the 5-HTTLPR variant of the SLC6A4 gene in the
development of addictive disorders, highlighting its
ambiguous nature and pleiotropic effects. In contrast to
previous studies, the emphasis here is centered on the
need for a multidimensional approach to risk assessment
that takes into account genetic, environmental, and ethnic
factors. Further studies with an in-depth analysis of the
molecular mechanisms of the interaction between the
5-HTTLPR variant of the SLC6A4 gene and the serotonergic
system are needed. Future research should also include
the development of personalized prevention and treatment
strategies, which can potentially improve the efficacy of
addiction treatment and reduce the frequency of adverse
reactions.
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ABSTRACT

The advent of neuroleptics and antidepressant therapy marked a significant step forward in clinical
psychiatry. Numerous experiments worldwide had been dedicated to a search for the potential neurobiological
mechanisms underlying the potency of new psychopharmacological drugs. The first laboratory of psychopharmacology
in the USSR was established in 1960 at the Leningrad Psychoneurological Institute. It was headed by Professor Izyaslav
Petrovich Lapin. The foundational article by Lapin I.P. and Oksenkrug G.F. (The Lancet, 1969) continues to be cited 55
years after its publication, which determines the interest in the role of this research team in shaping temporal concepts
of the pathogenesis of depression and the development of psychopharmacology.

To analyze the contribution of Lapin I.P. and his research team to the development of experimental approaches
for studying the mechanisms of depression.

We analyzed the articles and monographs authored by Professor Lapin I.P., both individually and in co-
authorship, available in PubMed, Google Scholar, eLIBRARY.RU, and in the bibliographic collection of the V.M. Bekhterev
National Medical Research Centre for Psychiatry and Neurology.

This analysis highlights the significance of Lapin I.P. and his scientific team’s work in advancing our understanding
of serotonin role in the mechanisms of depression and in the development of animal depression models. The scientific
contribution of this team is an important milestone towards future research into the neurobiological mechanisms
underlying depression, as well as the development of therapeutic approaches.

Lapin’'s scientific publications and the work of his team in the field of psychopharmacology have had
a significantimpact on the development of neuroscience and continue to be of unquestionable importance in advancing
scientific practice more than 50 years later.
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AHHOTALMA

MosiBNeHVe HelpoNenTuUKOB N aHTUAENPEeCCMBHON Tepannuy CTaso CyLeCcTBEHHbIM Larom Briepes
B Pa3BUTUN KIMHNYECKON NCUXMATPUK. TTONCKY BO3SMOXHbIX HEMPOBMONOrMyecknx MeXaH13MOB, NeXallmx B OCHOBE
[,efcTBMNA HOBbIX NCMX0dapMaKoa0rMyecknx NpenapaTtos, bb1n NOCBALLEHbLI MHOFOUNCIEHHbIE SKCMePUMEHTbI BO BCEM
mMupe. B 1960 r. B J/IeHUHrpaACckoMm MNCUXOHEBPOIOTMYECKOM MHCTUTYTe bbl1a co3gaHa nepsas B CCCP nabopatopus
ncnxodpapmakonormm, KoTopyro Bosrnasun npodpeccop Msacnas MNetposud JlannH. PyHAAMEHTaNbHYIO CTaTbiO
W.M. NanuHa n I.®. OkceHkpyra (The Lancet, 1969) npogoxkatoT LMTMpoBaTh CycTa 55 neT nocne nybavkaumm, 4to
onpegensieT MHTepPeC K POJIV 3TOr0 Hay4YHOrO KOIIEKTNBA B GOPMMPOBAHNN BPEMEHHbIX MPeACcTaBAeHNI 0 naToreHese
Aenpeccumn 1 pasBuUTUM NcMxodapmakoaornm.

MpoaHanusnposaTtb Bkag W.MN. flanvHa 1 ero Hay4yHoro KonaekT1Ba B pa3paboTKy 3KCneprMeHTanbHbIX
NMOAXOZ0B K NCCNEeA0BAHNIO MEXaHN3MOB Pa3BUTUS enpeccuu.

ABTOPbI MPOaHaNN3nNpPOBaNn CTaTbl U MOHOTpadun, HanMcaHHble npopeccopom W.I. JlannHbIM Kak
WHANBNAYaNbHO, Tak U B COABTOPCTBE, AOCTyMHble B 6a3ax AaHHbix PubMed, Google Scholar, eLIBRARY.RU
1 B bnbnmnorpadumnyeckom poHge Orby «HaumMoHanbHbIN MeANLMHCKNT NCCNefoBaTeNbCKUA LIEHTP NCUXnaTpum
v HeBponorunm nm. B.M. Bextepesa» MunHsgpasa Poccun.

MpoBeseHHbIN aHann3 NogyepkrBaeT 3HaUMMOCTb paboTsl V.M. JlannHa v ero konner B yrayéneHum
NMOHNMaHWS POV CEPOTOHMHA B MEXaHN3MaX Aenpeccnin 1 B pa3paboTke Mojene Aenpeccuii Ha XMBOTHbIX. HayuHoe
Hacsieane 3TOro KoA1eKTMBa SABASETCA BaXXHOM BEXOM Ha MyTu K ByayLinM nccnefoBaHusM HeMpobroaornyeckmx

MeXaHN3MOB, /ieXallX B OCHOBE AeNpecCni, a Takxe pa3pa60TKe TepaneBTU4YeCckKnx Nogxon0B.

HayuHble ny6ankauum W.MN. lanvHa n paboTa ero KoanekTrea B 06nactn ncmxobapmakonornm

OoKasanwum cyuiecTtBeHHoe BIngHne Ha paspuntme HEIZpOHayKI/I N COXPaHAKT CBOH 3HAYMMOCTb A/1d NepejoBblX Hay4YHbIX

nccnesoBaHwnii yxe 6onee 50 ner.

INTRODUCTION

Psychopharmacology, as a branch of clinical pharmacology,
underwent intensive development in the middle of the 20th
century. However, the deliberate use of pharmacological
agents for their psychotropic properties in medicine had
begun as early as the 9th century [1]. However, the treatment
of pain and insomnia, as well as the psychostimulant
effects of certain medicinal products, primarily centered
on symptomatic relief and only rarely relied on the
understanding of the etiology and pathogenesis of the
disorders that held sway at the time [2].

The emergence of psychopharmacotherapy, with effects
not only at the symptomatic but also at the syndromal
level, enabling the control of psychoses and depressive
syndromes, marked a new era in clinical psychiatry. Since
the confirmation of the specific psychotropic effects of

chlorpromazine, iproniazid, and imipramine, antipsychotics
(neuroleptics) and antidepressants (thymoleptics) have
been the subject of ongoing research [3, 4]. Neurobiological
hypotheses that proposed mechanisms that explained
the observed effects of medicinal products and received
empirical confirmation subsequently became the basis
for the development of new psychotropic drugs [2, 4].

As early as 1960, just 8 years after the publication
of the first data on chlorpromazine’s efficacy, the first
psychopharmacology laboratory in the Soviet Union was
established at Leningrad Psychoneurological Institute
(currently known as V.M. Bekhterev National Medical
Research Centre for Psychiatry and Neurology). The novelty
of the scientific field and the prompt establishment of
this new unit ensured the pioneering nature of the work
conducted by the laboratory staff.



In the 1960s, the concept of the leading role of
norepinephrine in the development of depression was
widely accepted [5]. Studies that allowed for the formulation
of the catecholamine hypothesis of mood disorders were
largely based on testing the serendipitously discovered
psychotropic effects of various pharmacological agents
in animal models of depression [6]. One of the first
thymoleptics (trazodone), developed in the early 1970s with
a predetermined spectrum of neurobiochemical activity,
was supposed to lower the pain threshold in depression
by acting on a-adrenergic receptors, according to the
original hypothesis [7]. However, in 1981, by the time of
the drug's approval by the Food and Drug Administration
(FDA), its antidepressant effect had become associated with
the mechanism of serotonin reuptake. In 1971, another
group of researchers was developing a selective serotonin
reuptake inhibitor, which was authorized by the FDA in 1988
as fluoxetine [8]. Thus, in the early 1970s, the consensus
on the mechanisms of depression development had
shifted from the noradrenergic theory to the serotonergic
theory. This opened the next stage in the development of
psychopharmacology — the targeted synthesis of drugs
with the desired properties. Selective serotonin reuptake
inhibitors (SSRIs), antidepressants of the currently most
common group, appeared. This paradigm shift in the
development of psychopharmacology was, to some degree,
facilitated by the original research performed by a team
at the Psychopharmacology Laboratory of the Leningrad
Psychoneurological Institute [9]. It was also supported by
their analysis of similar studies by international colleagues
(including joint projects with the University of Tartu), focusing
on the mechanisms of action of psychotropic agents.

Asignificant milestone in the field of psychopharmacology
was the publication of an article by Soviet scientists Lapin I.P.
and Oksenkrug G.F. in the “Hypothesis” section of The Lancet
journal in 1969 [10]. Given its scientific importance and
high citation count in international scientific literature,
Oksenkrug's commentary on the writing of the 1969
landmark article was published in 1987 in the “This Week's
Citation Classic” section of “Current Contents” [11, 12].
Lapin I.P. and Oksenkrug G.F. summarized their experience
and data from their colleagues’ research and were among
the first to provide consistent evidence of the involvement of
serotonergic mechanisms in the development of depression
[10]. The studies by Professor Lapin |.P. made a significant
contribution to the improvement of our understanding of
the pathogenesis of depression; in this context, determining

their role in the formation of modern concepts of the
pathogenesis of depression and the development of
psychopharmacology is of particular interest.

This study aims to analyze the contribution of Lapin I.P.
and his research team to the development of experimental
approaches for studying the mechanisms of depression.

METHODS

Articles and monographs written by the professor personally
or in co-authorship, available in PubMed, Google Scholar,
eLIBRARY.RU databases, as well as in the bibliographic
collection of the V.M. Bekhterev National Medical Research
Centre for Psychiatry and Neurology, were analyzed.
The studies included in the review were systematized by
the authors on the basis of the three main aspects of the
professor’s scientific research into the pathogenesis of
depression: location of abnormalities; improvement of
experimental methods; and systematic analysis of the
information known in the 1960s about the pathogenesis
of depression. The landmark publication by Lapin I.P. and
Oksenkrug G.F. “Intensification of the central serotoninergic
processes as a possible determinant of the thymoleptic
effect” [10], which appeared as a result of scientific work
within the framework of the latter direction, was analyzed
for semantic groups of scientific papers citing it according
to the Semantic Scholar scientometric database in 2022.

RESULTS

Professor Lapin I.P. in collaboration with Allikmets L.H.
(an Honored Scientist of the Estonian SSR, physician-
researcher in the field of the clinical pharmacology of
antidepressants and neuroleptics), tested the hypothesis
of the possible involvement of the hypothalamus and the
amygdala complex in the etiology of depression and the
effects of antidepressants. While studying the behavior of
amygdala-lesioned rats and their responses to thymoleptics,
the authors concluded that these compounds exert their
action outside the amygdala [13], in particular by affecting
self-stimulation of the lateral hypothalamic regions. When
analyzing the results of the chemical stimulation of limbic
structures and the hypothalamus in cats [14], the research
team hypothesized that the final common pathway of
depression, regardless of its etiology, involves decreased
activity of the hypothalamus and the dorsomedial amygdala,
and increased activity of the basolateral amygdala.



During experiments with the chemical stimulation of
the hypothalamus, septum, and amygdala [15] of cats
using a serotonin solution combined with intramuscular
administration of imipramine, a sharp intensification of
autonomic symptoms was noted, which opened the way to
suggest the existence of synergism between the action of
tricyclic antidepressants and serotonin [16]. A study of rat
behavioral patterns following the destruction of specific
regions of limbic structures [17] led to the conclusion
that the hippocampus is involved in the regulation of
emotional behavior.

In the early 1980s, the Professor Lapin I.P. and his colleagues
investigated the role of serotonin in the pathogenesis
of depression, an effort that led to the development of
a model in which experimental animals were subjected
to a diet devoid of tryptophan, the amino acid precursor
of serotonin [10, 18]. The model of tryptophan depletion
has become a widely used animal model of depression
[19-21], asitreliably induces a transient drop in serotonin
levels and depression-like behavior seen in humans, such
as reduced activity and increased immobility.

The enhancement of serotonin’s autonomic effects
and the potentiation of reserpine’s sedative action
observed in imipramine studies prompted Lapin I.P.
and Oksenkrug G.F. to further investigate the role of
serotonin in the development of depression. This led to the
important publication of their joint paper, “Intensification
of the central serotoninergic processes as a possible
determinant of the thymoleptic effect”, in The Lancet
journal [10]. Over the years since the publication of the
article, it has been cited numerous times and, thus, has
influenced research in the fields of neuropharmacology
and psychiatry. Research based on the serotonergic
hypothesis outlined in the article has covered a wide
range of issues from studying molecular mechanisms
to clinical research aimed at optimizing the treatment
of depression.

Based only on the data from Semantic Scholar, we
were able to identify about 500 studies that had cited this
article by 2022 (Appendix S1in the Supplementary). Those
publications can be divided into several groups:

1. Studies related to the etiology and pathogenesis of
psychiatric disorders. This group included works on the
pathogenesis of affective disorders and neurotransmitter
metabolism, as well as studies on animal models of the
serotonin model of depression — also applied to human
research — and critical articles (Figure 1).

2. Clinical publications on psychiatry, neurology, and
addiction medicine. Figure 2 illustrates the popularity of
the article by Lapin I.P. and Oksenkrug G.F. within this
field of research publications.

3. Studies of the pharmacodynamics and therapeutic
effects of medicinal products, as well as those describing
the action and efficacy of newly developed drugs, primarily
in relation to affective disorders. Figure 3 shows the activity
of respective citations.

4. General medical issues. This group included theoretical
studies from anesthesiology, medical genetics, cardiology,
gynecology, allergology, endocrinology, oncology, and
gastroenterology. The publications explored and described
models of the pathogenesis of mental (predominantly
affective) disorders and the evolution of these concepts,
fundamental or deontological topics, as well as materials
where the subject of research extended beyond neuroscience
but, nevertheless, touched upon the serotonergic hypothesis
(Figure 4).

DISCUSSION

Based on the results of this review, it appears legitimate to
conclude that the work of Lapin I.P. and his team was key in
deepening our scientific understanding of serotonin’s role
in the mechanism of depression and in the development
of experimental animal models. The contribution of the
scientist and his colleagues has become a landmark in
the path toward further research into the neurobiological
mechanisms underlying depression and the development
of new methods for its treatment, as evidenced by the
persisting demand for their publication in the international
scientific literature for over more than five decades.

The hypothesis proposed by Professor Lapin as
regards the importance of reducing hypothalamic activity
is echoed in modern concepts of the involvement of the
hypothalamic-pituitary-adrenal axis and glucocorticoid
receptors in the formation of not only physiological, but
also behavioral responses [22]. This significantly outpaced
the widespread dissemination of the results obtained
in modern neuroimaging studies. Recent studies [23]
have validated Professor Lapin's experimental findings
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Figure 1. Citations of the paper by Lapin I.P. and Oksenkrug G.F.
(1969) over time in articles related to etiology and pathogenesis
of psychiatric disorders.

Source: Neznanov et al., 2025.
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Figure 3. Citations of the paper by Lapin I.P. and Oksenkrug G.F.
(1969) over time in articles related to psychopharmacology.

Source: Neznanov et al., 2025.

regarding the decrease in activity in the dorsomedial
part of the amygdaloid complex, which supports mood,
alongside an increase in the activity of the basolateral
part, which regulates anxiety, stress, and tension. This
can explain the existence of several depression subtypes.
Specifically, a large neuroimaging project by the ENIGMA
Consortium [24] demonstrated a significant decrease
in the hippocampal volume in patients with depression
compared to the control group. This result aligns with the
findings of Lapin I.P. and Allikmets L.H. [17], who showed
that the destruction of specific limbic brain structures
affects rat behavior, specifically emphasizing the pivotal
role the hippocampus plays in the regulation of emotional

(& J

Figure 2. Citations of the paper by Lapin I.P. and Oksenkrug G.F.
(1969) over time in articles related to clinical neuroscience.

Source: Neznanov et al., 2025.
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Figure 4. Citations of the paper by Lapin I.P. and Oksenkrug G.F.
(1969) over time in broad-subject publications beyond neuroscience.

Source: Neznanov et al., 2025.

behavior. The results of the professor’s studies also found
confirmation in the brain-derived neurotrophic factor
(BDNF) theory of depression, which identifies the BDNF
as the molecule mostly responsible for the abnormalities
that lead to depressive symptoms. What is more, several
researchers have suggested that the BDNF plays an
important role in the induction of depression in mice:
a decrease in hippocampal volume caused by chronic mild
stress leads to reduced synaptic transmission and lower
BDNF concentration [25].

Since the discovery of antidepressants in the 1950s,
their mechanism of action has been the subject of study.
One of the main issues for the investigators was a lack
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of the corresponding tests and models in experimental
pharmacology required for the assessment of the effects
of thymoleptics in laboratory animals. This limitation
made it difficult to grasp the pharmacodynamics of the
drugs and to further work on them. Professor Lapin and
colleagues played a significant role in the creation and
refinement of animal models of depression during the
1970s and 1980s. Their work was used to investigate the
neurobiological mechanisms underlying the disorder and
to assess the efficacy of antidepressants. The experimental
studies conducted by his team were focused on the use
of pharmacological agents such as reserpine [26, 27] to
induce depression-like conditions in animals. These were
characterized by behavioral changes manifesting as reduced
locomotor activity and increased immobility in the forced
swimming test. These studies not only helped establish
the validity and reliability of animal models of depression,
but they also paved the way for the development of new
ones: learned helplessness and chronic mild stress, which
are widely used in research today [28]. The professor also
became known for his contribution to the development
of the tryptophan depletion model. Despite technological
advances, animal models of depression remain an important
tool for studying the pathophysiology of the disorder
[29-31], as well as for conducting clinical trials.

According to current scholarship, depression is a complex
disorder associated with changes in neurotransmitter
systems, signaling pathways in the central nervous system,
hormonal dysregulation, epigenetic factors, systemic
inflammatory responses, and reduced neuroplasticity
[32-34]. The neurogenic theory of depression [35, 36]
describes a decrease in the formation of new neurons
in the hippocampus. One of the potential pathways that
could lead to reduced neurogenesis in the hippocampus
and affect catecholamine levels involves the impact on
the hypothalamic-pituitary-adrenal axis [35]. Lapin’s
research into the role of this axis and its connection to
reduced catecholamine levels in the brain was an important
contribution to our understanding of the mechanism of
depression [37].

The analysis and summary of earlier studies, supported by
a diverse range of his own research, allowed the professor
and his colleagues to lay the foundation for the development
of the serotonin theory of depression, which has become
a cornerstone in the practical implementation of the
most frequently used class of antidepressants today,
SSRIs [38].

CONCLUSION

The clinical presentation, etiology, and pathogenesis of
depressive disorders have remained the subject of scientific
research throughout the history of psychiatry. The steps
taken by Lapin I.P. and his team in the 1960s-1980s in their
study of the mechanisms of depression development, as
well as the research hypotheses they put forth shaped
the path of modern research and represent a significant
contribution of the Soviet psychopharmacologist to the
development of neuroscience. Lapin’s work was recognized
with numerous awards, including the prestigious Order
of Lenin in 1985. The professor’s scientific legacy remains
of significant importance in the development of scientific
practice, even after his death in 2010.
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In the article by M.S. Osetrova et al. titled "Comparative Analysis of Corpus Callosum Lipidome and Transcriptome in
Schizophrenia and Healthy Brain", published in the Consortium PSYCHIATRICUM journal (Volume 6, Issue 1), the editorial
team made some technical errors. Without any malicious intent, the quantitative indicators in Figure 1 "Experiment

design" were incorrectly stated: 1,254 genes instead of 14,254 in the RNAseq section and 385 peaks instead of 384 in

the LC-MS section.

The technical errors in Figure 1 have been corrected, and updated PDF and HTML versions of the article have been

uploaded on the journal's website. The editorial team of the journal hopes that the mistakes could not significantly

affect the perception and interpretation of the published work by readers, and should not become the reason for
retraction. The editorial team apologizes to the authors and readers for the mistakes made.
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B ctatbe M.C. OceTpoBOli 1 C0aBT. «CPaBHUTENbHBI aHANN3 IMNNAOMA U TPAHCKPUMTOMa MO30ANCTOrO Tefla roI0BHOMO
MO3ra npu Wn3oppeHn 1 B 340pPOBOM COCTOSAHMM», ONYyBAMKOBaHHOM B XypHane Consortium PSYCHIATRICUM
(T. 6, Ne 1), peaakLUMOHHbIM KOJINEKTUBOM b6bINM AOMYLLEHbl TeXHNYecKne ownbkn. bes kakoro-nmbo 3a10ro ymbicnia
B pUCyHKe 1 «/ln3aliH 3KcneprmeHTa» bbinn HEKOPPEKTHO yKa3aHbl KOnYecTBeHHble nokasatenn: 1,254 reHa BMecTo
14,254 B 6n0oke RNAseq 1 385 nvkoB BMecTo 384 B 610ke LC-MS.

TexHn4yeckne oWnNGKN B prcyHKe 1 6blan ycTpaHeHbl, 06HoBAeHHble PDF- n HTML-Bepcun ctatbn pasmelleHbl Ha
canTe XypHana. Pegakumsa HageeTcs, Y4To AOMNyLLEeHHbIe OLLNOKM He OKa3anu CyLLLeCTBEHHOrO BAVSHWSA Ha BOCMpUSaTME
1 HTeprpeTauuio onybankoBaHHOM paboTkl 1 He ABAAIOTCA OCHOBAHVEM A1 PeTPaKLMK CTaTbn. Peaakums XypHana
NPUHOCUT CBOW N3BMHEHWSA aBTOPCKOMY KOMIEKTUBY U YMTaTeNaM 3a AOMYLLEHHbIe OLLNGKMN.
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Callosum Lipidome and Transcriptome in Schizophrenia
and Healthy Brain” (Consortium PSYCHIATRICUM, 2025,
Volume 6, Issue 1, doi: 10.17816/CP15491). Consortium
PSYCHIATRICUM. 2025;6(2):CP15673. doi: 10.17816/CP15673
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