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Anhedonia is characterized by a reduced ability to anticipate, experience, and/or learn about pleasure.

This phenomenon has a transdiagnostic nature and is one of the key symptoms of mood disorders, schizophrenia,
addictions, and somatic conditions.

To evaluate the genetic architecture of anhedonia and its overlap with other mental disorders and somatic conditions.

We performed a genome-wide association study of anhedonia on a sample of 4,520 individuals from
a Russian non-clinical population. Using the available summary statistics, we calculated polygenic risk scores (PRS) to
investigate the genetic relationship between anhedonia and other psychiatric or somatic phenotypes.

No variants with a genome-wide significant association were identified. PRS for major depression, bipolar
disorder, and schizophrenia were significantly associated with anhedonia. Conversely, no significant associations were
found between PRS for anxiety and anhedonia, which aligns well with existing clinical evidence. None of the PRS for
somatic phenotypes attained a significance level after correction for multiple comparisons. A nominal significance
for the anhedonia association was determined for omega-3 fatty acids, type 2 diabetes mellitus, and Crohn'’s disease.


https://doi.org/10.17816/CP15494

Anhedonia has a complex polygenic architecture, and its presence in somatic diseases or normal
conditions may be due to a genetic predisposition to mood disorders or schizophrenia.

AHHOTAUMA

AHrefioHVs XapaKTepu3yeTcst CHXEHMEM CMOCOBHOCTU NPeABOCXMLLATb, UCMbITbIBATb U/WW yCBanBaTb
YA0BO/LCTBME, OTOT PeHOMEH VIMeET TPAHCANArHOCTUYECKYIO NMPUPOAY U ABASETCA OAHUM M3 K/HOYEBbIX CMMNTOMOB
paccTpoliCTB HACTPOEHUS, LUN30PPEHNM, AAANKLIMIA 1 COMATNYECKNX COCTOSHNIA.

OLEeHNTL reHeTUYeCKYo apXUTEKTYPY aHreJOHUN 1 eé nepekpbITUe C APYrUMU NCUXNYECKMMU PaccTPoiCcTBaMM
N COMaTUYECKUMM COCTOSIHUSIMM.

MNMpoBegeHO nccnegoBaHMe NOJHOreHOMHOrO NOMcKa accouraumin aHregoHMN Ha Bblibopke 13 4520
yesioBeK N3 POCCUINCKON HEKNMHNYECKOM Nonynaumn. Mcnonb3ysa 4OCTYMHYIO CBOAHYHO CTaTUCTUKY, Mbl paccunTani
LLKanbl noaMreHHoro purcka (polygenic risk scores, PRS), 4Tobbl nccieoBaTh reHeTUYECKYH CBA3b MeXAy aHrefoHueln
W APYTMU MCUXNATPUYECKMMUN U COMATUYeCcKMK GeHoTUnamu.

He 6b110 naeHTMONLMPOBAHO H OAHOMO BapyaHTa, 4OCTUTLLEro MOJHOreHOMHOMO YPOBHS 3HaYMMOCTH.
PRS ansa genpeccuu, 6UNoAApHOro paccTpocTea U WM30PpeHN 6bi1M 3HAUNMO acCOLMMPOBaHbI C aHrefoHMeR.
N HaobopoT, He 06HapyXXeHO 3HaYMMBbIX accoumaunii Mexay PRS Ans TPEeBOXHbBIX PACCTPONCTB 1 aHreAoHWK, YTO
XOPOLLIO COrNacyeTcs C CyLLEeCTBYOLLMMUN KITMHNYECKMMY AaHHBIMW. H oauH 13 PRS Ana comaTnyecknx GeHOoTUMNoB He
JOCTUI YPOBHS 3HAUMMOCTY MOC/1e KOPPEKLIMIN Ha MHOXeCTBEHHble CpaBHeHUS. MpY HOMUHa/IbHOM YPOBHE 3HAYMMOCTU
accoumaums c aHregoHven BoisBneHa 413 PRS w-3 XWPHBIX KACIOT, cCaxapHoro gnabeTa 2-ro Tmna n 6onesHu KpoHa.

AHrefoHVS UMEET C/IOXKHYHO MOIMreHHYI0 apXUTEKTYPY, B CBA3M C YeM e€ MPUCYTCTBIE MPY COMaTUYECKNX
3a601eBaHNAX NN HOPMabHBIX COCTOSIHUAX MOXET 6bITb 06YC/I0BNEHO reHeTUYecko NpeapacnooXkeHHOCTbHO

K paccTpoiicTBaM HaCTPOEHUS U LUIN30GPeHN.

INTRODUCTION
Anhedonia is characterized by a decrease in or complete
loss of the ability not only to consume positive emotions
and interest in response to a stimulus (consummatory
anhedonia), but also to anticipate potential rewards
(anticipatory anhedonia), as well as the awareness of
rewards [1]. This phenomenon is considered to be a
symptom of regulatory disruptions in the brain reward
system [2]. Anhedonia has a transdiagnostic nature and
is one of the key symptoms of major depression, bipolar
disorder (BD), schizophrenia, and addictions affecting the
effectiveness of therapy and the clinical course [3, 4]. The role
of anhedonia in the risk of suicidal behavior is highlighted,
regardless of the severity of major depression [5].
According to the Research Domain Criteria (RDoC)
approach, anhedonia can be considered as a dimensional

trait, acting not only as a sign of psychopathology, but also
as a characteristic of the reward system malfunctioning
in individuals without mental disorders [6]. Consistently,
healthy first-degree relatives of patients with major
depression have a blunted reward sensitivity [7]. Therefore,
the mechanisms associated with the development of
anhedonia are often considered as candidates for the
endophenotypes of major depression and other mental
disorders [8, 9].

Dysfunction of the mesolimbic dopamine system and
its interaction with the endogenous opioid system have
been proposed as the central mechanism underlying
anhedonia [10, 11]. Anhedonia is also associated with
a decrease in volume and a change in functional activity
in the medial frontal cortex and subcortical striatal areas
(caudate nucleus and putamen) [12, 13]. There are studies



of anhedonia in patients with somatic diseases, but their
number remains extremely small [14-17].

Despite advances in biochemistry and neuroimaging, the
genetic nature of anhedonia remains not fully understood.
A study of 759 patients with depression revealed 18 single
nucleotide polymorphisms (SNPs) that are associated
with anhedonia [18]. A mega-analysis of three studies of
young people from the UK and Sweden with a total sample
size of 6,579 revealed one locus that was associated with
anhedonia in the test sample, but not in the replication
sample [19]. In a Finnish study, genetic associations with
physical and social anhedonia were studied in 3,820
people, but no significant loci that reached a genome-
wide significance level were identified [20].

In the largest genome-wide association study (GWAS) of
anhedonia in the UK Biobank cohort (n=375,275), 11 new
loci associated with anhedonia were identified with an
SNP-based heritability score of 5.6% [21]. Strong positive
genetic correlations were found between anhedonia and
major depression, schizophrenia, and BD, but not with
obsessive-compulsive disorder or Parkinson's disease.
Moreover, it was found that the genetic risk of anhedonia
is associated with structures associated with the processing
of reward and pleasure [21].

An important limitation of the GWAS studies is the
use of phenotyping methods that evaluate anhedonia
only at the current moment, and not during life (lifetime
phenotype) [18-21]. This fact increases the risk of false
negative responses and bias of the results, because a
person with a certain genetic risk could have experienced
anhedonia in the past, and not at the time of inclusion in
the study. The authors however admit that people prone
to anhedonia are more likely to report its manifestations
at any given time, and that the “residual” phenotype of
anhedonia will occur in people with a stronger genetic
predisposition [21].

The aim of our study is to evaluate the genetic architecture
of anhedonia and its overlap with other disorders.

Here, we present the first GWAS of the lifetime anhedonia
phenotype in the Russian population, based on the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) criteria for anhedonia within the framework of
major depression. Additionally, we perform polygenic risk
scoring with summary statistics from a published large-
scale GWAS to investigate the possible associations of

anhedonia with various somatic conditions and mental
disorders.

METHODS

This cross-sectional study was conducted under the auspices
of the Russian National Consortium for Psychiatric Genetics
[22]. The study was approved by an independent ethical
committee in V.M. Bekhterev National Medical Research
Centre for Psychiatry and Neurology (protocol No. 7 from
22.06.2017) and by the Genotek Ltd. ethics committee
(protocol No. 12 from 26.10.2019). All procedures were
performed in accordance with the World Medical Association
Declaration of Helsinki. All participants signed a consent
to the processing of personal data before registration.

The participants were recruited continuously amongst the
clients of the Russian private genetic company Genotek
Ltd. Most clients contact the company to determine their
genotype in order to clarify their ethnic origin, seek dietary
recommendations, and enquire about predispositions to
various talents or health conditions. All subjects participated
voluntarily and provided their genetic information for the
study. They also completed an online questionnaire with
socio-demographic and medical information posted on
the Genotek Ltd. website'. The data was collected during
2019-2020. The data analysis was performed in
2021-2022.

The study involved respondents over 18 years of age,
both sexes, height from 140 to 220 cm and weight from
40 to 150 kg.

Individuals who did not meet the stated age criteria
(under 18 years of age), having abnormal height and weight
(beyond 140-220 cm and 40-150 kg, respectively), as well
as individuals whose biological samples did not pass quality
control, were excluded from the study. Of the remaining
5,795 participants, only 5,724 completed the online survey
questionnaire. In addition, all pairs of close relatives (up
to 3 degrees of kinship) were identified based on genetic
data using PRIMUS 16 and were excluded from the study.
Of the remaining 5,116 participants, 4,520 passed the GWAS
quality control test (for details see Section Genotyping).


http://www.genotek.ru

Phenotyping

Phenotyping of the participants took place on the Internet
using an original screening test based on DSM-5 diagnostic
criteria for depressive and generalized anxiety disorders [23].
The phenotype of anhedonia was determined in the study
participants using a question based on the DSM-5 criteria for
anhedonia in the framework of major depressive disorder:
“Did you have a period (2 weeks or more) during which you
received much less pleasure from what caused pleasure
earlier?” According to the results of the answers (yes or
no), the participants were stratified by the presence or
absence of the lifetime anhedonia phenotype, respectively.

Genotyping

The DNA sample was obtained from saliva, and genotyping
was performed using the Illumina Infinium Global
Screening Array (GSA). Genetic data was subjected to
quality filtering. We eliminated samples with genetic
and reported sex mismatches, low call rate (<0.98), and
abnormal heterozygosity (>3 standard deviations, based
on linkage disequilibrium [LD]-pruned variants). Only good-
quality DNA variants were retained for the analysis using
the Hardy-Weinberg equilibrium filter (pHWE >1x10),
call rate (>0.98), and minor allele frequency (MAF >0.01).
Genotype imputation was performed using the Haplotype
Reference Consortium (HRC) and 1000 Genomes reference
panels using Beagle 5.1 [24-26]. Imputed variants with
dosage R-squared DR?>0.7 were kept for the downstream
analysis. Thus, the quality control was conducted according
to modern criteria [27].

GWAS methodology
GWAS analysis was performed with PLINK 1.9 [28]. We
employed a logistical regression model corrected for age,
sex, and the first 10 principal components (Figure S1 in
the Supplementary). The Manhattan and Q-Q plots were
built using the library “qggman” in R.

Prior to the GWAS analysis, population stratification was
assessed and outliers were eliminated. At the first step, the
Multidimensional Scaling (MDS) algorithm was employed

for the Russian cohort, combined with the East Asian (EAS),
African (AFR), and European (EUR) subsamples of 1000
Genomes. Common SNPs were used for both datasets,
after filtering for HWE and LD pruning with the parameters
(window=50 SNPs, R? between SNPs <0.2). Based on the
values of the first and second principal components,
clustering was conducted using the Density-Based Spatial
Clustering of Applications with the Noise algorithm [29].
Samples that did not fall within the clusters were excluded.
After eliminating outliers, the MDS algorithm was re-applied
(without combination with a subsample of 1000 Genomes).
The first 15 components were later used as covariates to
account for population stratification.

LD-blocks were defined based on SNPs with Rz >0.7 using
the “LDPair Tool”, NIH, USAZ, A single variant with minimal
p was selected within each of these blocks, resulting in
a total of 5 leading non-linked variants. The variants were
annotated with SnpEff 4.3t [29], and additional information
on each variant, including estimated allele frequencies
(EAF), was obtained with the Database for Single Nucleotide
Polymorphisms (NIH, USA3). Gene annotation was performed
using GeneCards (Weizmann Institute of Science, Israel?).
The methods are also described in our earlier article with
the results of the Mendelian randomization analysis [30].

In addition, we used ENSEMBL POSTGAPS® to annotate
variants with p <1x10® to the nearest genes. To find
anatomical therapeutic chemical (ATC) categories enriched
in the obtained gene list, we assembled a dataset of 1,716
gene-targets belonging to drugs from the 384 ATC categories
presentin DrugBank and performed a gene-set enrichment
analysis using the package enrichR®. The package
ABAEnrichment [31] was used to perform enrichment
analysis across brain regions represented in the adult
human brain transcriptome dataset from the Allen Brain
Atlas database [32]. Counts of significant enrichments were
visualized with the Coldcuts package (a subset of regions
present in the Coldcuts segmentation was considered).
The expression levels of each of the genes were obtained
from the atlas for comparison. The pipeline of enrichment
analyses used in the study is presented in Figure S2, Aand
B in the Supplementary.
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SNP-based heritability (hzsnp) was estimated as the proportion
of phenotypic variance jointly accounted for by available
SNPs in the GWAS studies. LDScore regression (v.1.0.1)
(LDSC) was employed to estimate genetic heritability.
European LD scores for SNPs were used from the ‘eur_w_
Id_chr/ files’, and the estimates were based on 1,163,161
overlapping SNPs. We also present SNP heritability on
the liability scale with a population prevalence of 0.3 for
depression-related phenotypes [33].

Polygenic risk scoring

Polygenic risk scoring was used to dissect the genetic
relationship between a lifetime anhedonia phenotype and
the psychiatric disorders. We selected a range of large-
scale GWAS with openly available summary statistics (SS)
for psychiatric and somatic phenotypes from the Psychiatric
Genomics Consortium (PGC) and UK Biobank (Table S1 in
the Supplementary). The selection of psychiatric and somatic
phenotypes for the analysis was dictated by the available
scientific literature on the association of certain psychiatric
disorders and somatic conditions with depression in clinical
studies (Table S1 in the Supplementary). The variants with
duplicated rsIDs and complementary alleles were discarded.
The PRSice-2 software was used to generate the PRS [34].
PRS were investigated for association with a lifetime

regression model including five principal components.
We employed the Bonferroni correction of the obtained
p-values.

RESULTS

The study included 4,520 participants, of whom 50.4%
(n=2,280) were female. The mean age of the participants
was 36.8 (SD=9.8) years. An episode of anhedonia exceeding
2 weeks during their lifetime was reported by 57.6%
(n=2,604) participants, of whom 53.3% (n=1,388) were
female. At the time of the study, 11.5% (522) of participants
had experienced anhedonia for two consequent weeks
(current phenotype).

The GWAS on the lifetime anhedonia phenotype did not
reveal variants with genome-wide significant association
(p <108) (Figure 1). The leading five associated variants
(p <10%) are shown in Box S1 in the Supplementary.
The most significant (p=9.71x107) was the variant rs296009
(chr5:168513184). This SNP is in an intron of the SLIT3
(slit guidance ligand 3) gene, and the risk allele (A) has
a frequency of 0.08. The gene list obtained after linking
the variants with p <10-° with likely associated genes using


https://doi.org/10.17816/CP15494-145274
https://doi.org/10.17816/CP15494-145274
https://data.broadinstitute.org/alkesgroup/LDSCORE
https://doi.org/10.17816/CP15494-145276

@ A
A B
0.005 g -
g 8 o g8 .
= 3 =
0.004 © 0.003
~ 0.003 -log,, model N -log,, model
& p-value e p-value
o £ 0.002 3.0
= 36 b e
[} [7] .
3 32 S 2.0
g 0002 28 g 15
' 1.0
[%] %]
o o
o o
0.001
0.001
0.000 0.000 0 ~N ™ < n
g 638 5 3 3 % 5 - g8 8§53 35 s 3 35 3
s g ° = =]
Q (o)}
2 3
S [S)
< p-value threshold (p;) p-value threshold (p,)
C o~
0.003 8
o
0.002 -log,, model
p-value
24
x 2.0
F] 1.6
= 1.2
S
o 0.001
1S
%]
o
o
0.000
S 9 9 - N M % wn -
8 8 2 8 © o o© o
o n
0
oM
o
=3
o
p-value threshold (p,)
- J

Figure 2. Polygenic risk scores for depression, bipolar disorder, and schizophrenia are significantly associated with the lifetime

anhedonia phenotype.

Note: The x-axis shows the p-value threshold used to select SNPs from the discovery GWAS: (A) meta-analysis of depression from the PGC and UK
Biobank; (B) bipolar disorder PGC; (C) schizophrenia PGC (2™ wave). The y-axis shows the percentage variance explained on the liability scale.
p-values of the association between polygenic scores and the lifetime anhedonia phenotype are shown above each bar.

POSTGAP includes 51 genes (Box S1 in the Supplementary).
Replication was not performed, because no results with
a genome-wide significance level were obtained.
Enrichment analysis with targets of the ATC drug
categories revealed a significant enrichment with B02B

(vitamin K and other hemostatics) (p.adj.=0.048, Benjamini-
Hochberg correction) and B02 (antihemorrhagics)
(p.adj.=0.048, Benjamini-Hochberg correction) (Figure S2,
C in the Supplementary). A single gene was driving the
enrichment — DUSP1.
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SNP-based heritability for the lifetime anhedonia phenotype
was hzsnp=0.1 74 (SE=0.09). We also obtained liability-scale
heritability considering phenotype prevalence in the
population. We used approximated estimations of the
prevalence of major depression during the lifetime —
0.3[33]. Thus, for anhedonia h?_ 'the liability scale was 0.26
(SE=0.14). These results and their interpretation should be
treated with caution due to the small sample size.

Additional models with the usage of only covariates
(age, sex, 15 Multidimensional scalings components for
comparative assessment of genetic PRS.R?) and other
(Null.R?) factors and complete models, considering both
factor groups (Full.R?), were built. The significance threshold
with the Bonferroni correction for the psychiatric PRS
analysis was 0.05/11=0.0045. As shown in Table S3 (in
the Supplementary), PRS for major depression, BD, and
schizophrenia were strongly associated with anhedonia,
showing that the genetic liability of these disorders increases
anhedonia risk. At the same time, PRS for neuroticism and
anxiety were not significantly associated with anhedonia
(p >0.0045). Nevertheless, nominal significance for
neuroticism was noted.

The most significant models of PRSs regarding the
prognosis of anhedonia among the three disorders
were obtained with the meta-analysis GWAS summary
statistics for depression from PGC and UK Biobank
(PRS.R?=0.00436498, Full.R?>=0.0295311, p=0.00011262),
BD from PGC (PRS.R?=0.00329757, Full.R?=0.0284637,
p=0.000785365), and schizophrenia from PGC, second
wave (PRS.R?=0.00276988, Full.R?=0.02793, p=0.00208176).
The quantitative characteristics of the most significant
PRSs are shown in Figure 2.

As shown in Table S4 (in the Supplementary), none of the
PRS for somatic phenotypes reached the significance level
after correction for multiple comparisons (p >0.05/17=0.003).
The nominal significance for the association of the lifetime
anhedonia phenotype was determined for omega-3
fatty acids, type 2 diabetes mellitus, Crohn'’s disease, and
ischemic stroke.

Enrichment analysis with the ABA Enrichment package
using the set of 51 genes associated with the variants with
p <10° by POSTGAP shows the highest count of significant

enrichments (n=4) in the posterior orbital gyrus (Table S5
in the Supplementary). The region with the smallest
minimal family-wise error rate (FWER) with 3 significant
enrichments was located in the retrosplenial part of the
left cingulate gyrus. Comparison between the expression
levels of the genes across the brain regions are shown in
Figure S2 (D, E) in the Supplementary. The ATC drug category
most significantly enriched in the gene set was B02B —
vitamin K and other hemostatics (Table S6, Figure S2 (C)
in the Supplementary).

DISCUSSION

This study is the first Russian GWAS of the lifetime
anhedonia phenotype based on its DSM-5 criteria of
major depression. According to the data of the RDoC
transdiagnostic approach, we found that the polygenic
component for major depression, BD, and schizophrenia
had increased the risks of lifetime anhedonia phenotype.
However, we did not find that PRS of somatic conditions
could significantly predict the lifetime anhedonia phenotype.

PRS for major depression, BD, and schizophrenia, with
the exception of neuroticism and anxiety disorders, were
significantly associated with the lifetime anhedonia
phenotype. Similar associations were revealed in the
largest GWAS of anhedonia of UK Biobank participants [21].
The absence of a genetic link between anhedonia and
anxiety disorders aligns well with existing clinical data, where
anhedonia is considered a key symptom in the differential
diagnosis of major depression and anxiety disorders
[16, 35]. However, there is evidence that neuroticism can
contribute to anxiety and anhedonia in patients with major
depression [36]. The nominal significance for the association
of the lifetime anhedonia phenotype was determined
for omega-3 fatty acids, type 2 diabetes mellitus, Crohn’s
disease, and ischemic stroke, which had been previously
confirmed in systematic reviews and meta-analysis of
depression [37-40].

Despite the lack of genome-wide significant variants
associations with the lifetime anhedonia phenotype in our
study, some of the loci identified here include genes with
known associations with mood disorders and metabolic
phenotypes (Table S2 in the Supplementary). The rs296009
polymorphism of the SLIT3 gene, the most significant
SNP in our study, had not been previously reported in
the published GWAS. However, other polymorphisms of
this gene have been associated with BD (rs7720655) [41],
treatment-resistant depression (rs7735612) [42], as well
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as with cardiometabolic disorders during antidepressant
therapy in patients with schizophrenia and BD (rs17665285)
[43], leptin level (rs11954861 and rs11954861) [44], height
(rs2974438), and body mass index (BMI) (rs76493495)
[45, 46]. The rs577951495 polymorphism of the NECABT gene
had also not been previously detected in published GWAS
studies. However, other polymorphisms of this gene were
associated with the lifetime smoking index (rs2062882) [47],
age of first sexual intercourse (rs3591843) [48], as well
as the level of education and Alzheimer's disease
(rs12675931) [49].

High estimates of SNP-based heritability of anhedonia,
similar to ours, have been obtained in other studies:
69% [18], 20% [19], 20.4-26.6% [20]. Estimates of SNP-
based heritability relate to the data of twin studies in which
the heritability level of anhedonia amounted to 44% [50].
At the same time, the lowest SNP-based heritability level
(5.6%) was observed in the UK Biobank study with the
largest sample size [21]. Such differences can be explained
by the characteristics of phenotyping; namely, the use of
the lifetime anhedonia phenotype in our study. The bias
in the calculation of SNP-based heritability results could
also be affected by a small sample size (<5,000).

The set of 51 variants associated with anhedonia
with a suggestive threshold (p <10%) with POSTGAP was
significantly overrepresented in the ATC drug category
B02B (p.adj.=0.048), which includes vitamin K and other
hemostatics, due to DUSPT — one of the genes the expression
of which is affected by vitamin K. This vitamin has been
implicated in the regulation of the sphingolipid metabolism
and is protective against oxidative stress in the brain.
It has been shown that higher dietary vitamin K intake was
significantly associated with a lower level of depressive
symptoms, including the fact that individuals with the
highest dietary vitamin K intake had lower odds of depressive
symptoms (OR=0.58; 95%Cl: 0.43-0.80) [51]. Mice with
deletion of DUSPT, in turn, are resilient to stress-induced
depression [52]. Vitamin K3 decreases the expression
of DUSP1, and overexpression of this gene significantly
increases cellular susceptibility to oxidative damage [53].
Thus, the antidepressant and anti-oxidative effects of
vitamin K could be partially associated with this gene
interaction.

Enrichment analysis showed the highest degree of
significant enrichment in the posterior orbital gyrus in

our study. The posterior orbital gyrus receives inputs
from the limbic regions (i.e., amygdala, hippocampus,
olfactory cortex, and insula) and plays an important role
in processing the olfactory and integration of emotions
and memories associated with sensory experiences [54].
According to neuroimaging studies, parts of the orbital gyrus
are associated with various manifestations of anhedonia
and major depression [21, 55-571.

In summary, ours and other results indicate that
anhedonia is a widespread phenomenon in the population,
with a complex polygenic architecture that overlaps with
anumber of phenotypically similar mental disorders and
somatic conditions. Moreover, the results of our anhedonia
GWAS have significantly enriched our understanding of
its biological mechanisms, which for a long time have
been associated only with the dopaminergic reward
system. Nevertheless, despite repeated attempts at
genetically connecting anhedonia with mood disorders
and schizophrenia, it remains premature to assert that
the mechanisms triggering anhedonia are shared. To
demonstrate such patterns, GWAS studies using deep
phenotyping of anhedonia are required, considering its
clinical characteristics, as well as a subsequent analysis
of the biological risk of pathways enrichment. The study
of the genetic overlapping of anhedonia and somatic
diseases can help in understanding the relationship of
these diseases with mental disorders.

This study has a range of limitations. The main limitation
is its small sample size, which is critical for identifying the
variants with genome-wide significance. This could also be
the reason for the lack of replication of our GWAS results
in an independent sample. The second limitation is the
heterogeneity of the anhedonia phenotype considered
here: subtypes of anhedonia based on origin (physical/
social, consummatory/anticipatory) were not considered.
The study sample was assembled on the basis of the
clients of a private genetic testing company, which could
affect the socio-demographic characteristics of the
participants as compared to the general population.
Nevertheless, we believe that our results are relevant for
awide range of future studies, including replication analyses
for GWAS on a wide range of psychiatric conditions, of
which anhedonia is one.
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CONCLUSION

Anhedonia has a complex polygenic architecture that
overlaps with a number of other phenotypically similar
psychiatric disorders and somatic conditions. This study
demonstrates that genetic liability for schizophrenia, BD, and
major depression increases the risk of a lifetime anhedonia
phenotype. At the same time, we did not uncover common
genetic factors between anxiety and anhedonia, which aligns
well with existing clinical evidence. In addition, none of the
PRS for somatic phenotypes reached the significance level
after correction for multiple comparisons. Thus, the best
predictive models were based on summary statistics of
mental disorders. This fact may indicate that the appearance
of anhedonia in somatic disorders or normal conditions
may develop due to a genetic predisposition to mood
disorders or schizophrenia. Further collaborative efforts
to study the transdiagnostic nature of anhedonia would
make it possible to identify reliable genetic associations and
improve our understanding of the etiology of anhedonia.
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ABSTRACT

A population-based method for estimating disease burden is commonly used. Nevertheless, these
measurements do not entirely capture the comprehensive burden of illness on an individual patient. To address
the problem, the Individual Burden of lliness Index (1Bl index) Index was created and validated, specifically for major
depressive disorder. The IBI represents the overall influence of the condition, encompassing distress from symptom
intensity, functional impairment, and the patient's quality of life.

The aim of the study was to approve and validate the IBl index for the integral assessment of disease burden in
patients with bipolar disorder (BD) in remission.

The cross-sectional study was conducted in the outpatient psychiatric services in Saint Petersburg, Russia,
from April through October 2020. Eighty-five patients aged 18 to 45 (mean age 36.6+5.7 years) with BD (type | — 75%,
n=64; type Il — 25%, n=21) in remission were examined. The study procedure included a structured clinical interview
and the use of clinical scales: the World Health Organization’s Quality of Life Questionnaire, Hamilton Rating Scale for
Depression (HDRS), Young Mania Rating Scale (YMRS), and Personal and the Social Performance Scale.

The principal component analysis in accordance with the adjusted one showed that the burden of iliness in
patients with BD in remission is directly related to the severity of residual depressive symptoms, reflected in the HDRS
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score: as the HDRS score increases (0.27, p <0.001), residual mania (-0.14, p <0.001), social functioning (-0.06, p <0.001),
and quality of life (-0.04, p <0.001) decrease. In contrast, when there are remaining residual mania symptoms, as indicated
by the YMRS score, the result tends to be a lower burden, better social functioning, and enhanced quality of life.

The study has demonstrated through statistical means a successful adaptation and validation of the
previously calculated IBI index for patients with BD in remission. Residual affective symptoms were shown to have
different impacts on the social functioning of patients with BD in remission, indicating the need for a timely assessment
and targeted therapy of these symptoms in such patients.

AHHOTAL VA

C uenbio oueHKM bpeMeHn 6one3HN 06bIYHO NCMOB3YIOT MONYNALMOHHBIA METOZ, OAHAKO Tako MoAX0Z,
He MOXeT B MOJIHOM Mepe 0TPa3nTb MHAMBUAYanbLHoe bpems 6one3Hu (MIBB) 4na KOHKpeTHOro nauveHTa. ns pelueHns
3TOV Npob6aemMbl y NaLMeHToB € 60bLUINM AeNPeCcCMBHBIM PacCTPOMCTBOM bbl CO34aH U BanuAMpPOBaH NHAEKC
MBB. MiHaekc VBB oTpaxaeT obLiee BAVSHME 3a601eBaHWsA, OXBaTbiBas ANCTPECC OT MHTEHCMBHOCTU CUMMTOMOB,
OYHKLUMOHaNbHbIe HapYLLIEeHWS N Ka4yeCcTBO XU3HW NaumueHTa.

Llenbto nccnepoBaHms bbino anpobruposaTe 1 BannAMPOBaTb NHAEKC VBB Ans HTerpanbHoOM oLeHKM bpemeHn
601€e3HM Y NaLMeHTOB C b1nonspHbIM apdekTnBHBLIM paccTpoiicTBoM (BAP) B pemumccunn.

OZHOMOMEHTHOe 1CCNeoBaHVe NPOBOANAN Ha Ba3e ambynaTOPHON NCUXMATPUYECKON CTyX6bbl . CaHKT-
MeTepbypra B nepurog c anpens no oktabpb 2020 roga. O6cnegosaHo 85 naumeHTOB B Bo3pacTe oT 18 go 45 net
(cpeaHwWIi Bo3pacT 36,6+5,7 roga) ¢ BAP (I Tun — 75%, n=64; Il Tun — 25%, n=21) B pemuccunn. Mpoueaypa nccnefoBaHns
BK/H0YaNa CTPYKTYPUPOBAHHOE KIMHNYECKOe HTEPBbLIO 1 UCMOAb30BaHMe TaknX KNMHNYEeCKNX LKas, Kak OnpoCHMK
KayecTBa XW3HW BceMnpHOI opraHmsauum 3gpaBooxpaHeHms, Lkana FamunbToHa 4ns oueHkn genpeccumn (Hamilton
Depression Rating Scale, HDRS), LLikana maHunu AHra (Young Mania Rating Scale, YMRS), LLIkana AN4YHOCTHOrO
1 coumanbHOro GyHKLNOHNPOBaHNS.

AHanM3 rnaBHbIX KOMMOHEHT B COOTBETCTBMU C KOPPEKTMPOBKOWN MOKasas, YTo 6pems 60s1e3HU
y naumeHToB ¢ BAP B peMunccnmy HanpsMyr CBA3aHO C BbIPaXXEHHOCTbHO pe3nayabHbIX AenpecCUBHbIX CUMMTOMOB,
OTpaxéHHbIX B 6bannax HDRS: npu ysennyeHun 6anna HDRS (0,27, p <0,001) cHMXatOTCA ocTaToOYHble NMPOsiBAEHWS
MaHuu (-0,14, p <0,001), CHMXarOTCS NoKasaTenu coumansHoro eyHkUmMoHnpoBaHusa (-0,06, p <0,001) 1 kadecTBa XN3HN
(-0,04, p <0,001). HanpoTuB, Npy HaNNYUK pe3nayasibHbIX CUMNTOMOB MaHUKY No wkane YMRS, kak NpaBuio, CHUXaeTcs
VHAMBUAYaNbHOe bpeMsa 6onesHuy, yay4llaeTcs coynanbHoe GyHKLMOHNPOBaHME 1 MOBbLILLAETCS KavyecTBO XNU3HU.

B xoze nccnefoBaHNs Npy MOMOLLIM CTaTUCTUYECKMX METOAO0B 6bl1a MPOAEMOHCTPMPOBaHa ycrneLLHas
afanTauvsa v Bannjaums paHee paccuMTaHHoOro nHaekca NBb ana naumenTos ¢ BAP B pemuccun. PesngyanbHele
adPeKTMBHbIE CUMMTOMbI OKa3bIBatOT Pas/IvHOe BAMsSHME Ha GYHKLMOHMPOBaHMeE naumeHToB ¢ BAP B pemuccnn,
YTO CBUAETENLCTBYET O HEOBXOAMMOCTM CBOEBPEMEHHOM OLIEHKW U LiesieHanpaBieHHoM Tepanum 3TUX CUMATOMOB
y TaknX NaLMeHTOoB.

INTRODUCTION in substantial burdens upon affected individuals, their
Bipolar disorder (BD) is a mental disorder that causes  caregivers, and society at large [1, 2]. Despite the therapeutic
impairments in the functionality of daily life, resulting  advances achieved to date, BD remains one of the mental



disorders with the severest burden around the world [3].
People with BD often experience difficulties in psychosocial
and occupational functioning, as well as cognitive
impairment, and they are characterized by a reduced quality
of life [4, 5]. Disfunction in psychosocial functioning have
been demonstrated in 30-60% of adults with BD [6] and in
10-15% of patients with BD in remission [7]. Functioning
impairments affect various spheres of the lives of patients
with BD, such as work, communication, family relationships,
recreation, as well as other social activities [8, 9]. Some
data indicate that even with complete clinical remission,
in 30-50% of patients with BD the premorbid level of
psychosocial functioning is not restored, which leads
to a reduced ability to assume a normal workload [10].
According to MacQueen et al., 30-60% of patients with
BD experience social and occupational difficulties [11].
There is some indication that social adaptation proceeds
better in patients with a higher level of education who
enjoy the presence of afamily or are in a civil marriage, with
a shorter duration of the disease [12]. Mood fluctuations
and shattered self-esteem are presentin patients with BD
in remission [13]. Residual symptoms and impairments in
social cognition negatively affect the psychosocial functioning
of patients with BD [5]. Clinically euthymic patients with
BD continue to show impaired Quality of Life (QOL) [14],
which is attributed to residual depressive and cognitive
symptoms [15].

The concept of burden of illness (BOI) is used to assess
the impact of health-related problems at the individual
and social levels [16]. Researchers distinguish between the
epidemiological (encompassing both the years of life lost
due to the disease as well as the morbidity) and economic
(direct and indirect costs as well as health care resource
utilization) burden of the illness [17]. A population-based
approach to estimating the burden of the disease using
measurements such as Quality of Life Adjusted Years
(QALY) [18] and Disability Adjusted Years (DALY) [19]
is widely used; however, these measurements are not fully
applicable to an individual patient’s experience of the full
burden of iliness [20]. In this regard, the development of
an individualized means of assessment of the burden of
illness appears relevant.

The concept of the Individual Burden of Iliness Index
(IBl index) was first proposed by Ishak et al. [20]. The IBI
index was specifically designed and validated for major
depressive disorder [20], and its constituent parts have
undergone initial validity testing and are recommended

for assessing the functional remission status of patients
with recurrent depression in Russia [21]. The use of the
index in patients with BD would allow one to objectify their
functional state on the basis of an integral assessment.

The aim of this study was to approve and validate the
IBI index for the integral assessment of disease burden
in patients with BD in remission (IBI-BD index).

METHODS

A cross-sectional study was conducted.

The study was conducted in the outpatient psychiatric
services of Psychiatric Hospital No. 1 named after
P.P. Kaschenko in Saint Petersburg, Russia. The patients
in the study were recruited from April through October
2020. The patients were examined during the follow-
up period in a community treatment setting to prevent
disease relapse.

General information

Although only a small number (5%) of patients in the
original study by Ishak et al. [20] were in remission, since
there are no other studies concerned with validation
of the IBI index in patients with BD, in the current
research, the authors chose to concentrate on patients
with BD in remission. This decision was dictated by the
widespread interest in evaluating the functioning of
individuals with BD during remission, as well as the impact
of lingering residual mood symptoms on their overall
functioning [22].

Eligibility criteria
The inclusion criteria were
+ compliance of the patient's mental state with BD
remission according to International Classification
of Diseases-10 (ICD-10);
+  symptom severity less than 7 points on the Hamilton
Depression Rating Scale (HDRS) [23];
* symptom severity less than 12 points on the Young
Mania Rating Scale (YMRS) [24].
The non-inclusion criteria were
+ the presence of a comorbid psychiatric disorder;
+ the presence of an actual somatic disease or
exacerbation of a chronic disease.



The exclusion criteria were
« patients’ refusal to participate in the study at any
stage;
+ identification of signs of a comorbid mental and/or
substance use disorder during the clinical interview.
The criteria for remission assessment were based on the
clinical guidelines for the treatment of BD approved in
Russia’.

Selection of participants in groups
Eighty-five patients with BD type | (75%; n=64) and BD
type Il (25%; n=21) in remission were examined.

The outcome is the calculation of an IBI-BD index, which can
take any positive or negative value (for more information
see Table S1 in the Supplementary).

General information

The invitation to participate in the study was extended
to patients with a confirmed diagnosis of BD by the
psychiatrists who provided supportive treatment in the
community. After securing patient consent to participate in
the study, a face-to-face meeting between the patient and
the psychiatrist-researcher (who was not involved in the
treatment of the patient) was arranged at the outpatient
psychiatric center. Participation in the study involved
a one-time clinical interview with a psychiatrist-researcher
with a structured interview and the use of clinical scales.
The structured interview included the collection of socio-
demographic characteristics (sex, age), as well as age of
onset, and duration of the disease. During the clinical
interview, a psychiatrist-researcher had to confirm that the
patient met the criteria for a diagnosis of BD. Since there
is no differentiation between BD types | and Il in ICD-10
but their diagnosis is determined by an important stage of
treatment planning according to clinical recommendations
in Russia’, the Diagnostic and Statistical Manual of Mental
Disorders-5 (DSM, 5" Edition) criteria were used to confirm
the type of BD. The study was conducted in Russian.

Individual Burden of Iliness Index adaptation

The process of IBI-BD index adaptation preceded the
patient recruitment phase of the study and the validation
of the index. Although other methodologies were used in
Ishak’s original study [20] (Quick Inventory of Depressive
Symptomatology-Self Report, QIDS-SR, for depressive
symptom severity; the Work and Social Adjustment Scale,
WSAS, for functioning; and the Quality of Life Enjoyment
and Satisfaction Questionnaire — Short Form, Q-LES-Q,
for quality of life), the authors of the present study elected
to replace them, because the methodologies from the
original study, to the best of the authors’ knowledge,
had not been previously translated and validated for use
in the Russian-speaking population. The methodologies
chosen by the authors of this study on the contrary are
widely used in the practice of psychiatry in Russia [25-29],
not least because they are covered by clinical guidelines’,
meaning that their use in clinical practice will not require
additional time resources.

The World Health Organization (WHO) describes QOL as
how people perceive their existence in light of the cultural
and value norms surrounding them, considering their
aspirations, expectations, standards, and worries?. This
concept encompasses various aspects, such as physical
well-being, emotional state, individual beliefs, personal
autonomy, social connections, and the living conditions they
experience [30]. The WHO's Quality of Life Questionnaire,
(WHOQOL)? was used to assess the QOL. The WHOQOL-100
is an extensive version of the WHOQOL assessment
tool designed to provide a detailed and comprehensive
understanding of an individual's QOL within their specific
cultural, social, and personal contexts. The WHOQOL-100
consists of 100 questions. Specifically, the scale generates
six domain scores, 24 specific facet scores, and a single
overall score that assesses general health and quality of life.
The six domain scores capture an individual's self-reported
quality of life across six key areas: physical, psychological,
level of independence, social relationships, environment,
and spirituality. Each domain and facet scores are scaled in
a positive direction, with higher scores indicating a higher
quality of life.
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The severity of affective symptoms was assessed using the
HDRS and the YMRS as reflected in the clinical guidelines for
the diagnosis and treatment of BD'. The HDRS is a widely
used clinician-administered scale for assessing the severity
of depressive symptoms in individuals with major depressive
disorder or other mood disorders. The HDRS consists of 21
items that evaluate various aspects of depression, such as
mood, cognitive symptoms, somatic symptoms, and suicidal
ideation. The scale ranges from 0 to 53, with higher scores
indicating more severe depressive symptoms. The YMRS
is an 11-item clinician-rated scale specifically designed to
assess the severity of manic or hypomanic symptoms in
individuals with BD or other mood disorders. The YMRS
evaluates various aspects of mania, such as mood elevation,
irritability, and behavioral disturbances. The scale ranges
from 0 to 60, with higher scores indicating more severe
manic symptoms. The HDRS and YMRS are useful tools
for monitoring the progress of patients in treatment and
evaluating the efficacy of interventions.

To assess social functioning, the Personal and Social
Performance Scale (PSP) was used [31]. PSP is an instrument
designed to assess the functional outcomes and social
adjustment of individuals with severe mental disorders
assessed over the past 7 days in 4 main areas of social
functioning: socially useful activities, relationships with
relatives and other social relationships, self-care, and
disturbing and aggressive behavior. Scores are given on
ascale from 1 to 100, divided into 10 equal intervals, where
each interval corresponds to a certain degree of difficulty
in social functioning. Higher scores indicate higher levels
of functioning.

No factors were used to stratify the sample. Remission
boundaries were chosen according to the recommended
cut-off points’. Since it was assumed that any level of quality
of life and social functioning could be in remission, no cut-
off points or groupings were used for these characteristics.

Study size

Since no similar studies have been conducted for patients
with BD, it was not possible to perform the target sample
size calculations. Therefore, we opted for empirical rules

of thumb to determine the sample size. We defined a
threshold of at least 80 observations, which is double the
minimum sample size value [32].

Statistical methods

Statistical analysis was performed using the R v.3.6.1.
(R Core Team, 2020). The mathematical and statistical
analysis was performed by a bio-medical statistician who
was not involved in data collection and only had access to
numerical measures. Absolute values and fractions of the
whole, n (%), were used to describe categorical variables.
Variables with continuous distribution were described
by mean (Mean) and standard deviation (SD); discrete
variables and ordered data — by median, 1-3 quartiles
(Md [Q1; Q3]). The normality of sample distribution was
evaluated using the Shapiro-Wilk test and considered
when choosing a method. Data were normally distributed,
except where specified otherwise. We used Chi Square (x?)
tests for categorical variables. The Mann-Whitney test was
used to compare quantitative data. Correction for multiple
hypothesis testing was performed using the Benjamini-
Hochberg correction (false discovery rate).

The Kaiser-Meyer-Olkin criterion and Bartlett's sphericity
criterion were used to measure sampling adequacy. The
index was calculated using principal component analysis
(PCA). The aim of PCA is to extract important information
from the observed variables and represent it as a set of
new orthogonal variables called principal components.
In contrast to describing the variables separately, the data
reduction technique provides a composite description of the
observed pattern of values. Since scale scores by their nature
belong to the ordered scale [33], a nonlinear version of PCA
[34], which is implemented in the Gifi package®, was used.
A linear transformation of the original data was performed
to extract the two components. The resulting eigenvalue
was used to estimate the explained variance, and loadings
showed the contribution of each variable to the extracted
components. The validity of component extraction was also
verified. For this purpose, a null distribution was generated
from the original data by sequentially shuffling the data
in each column independently (the so-called permutation
of a single variable strategy) [35]. A total of 999 iterations
were performed (separately for each variable), and the
starting value of the random number generator (set. seed)
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BD type Il (n=21) Statistical test

Parameter BD type | (n=64)
Age (Mean [SD]) 37.3[6.5]
Age of the BD onset (Mean [SD]) 27.414.6]
Duration of the disorder (Mean [SD]) 9.9 [5.0]
Sex, n (%)
Male 24 (37.5%)
Female 40 (62.5%)
HDRS (Md [Q1; Q3]) 3.0[2.0; 4.0]
YMRS (Md [Q1; Q3]) 2.0[1.75; 3.0]

WHOQOL (Md [Q1; Q3])
PSP (Md [Q1; Q3])

63.5[59.4; 68.4]
75.5[73.0; 79.0]

34.5[6.8] t=842, df=84, p=0.195
27.1 [5.5] t=692, df=84, p=0.982
7.3[4.3] t=885.5, df=84, p=0.171
5 (23.8%) x?=0.8, df=1, p=0.377
16 (76.2%) Xx?=0.8, df=1, p=0.377
2.0[2.0; 4.0] U=776.5, p=0.394
2.0[2.0; 3.0]

66.8 [60.3; 69.8]
79.0 [75.0; 81.0]

U=670.5, p=0.992
U=560.5, p=0.394
U=479.0, p=0.171

was 4,321. The observed eigenvalue was compared with
the obtained null distribution. In this case, the one-tailed
hypothesis about the superiority of the observed value
over the center of the null distribution is tested [36].
Usually, the p-value is calculated as (q+1)/(i+1), where “g"
is the number of values from the null distribution that are
greater than or equal to the observed value, and “i" is the
number of iterations performed [37]. Since the one-tailed
backward hypothesis can be tested, a two-tailed p-value
was calculated to ensure a more reliable result. Only those
components that were significantly greater than the null
distribution were selected for further analysis. “1” was
added to the numerator and denominator, because the
p-value during the Monte Carlo permutation cannot be
equal to zero [38].

Linear regression was used for simple conversion of initial
scores into the final index. It was tested for the conformity
of the residuals to the normal distribution (Shapiro-Wilk
test) and homoscedasticity (Breush-Pagan test) [39].
To assess the influence of the BD type and clinical and
functional characteristics, separate logistic regressions
(proportional odds logistic regressions) without interaction
between independent variables were used. The rationale
for using this model instead of the classical linear model
is based on two considerations. Since the IBI-BD for these
patients is calculated for the first time, the assumptions
of normality of distribution and homoscedasticity are

both strong and optional. The robustness of the model
is due to the use of only guaranteed ordering information,
which is invariant to any monotonic transformation [40].
The model with predictors was compared with the model
without predictors using the log-likelihood test. Regression
coefficients and their standard error (b(se)) are presented as
the logarithm of the odds ratio [log(odd)]. Null hypotheses
were rejected at p <0.05, with additional attention paid to
results where null hypotheses were rejected at p <0.005.4

Patients were included in the study after signing an informed
voluntary consent form. The study protocol was approved by
the Ethical Committee of Saint Petersburg State University
(Protocol No. 02-195; March 16, 2020).

RESULTS

Eighty-five patients with BD type | (75%; n=64) and BD
type 11 (25%; n=21) in remission were examined. The study
sample consisted of 29 males and 56 females, aged from
18 to 45 (mean age 36.6+5.7 years).

The main sociodemographic characteristics of the sample
and the results of the scale score are summarized in
Table 1. These data are in fact descriptive statistics of the
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Figure 1. A graphical representation of the eigenvalue comparison with the null distribution by the bootstrap method in

the sample.

Note: PC — principal component; p — p-value; shade area — null distribution; solid line — observed eigenvalue; dashed line — 95% confidence

interval under null distribution.

IBI-BD index. Patients’ age, age of onset, disease duration,
sex distribution, and mean values of the scale scores did
not differ between the comparison groups; so, further
analysis was performed on the entire sample without
taking into account the BD type. The mean value of social
functioning on the PSP scale in the sample corresponded
to the presence of mild difficulties in one or more of the
areas of social functioning.

Main results

Factors contributing to the burden of illness in bipolar
disorder

At baseline, the Kaiser-Meyer-0Olkin criterion: overall
MSA=0.66; YMRS — 0.61; HDRS — 0.63; WHOQOL —
0.77; PSP — 0.64 (all values exceed the mediocre level);
and Bartlett's sphericity criterion — 98.67 (6), p <0.001.
The mean scores of the HDRS, YMRS, PSP, and WHOQOL-100
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were included in the analysis of the factors contributing
to the burden of illness in BD in remission. A graphical
representation of the eigenvalue comparison with the
null distribution by the bootstrap method is presented
in Figure 1. According to the data obtained during the
enumeration, the eigenvalue of the principal component 1
(PC1) exceeds the upper limit of the 95% confidence interval
of the null distribution. The observed values for the other
components either do not exceed the boundaries of the
null distribution or are on its lower boundary. Since the
values exceeding the “noise data” are the ones of interest,
only PC1 values were used in further analysis.

Principal component analysis in accordance with the
adjusted variables is presented in Figure 2. The loading plot

in Figure 2 shows that the burden of illness in remission
is directly related to the severity of residual depressive
symptoms (as the HDRS score increases, social functioning
and quality of life decrease). Conversely, the presence of
residual mania symptoms (YMRS score) is associated with
a lower burden and higher level of social functioning and
quality of life. The burden index explains 58.7% of the
variance in the data (X-axis).

To calculate the IBI-BD index directly, we can use the
equation from Table 2. The table shows the linear regression
coefficients by which the scale scores should be multiplied.
The obtained values are added up, and a constant is added.
Thus, the equation for calculating the IBI-BD index looks
as follows:

IBI-BD index = 6.64 + (-0.14 x YMRS) + (0.27 x HDRS) + (-0.04 x QOL) + (-0.06 x PSP)



Variable
(Intercept)

YMRS

HDRS

WHOQOL

PSP

Shapiro-Wilk test
Breusch-Pagan test

Fisher test

The coefficient of determination (adj.)

Variable

Sex

Age

Age of BD onset
Duration of the disorder
YMRS

PSP

HDRS

WHOQOL

Model test

X2=4.9 (df=72), p=0.084
X2=18.2 (df=72), p <0.001
X2=5.3 (df=72), p=0.079
X3=22.5 (df=72), p <0.001
X?=31.0 (df=72), p <0.001
X2=63.0 (df=72), p <0.001
X2=94.6 (df=72), p <0.001
X2=51.0 (df=72), p <0.001

Statistic p-value
6.64 (0.69) p <0.001
-0.14(0.03) p <0.001
0.27 (0.03) p <0.001
-0.04 (0.00) p <0.001
-0.06 (0.01) p <0.001
W=0.98 p=0.193
X2=7.8 (df=4) p=0.101
F=207.5 (4; 80) p <0.001
R2=0.91

BD type | vs BD type Il; log(odd)(se), p

-0.77 (0.48), p=0.109

-0.49 (0.49), p=0.316
-0.90 (0.47), p=0.057
-0.23 (0.46), p=0.619
-0.67 (0.48), p=0.162
-0.65 (0.48), p=0.174

Key — log(odd)(se), p

0.11(0.03), p <0.001

0.18 (0.04), p <0.001
-0.88 (0.18), p <0.001
-0.39 (0.06), p <0.001
1.49 (0.18), p <0.001
-0.19(0.03), p <0.001

This model satisfies the theoretical premises of linear
regression (according to insignificant Shapiro-Wilk and
Breusch-Pagan tests). Also, the linear model relates well
the initial values with the final indicator (coefficient of
determination >0.9). This equation allows for a quick
calculation of the IBI-BD index value in case of lack of access
to baseline data or inability to perform PCA. Because the
IBI-BD index is based on a z-score, it is easy to calculate
a patient’s burden of iliness relative to other patients with
BD in remission. An IBI-BD index with a negative value
indicates that the patient has a lower disease burden
compared to the average patient seeking treatment,
whereas an index with a positive value indicates that the
patient’s disease burden is higher.

The assessment of the influence of the evaluated
characteristics on the IBI-BD index is presented in Table 3.
The search for the dependence of the IBI-BD index on

the main clinical and demographic characteristics was
performed using proportional odd logistic regression,
taking into account the diagnostic group. According to
the obtained data, the sex and age of disease onset
could not be associated with IBI-BD, as no superiority of
the analyzed models over the models without predictors
was revealed. The other indicators were statistically
significantly associated with IBI-BD. In each model, the
regression coefficient describing the intergroup difference
is not different from zero (p >0.05). This implies that
no significant intergroup difference in IBI between BD
type | and BD type Il diagnoses can be inferred. Patients’
age [log(odd)=0.11(0.03)], as well as disease duration
[log(odd)=0.18(0.04)], was directly related to the IBI-BD index
value. The directions of association of the last four indicators
do not differ from those in linear regression modeling
(see Table 2).



DISCUSSION

The present study focuses on the approval and validation
of the IBlindex in patients with BD in remission, which was
previously developed and validated for major depressive
disorder. To the best of the authors’ knowledge, this is the
first time such work has been done. The IBI-BD index
is a simple multidimensional metric based on patient-
reported outcomes used to describe the complexity of
affective disorder as an illness, including the burden it
imposes on the individual by incorporating symptoms'’
severity, functioning, and QOL impairments [41].
The research yielded important findings for clinical practice,
most notably the fact that residual depressive and manic
symptoms differentially affect functioning and quality of
life in individuals with BD in remission. Moreover, the BD
type does not make an additional contribution to this state
of affairs. And the validated IBI-BD index could be applied
in clinical practice for a more personalized assessment of
the BD in remission individual disease burden.

A key strength of this study is that to the best of our
knowledge it is the first study to address the individual
burden of iliness for patients with BD in remission. Another
advantage is that the study included patients with both
types of BD. We recognize, however, that the study has
a number of potential limitations. The cross-sectional
design of the study is among the limitations. The authors
are aware that the sample size is rather small. However,
the analysis showed statistically reliable results and the
ability to draw conclusions even with such a sample.
The research was conducted on patients in remission,
which means the results cannot be directly applied to all
individuals with BD.

The set of scales used in the present study differs from the
original study [20], but the authors believe this discrepancy
probably did not compromise the integrity of the findings.
The instruments for calculating the IBI replacement are
justified for the following theoretical reasons: undoubtedly,
the concept of the IBI itself is theoretical and the options
for its computation may not be limited to baseline scales
or baseline diseases. The essential point s to link disease
symptoms, quality of life, and social functioning into
a consolidated assessment system that is not reduced to

a one-dimensional comparison of individual parameters.
Scales and questionnaires in their original form do not have
the property of equidistance (i.e., the difference in scores
does not indicate the true distance between 2 dimensions),
but they do have the property of ranking. The ranking
property is the unobserved metric of “depression”, “quality
of life”, etc. When performing data reduction, we discard
the original units of measurement and reach for some
normalized values. Assuming the scales measure the
same thing, we should obtain roughly comparable results
(at the least, the same if the units differed by a constant,
e.g., instead of kg-pounds, degrees Kelvin-Celsius, etc.).
For scales, the number of categories claimed and self/
external scoring can potentially influence the result. In our
case, self-questionnaires were replaced by clinical scales
recommended by clinical guideline®, potentially affecting the
adaptation results. However, the high statistical significance
of our results demonstrates the feasibility of this approach.

We also did not take into account the influence of the
pharmacotherapy received by the patients due to the
considerable individual differences between the patients.
Other clinical variables that potentially affect the burden of
BD (presence of comorbid disorders, number of episodes,
number of hospitalizations, etc.) were not assessed in
relation to the IBI-BD index, because they were not included
in the original study. Assessing the influence of these
variables on the IBI-BD index could be one of the future
directions of research. It is known that cognition, when
objectively measured, is severely impaired in BD [42] and
has also been associated with occupational outcomes. This
suggests that cognitive functioning may also potentially
contribute to the individual disease burden. However,
since this aspect was not considered in the initial index,
it was also disregarded in our study.

According to Ishak et al. [20], the concept of individual
burden of iliness represents the overall impact of a disease,
which includes the suffering caused by symptom intensity,
frequency, and duration; limitations in occupational, social,
and leisure activities; and the patient’s overall satisfaction
with health, work, social life, and recreational pursuits. To
quantify this concept, Ishak et al. [20] developed the IBI
index through a principal component analysis of patient-
reported data on symptom severity, functioning, and



quality of life, using it as a mathematical abstraction based
on other psychometric scales.

The main goal of a doctor in clinical practice is to
minimize symptoms, improve social functioning, and
select a treatment adequate to the patient’s condition.
The relevance of this work is that the burden of disease
at the individual level was calculated in patients with BD in
remission. Given the new data on the frequency of residual
[41] and subthreshold [22, 43, 44] symptoms in patients with
BD in remission, the very notion of the limits of remission
in BD is widely debated in the scientific literature. A growing
body of evidence indicates that during remission, patients
with BD often present subsyndromal mood symptoms,
which are associated with poor psychosocial functioning,
cognitive impairment, and reduced quality of life [45-48].
The validated IBI-BD index helps to assess the burden of
negative factors on remission.

When compared with the original study of the application
of the IBI index for patients with major depressive disorder
[20], a limited explanation of data variance can be observed
in our study. Possible reasons for this are as follows:
mixing external ratings with self-reported questionnaires,
and extreme heterogeneity of the parameters assessed.
Since only the PC1 is greater than the zero distribution,
its use for the IBI-BD index is consistent with an earlier
study [20].

Depressive symptoms, including subsyndromal ones,
are responsible for most of the burden that is associated
with BD in terms of functioning, QOL, economic loss, and
suicide [3]. The previous study suggested that personal
recovery among patients with BD is affected by stigma,
level of functioning, residual depressive symptoms, and
employment status [49]. Functional impairment is an
important driver of disability in patients with BD and
can persist even when symptomatic remission has been
achieved [50]. In our study, it was found that social
functioning and quality of life decreased as the total score
on the HDRS increased. At the same time, the presence of
residual symptoms of hypomania (e.g., increased daytime
activity and sexual interest) is subjectively evaluated by
patients as positive phenomena, and it is also considered
by patients as desirable and contrasted with residual
depressive symptoms. Our data support the need for
management of subsyndromal depressive symptoms
in patients with BD even in the inter-episodic period
[51]. The results of our study further contribute to the
understanding of how residual affective symptomatology

affects the functioning of patients with BD in remission,
and it demonstrates the need to develop more targeted
guidelines for the assessment and treatment of residual
(subthreshold) symptoms.

When working with patients with BD, we need to bear
in mind that BD is a complex psychiatric condition with
a high heterogeneity in its manifestation, and that the
BD Il subtype may lead to similar health (and social)
consequences as the BD | subtype [52]. In our study, this
was confirmed, as patients with both types of BD showed
no differences in functioning and no intergroup differences
in the IBI-BD index.

The authors of the study consider the clinical significance
of the validated IBI-BD index to reside in providing physicians
with an additional technique for assessing patients’ condition
and grading its severity even when the remission criteria are
formally met. Since the HDRS and YMRS scales are already
included in the recommended scales for the assessment of
patients with BD in clinical practice, the additional application
of easy-to-use methods (WHOQOL, PSP) in the opinion of
the researchers will not significantly increase the clinician’s
workload. Introducing the use of the IBI-BD index into clinical
practice will allow additional interventions to be justified
from the perspective of the patient's personal burden of
illness and will allow interventions to be more personalized
in the context of the lack of algorithms for the treatment of
residual affective symptomatology in the remission of BD.

The use of the IBl index is not limited to assessing burden
of illness and has already been tested in assessing the
effectiveness of therapy [53] and predicting relapse in major
depressive disorder [54]. Further work for researchers
after the approval and validation of the index for patients
with BDis seen in expanding opportunities for the scientific
and practical use of the index, including the introduction
of methods for its calculation in routine clinical practice.
The practical application of the presented study is seen
in the utilization of the IBI-BD index in clinical practice in
order to objectify the functional status of patients with BD
in remission.

The results of this study can be applied to comparable
patients with BD for the following reasons: first, the
validated tools were used to assess residual symptoms,
quality of life, and social functioning. Second, we proposed
asimple linear equation linking the disease burden index
to its components; so, it can be used if methods are



available. Third, the methodology for obtaining the I1BI-BD
was described, making it possible to obtain a similar index
on a different set of techniques independently. Despite
the differences between the scales and questionnaires,
they measure the same latent construct (different for each
method); so, there should be no significant differences
between the main components in the case of alternative
IBI calculation. Fourth, there were no artificial conditions
for the study — patients of both sexes with differences in
age and disease history participated; that is, the sample
was a cross-section of real patients that any physician or
researcher may encounter.

CONCLUSION

To the best of authors’ knowledge, this is the first study
introducing and validating a composite calculation of the
Individual Burden of lliness index in BD in remission. We
have demonstrated by statistical means that it is possible to
successfully approve and validate the previously calculated
IBl index in major depressive disorder for patients with BD
in remission. The proposed index assesses both the severity
of symptoms and the functioning and QOL in patients with
BD, resulting in a single weighted composite score that
adequately reflects the disease burden. The study has shown
that residual affective symptoms have a differing impact on
the functioning of patients with BD in remission, reflecting
the need for timely assessment and targeted therapy of
these symptoms in such patients. It was found that social
functioning and quality of life decrease in the presence of
residual depressive symptoms, while residual symptoms of
hypomania have the opposite effect. The results obtained
may help to more objectively assess the functional status
of patients with BD in remission using a statistical model.
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ABSTRACT
Studies suggest that the components of brain-evoked potentials (EPs) may serve as biomarkers of

the post-traumatic stress disorder (PTSD) caused by participation in combat operations; however, to date, research
remains fragmented, with no studies that have attempted to combine different paradigms. In addition, the mismatch
negativity component has not been studied in a Russian sample of veterans with PTSD.

To identify objective neurophysiological markers of combat-related PTSD using the method of auditory-evoked
potentials in active and passive listening paradigms.

The study included a recording of auditory EPs in an oddball paradigm in three settings: 1) directed attention
to auditory stimuli, 2) passive listening while viewing a neutral video sequence, and 3) viewing a video sequence
associated with a traumatic event. Combatants diagnosed with PTSD (18 people) were compared with mentally healthy
civilian volunteers (22 people).

An increase in the latency period of the early components of auditory EP (N100 and P200), an increase in
the amplitude of the P200 component to a deviant stimulus, and a decrease to a standard one in the active listening
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paradigm were established in the PTSD group. There were no significant differences in the parameters of the P300
component. The characteristics of mismatch negativity in the passive paradigm were revealed: an increase in the
phenomenon amplitude, both when shown a video sequence associated with a traumatic event and when shown
a neutral video sequence. A binary logistic regression model constructed using the selected parameters showed
that the identified characteristics can potentially be considered as diagnostic markers of PTSD in combatants, as the
classification accuracy stood at 87% (sensitivity — 81%, specificity — 91%).

Potential neurophysiological markers of PTSD are the following: the amplitude and latency of early
components of auditory EPs in the paradigm of directed attention to stimuli and the amplitude of mismatch negativity
during passive attention.

AHHOTAUMA

VccnesoBaHWs MoKasbiBakOT, YUTO KOMMOHEHTL! BbI3BaHHbLIX MOTEHLIMAA0B roNoBHOro Mo3sra (BI1) moryt
ABNSATLCA BMIOMapKepamm NOCTTPaBMaTUYECKOro CTpeccoBoro paccrporictea (MTCP) BcneacTBME yyacTus B 60eBbIxX
AeNCTBUAX, OAHAKO Ha CEeroAHAWHNIA feHb nccnefoBaHus dparMeHTapHbl, He NpeAcTaB/ieHbl NCCAeA0BaHMS,
coyeTatoLpe pasnnyHble napagurmel. Ha pycckoii Bbibopke BeTepaHoB ¢ [MTCP He n3yyancd KOMMNOHEHT HeraTMBHOCTY
paccornacoBaHus.

BbisiBNeHVe 06beKTUBHbIX Helpodusmonornyeckmx mapkepos MTCP BcaeAcTBYE yHacTUA B 60eBbIX AeNCTBUAX
METO/OM C/IyXOBbIX BbI3BaHHbIX MOTEHLMAN0B B NapagnrMax akTMBHOIO M MacCUBHOIO C/TyLLIAHUS.

ViccnepoBaHme BKKOUAN0O perncTpaunio cyxosblx Bl B napagurme BepoATHOCTHOIO NpeAbsiBaeHs
(oddball) B Tpex cocTtosiHusAX: 1) HanNpaBAeHHOe BHUMaHMEe Ha CyXOBble CTUMY/IbI; 2) MacCUMBHOE CyLlaHne npu
MpOCMOTpe HelTpasbHOro B1uAeopaaa; 3) npyv NpocMoTpe BUAEOPSAAa, CBA3aHHOMO C TPaBMaTUYeCKM CObbITUEM.
O6cnegoBaHbl KOM6aTaHThLI € gnarHo30oM MNTCP (18 yenoBek) B CpaBHEHUN C MCUXMYECKN 340POBbIMU FPaXAaHCKAMM
fobpoBonbLaMu (22 Yenoseka).

B rpynne auw ¢ NMTCP o6HapyxXeHOo yBen4eHne 1aTeHTHOro Neproaa paHHUX KOMMOHEHTOB CTyXOBOro
BIM (N100 n P200), yBennyeHne amnantyabl KomnoHeHTa P200 Ha AeBUaHTHbBIA CTUMYA U CHUKEHWE Ha CTaHAAPTHbIN
B Napajnrme akTUBHOrO C1yLLaHWsA. He BbISBNEHO 3HaYMMbIX Pa3inyunii B nokasaTensx komnoHeHTa P300. BeiasneHs!
0COBEHHOCTW HeraTMBHOCTM PaccornacoBaHs B MacCMBHOWM Napagurme: yseanyeHne aMnanTy el peHomMeHa Kak npum
npeabsaBAeHNN BUAEOPAAA, CBA3AHHOMO C TPaBMaTUYeCKMM CObbITUEM, TakK 1 NPW NpeAbsABIeHNN HeATPanbHOro
Bugeopssa. NocTpoeHHas C MCNob30BaHMEM BblAeNeHHbIX MoKa3aTenel Mojesb 61MHapHOM IOrMCTUYeCKOon perpeccum
noKasana, YTo BblsiBIeHHble 0CO6EHHOCTY NOTEeHLMa bHO MOXHO PacCMaTprBaTh Kak AvarHoctuyeckme mapkepsbl MTCP
y KOMBaTaHTOB — TOYHOCTb knaccndurkaumm coctaBuna 87% (WyBctBuTenbHOCTE — 81%, cneunduyiHocTs — 91%).

MoTeHUManbHbIMKN Helipodu3lnonornyeckumMmm Mapkepamm NTCP 9BAAIOTCS aMAANTYAa U NaTeHTHbIN
nepuoz paHHNX KOMMOHEHTOB cNyxoBbIxX Bl B napagunrme HanpasfieHHOro BHUMaHWSA Ha CTUMYJIbI, @ Takke aMnanTya
HeraTMBHOCTW PaccoraacoBaHusa NPy NacCMBHOM BHUMaHUN.

INTRODUCTION is a challenging undertaking, because PTSD symptoms
As researchers stress, identifying a specific diagnostic ~ overlap with those of generalized anxiety, depressive
biomarker for post-traumatic stress disorder (PTSD) disorder, and panic disorder (negative affect, anhedonia,



problems with sleep and concentration, irritability,
overexcitement) [1]. PTSD encompasses those same
psychopathological manifestations, but it is separated by
afairly typical clinical presentation [2]. In combat veterans,
PTSD has unique features: the symptoms of PTSD are
detected in more than a third of combatants within the
first few days after the trauma, and they are accompanied
by acute psychotic, affective, anxiety, dissociative, and
other disorders [3, 4]. The diagnosis and treatment are
further complicated by the fact that, among combatants,
symptoms range in a continuum from the psychological
to the psychopathological state [5].

The development of PTSD is triggered by changes in
the subcortical reactivity to trauma-related memories and
emotions, the impairment of inhibitory control and frontal
regulation [6, 7], and a deficit in the downregulation of
hyperreactivity in the amygdala [8, 9]. All this occurrences
culminate in an inability to judiciously apportion
attention when responding to threatening and emotional
stimuli [10].

Cognitively evoked potentials are a method for recording
the electrical potentials of the brain arising in response
to the presentation of a significant sensory stimulus
(deviant, different) in a series of insignificant (standard)
ones [10, 11]. Early components of evoked potentials are
associated with attention and the processing of incoming
signals [12]. An increase in the amplitude of the early
components of the evoked potentials N100 and P200 in
response to an auditory stimulus indicates a modulation
of the functioning of the amygdala and lateral prefrontal
cortex [13], which is associated with hypervigilance in the
event of a threat [14]. The amplitude of the N100 component
increases both in individuals with PTSD and in individuals
exposed to trauma but without PTSD symptoms [15], and
it positively correlates with the assessment of hyperarousal
[16]. In addition, individuals with PTSD exhibit a significant
increase in the amplitude of the N1-P2 complex (the
amplitude of the potential from the N100 peak to the P200
peak), which positively correlates with the severity of the
symptoms of the disorder [16]. In this case, maladaptive
avoidance is associated with a decrease in the amplitude
of early components, while obsessive re-experiencing
is associated with an increase in the amplitude of the P200
component [17]. An increase in the N100 amplitude was

also found in other conditions associated with high levels
of anxiety [18, 19].

The P300 component of evoked potentials is used to
assess the severity of cognitive impairment, psychomotor
functions, and the ability to plan and control goal-directed
behavior at the decision-making stage [20]. In individuals
with PTSD, there is an increase in the latency of the P300
component [21, 22], as well as a decrease in the amplitude
of this component [22, 23], which respectively indicate
a longer time for stimulus assessment (neural activity
speed) and reduced cognitive processing efficiency [20].
Itis also known that the P300 parameters (amplitude and
latency) can be used to quantify the post-trauma state
dynamics [22] and, in addition, to differentiate PTSD (due
to various types of trauma, but not participation in combat)
and depressive disorder [24].

The phenomenon of mismatch negativity (MMN) is
assessed as the largest amplitude of the difference between
the reaction to deviant and standard stimuli in the absence
of directed attention [25]. The MMN amplitude reflects the
processes of searching for discrepancies in short-term and
sensory memory [26, 27], as well as cortical processing of
the stimulus at the pre-attention stage, which does not
depend on the direction of the attention [27]. In PTSD,
a larger MMN amplitude was noted both in comparison
with individuals who had no trauma and individuals with
a history of traumatic events, but without PTSD [27, 28],
which is regarded as a sign of increased sensitivity of these
patients to deviant stimuli and reflects their hypervigilance,
with a high MMN amplitude being associated with a high
level of anxiety [29].

The development and progression of PTSD are complex
mechanisms, due to symptoms that can manifest long after
the trauma (within six months) and the lack of a correlation
between acute reactions and long-term mental states
[2, 30]. The similarity of PTSD symptoms with those of
depressive, anxiety, and panic disorders [1], adaptation
disorders, social and specific phobias further complicates
its clinical diagnosis. The challenge is exacerbated by the
wide range of symptom clusters, a low diagnostic threshold,
and high comorbidity.” Therefore, objective diagnostic
tools are crucial. Methods such as magnetic resonance
imaging, positron emission tomography, computed
tomography, and magnetic resonance spectroscopy are
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used to diagnose PTSD, but they are expensive and labor-
intensive [31]. Diagnostic models are being developed
based on language characteristics (area under the curve
0.72) [32]. An attempt was made to create a diagnostic
model based on physiological parameters; however,
of all the parameters studied (heart rate, heart rate
variability, respiratory recursion, galvanic skin response),
differences at p <0.05 were found only in the amplitude
of the systolic wave in terms of stimulation options [33].
Electroencephalography (EEG) is an inexpensive, accessible
and fairly flexible tool that can serve as an auxiliary method
to improve the accuracy of PTSD diagnosis. However,
a model using background EEG parameters (more than
25,000 characteristics, including spectral power, temporal
and functional connectivity, frequency of microstate
changes) showed an accuracy of 62.9%, indicating the
limited efficiency of using background EEG parameters,
with the recording process being labor-intensive [34].
The use of EPs can expand EEG diagnostic capabilities.
To date, no comprehensive neurophysiological model of
auditory-evoked potential testing has been proposed for
combatants with PTSD. Studies of the MMN phenomenon
have not previously been conducted in a Russian sample
of PTSD patients. The combination of different paradigms
(active and passive listening, with neutral and trauma-
related videos) in one diagnostic model can significantly
improve the quality of the neurophysiological diagnosis
of the disorder.

The aim of this study was to search for quantitative
neurophysiological markers of PTSD in combat participants.

METHODS

A cross-sectional diagnostic study was carried out.

The main group included persons who had undergone
examination and treatment in general psychiatric
department No. 11 of Mental-health clinic No. 1 named
after N.A. Alexeev (Moscow), in the period from October
to November 2023. The control group was selected
among volunteers.

The main group included male combatants with PTSD.
The diagnosis was made by the attending physician, in
accordance with the ICD-10 diagnostic criteria. Individuals

with a history of acute psychotic symptoms, other mental
illness, traumatic brain injuries, or a neuroinfection
(according to self-report data) were not enrolled. Enrollment
was conducted within 2 weeks from the moment of
hospitalization.

The control group included individuals without a history of
mental illness, traumatic brain injuries or a neuroinfection
(based on self-reported data), who did not participate in
combat operations, and who did not report traumatic events
in their past, from among colleagues and acquaintances
of the investigators.

Both groups included only right-handed men.

All participants were assessed for
interhemispheric asymmetry, having to do with the influence

functional

of the dominant hand on cognitive EP parameters [20].
The profile of the lateral organization was assessed based
on the results of a questionnaire (with which hand the
patient writes, draws, holds a toothbrush when brushing
their teeth, uses scissors, a hammer, holds a match when
lighting a fire, a spoon when stirring liquids) and motor
tests on the dominant hand (applause, intertwined fingers).

Determination of the dominant hand was done
immediately before the neurophysiological examination.

Evoked potentials for standard (100-120 realizations after
artifact removal) and deviant stimuli (20-30 realizations
after artifact removal) were averaged, and the averaged
potentials were filtered in the frequency band of 0.3-
20 Hz [31].

EEG recording was performed in a separate darkened room,
in the morning hours (09:00-13:00), and in a state of quiet
wakefulness in a sitting position (in a chair). The Neuro-
KM encephalograph (Statokin, Russia) was used, with
the Brainsys analysis software package (developed by
A.A. Mitrofanov, Russia) from 19 leads located according to
the international 10-20 scheme, with reference electrodes
on the earlobes. The sampling frequency of the EEG signal
was 1000 Hz, and the bandwidth of the frequency filters
when recording the signal was 0.3-70 Hz (the choice was
determined by the characteristics of the amplifier).
Neurophysiological testing included 3 series of auditory
stimulation with an oddball paradigm presentation: a
standard stimulus of 1000 Hz with an 80% probability
of presentation (120 stimuli), and a deviant stimulus of



2000 Hz with a 20% probability of presentation (30 stimuli).
The duration of the sound stimuli was 10 ms, the intensity
was 85 dB, and the interstimulus interval was 1 second [31].
Stimuli were presented binaurally through headphones
randomly. The generation of stimuli and their presentation
order were managed using the Brainsys software. In the
first session, the subject sits with his eyes closed and
receives instructions to press a button at the moment the
deviant stimulus sounds. In the second and third sessions,
the subject received instructions not to pay attention to
sounds and to look at the laptop screen (diagonal 17.3
inches or 43.94 cm, resolution 1920x1080 pixels), located
at a distance of 60 cm from the subject’s eyes. The screen
displayed a sequence of nature images (30 landscape
images of bodies of water, mountains, steppes, forests,
hereinafter referred to as “neutral video sequence”), then
avideo sequence with images associated with the traumatic
event (25 photographs of military operations, destroyed
buildings, military equipment, hereinafter referred to as
“negative video sequence”). All the photographs were
obtained from open sources. The images were presented
at a frequency of 1 frame every 2 seconds, and the video
sequences were looped and repeated until the total video
length was 3 minutes. There were 1- to 2-minute breaks
between each EEG recording session.

Visual analysis of all native EEG recordings involved the
removal of artifacts and noisy channels. Data from the 9
channels (F3, F4, Fz, C3, C4, Cz, P3, P4, Pz) least susceptible
to oculogram and myogram artifacts but characterized
by sufficient information content regarding lateralization
were selected for analysis [32].

EEG was recorded by a research assistant and a senior
researcher at Mental-health clinic No. 1 named after
N.A. Alexeev, in a specially equipped separate room.
The EEG was analyzed by an employee of the laboratory
of clinical neurophysiology of the V. Serbsky National
Medical Research Centre of Psychiatry and Narcology
of the Ministry of Health of the Russian Federation,
with technical support from the software developer.
All the researchers were aware of the diagnosis of the
subjects.

In the first session (active listening — pressing a button at
the moment the sound of a deviant stimulus is heard), the
components of the auditory-evoked potential for standard
and deviant stimuli (N100, P200, P300) were isolated and

the amplitude and latent period of the components were
analyzed. In sessions with visual stimulation (passive
listening), the averaged EP files for the standard stimulus
were subtracted from the potentials for the deviant stimulus
to obtain the values of the MMN component and the
amplitude and latent period of the negativity peak in the
interval 150-250 ms were also analyzed.

The study results were analyzed using the statistical
software package SPSS, version 11.5 (SPSS Inc., USA) —
distribution analysis, data description, comparison of the
means, and binary logistic regression. The distribution of
the values of quantitative characteristics was checked using
the Shapiro-Wilk test. In all cases, the distribution deviated
from normal. In this regard, quantitative parameters
were described with the indication of the median, first
and third quartiles (Q1; Q3), and the assessment of the
differences was done using the Mann-Whitney test.
Repeated measures analysis of variance (rmANOVA)
with the Greenhouse-Geisser correction (accounting for
the inequality of variances) with an inter-subject factor
of “group” (nominal variable, n=2: control and PTSD) was
used to assess the influence of the factors of stimulus
frequency, stimulation content, laterality, and location, intra-
subject factors of “stimulus” (n=2, quantitative parameters
of evoked potentials to standard and deviant stimuli —
for the analysis of the components of evoked potentials);
“content of video sequence” (n=2, quantitative parameters
of evoked potentials upon presentation of “neutral” and
“negative” video sequences — for the analysis of the MMN
phenomenon); “distribution” (n=3, quantitative parameters
of evoked potentials by electrodes): frontal (F), central (C),
and parietal (P); “lateralization” (n=3, quantitative parameters
of evoked potentials on the electrodes of the left [F3, C3,
P3], right hemisphere [F4, C4, P4], and central electrodes
[Fz, Cz, Pz]).

Binary logistic regression models were used to identify
independent predictors of PTSD from the evoked potentials
and to determine the potential diagnostic value of auditory-
evoked potentials for PTSD. Variables were selected using
the method of direct, step-by-step inclusion into the equation
of predictors with the greatest impact on the dependent
variable (Forward: Wald), 8 steps were completed, and the
step-by-step procedure was discontinued if there was no
change in the previously fitted model when the variables
were included.



The study protocol was approved by the local ethics
committee at Mental-health clinic No. 1 named after
N.A. Alexeev (Meeting minutes No. 6 of August 11, 2023).
A mandatory condition for inclusion in the study was
signing the informed voluntary consent to participate in
the study and the processing of personal data. Information
included explaining to potential participants the purpose,
methods, and protocol of the study, with the opportunity
to ask clarifying questions.

RESULTS

During the study period, a diagnosis of PTSD was established
for 20 patients and they were asked to participate in
the study; 18 agreed and underwent neurophysiological
examination. The main group included 18 people with
experience of military combat diagnosed with PTSD. They
were examined. The control group included 22 people.

The median age of the PTSD patients and participants in
the control group was 34.5 years (29; 41) and 27.5 years (25;
39), respectively (p=0.195). The median duration of the stay
in combat conditions for the PTSD patients was 210 (130;
270) days, and the duration from the end of participation
in military operations to the time of examination was 50
(38; 120) days.

Repeated measures analysis of variance was performed
to assess the differences in evoked-potential components
between the groups. The inter-subject factor of “group” (n=2:
control and PTSD), the intra-subject factors of “stimulus”
(n=2: standard and deviant), “distribution” (n=3: frontal,
central, parietal), and “lateralization” (n=3: left hemisphere,
right, central location) were selected.

Amplitude analysis of the N100 component revealed
intergroup differences under the influence of the factors
of “distribution” (F=14.45, p <0.001), “lateralization”
(F=3.20, p=0.048), as well as the interaction of the factors of
“stimulus-distribution” (F=9.48, p=0.002) and “distribution-
lateralization” (F=10.83, p <0.001). When analyzing the latent
period of the N100 component, a significant influence of the
“lateralization” factor (F=5.64, p=0.006) and interaction of the
“distribution” and “lateralization” factors (F=2.82, p=0.028)
was revealed. For the amplitude of the P200 component,

differences were revealed under the influence of the
interaction of the “stimulus” and “group” factors (F=8.14,
p=0.011), the factor “lateralization” (F=10.22, p=0.005), for
latency — the influence of the “stimulus” factor (F=9.15,
p=0.007), and interaction between the “stimulus” and
“group” factors (F=4.92, p=0.040).

For the amplitude of the P300 component, intergroup
differences were revealed under the influence of the
factors of “stimulus” (F=82.23, p=0.0001), “lateralization”
(F=11.97, p=0.0001), interaction of the “stimulus” and
“lateralization” factors (F=6.78, p=0.002), and for latency,
also the influence of the factors of “stimulus” (F=21.69,
p=0.0001), “distribution” (F=3.72, p=0.031), interaction of
the “stimulus” and “lateralization” factors (F=8.45, p=0.001).
Comparison of the groups using the Mann-Whitney test
revealed statistically significant differences in the early
components of the evoked potentials, mainly for the
deviant stimulus (Tables 1 and 2). The N100 component
in individuals with PTSD is characterized by a long latency
period to a deviant stimulus in the parietal-central regions,
the P200 component has an increased amplitude and an
increased latent period to a deviant stimulus in the frontal
and central leads, and a reduced amplitude to a standard
stimulus in the frontal leads. There were no significant
differences between the compared groups vis-a-vis the
parameters of the P300 component.

In the experimental design using video sequences,
repeated measures analysis of the variance was also
performed. Significant differences were found under the
influence of the “zone” factor (F=18.77, p=0.0001), the
“location” factor (F=6.25, p=0.005), and the combination of
the “location” and “group” factors (F=3.43, p=0.043). The visual
stimulation content factor did not have a significant effect
on the MMN scores (F=0.143, p=0.709).

Further comparison of the mean values using the Mann-
Whitney test revealed that in individuals with PTSD, the
MMN latency period when presented with a negative video
sequence, and the MMN amplitude when presented with
a neutral video sequence, was higher than in participants
in the control group (Table 3).

From among the studied EEG parameters, eight variables,
independent predictors of PTSD, were selected: the latent
period of the N100 component, the amplitude and latent
period of the P200 component to a deviant stimulus,
and the amplitude and latent period of the MMN upon
presentation of a neutral and negative video sequence in
different leads (Table 4).



Table 1. Parameters of evoked potentials to a deviant stimulus in individuals with PTSD compared with values in the control

group [median (lower quartile; upper quartile) (number of people)]

Component ‘ Lead ‘ PTSD ‘ Control 4 P
Latent period (ms)
P3 134 (112; 138) (n=17) 108 (102; 116) (n=22) 2.549 0.011
P4 124 (112; 137) (n=16) 108 (100; 116) (n=22) 2.453 0.014
Pz 127 (104; 158) (n=16) 109 (98; 118) (n=22) 1.774 0.076
a 132 (117; 140) (n=17) 112(110; 118) (n=21) 2.361 0.018
N100 c4 125 (116; 132) (n=16) 112 (106; 122) (n=22) 2.407 0.016
Cz 128 (118; 136) (n=17) 110 (104; 116) (n=21) 2.143 0.032
F3 132 (116; 142) (n=17) 116 (112; 124) (n1=22) 1.644 0.100
F4 130 (118; 134) (n=17) 113 (108; 126) (n=22) 1.784 0.074
Fz 131 (115; 140) (n=18) 116 (110; 126) (n1=22) 1.463 0.143
P3 184 (162; 202) (n=17) 163 (152; 184) (n=22) 1.246 0.213
P4 184 (152; 189) (n=16) 162 (152; 176) (n=22) 1.012 0312
Pz 187 (163; 197) (n=16) 163 (148; 180) (n=22) 1.567 0.117
a 193 (173; 202) (n=17) 166 (156; 184) (n=21) 2.883 0.004
P200 c4 183 (171; 189) (n=16) 166 (158; 180) (n=22) 1.839 0.066
Cz 178 (167; 189) (n=17) 156 (148; 172) (n=21) 2.820 0.005
F3 190 (176; 200) (n=17) 176 (160; 190) (n=22) 1.673 0.094
F4 182 (172; 200) (n=17) 177 (160; 200) (n=22) 0.821 0.411
Fz 193 (178; 204) (n=18) 172 (156; 188) (n=22) 2.484 0.013
P3 334 (310; 366) (n=17) 340 (320; 354) (n=22) -0.088 0.930
P4 348 (313; 363) (n=16) 334 (326; 376) (n=22) 0.169 0.866
Pz 340 (311; 362) (n=16) 330 (322; 346) (n=22) 0.981 0.327
a 332 (310; 360) (n=17) 334 (316; 342) (n=21) 0.107 0.915
P300 c4 336 (320; 359) (n=16) 330 (312; 354) (n=22) 0.322 0.748
Cz 338 (320; 362) (n=17) 330 (308; 342) (n=21) 0.881 0.378
F3 330 (320; 354) (n=17) 336 (322; 350) (n=22) 0.147 0.883
F4 338 (320; 356) (n=17) 330 (314; 344) (n=22) 0.935 0.350
Fz 349 (322; 361) (n=18) 335 (318; 342) (n=22) 1.390 0.165
Amplitude (pV)
P3 5.04 (3.61; 6.82) (n=17) 3.60 (1.59; 6.26) (n=22) 1.742 0.082
P4 5.12 (2.08; 6.18) (n=16) 4,54 (2.50; 5.93) (n=22) 0.169 0.866
Pz 5.12 (2.58; 6.16) (n=16) 2.87 (1.30; 5.30) (n=22) 1.478 0.139
a 4.73 (2.81; 6.82) (n=17) 5.50 (3.26; 6.93) (n=21) -0.628 0.530
N100 Cc4 6.15 (2.43; 7.74) (n=16) 5.93 (3.27; 7.47) (n=22) -0.337 0.736
Cz 6.99 (2.60; 9.12) (n=17) 6.16 (4.45; 7.60) (n=21) 0.123 0.902
F3 3.70(2.89; 6.99) (n=17) 5.22 (3.79; 6.46) (n=22) -0.587 0.557
F4 5.00(3.21; 7.79) (n=17) 6.42 (3.89; 7.79) (n=22) -0.666 0.506
Fz 5.15 (3.40; 7.09) (n=18) 5.54 (2.87; 8.230(n=22) -0.414 0.679
P3 2.73(2.20; 3.44) (n=17) 1.63 (0.87; 3.56) (n=22) 1.303 0.193
P4 2.49 (0.84; 3.22) (n=16) 1.89 (0.67; 2.70) (n=22) 0.567 0.571
Pz 2.44 (1.45; 3.51) (n=16) 1.82 (0.84; 3.36) (n=22) 0.902 0.367
a 2.38(1.59; 4.29) (n=17) 1.70 (0.40; 2.90) (n=21) 1.390 0.165
P200 c4 3.20(1.68; 4.21) (n=16) 1.48 (0.91; 2.60) (n=22) 2.728 0.006
Cz 3.24(2.19; 5.89) (n=17) 2.57 (1.65; 3.68) (n=21) 1.502 0.133
F3 2.66 (1.84; 4.61) (n=17) 1.53 (0.66; 3.93) (n=22) 1.894 0.058
F4 3.72(2.02; 4.73) (n=17) 2.13(0.87; 3.27) (n=22) 1.898 0.058
Fz 4,14 (2.88; 5.17) (n=18) 1.63 (0.65; 3.92) (n=22) 2.927 0.003
P3 7.21(5.88; 8.87) (n=17) 7.98 (4.99; 10.07) (n=22) -0.878 0.380
P4 6.82 (4.88; 8.76) (n=16) 7.40 (5.53; 11.46) (n=22) -0.674 0.500
Pz 7.41 (5.98; 9.41) (n=16) 8.40 (5.81; 11.82) (n=22) -0.887 0.375
a 7.55 (5.03; 9.20) (n=17) 6.31 (4.78; 10.35) (n=21) -0.207 0.836
P300 c4 7.15 (4.80; 9.51) (n=16) 7.01 (5.06; 9.34) (n=22) -0.092 0.927
Cz 8.39 (6.33; 11.14) (n=17) 7.43 (5.22; 10.84) (n=21) 0.602 0.547
F3 6.34 (4.52; 8.44) (n=17) 6.09 (4.69; 8.89) (n=22) -0.198 0.843
F4 6.57 (3.87; 8.50) (n=17) 6.90 (4.54; 8.880) (n=22) -0.227 0.821
Fz 8.46 (5.86; 9.87) (n=18) 7.94 (6.18; 10.83) (n=22) -0.237 0.813

Note: The description is made with the indication of the median (Q1; Q3). P, C, F — parietal, central and frontal location of electrodes; (F3, C3, P3) —
quantitative parameters of evoked potentials on the electrodes of the left hemisphere; (F4, C4, P4) — on the right hemisphere; (Fz, Cz, Pz) — on the
central electrodes.



Table 2. Parameters of evoked potentials to standard stimulus in individuals with PTSD versus the values in the control group

Component ‘ Lead ‘ PTSD ‘ Control Z ‘ P
Latent period (ms)
P3 120 (108; 128) (n=17) 116 (110; 122) (n=22) 0.609 0.543
P4 120 (102; 124) (n=16) 114 (102; 120) (n=22) 0.939 0.347
Pz 122 (103; 127) (n=16) 115 (108; 122) (n=22) 0.828 0.408
a 119 (111; 129) (n=17) 116 (112; 124) (n=21) 0.429 0.668
N100 c4 120 (112; 124) (n=16) 116 (110; 120) (n=22) 0.828 0.408
Cz 122 (112; 126) (n=17) 116 (110; 120) (n=21) 1.218 0.223
F3 120 (112; 128) (n=17) 116 (112; 122) (n=22) 0.680 0.497
F4 118 (114; 124) (n=17) 116 (108; 124) (n=22) 0.722 0.470
Fz 122 (114; 126) (n=18) 118 (114; 124) (n=22) 0.665 0.506
P3 188 (182; 206) (n=17) 192 (180; 204) (n=22) -0.949 0.343
P4 186 (172; 192) (n=16) 182 (168; 216) (n=22) -0.381 0.703
Pz 186 (181; 204) (n=16) 192 (180; 222) (n=21) -0.889 0.374
a 185 (178; 194) (n=17) 187 (180; 204) (n=21) -0.695 0.487
P200 c4 187 (171; 199) (n=16) 183 (176; 194) (n=22) -0.191 0.849
Cz 186 (176; 198) (n=17) 184 (176; 194) (n=21) -0.042 0.966
F3 184 (176; 192) (n=17) 182 (174; 204) (n=22) -0.269 0.788
F4 174 (168; 198) (n=17) 174 (170; 192) (n=22) -0.368 0.713
Fz 180 (172; 192) (n=18) 177 (170; 196) (n=22) 0.429 0.668
P3 282 (270; 296) (n=17) 277 (264; 294) (n=22) 0.326 0.745
P4 282 (264; 288) (n=16) 280 (262; 300) (n=22) -0.558 0.577
Pz 284 (267; 298) (n=16) 284 (264; 308) (n=22) -0.177 0.859
a 285 (269; 303) (n=17) 287 (270; 310) (n=21) 0.015 0.988
P300 c4 286 (270; 299) (n=16) 278 (266; 294) (n=22) 0.506 0.613
Cz 290 (274; 304) (n=17) 277 (268; 294) (n=21) 0.552 0.581
F3 298 (280; 326) (n=17) 282 (274; 308) (n=22) 0.763 0.445
F4 292 (268; 310) (n=17) 286 (270; 320) (n=22) -0.227 0.821
Fz 298 (285; 327) (n=18) 288 (272; 314) (n=22) 0.990 0.322
Amplitude (pV)
P3 3.85(2.42; 4.72) (n=17) 4.34(3.10; 5.49) (n=22) -1.147 0.251
P4 3.40 (1.95; 4.71) (n=16) 3.97(3.02; 4.90) (n=22) -1.453 0.146
Pz 3.41(1.73; 6.10) (n=16) 4.40(3.24; 5.30) (n=22) -1.123 0.261
a 4.08 (2.72; 6.37) (n=17) 5.14(4.46; 7.73) (n=21) -1.360 0.174
N100 c4 4.26 (3.08; 6.98) (n=16) 5.49(4.35; 6.82) (n=22) -1.410 0.158
Cz 5.29 (3.36; 7.55) (n=17) 5.51(4.04; 7.44) (n=21) -0.765 0.444
F3 3.65 (2.34; 5.51) (n=17) 5.13(4.10; 7.17) (n=22) -1.855 0.064
F4 3.60 (2.32; 8.35) (n=17) 5.93 (4.11; 7.42) (n=22) -1.301 0.193
Fz 3.85 (2.42; 4.72) (n=18) 4.34(3.10; 5.49) (n=22) -1.147 0.251
P3 1.26 (0.77; 1.99) (n=17) 1.99 (0.93; 3.15) (n=22) -1.473 0.141
P4 1.68 (0.86; 2.28) (n=16) 1.52 (0.62; 2.66) (n=22) -0.061 0.951
Pz 1.55 (0.91; 2.26) (n=16) 2.01 (0.96; 3.06) (n=22) -0.659 0.510
a 1.17 (0.50; 1.94) (n=17) 1.90 (0.49; 3.41) (n=21) -1.138 0.255
P200 c4 1.28 (0.77; 2.05) (n=16) 2.00 (1.10; 2.98) (n=22) -1.544 0.123
Cz 1.65 (1.00; 2.73) (n=17) 2.42 (0.65; 3.86) (n=21) -0.991 0.322
F3 1.30 (0.64; 2.10) (n=17) 1.55 (0.96; 3.31) (n=22) -1.416 0.157
F4 1.21(0.88; 1.91) (n=17) 2.09 (1.34; 2.85) (n=22) -2.068 0.039
Fz 1.27(0.61; 2.34) (n=18) 2.22(0.99; 3.24) (n=22) -1.744 0.081
P3 3.02(1.54; 3.56) (n=17) 2.63 (1.90; 4.34) (n=22) -0.156 0.876
P4 2.72 (1.80; 3.60) (n=16) 2.50 (1.83; 3.25) (n=22) 0.382 0.703
Pz 2.77 (1.95; 4.22) (n=16) 2.69 (1.94; 4.83) (n=22) -0.325 0.745
a 2.67 (1.74; 3.94) (n=17) 2.93 (1.91; 4.43) (n=21) -0.443 0.657
P300 c4 2.38(1.58; 3.90) (n=16) 3.07 (2.00; 3.81) (n=22) -0.353 0.724
Cz 2.27 (1.50; 4.78) (n=17) 3.09 (2.05; 4.04) (n=21) -0.496 0.620
F3 2.04(1.57; 3.25) (n=17) 2.76 (1.87; 4.08) (n=22) -0.705 0.481
F4 1.94 (1.31; 2.76) (n=17) 2.62(1.59; 3.53) (n=22) -0.595 0.552
Fz 2.02 (1.61; 3.56) (n=18) 2.99 (1.76; 4.57) (n=22) -1.404 0.160

Note: The description is made with the indication of the median (Q1; Q3). P, C, F — parietal, central and frontal location of electrodes; (F3, C3, P3) —
quantitative parameters of evoked potentials on the electrodes of the left hemisphere; (F4, C4, P4) — on the right hemisphere; (Fz, Cz, Pz) — on the
central electrodes.



Table 3. Parameters of mismatch negativity in individuals with PTSD versus the values in the control group

Component Lead PTSD Control z P
Latent period (ms)
P3 189 (157; 220) (n=16) 169 (158; 211) (n=20) 0.446 0.656
P4 189 (171; 209) (n=16) 174 (158; 212) (n=21) 0.644 0.520
Pz 187 (165; 215) (n=16) 173 (160; 230) (n=20) 0.350 0.726
a 178 (160; 212) (n=16) 176 (162; 248) (n=19) -0.116 0.908
?eequjgﬂc\gdeo c4 181 (162; 199) (n=16) 168 (150; 178) (n=22) 1.176 0.240
Cz 186 (169; 192) (n=16) 172 (160; 238) (n=20) 0.927 0.354
F3 204 (171; 227) (n=16) 163 (158; 184) (n=20) 1.719 0.086
F4 192 (165; 226) (n=16) 169 (157; 212) (n=22) 0.939 0.348
Fz 176 (155; 229) (n=16) 174 (160; 244) (n=19) -0.497 0.619
P3 188 (174; 236) (n=15) 170 (154; 183) (n=20) 2.136 0.033
P4 184 (174; 240) (n=15) 169 (154; 201) (n=21) 1.718 0.086
Pz 178 (160; 186) (n=15) 174 (158; 186) (n=22) 0.274 0.784
a 178 (158; 220) (n=15) 171 (159; 180) (n=19) 1.212 0.225
?eefjé:cee\'ideo c4 178 (162; 186) (n=16) 164 (154; 181) (n=22) 1.140 0.254
Cz 178 (168; 184) (n=16) 168 (159; 183) (n=21) 1.126 0.260
F3 178 (162; 182) (n=15) 172 (163; 180) (n=22) 0.505 0.613
F4 176 (162; 182) (n=15) 168 (157; 176) (n=22) 0.852 0.394
Fz 176 (164; 182) (n=16) 169 (162; 185) (n=20) 0.548 0.583
Amplitude (pV)
P3 2.64 (1.47; 5.36) (n=16) 2.64 (1.10; 3.54) (n=20) 0.891 0.373
P4 3.32(2.17; 4.63) (n=16) 2.13(1.61; 2.64) (n=21) 1.931 0.053
Pz 3.48(2.17; 5.17) (n=16) 2.61 (0.70; 3.40) (n=20) 1.608 0.108
a 4.30(2.55; 5.72) (n=16) 2.35(0.91; 4.69) (n=19) 1.490 0.136
’S\‘eequlfgﬂc\gdeo c4 3.63 (2.36; 4.83) (n=16) 2.99 (1.60; 4.39) (n=22) 1.043 0.297
Cz 3.75(2.18; 5.15) (n=16) 4,13 (2.25; 5.21) (n=20) 0.099 0.921
F3 4.69 (3.45; 6.50) (n=16) 3.56 (1.23; 5.05) (n=20) 2.006 0.045
F4 3.74(2.38; 6.22) (n=16) 3.40 (1.60; 4.82) (n=22) 1.114 0.265
Fz 5.86 (3.92; 7.99) (n=16) 3.26 (1.31; 5.43) (n=19) 2.980 0.003
P3 1.38 (0.60; 3.15) (n=15) 2.07 (0.58; 3.33) (n=20) -0.202 0.840
P4 2.12(1.10; 3.45) (n=15) 1.97 (0.78; 2.74) (n=21) 0.058 0.954
Pz 2.84(1.72; 4.35) (n=15) 2.21(1.27; 3.20) (n=22) 1.472 0.141
a3 3.05(1.92; 6.10) (n=15) 2.53(1.24; 3.81) (n=19) 1.184 0.237
L\Ieefjgr\:ceewdeo c4 2.85 (0.54; 4.16) (n=16) 1.59 (0.82; 3.21) (n=22) 0.606 0.544
Cz 2.38(1.72; 4.70) (n=16) 2.42(1.13; 4.38) (n=21) 0.419 0.676
F3 4.10 (1.54; 7.02) (n=15) 2.56 (1.85; 4.77) (n=22) 1.328 0.184
F4 2.93 (1.88; 4.80) (n=15) 2.72 (1.49; 4.80) (n=22) 0.318 0.751
Fz 4.57 (1.80; 5.63) (n=16) 3.29 (1.86; 5.02) (n=20) 0.346 0.729

Note: The description is made with the indication of the median (Q1; Q3). P, C, F — parietal, central, and frontal location of the electrodes; (F3, C3, P3) —
quantitative parameters of evoked potentials on the electrodes of the left hemisphere; (F4, C4, P4) — on the right hemisphere; and (Fz, Cz, Pz) — on
the central electrodes. Neutral video sequence — images of nature, negative video sequence — photographs of military operations.



Parameter Lead B Standard error | Wald test P

Latent period N100 P3 0.027 0.036 0.569 0.451
Latent period N100 P4 -0.033 0.073 0.203 0.653
Latent period P200 P3 -0.037 0.025 2.126 0.145
Latent period N100 c3 0.058 0.074 0.625 0.429
Amplitude P200 P4 -0.185 0.318 0.340 0.560
Amplitude P200 Fz 0.492 0.306 2.586 0.108
ézgi”;nﬂeemd MMN, negative video c4 0175 0.140 1.555 0212
Amplitude MMN, neutral video sequence Fz -0.081 0.100 0.663 0.415
Constant -12.348 5.561 4.930 0.026

Predicted conditions were classified using a multifactorial
model on the data of 16 people in the PTSD group and 21
in the control group, for whom the data of all independent
predictors included in the model were known (data for
some parameters were missing for 2 people in the PTSD
group and 1 in the control group due to the removal of
artifact channels). The classification accuracy was 86% (32
conditions out of 37 observations were correctly classified).
The classification results are shown in Table 5.

The high percentage of correct matches proves that the
chosen study design allows one to identify the information
processing characteristics in individuals with PTSD. This
experimental design with the specified predictors can be
used as the basis for a diagnostic model.

Predicted condition

Observed Correct

condition Control PTSD classification, %

Control, abs. 19 2 91

PTSD, abs. 3 13 81
DISCUSSION

The study that included different paradigms for recording
auditory-evoked potentials revealed the characteristics
of individuals with PTSD in the active paradigm: the most
pronounced changes were found in the parameters of the
N100 component; i.e., in PTSD patients, the amplitude was
reduced and the latent period for the deviant stimulus was

shortened versus the standard one. The P200 component
in PTSD patients is characterized by an increased amplitude
and latency period for a deviant stimulus, and a reduced
amplitude for the standard stimulus. There were no
significant differences in the parameters of the P300
component. In the passive paradigm, it was found that in
the PTSD group, the latent period of MMN when presented
with a negative video sequence, and the amplitude when
presented with a neutral video sequence, was higher than
in the control group

A key limitation of the study is its small sample size.
In this regard, it can be noted that the lack of statistically
significant differences between the compared groups in
certain parameters, particularly the P300 component,
is indicative of a low information content. In addition,
it is known that in small samples random factors have
a greater influence on the identification of differences/
associations than in studies with larger sample sizes.
The use of mentally healthy individuals as controls is also
an important limitation of the study, but this type of study
constitutes a significant portion of the research on combat-
related PTSD [1, 9, 35].

Another important limitation of the present study is the
lack of comparison groups (persons with depression,
generalized anxiety disorder), which could help assess
the sensitivity of the proposed experimental design.
Moreover, it seems relevant to test the diagnostic model
on individuals who participated in combat but do not
exhibit clinical symptoms of PTSD.

Validation of the model in such groups is a prerequisite
for its clinical application.



The use of ANOVA for EEG data analysis assumes a normal
distribution of the parameters, given the nature of the
signal. However, applying parametric statistical methods
to data with a skewed distribution is a limitation, as the
discriminant function in this case reflects the properties of
a specific sample rather than the general population [36].

Differences have been identified that indicate impairment
of the early components of auditory-evoked potentials in
individuals with PTSD. The extended latency of the N100
componentin response to a deviant stimulus is linked to the
severity of the cognitive impairment in PTSD patients [37; 38;
39], the risk of psychotic symptoms [35], and the number of
subconcussive impacts on the brain [40], potentially resulting
from combat participation. The increased amplitude of the
P200 component observed in PTSD patients is similar to
that seen in attention deficit hyperactivity disorder and
reflects insufficient inhibitory mechanisms [41], and the
extended latent period of P200 suggests impaired stimulus
recognition [42]. However, no differences were found in
the P300 component parameters, which relate to attention
efficiency, psychomotor functions, and the ability to plan
and control goal-directed behavior [24]. The absence of
differences in the P300 component may be associated with
disease progression: PTSD symptoms may worsen after the
end of combat participation, with reduced amplitude and
increased latency correlating with symptom deterioration,
and vice versa [22]. The study group had an average of 50
days from the end of combat participation, and changes
in the later stages of evoked potentials may occur over
a longer period. When developing a diagnostic model
based on these parameters, it is necessary to consider
the length of time after the trauma.

The limited number of significant differences in the
parameters when presenting trauma-related videos
is noteworthy. A recent meta-analysis comparing studies
using affective and neutral paradigms showed that
individuals with PTSD allocate more resources when
faced with threatening stimuli (evidenced by an increased
amplitude of early components), but they exhibit
impairments in working memory updating (shown by
extended latency and a decreased P300 amplitude) when
exposed to non-affective information. However, this review
included various types of PTSD while the affective stimuli
in most studies were images (such as facial emotions)
not specifically associated with trauma [35]. This limited

number of differences may necessitate adjustments in
the study design.

The differences in the components of auditory-evoked
potentials identified in the pilot study when used as
predictors in the classification model show high accuracy
(87%: sensitivity — 81%, specificity — 91%). The use of the
parameters obtained in three different stimulus presentation
paradigms (active, passive with the presentation of video
sequences: with content related to the traumatic event and
not related) allows one to expand the diagnostic capabilities
of the auditory-evoked potential method.

The evoked-potential performance is highly influenced by
the amplifier characteristics, software, and examination
settings. To use EP parameters as biomarkers, itis necessary
to recruit a control group using the same amplifier, the
same conditions, and identical settings and stimulus
characteristics.

This pilot study identified potential targets for the
diagnostic model, but it does not have sufficient bandwidth
to be used as an off-the-shelf diagnostic tool due to these
limitations.

CONCLUSION

Potential neurophysiological markers of combat-related
PTSD within up to 120 days after the end of combat
participation are the amplitude and latency of the early
components of auditory-evoked potentials (N100 and
P200) and the amplitude of the MMN phenomenon.
A diagnostic model using a set of parameters in various
stimulus presentation paradigms can be instrumental in
diagnosing PTSD.
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ABSTRACT

Inflammatory hematological ratios (IHRs), such as neutrophil to lymphocyte, monocyte to lymphocyte,
and platelet to lymphocyte ratios, are associated with mental disorders, symptoms severity, and the disease phase.
Evidence from the studies in adult patients has been summarized in systematic reviews and meta-analyses. The results
of the studies in adolescents remain poorly systematized.

To summarize the findings from the studies that investigated the relationship of IHRs with mental disorders in
adolescent patients.

This scoping review included studies of IHRs in patients aged 10-19 years with mental disorders (other
than anorexia nervosa), published in English by December 31, 2023. The search for relevant papers was performed
in MEDLINE. The studies were categorized into two groups: studies with external controls (healthy adolescents) and
studies with internal controls (patients in different phases of mental disorder, with or without self-harm/suicidal
behaviors).

A total of 11 studies were included in the review (all cross-sectional ones). The results of these studies
demonstrate that 1) adolescents with mental disorders (major depressive disorder, psychotic disorders, obsessive-
compulsive disorder, attention deficit hyperactivity disorder, substance use disorders) have higher IHR values than
individuals of the same age without corresponding disorders (5 studies); 2) IHR values are positively correlated with
the severity of psychopathological symptoms (1 study); 3) higher IHR values are associated with the phase of the
mental disorder — manic episode in bipolar disorder (1 study) and exacerbation of psychosis in psychotic disorders
(1 study); and 4) higher IHR values are associated with self-harm/suicidal behaviors — suicide attempts (1 study) and
non-suicidal self-injury (1 study).

IHRs are associated with mental disorders in adolescents, and higher IHR values are associated with
a more severe/acute clinical presentation (severity of symptoms, mania, acute psychosis, self-harm/suicidal behaviors).
Further studies of higher methodological quality are needed to evaluate the diagnostic and prognostic value of IHRs
as biomarkers of mental disorders in adolescence.


https://doi.org/10.17816/CP15514

AHHOTALMA

FemaTonornyeckme koadduumeHTsl BocnaneHus (FKB), Takne kak HeMTPodUAbHO-TMMbOLMTaAPHOE,
MOHOLMTapHO-IMMoLMTapHOe, TPOMBOLUTapHO-TMMOLMTapHOE OTHOLLEHME, acCoLMNPOBaHbI C MCUXMYECKUMN
paccTponcTBaMm, NX TAXECTbI, pa3ol 3aboneBaHus. [aHHble, MOAyYeHHbIe Y B3POC/bIX MauneHToB, 0600LLeHbI
B C1CTEMAaTUYeCcKMX 0630pax 1 MeTaaHann3ax. PesynbTaTbl MOZOOHbBIX NCCNeA0BaHNIA Y MOAPOCTKOB He CUCTEMATN3MPOBaHbI.

0606WKNTb pe3ynbTaThl UCCAE[0BAHUNA, B KOTOPbIX M3yYanu cBsA3b [KB € NCUxmM4vecknmMm paccTporicTeamum
y NaLMeHToB MOAPOCTKOBOrO BO3PacTa.

B 0630p npeameTHOro nons Bkatovanu nccnegosaHms NKBy naupmenTos B Bo3pacte 10-19 feT ¢ nCMXnYecknmm
paccTpoiicTBaMum (KpOMe HepBHO aHOPEeKCMI), pe3y/bTaTbl KOTOPbIX ONY6ANKOBaHbI Ha aHTIMACKOM si3blke A0 31
fAekabps 2023 roga. MNowvck NoTeHUManbHO pefieBaHTHbIX paboT NpoBoamaun B 6a3e gaHHbIXx MEDLINE. OTobpaHHble
paboTbl aHaN3MpPOBaNKn, Pa3aenrB UxX Ha 2 rpynnbl: UCCNeA0BaHMA C BHELLHVM KOHTPOJeM (340p0Bble MOAPOCTKM)
N NCCNef0BaHNSA C BHYTPEHHVM KOHTPOeM (MauneHThl ¢ pa3Hol ¢asoli NCMXMYeCcKoro paccTporicTBa, Hannvmem/
OTCYTCTBMEM ayTOarpeccMBHOro NoBeAeHs).

B 0630p BKAOYeHbI pe3ynbTaThl 11 KPOCC-CEKLMOHHbBIX UCCIef0BaHNM. AHaNN3 X pe3ynbTaToB
nokasan: 1) y NoApoCTKOB C MCUXNYECKMMI PacCTPOMCTBaMM (Aenpeccusi, NCUXoTnyecke paccTpomcTea, 06ceccBHO-
KOMMYNbCMBHOE PacCTPONCTBO, CUHAPOM AeduumTa BHUMAHUSA 1N TMNepakTUBHOCTW, pacCTPONCTBA, CBA3aHHbIe
C ynoTpebaeHneM NCMX0aKTUBHbIX BeLLecTB) 3HaueHns KB Bbille, YeM y MX CBEPCTHUKOB 6e3 COOTBETCTBYHOLLNX
paccTponcTs (5 nccnegoBaHmin; 2) s3HadeHns KB nonoxumtensHO KOPPenmpyoT C BblPaXXeHHOCTBIO MCUXOMNAaToNOMMYeCcKmnX
cnMnToMOB (1 nccnegoBaHme); 3) Bbicokme 3HaveHns KB cBA3aHbl C $a3oil MCUXMYECKOro paccTponCcTBa — MaHuen
npu 6unonsipHom adpdekTMBHOM paccTpolicTee (1 nccnegoBaHme) M 060CTPEHMEM NCUX03a NPU NCUXOTUYECKNX
pacctpoiicteax (1 nccnegoBaHue); 4) Bblcokme 3HaueHms KB cBsi3aHbl C ayToarpeccBHbIM NoBeAeHNeM — CyULUAHbIMU
nonsiTkaMu (1 nccnegoBaHme) U HecynuuanbHbIMU camonoBpexaeHuamMin (1 nccnejoBsaHume).

KB cBA3aHbI C NCUXMNYECKMMU PacCTPOCTBaMM Y MOAPOCTKOB, UX TAXECTHH/0CTPOTOM (BbIPaXeHHOCTbIO
cmMmnToMoB, ¢a3oin 3aboneBaHns, HannYMem aytoarpeccum). Ana oLueHKN ANarHoCTUYECKOM U MPOrHOCTUYECKOWA
ueHHocTn FKB B kavecTBe 6MOMapKepoB NCUXNYECKMX PACCTPONCTB B MOAPOCTKOBOM BO3pacTe HEO6XOANMBI
JaNbHelLe nccnejoBaHNs bosiee BbICOKOTO METOA0/IOMMYECKOro KayecTsa.

INTRODUCTION

Low-grade systemic inflammation is a persistent condition
characterized by subclinical activation of systemic
immunoinflammatory processes [1, 2]. It is known that
systemic inflammation is involved in the pathophysiology
of cardiovascular [3], endocrine [4], dermatological [5],
oncological [6], and neurological diseases [7]. There is also
evidence of activation of immune and inflammatory
mechanisms in mental disorders such as depression [8-10],
schizophrenia [8, 11, 12], and anxiety disorders [13]. Genetic
predisposition, early life adversity, acute or chronic stress,
unhealthy diet, and changes in the microbiome all contribute

to this activation [1, 9, 14]. Systemic inflammation might
influence the course of mental disorders, their clinical
features, and severity of psychopathological symptoms
[15-17]. An association between systemic inflammation
and treatment therapeutic resistance has been established
[18, 19]. In addition, systemic inflammation may be one of
the common pathogenetic links between mental disorders
and the metabolic syndrome, contributing to their frequent
comorbidity [20, 21].

Peripheral blood levels of pro- and anti-inflammatory
cytokines are usually considered as biomarkers of systemic
inflammation in various mental disorders [22, 23].



Inflammatory hematological ratios (IHRs), such as the
neutrophil to lymphocyte ratio (NLR), monocyte to
lymphocyte ratio (MLR), platelet to lymphocyte ratio (PLR)
can serve as inexpensive and readily available biomarkers
[24, 25]. The above listed ratios, which characterize both
innate and acquired immunity [26], have been studied as
risk factors and/or predictors of the severity of COVID-19
[27], oncological [28], endocrine [29], and cardiovascular
disorders [30, 31].

The rationale for studying IHRs in the context of mental
disorders stems from the involvement of certain immune
cells in the pathological processes associated with
inflammation. One of the reasons for a decrease in the
number of lymphocytes relative to other cells, in particular
neutrophils, may be an increase in catecholamines, as
well as in the blood prolactin and cortisol levels, which
is observed, for example, under stress. There is evidence
that monocytes can enter the central nervous system (CNS)
and increase neuroinflammation, which, combined with
a potential decrease in the lymphocyte count, justifies
interest in the ratio of these cells. Platelets contain pro-
inflammatory factors (metalloproteinases, chemokines,
cytokines, etc.) and can be involved in an increase in the
permeability of the blood-brain barrier and the regulation of
inflammation in the CNS, which suggests that it is important
to study their number relative to other cells; in particular,
lymphocytes [32]. Elevated IHRs have been observed in
patients with schizophrenia [33-35] and affective disorders
[36, 37]. Research into the relationship between IHRs and
schizophrenia is summarized in the scoping review that
includes the results of 13 studies, predominantly in adult
patients [38]. Given that many chronic and recurring mental
disorders manifest themselves in adolescence [39, 40],
systematizing IHRs studies in this age group is important.
Moreover, many mental disorders in adolescence are
“transdiagnostic” [41], posing challenges for their diagnosis
and prognosis [42-44].

The aim of this scoping review was to summarize the
findings from the studies that investigated the relationship
of IHRs with mental disorders in adolescent patients.
The following study questions were addressed in this
review: 1) In what mental disorders in adolescents is there
a difference in IHRs compared with healthy individuals of
the same age? Have IHRs been examined as diagnostic
biomarkers of mental disorders in adolescence (with

cut-off values, sensitivity, and specificity calculations)?
2) Isthere an association between IHRs and clinical features
reflecting more severe/acute manifestations of mental
disorders (severity of symptoms, acute phase of the
disorder, presence of self-harm/suicidal behaviors), as
well as the treatment response and the components of
the metabolic syndrome? Have IHRs been examined as
prognostic biomarkers for these variables (with cut-off
values, sensitivity, and specificity calculations)?

METHODS

The aim of this scoping review, eligibility criteria, and
methods for this review were defined in a protocol which
is available upon request addressed to the corresponding
author. The protocol was not registered in a public database.
No changes were made to the protocol during the study
(search, data extraction, and analysis). No deviations from
the protocol were identified.

Eligibility criteria
The review included original studies that:
1. Were conducted in adolescents (aged 10 to 19 years
inclusive) with mental disorders;
2. Assessed ihrs as a studied parameter (study factor);
3. Were published in english; and
Were published before December 31, 2023.

The following studies were not included:

1. Those with mixed-age samples (younger children and
adolescents, adolescents and adults); and

2. Those that assessed IHRs in anorexia nervosa (criterion
is justified by the likely influence of undernutrition on
the activity of immune inflammation [45]).

The search for information sources was carried out in
the electronic database MEDLINE (access via PubMed").
The final search was conducted on January 16, 2024.

To identify potentially relevant sources, a search query was
used, which was generated through the following steps:
1. Identifying 3 primary concepts consistent with the

aim of the review: IHRs, adolescence, mental disorders;


https://pubmed.ncbi.nlm.nih.gov

2. Expanding these concepts with relevant synonyms;
Combining keywords using boolean operators;

W

4. Finalizing the search query based on the result of a
discussion and consensus amongst all authors after
a pilot search in the MEDLINE electronic database:
(blood count parameters) OR (inflammatory ratios)
OR (lymphocyte monocyte ratio) OR (platelet
lymphocyte ratio) OR (systemic immune inflammation
index) OR (monocyte-to-high-density lipoprotein
ratio) AND (adolescents) AND (mental disorders)
OR (depression) OR (suicide) OR (schizophrenia) OR
(bipolar disorder).

The search was conducted by one of the authors (OL).

The selection of publications from the identified sources

was carried out in 3 stages:

1. Screening by titles and abstracts to exclude obviously
irrelevant sources of information (e.g. In vitro studies,
studies on laboratory animals, studies that included
only adults);

2. Full texts retrieval; and

3. Analysis of the retrieved full-text sources using the
eligibility criteria indicated above.

If the inclusion criteria were met and no exclusion criteria

were met, studies were selected for inclusion in the

review regardless of their design. Sources were selected
independently by two authors (MP and OL). Discrepancies
identified during comparison were corrected through
discussion and consensus-building amongst all authors.

Data were extracted from the selected publications according
to a pre-designed data collection form. Data were charted
by one of the authors (OL) and subsequently cross-checked
by another author (MP). Inconsistencies were discussed by
all authors. All identified discrepancies were of a technical
nature. There were no major discrepancies.

The following data were extracted: authors, country, year
of publication, study design, diagnoses and diagnostic
criteria, age, sample size, sex distribution of participants,
presence/absence of treatment, study setting (inpatient or
outpatient), IHR values (any parameters were extracted -
all ratios calculated by the authors of the original papers
based on hematology data), and the statistical significance

of the differences compared with the control group. If
there were healthy controls in the study, data from both
the patients and the healthy participants were extracted.

Additionally, we extracted the findings regarding
relationship between IHRs and the severity of symptoms,
the disease phase, the presence of self-harm/suicidal
behaviors, the treatment response, the components of the
metabolic syndrome (body mass index, waist circumference,
blood pressure, plasma glucose and glycated hemoglobin
levels, lipid profile), as well as the results of the Receiver
Operator Characteristic (ROC) curve analysis with IHRs
cut-off values, sensitivity, and specificity (if the source
contained these data).

Not performed.

All relevant publications were analyzed after being assigned
to one of the two groups. The first group included studies
that compared IHR values between adolescents with
a mental disorder and healthy individuals of the same
age (healthy controls). The second group included studies
that examined the relationship between IHRs and clinical
variables (such as the phase of the disease, the presence
of self-harm/suicidal behaviors). Data extracted from
publications within each group were tabulated. Statistical
methods were not used to analyze the data.

RESULTS

The search query identified 490 publications. After reviewing
the titles of the articles and their abstracts, 465 publications
were excluded as not relevant to the scope of the review
(the reasons for the exclusion of each source were not
recorded at this stage). Of the remaining publications, 1
was excluded from the review due to the unavailability of
the full text. After reviewing the full texts of 24 articles, we
included 11 publications in the review [46-56]. The main
reason for exclusion from analysis was that the studies
were ineligible due to the age of the participants (Figure 1).

The articles selected for the review were published between
2018 and 2023. All the publications included original
studies. Geographically, 6 studies were conducted in Turkey
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Figure 1. PRISMA flow diagram [57] of the literature search and the selection process.

Note: *All records were identified from MEDLINE database search (accessed via PubMed). **Automation tools were not used in this study.

Records were excluded by a human.

[47-52], 2 in China [53, 54], 2 in Israel [55, 56], and 1 in
Slovakia [46]. Six studies examined data from adolescents
with affective disorders: 2 studies included patients with
bipolar disorder (BD) [50, 52], 2 studies included patients
with major depressive disorder (MDD) [51, 53], 1 study
included patients with affective episodes of BD/MDD
[55], and 1 study included patients with various types of
affective disorders [54]. One study included adolescents
with psychotic disorders [56]; 1 — obsessive-compulsive
disorder (OCD) [49]; 1 — attention-deficit hyperactivity
disorder (ADHD) [47]; and 1 — substance use disorders (SUD)
[48]. Another study examined 2 groups of adolescents with
autism spectrum disorders (ASD) and with ADHD [46]. All

included studies were cross-sectional. The characteristics
of the studies included in the review, as well as their main
results, are presented in Tables 1 and 2. The description
of the study designs in the Tables is indicated as per
original sources.

Results of individual sources of evidence
Comparison of adolescents with mental disorders with
healthy controls

IHR values in adolescents with mental disorders and
healthy adolescents were compared in 7 [46-52] out of
the 11 studies (see Table 1). In these studies, higher NLR
and PLR values were found in adolescents with ADHD [47],
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substance use disorders [48], MDD [51], and OCD [49].
In the latter study, the NLR values were many times
higher (approximately 100 times) than in other studies,
which may be the result of a technical error on the part
of the authors of the original article (for more details, see
below, section “Limitations”). No statistically significant
differences in IHRs between patients and healthy individuals
were found in the studies of adolescents with BD [50,
52], as well as in the study that included 2 samples —
adolescents with ASD and ADHD [46].

Diagnostic value of IHRs

None of the 7 studies listed above assessed the diagnostic
value of IHRs (cut-off values, sensitivity, and specificity
were not reported).

Association between IHRs and the severity of symptoms
of mental disorders

The association between IHRs and the severity of
psychopathological symptoms was examined in 2 studies
[47,51]. In adolescents with ADHD, no association was found
between IHRs and the symptoms severity [47]. In adolescents
with MDD, NLR values were positively correlated with
the Beck’s Depression Inventory score and the disease
duration [51]. It is worth noting that in adolescents with
BD, neither NLR nor PLR were correlated with the duration
of the disorder or age of its onset [52]. Adolescents with
OCD and comorbid anxiety disorders (which indirectly
suggests a greater severity of the disorder) had higher
NLR compared with OCD without comorbidity [49].

Association between IHRs and other clinical features

of mental disorders

Four studies [53-56] investigated the association between
IHRs and certain clinical features of a mental disorder (see
Table 2). One study demonstrated a statistically significant
increase in the systemic immune-inflammation index (SlI,
the product of platelet and neutrophil counts divided by
the lymphocyte count) in adolescents with MDD who had
attempted suicide compared with patients with MDD without
a history of suicide attempts [53]. Another study found
a significant increase in MLR and PLR in adolescents with
non-suicidal self-injuries in affective disorders compared
with similar patients without self-injuries [54]. In the third
study, higher NLR values were observed in adolescents in
a manic episode of BD than in a depressive episode [55].
Additionally, a significant decrease in NLR in remission

was observed compared with a manic episode (mean
interval between blood tests was 264 days) [55]. Finally,
the fourth study demonstrated that the mean value
of NLR in adolescents with psychotic disorders (mainly
schizophrenia spectrum) was higher than in non-psychotic
patients (with conduct disorders, adjustment disorder,
ADHD) [56]. The same study showed a decrease in NLR
after patients had achieved clinical remission compared
with an acute psychotic state (mean interval between
blood tests was 157 days) [56].

Prognostic value of IHRs

Although a ROC analysis was conducted in two studies that
included adolescents with self-harm/suicidal behaviors
to determine the IHR cut-off values, their sensitivity and
specificity [53, 54], the results did not allow us to assess
the prognostic value of IHRs. In the study that included
adolescents with MDD — with or without a history of
suicide attempts [53] — the area under the curve for the SlI
index was 0.661 (95% confidence interval, Cl, 0.550-0.772;
p=0.002), the optimal cut-off value for the Sl index (based
on the maximum value of Youden's index) was 548.15,
with a sensitivity of 63% and specificity of 83%. Based on
this cut-off value, patients were divided into high and low
SIl groups and a binary logistic regression analysis was
performed. After adjusting for sex, age, body mass index,
illness duration, and Hamilton Depression Rating Scale score,
the odds of a suicide attempt within the last 7 days in the
group of adolescents with high Sl index were almost 14
times higher compared with the group of patients with Sl
index below the cut-off (odds ratio, OR=13.92; 95% Cl 5.60-
34.69; p <0.001). At the same time, a high Sl index was not
associated with a suicide attempt more than 7 days prior
(OR=0.55; 95% Cl 0.06-4.84; p=0.587) [53]. For non-suicidal
self-injury in patients with affective disorders [54], the area
under the curve was 0.638 (95% Cl 0.561-0.715; p <0.001)
for MLR and 0.611 (95% Cl 0.533-0.689; p <0.001) for PLR.
The cut-off values calculated by the authors of the original
study were 0.135 for MLR (sensitivity 91%, specificity 34%)
and 127.5 for PLR (sensitivity 40%, specificity 81%) [54].
It should be emphasized that although the authors of these
studies indicate the association between increased “risk”
of self-harm/suicidal behaviors and higher IHR values,
this conclusion is based on data from retrospective cross-
sectional studies, which completely excludes the possibility
of assessing the prognostic value of IHRs (for more details,
see below, section “Limitations”).



Association between IHRs and metabolic

disturbances

The relationship between IHRs and the metabolic syndrome
was not examined in the studies included in this review.
In one study, which included adolescents with BD, no
correlations between NLR or PLR and body mass index
were found [52].

Association between IHRs and the treatment

response

None of the studies included in this review examined the
association between IHRs and the treatment response
in mental disorders. One study revealed no differences
in NLR or PLR in adolescents with ADHD who did and did
not receive pharmacological treatment for their disorder,
as well as no correlation of either NLR or PLR with the
duration of atomoxetine and/or methylphenidate use [47].

DISCUSSION

Our search strategy did not identify any narrative reviews,
scoping reviews, systematic reviews, or meta-analyses that
systematized studies on the relationship between IHRs and
mental disorders in adolescents. Having summarized the
findings from 11 original studies selected for this scoping
review, we can state the following. First, adolescents
with mental disorders (depression, psychotic disorders,
OCD, ADHD, substance use disorders) have higher IHRs
compared with adolescents without these disorders.
Second, IHRs are higher in adolescents with more severe/
acute manifestations of the mental disorder (severity of
symptoms, mania, exacerbation of psychosis, self-harm/
suicidal behaviors). Third, the study results do not allow
for the assessment of the diagnostic or prognostic value
of IHRs in adolescents with mental disorders.

The studies included in our review demonstrated
heterogeneity (demographic and clinical characteristics of
participants, different diagnoses, study settings, presence/
absence of treatment, sample sizes). Although we did not
assess the quality of the selected studies, several evident
shortcomings are notable. In particular, most of the studies
lack information on the procedures of blood collection and
hematological analysis. In one study [49], the NLR values in
both the patient and control groups were approximately
100 times higher than in other studies. The authors of the

original article do not explain this in any way. Additionally,
the existing discrepancy between the mean NLR value and
its standard deviation in the control group (a difference of
approximately two decimal orders, see Table 1) indicates
a possible technical error (typo). However, such errors,
combined with the above-mentioned heterogeneity of
the studies, limit the comparability and generalizability
of the results.

All the studies included in the review, according to their
authors, were cross-sectional, which makes it impossible
to establish causal relationships. Only 2 of these studies
included a longitudinal (retrospective) part [55, 56], allowing
to track the changes in the variables under study across
time in some patients. About half of the studies were
retrospective, raising concerns about the quality of the data
that the study authors extracted from medical records not
initially intended for study purposes. Both of the studies
that performed an ROC analysis to calculate IHR cut-
off values, sensitivity, and specificity were retrospective
cross-sectional [53, 54]. Although the authors of these
studies related high IHR values to the “risks” of self-harm/
suicidal behaviors (suicide attempts and non-suicidal self-
injury), those “risks” corresponds solely to past behaviors,
precluding an assessment of the prognostic value of the
suggested statistical models.

This review did not consider any other markers of
inflammation, which prevents one from drawing conclusions
about whether IHRs are independent indicators of systemic
inflammation or are related to other immune inflammatory
changes associated with mental disorders. This limitation
precludes the possibility of assessing the influence of age on
the associations of IHRs with other immune inflammatory
markers.

Finally, some relevant studies may have been missed
for the following reasons. First, the search for sources
was limited to one database. Second, the search query
used may not have been sensitive enough. Third, auxiliary
search methods were not used, in particular, in searching
through reference lists in the relevant sources and other
work published on the topic that used a systematic
literature search methodology. For example, a published
retrospective study of IHRs in 32 adolescents with early-
onset schizophrenia was identified after the completion of
the selection of information sources [58]. The reason for
the omission was that the publication was not indexed in
the MEDLINE database in which the search was conducted.
The omitted study showed higher NLR in adolescents with



schizophrenia compared with healthy controls of the same
age, which is consistent with the results of the study included
in our review demonstrating elevated NLR in adolescents
with psychotic disorders (including schizophrenia) compared
with non-psychotic adolescents [56].

Association between IHRs and mental disorders

Several systematic reviews and meta-analyses have been
published summarizing data on IHRs in mental disorders
across various age groups, including children [25, 59],
adults [33, 36, 37, 60, 61], and mixed-age samples [38].
The maijority of these studies focus on affective disorders
in adult patients.

A meta-analysis of the results of 7 studies on IHRs
in BD in adults (1,334 participants) demonstrated that
patients had higher NLR and PLR than healthy individuals:
standardized mean difference, SMD=0.672; 95% Cl| 0.516-
0.828; p <0.001 and SMD=0.425; 95% Cl 0.004-0.846; and
p=0.048, respectively [36], reflecting a moderate effect size.
The results of 2 studies of BD in adolescents included in
our review did not show differences in IHRs compared with
the healthy controls [50, 52]. However, both adolescent
studies included patients in remission, and, given this, their
results are entirely consistent with the adult studies on
BD which also included patients in remission and similarly
revealed no differences from healthy controls [36].

A meta-analysis of the results of 4 studies on IHRs in
MDD (553 participants) demonstrated higher NLR in adult
patients compared with healthy controls (SMD=0.670;
95% C10.072-1.268; p=0.028) [36]. A meta-analysis of the
results of studies examining any relationship between
IHRs and depression (2,580 adult patients with depression
and 2,664 healthy participants) allowed us to draw similar
conclusions: higher NLR in depressive patients than in
healthy controls (SMD=0.33; 95% Cl 0.15-0.45; p <0.001) and
no differences in PLR or MLR [60]. Another meta-analysis
(18 studies, 2,264 adults with depression and 2,415 healthy
participants) confirmed the increase in NLR (SMD=0.33;
95% Cl 0.15-0.52; p <0.001) and PLR (SMD=0.24; 95% ClI
0.02-0.46; p <0.05) in depression compared with healthy
individuals [37]. All these results are consistent with the
results of the study included in our review [51], which found
higher NLR and PLR in adolescents with MDD compared
with healthy individuals of the same age.

A meta-analysis of studies on IHRs in psychotic disorders
in adults (8 studies, 3 of which included patients with the
first psychosis episode and 5 with schizophrenia; a total of
683 patients and 551 healthy participants) demonstrated
that patients with non-affective psychosis had higher NLR
and MLR than healthy controls (SMD=0.715; 95% Cl 0.525-
0.905; p <0.001 and SMD=0.417; 95% Cl 0.147-0.686;
p=0.002, respectively) [33]. A study in adolescents with acute
psychotic disorders included in our review also found an
increase in NLR compared with healthy adolescents (MLR
was not assessed in that study) [56]. The increase in NLR in
adolescents with psychotic disorders compared with non-
psychotic adolescents is also confirmed by a meta-analysis
of the results of 3 studies in this age group including 557
participants [25].

A meta-analysis of the results of 8 studies on IHRs in
younger children with ADHD (mean age of participants
of these studies varied from 8.3+£1.7 to 10.33+3.15 years)
demonstrated that they had higher NLR and PLR than
healthy children (939 patients and 652 healthy children;
SMD=0.49; 95% CI 0.15-0.82; p=0.004 and SMD=0.31;
95% Cl 0.03-0.59, respectively), while no difference in
MLR was observed [59]. The results of the studies in
adolescents included in our review were inconsistent: one
study demonstrated increased NLR and PLR in adolescents
aged 12-17 years with ADHD [47], while another found no
differences compared with healthy controls [46].

As for other mental disorders (which have been studied
in adolescents), elevated IHRs compared with healthy
controls were demonstrated in adult patients with OCD
[62, 63] and SUD [64, 65], and in children with ASD [66-
68]. It should be noted that the number of such studies
is limited and their results are somewhat contradictory,
which makes comparisons extremely difficult, especially
regarding the age-specificity.

Overall, a comparison of studies on IHRs in mental
disorders between adolescents and adults indicates that
the most reproducible abnormalities compared with
healthy individuals in both age groups are NLR and (to
alesser extent) PLR increase in affective disorders [36, 37,
51, 60], as well as NLR increase in schizophrenia spectrum
disorders (first psychotic episode and schizophrenia) [25,
33, 56]. Comparison of studies of IHRs in ADHD between
adolescents [46, 47] and younger children [59] demonstrates
an increase in NLR compared with healthy controls (although
not in all studies) in both age groups. Thus, for those
indications which were studied across various age groups



(younger children, adolescents, adults), we did not find
any age-related differences in the association between
IHRs and mental disorder.

Association between IHRs and the clinical features

of mental disorders

Relationships between IHRs and the severity of
psychopathological symptoms have been investigated in
a few studies. One of the studies included in our review
demonstrated a correlation between NLR and the severity
of depressive symptoms in adolescents with MDD [51].
In adults, the severity of depression correlated for stronger
with PLR than NLR [69, 70], which may indicate age-related
differences in the relationship between IHRs and the
severity of depressive symptoms. A correlation between
NLR and symptom severity has been observed in adult
patients with schizophrenia [71]. In ADHD, no correlations
between IHRs and symptom severity have been found in
either adolescents [47] or younger children [72]. Given
the limited number of studies, it is difficult to determine
the age-specific differences in the relationship between
IHRs and the severity of psychopathological symptoms.
Therefore, further studies are needed to confirm the
reproducibility of the relevant findings.

In the studies investigating the relationship between IHRs
and the illness phase, higher NLR values were observed in
adolescents in a manic episode of BD than in a depressive
episode or remission [55], as well as in adolescents with
an acute psychosis compared with remission [56], which
is fully consistent with the results of the studies in adults
with BD [36, 73, 74] and psychotic disorders, including
schizophrenia [33, 75]. These data confirm that higher
IHR values are associated with more acute manifestations
(mania, exacerbation of psychosis). However, no conclusions
about the age-specificity in the relationship between IHRs
and the disease phase can be drawn.

One of the important “indicators” of the acuity/severity
in psychiatry is self-harm/suicidal behaviors. A study
included in our review demonstrated an increase in the
Sllindex in adolescents with MDD who attempted suicide
compared with adolescents with MDD without suicide
attempts [53]. Another study (193 adolescents aged
11-18 years with a history of suicide attempts and 109
non-suicidal participants of the same age), excluded
from our review due to the lack of information regarding
psychiatric diagnoses of study participants, demonstrated
the association between suicidality and higher NLR, MLR,

and PLR values [76]. In a sample of young adults (137
patients with MDD aged 18 to 24 years and 56 healthy
controls of the same age), suicidality was associated with
higher MLR values [77]. In adults, a systematic review of
11 studies (819 patients with MDD and suicidal behavior,
494 patients with MDD without suicidal behavior, and 388
healthy participants) revealed that suicidal behavior was
associated with increased NLR, but not MLR or PLR [61].
This finding was supported by the results of the study of
adult patients with depression who had survived a suicide
attempt, and in whom NLR was also higher compared with
controls [78]. The association between suicidal behavior
in adults and high NLR values has been demonstrated not
only in depression, but also in BD [26]. All these findings
suggest age-related differences in the associations between
IHRs and suicidal behavior in adolescents (increased NLR,
MLR, and PLR [76]), young adults (only MLR increased
[77]), and adult patients (only NLR increased [26, 61, 78]).
It is noteworthy that non-suicidal self-injury in adolescents
was associated with elevated MLR and PLR, but not NLR
[54]. The differences between age groups in the correlation
between certain IHRs with self-harm/suicidal behaviors
may reflect age-related differences (to date unproven)in
the biological mechanisms of such behaviors.

In our opinion, the associations between IHRs and certain
clinical features of mental disorders (severity of symptoms,
phase of the disease, presence of self-harm/suicidal
behaviors) might hypothetically indicate a higher degree
of activation of systemic inflammation in more severe/
acute cases. One can assume that patients with higher IHR
values (i.e. with more pronounced systemic inflammation)
may represent a specific subtype of psychiatric disorders,
likely differing in course and prognosis [16, 17]. However,
the studies included in our review do not allow one to
speculate on a causal relationship between IHRs and the
severity of mental disorders. Elevated IHRs in various
mental disorders may indicate common etiopathogenetic
pathways, specifically common predisposing genetic
factors [79-81]. Conversely, an increase in IHRs may
be a consequence of a mental disorder, reflecting
concomitant nonspecific physiological stress [17, 82].
It is quite likely that there is a bidirectional relationship
between systemic inflammation and mental disorders,
with each exerting a negative influence on the other [83].
Additionally, high intra- and inter-individual variability of
inflammatory biomarkers is obvious, depending on a large
number of factors (hereditary and environmental), which



largely accounts for the low reproducibility and frequent
inconsistency of study results [84].

Association between IHRs and the treatment

response

The hypothetical influence of systemic inflammation on
the development of treatment resistance [18, 19, 85]
provides a rationale to study the relationship between
IHRs and the response to treatment. We were unable to
find studies that examined this relationship in adolescents
with mental disorders. Studies in other age groups (young
adults, adults) demonstrate conflicting results. On the one
hand, higher values of the Sll index and SIRI (systemic
inflammatory response index) have been demonstrated
in non-responders compared with responders in bipolar
depression [86, 87]. On the other hand, elevated IHRs have
been shown to be associated with higher treatment efficacy
in psychotic depression [88, 89] and schizophrenia [90, 91].

Association between IHRs and metabolic

disturbances

Our search strategy did not identify studies specifically
aimed at assessing the relationship between IHRs and
the metabolic syndrome or its components in adolescents
with mental disorders. In most of the selected studies,
excess weight or obesity was an exclusion criterium, which
likely explains the lack of association between the body
mass index and IHRs in the only study that assessed their
relationship [52]. This assumption is supported by the
results of the study in a sample of young adults (18-24 years)
demonstrating higher NLR in MDD comorbid with obesity
than in MDD without obesity, as well as a weak positive
correlation between NLR and the body mass index [92].

Diagnostic and prognostic value of IHRs in adolescents
with mental disorders

The findings from the studies showing higher IHRs in
adolescents with mental disorders compared with controls
[47-49, 51, 56] are promising in regards of using IHRs as
diagnostic biomarkers. However, there is no consistent
data on differences in IHRs in various diseases, which could
have objectified and significantly facilitated the differential
diagnosis, which poses particular difficulties in adolescents
due to the transdiagnostic clinical presentations [42-44].
The results of IHR comparisons between various mental
disorders in adults have low reproducibility. As an example,
one study demonstrated that adults with exacerbation

of schizophrenia had higher NLR than patients with BD
in @ manic episode [93], while the other study showed
the opposite results [94]. In another study differences in
IHRs between adult patients with bipolar and unipolar
depression were observed [95], however in the large-scale
cross-sectional study (13,888 participants) no significant
differences in IHRs either between BD and MDD, or between
BD and schizophrenia, were found [82].

Although the results of 2 studies included in our review
indicate an association between IHRs and self-harm/suicidal
behaviors [53, 54], the retrospective cross-sectional design
of both studies excludes the possibility of using calculated
cut-off values to predict the risk of future suicide attempts
or non-suicidal self-injury. In the absence of studies linking
IHRs to treatment response and metabolic syndrome,
one can speculate on a possible use of IHRs for predicting
the treatment response or assessing metabolic risks in
adolescents solely on the grounds of the studies conducted
in young adults and adults [88-92].

One of the potential directions for future research would
appear to be clarifying the role of systemic inflammation in
the etiopathogenesis of mental disorders at different stages
of their development, which requires a comprehensive
assessment of not only IHRs, but also other immune
inflammatory markers in conjunction with neurobiological,
genetic, socio-demographic, and clinical variables across
various age groups (younger children, adolescents,
young adults, adults) at different stages of development/
manifestation of a mental disorder.

Another direction is examining the diagnostic utility of
IHRs, taking into account the transdiagnostic nature of clinical
presentation in adolescence and complicated differential
diagnosis. This area requires large-scale comparative
studies, including samples of adolescents with various
psychiatric diagnoses.

Evaluating IHRs as prognostic biomarkers also seems
to be a promising direction. Models predicting the risks of
suicide attempts and non-suicidal self-injury could assist
in identifying adolescents at increased risk of self-harm/
suicide and developing personalized preventive programs.
Research on the prognostic value of IHRs in predicting
treatment response and the risk of treatment resistance
is essential for the development of adolescent-specific
interventions aimed at the management of treatment
resistance. Finally, there is an obvious research gap in the



study of the relationship between IHRs and the metabolic
syndrome, which are more prevalent in individuals with
mental disorders than in the general population [96, 971].
The metabolic syndrome increases the risk of cardiovascular
diseases [98, 99], leading to excessive early mortality
and significant reduction in life expectancy for patients
with mental disorders [100, 101]. That is why identifying
adolescents with a high metabolic risk is, in our opinion,
of great importance due to the potential reversibility
of metabolic disturbances in the early stages. For the
development of prognostic models predicting treatment
response, the risk of self-harm/suicidal behaviors, and the
risk of developing the metabolic syndrome, prospective
studies are required.

CONCLUSION

The results of this scoping review support the hypothesis
of systemic inflammatory mechanisms activation in mental
disorders and demonstrate that IHRs can be used as
indicators ofimmune inflammation in adolescent patients.
Elevated IHRs have been observed across a wide range
of mental disorders in adolescents (depression, psychotic
disorders, OCD, ADHD, substance use disorders); however,
the cut-off values for any of these disorders have not
been calculated, which makes itimpossible to assess IHRs
diagnostic value. Also, there is no evidence to suggest that
the association between IHRs and these disorders depend
on age: similar patterns are observed in adolescents
and adults. In both adolescents and adults, higher IHRs
correspond to more severe/acute manifestations of
mental disorders. Additionally, there is some evidence
of age-specificity in the relationship of IHRs with both the
severity of psychopathological symptoms and self-harm/
suicidal behavior. At the same time, the limitations of the
studies included in our review do not allow neither the
assessment of the utility of IHRs as prognostic biomarkers
for self-harm/suicidal behaviors in adolescents nor age-
related comparisons. Assessment of the clinical value of
IHRs as diagnostic and prognostic biomarkers requires
confirmation of the reproducibility and specificity of their
changes in various mental disorders in studies of higher
methodological quality.
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ABSTRACT

Several studies involving various suicidal phenotypes based on the strategy of the search of genome-
wide associations with single nucleotide polymorphisms have been performed recently. These studies need to be
generalized.

To systematize the findings of a number of genome-wide association studies (GWAS) for suicidal phenotypes,
annotate the identified markers, analyze their functionality, and possibly substantiate the hypothesis holding that
these phenotypes reflect a nonspecific set of gene variants that are relevant as relates to stress-vulnerability as a key
endophenotype of suicidal behavior (SB).

A search on the PubMed and related resources using the combinations “suicide AND GWAS" and “suicidal
behavior AND GWAS"” was performed. It yielded a total of 34 independent studies and meta-analyses.

For the 10 years since such studies emerged, they have undergone significant progress. Estimates of the
SNP heritability of SB in some cases are comparable with estimates of heritability based on the twin method. Many
studies show a high genetic correlation with the genomic markers of the most common mental disorders (depression,
bipolar disorder, schizophrenia, post-traumatic stress disorder). At the same time, a genomic architecture specific to
SB is also encountered. Studies utilizing the GWAS strategy have not revealed any associations of SB with candidate
genes that had been previously studied in detail (different neurotransmitters, stress response system, polyamines, etc.).
Frequently reported findings from various studies belong in three main groups: 1) genes involved in cell interactions,
neurogenesis, the development of brain structures, inflammation, and the immune responses; 2) genes encoding
receptors for neurotrophins and various components of the intracellular signaling systems involved in synaptic
plasticity, embryonic development, and carcinogenesis; and 3) genes encoding various neuro-specific proteins and
regulators.
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In general, GWAS in the field of suicidology mainly serve the purpose of a deeper understanding of the
pathophysiology of suicidal behavior. However, they also demonstrate growing capability in terms of predicting and
preventing suicide, especially when calculating the polygenic risk score among certain populations (psychiatric patients)
and in combination with tests of different modalities. From our point of view, there exists a set of markers revealed by
the GWAS strategy that seems to point to a leading role played by stress vulnerability, an endophenotype that is formed
during early development and which subsequently comes to play the role of key pathogenetic mechanism in SB.

AHHOTAUNA

B nocnegHue rogbl HakanJMBaKTCA AaHHbIe, MOMyYeHHble C UCMOb30BaHMEM CTpaTerum nomcka
accoumaumin pasnnyHbIX cynumaanbHbIX GeHOTUMNOB C OAHOHYKIEOTUAHBIMU NOAMMOPdM3MaMU, KOTOPbIE HYXXAAHTCS
B 0606LLEHNN.

CncTemMaTn3npoBaTb HaX0AKM MOAHOMEHOMHOrO nomcka accoumaumii (GWAS) no cynumganbHbIM GeHoTUnam,
aHHOTMPOBATb BbISIBNEHHbIE MapKepbl, MPOoaHann3npoBaTh X GYHKLMOHaNBHOCTL 1 HAT BO3MOXHbIe MOATBEPXAeH NS
rMnoTesbl 0 TOM, YTO OHM OTPaXatoT HecneundUnyecknii Habop reHHbIX BapMaHTOB, MELLNX OTHOLLEHMe K CTpecc-
YA3BMMOCTU KaK K K/Il04eBOMY 3HA0PEHOTUNY CyNLMAANBHOrO NoBeAeHNS.

MNMownck MaTepmana ocyLLecTBasam B 6ase gaHHbIx PubMed no kntoueBbiM cnoBocoveTaHmam «suicide AND
GWAS», «suicidal behavior AND GWAS» € 1Ccno/ib30BaHVEeM B3aIMOCBA3aHHbIX MICTOYHMKOB, UTO MO3BOJIN/I0 BbIABUTb
34 He3aBUCUMbIX UCCNeA0BaHMA N MeTaaHanms3a.

3a 10 1eT ¢ MOMeHTa CBOero NosiB/eHNS NCCNef0BaHMA 3TOro TUMa NPOAEMOHCTPUPOBAN 3HAUNTENbHBI
nporpecc. OueHkn SNP-HacnegyemMocT cynumgansHoro nosegeHus (Cr) B psge ciydaes NPUOANKAOTCS K OLieHKaM
HacnezyeMocT 6113HeLI0BbIM METOL0M. BO MHOTMX NCCnefoBaHMAX BbIABASETCS BbICOKAs reHeTnYeckas Koppensaums
C reHOMHbIMU MapkepaMu Hanbonee pacnpocTpaHEHHbIX MCUXUYECKMX PAaCCTPOMCTB (genpeccus, bunonapHoe
PaccTpoONCTBO, LUM30PPEHUNS, MOCTTPaBMaTMYECKOe CTPeCcCOBOe PacCTPOMCTBO), HO B TO XKe BpeMs 06HapyXMBaeTcs
n cneundunyeckas ansa CM reHoMHas apxuTekTypa. ViccnefoBaHusa B pamkax ctpaternn GWAS He BbISBNAIOT
accouymaumin CIN ¢ Hanbonee feTanbHO UCCNELOBAHHBLIMWN paHee reHamu-KaHANAaTamMun (MegmaTopHble CUCTeMbI
MO3ra, cMcTeMa CTpecc-pearvpoBaHus, NMoavammHbl 1 Ap.). MNoBTOpsAOLWMECcH TeHOMHbIe HaxXxOA4KW OTHOCATCA
K TPeM OCHOBHbIM rpynnam: 1) reHbl, BOBNEYEHHbIE B MEXK/IETOUYHble B3auMogencTems, GopMmUpoBaHmne CTPYKTYp
MO3ra, HeilporeHes, BocnaneHne n UMMYHHble peakuuu; 2) reHbl, KOAUpPYOLMe peLenTopbl K HeipoTpodrHam
1 pasnnyHble KOMMOHEHTb! BHYTPUKIETOUHbIX CUTHaNbHbBIX CUCTEM, YHACTBYOLLIMX B CUHANTUYECKON NAacTUYHOCTY,
3MBPNOHANBHOM PasBUTUN U KaHLeporeHese; 3) reHbl, KOAMPYOLLME pa3nnyHble Helpocneynduyeckme 6enku
1 perynaTopsl.

Crtpaterusa GWAS B cdepe cynumaonormm B OCHOBHOM CITYXXUT Lienisim 6onee rnyboKoro noHMMaHus
natodpusmonorum Crl, HO NpY 3TOM AEMOHCTPUPYET pacTyLMil NoTeHUnan B nNaaHe Npeaukumm n npeBeHunmn
CynLMA0B, 0COHBEHHO NpUY pacyéTe MOAUIeHHOro puUcka, cpean onpeaenéHHbIX KOHTUHTEHTOB (McMxmaTpuyeckme
nauMeHThbl) M B COMeTaHUK C TeCTaMun APYrx MoganbHocTel. Boiaensemslin cpegctBammy GWAS Habop Hanbonee
4YaCTO MOBTOPSOLLMXCA MAapPKEPOB, C HaLLen TOYKM 3peHIs, OTpaxaeT BeAyLLyto ponb B reHese CI ¢eHomeHa cTpecc-
YyA3BMMOCTU — GOpMMpPYeMOro B NpoLiecce paHHero pasButus sHAZ0dGEHOTMNa, KOTOPLIA BNOCAeACTBUM UTPaeT Posb
K/HOUYEBOro naToreHeTMYeCcKoro MexaHmsmMa cymumaa.



INTRODUCTION

The research on the genetics of suicide has a long history.
The tendency for suicide to run in families has been
recognized for a considerable time, and this understanding
has consistently served as a basis for acknowledging the
role of heredity in this vexing phenomenon, as supported by
dedicated studies [1]. Behavioral genetics (psychogenetics)
seeks to tackle the challenge of determining the relative
contributions of genes and the environment to specific
behaviors, psychological traits, or mental disorders [1, 2].
During the pre-genomic era, research on the genetics of
suicide used family and twin studies, as well as studies
involving adopted children. Those types of studies estimated
the heritability of suicidal behavior (SB) to be between
43% and 55%, attributing the remaining influence to
environmental factors in their broadest sense (family,
upbringing, peers, life stress, social factors, etc.) [3, 4].

In the subsequent phase of the investigation of heredity
contributors to SB following the sequencing of the human
genome and the advent of cost-effective methods for
identifying gene variants, such as the polymerase chain
reaction, the genetics of suicide has developed for along
time along the candidate-gene approach [2]. From the
perspective of pathophysiology and psychobiology,
crucial brain systems such as the serotonergic system, the
catecholamine system, the GABAergic system, the excitatory
amino acid system, and the stress response system, along
with other neurobiological mechanisms, play a central role
in SB. These systems influence the diathesis-stress and the
associated predisposing traits and behavior patterns that
can lead to impulsive or deliberate self-harming actions [5].
Despite hundreds of studies conducted in this area, only
a few identified associations, such as those with the genes
for tryptophan hydroxylase 2 (TPH2), serotonin transporter
(5-HTT), and the brain-derived neurotrophic factor (BDNF),
have been confirmed in independent studies [6]. Factors
contributing to the frequent discrepancies in the results
include small and not-always-monoethnic samples and the
heterogeneity of phenotypes [6]. SB accompanies various
psychopathologies; some suicides are committed in the
context of depression, bipolar disorder, alcohol or drug
addiction, and schizophrenia (SCZ) [7]. This is particularly
significant for Russian psychiatry, as preventing suicides
in clinical populations remains a challenge and has been
the focus of targeted studies funded by the state. Notably,
only a small proportion of patients with these disorders
commit suicide, indicating that the inheritance of SB can be

differentiated from the inheritance of mental disorders. This
necessitates an in-depth study of the genetic markers of
suicide as they compare with markers of the aforementioned
psychopathologies and some personality traits, such as
aggressiveness or impulsivity [7].

In recent years, the focus of research has shifted from
the candidate gene strategy to genome-wide association
studies (GWAS) [8]. Unlike the candidate gene approach,
GWAS involve a hypothesis-unencumbered search for
associations between specific traits, pathologies, or
behaviors and a broad array of polymorphisms across the
human genome [8]. Central to this approach are single
nucleotide polymorphisms (SNPs), the most common
genetic variations in the human genome, their proximity
to known coding regions, their potential functional
significance, and their overall contribution to the heritability
of particular pathologies or behaviors. The “Common
Disease-Common Variants” hypothesis underlies the
GWAS strategy, suggesting that familial pathologies with
heritability around 40% can be attributed to the very weak
effects of hundreds or thousands of polymorphisms,
each with allele frequencies of approximately 40% in the
population [8]. Many other considerations from population
genetics, the identification of direct and indirect effects,
and accounting for linkage disequilibrium and correlations
between polymorphisms have led to the understanding that
analysis from 500,000 to 1 million SNPs simultaneously,
given a sufficiently large monoethnic sample, should result
in successful identification of the relevant markers [8].
The tools employed in these studies, such as diagnostic
arrays, are commercially available from companies like
lllumina, Inc. and Affymetrix, Inc.

The design of studies within this strategy typically
involves case-control studies, where populations that
either exhibit or do not exhibit a particular behavior or
trait (categorical variant) or show a continuum of a trait
or behavior (dimensional variant) are compared across
a large number of markers. Factors such as phenotype
homogeneity and statistical data processing methods, which
rely on non-trivial approaches and specialized software
when p-values <7.2x10%® are set as a significance criterion
for the entire genome, play a crucial role [9]. Additionally,
the GWAS approach employs special techniques such as
the multilocus analysis, and analysis from the perspective
of protein-protein interactions or probable biochemical
pathways, where a set of SNPs is identified based on
their potential relation to metabolic processes [8]. From



the identified independent risk markers associated with
a particular disorder (ranging from several dozen to several
hundreds), a polygenic risk score (PRS) is calculated based
on data from the largest or most informative GWAS to date
[10]. The importance of the PRS lies in its potential predictive
value for certain individuals under particular conditions.
Thus, the effectiveness of GWAS significantly depends on
data accumulation, sample pooling, comparison with existing
databases (repositories of biomedical knowledge), and the
statistical analysis methods used. Another important task
is to calculate the heritability of the pathology considering
all identified markers: known as SNP heritability (hzsnp).
Overall, the GWAS strategy enables the exploration of
the “genomic architecture” of any complex trait, behavior,
or disorder.

Despite the limitations, assumptions, and uncertainties
inherent in the method and data processing, GWAS
have demonstrated their effectiveness in revealing
the genomic architecture of various diseases, such as
macular degeneration. They have also led to advances in
pharmacogenetics, particularly in psychiatry and addiction
medicine [11]. In suicidology, GWAS have also gained wide
acceptance despite a significant limitation: a completed
suicide (CS) is a relatively rare event globally, occurring in
just 0.014% of the population [12], which makes it difficult
to classify the occurrence as common. However, it should
be borne in mind that the prevalence of suicide attempts
(SA) is tens of times higher, and that suicidal ideation (SI),
according to various data, can occur in 20-30% of people
depending on the sample [13]. These forms of suicidality
are not linearly related; while Sl and SA can predict future
Sl and SA to some extent, they have little correlation with
future CS[14, 15]. This underscores the need to study genetic
markers for each type of SB separately, complicating the
task of generalizing GWAS results in suicidology. In response
to this, the organization of the Suicide Working Group
and the International Suicide Genetics Consortium (ISGC)
within the international Psychiatric Genomics Consortium
(PGC) appears entirely justified. These groups comprise
researchers who collect and curate accumulating data,
exchange information, conduct individual GWAS, refine
phenotypes, and perform meta-analyses.’

Given the challenges associated with the phenomenon
of suicide, various approaches are employed in the

genetics of suicidality research. Recently, there has
been increased attention to both widespread and rare
genomic variations, including probable de novo mutations,
utilizing methodologies like whole exome sequencing
(WES) [16]. This approach involves sampling a relatively
small number of extended families exhibiting SB across
multiple generations [17]. Another interesting combined
approach is “convergent functional genomics”, which
identifies genetic markers through RNA in the blood. This
method uses reverse transcription and predicts suicide risk
based on several independent lines of evidence, including
genetic data, psychological questionnaires, functional tests
(such as dexamethasone supression test), and biomarkers
profile [18]. Despite these advances, “classical” GWAS
remain the strategies most used for studying the genetic
architecture of SB.

The results of GWAS projects related to suicidal
phenotypes have been summarized multiple times. For
instance, in 2014, a group led by M. Sokolowski analyzed
8 studies published at the time. They found no consistent
patterns and noted that genome-wide findings were rarely
replicated in independent studies [19]. Nevertheless, the
potential of such studies was highlighted, especially when
it comes to identifying polygenic effects and calculating
PRS. Additionally, considerable attention was drawn
to a significant predominance of the genes involved
in neurogenesis among the findings [19]. In 2020, we
conducted a comprehensive review of 15 individual studies
on this subject, meticulously annotating all the mentioned
genes and scrutinizing the observed associations through
the lens of the pathogenetic model of stress vulnerability,
which serves as the foundation for understanding
SB [20]. Our analysis yielded a significant conclusion:
GWAS in the field of SB fail to uncover associations with
neurotransmitter systems or the stress response system
as pathophysiologically predicted: however, they allow
one to identify numerous associations with the genes
implicated in the processes of nervous system development
and formation, neuroplasticity, intercellular interactions,
cell adhesion and proliferation, intracellular signaling
systems, and immune responses. We speculated that this
validates the diathesis-stress models (vulnerability-stress
model), which offer the most logical explanations for SB
[4, 21]. According to these models, vulnerability stems
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from adverse factors during early development (such as
severe stress, multiple adversities and traumatic events),
with suicide seen as a consequence of later-life stressors
impacting the already “set stage” [21, 22]. Central to these
concepts are the interactions between genetic factors and
environmental ones, as well as the timing and sensitive
periods of development during which these influences
occur [20].

Given that stress exerts a pervasive influence affecting
various bodily systems, it is unsurprising to uncover
associations with a broad spectrum of genetic markers linked
to diverse bodily functions, each potentially contributing to
vulnerability. This may encompass disruptions in cellular
mechanisms during brain structure formation, as well as
dysfunctions in other systems such as the neurochumoral
regulation system, metabolic functions, and immune
responses [20]. We suggested that an unusual set of
genetic markers, often inexplicable from the perspective
of SB pathophysiology, reflects a degree of susceptibility to
early traumatic stress, leading to deviations from normal
neural development, cellularimbalances in brain regions,
disturbances in synaptogenesis and neuroplasticity, and
subsequent structural abnormalities detectable through
neuroimaging techniques [20].

Indeed, recent evidence suggests that individuals in
various age groups with histories of Sl and SA may display
deviations from normal cortical and subcortical maturation.
Common findings include reduced volumes of the ventral
and dorsal regions of the prefrontal cortex, decreased
surface areas in the right frontal cortex, and disruptions
in the connections between the inferior frontal gyrus
and temporal lobes and other brain regions [23-25].
Despite inconclusive findings and remaining challenges
in distinguishing between groups displaying SB and those
exhibiting depression or bipolar disorder, mounting
evidence indicates that SB may indeed stem from the
abnormalities of specific brain structures responsible for
self-control, risk-taking, impulsivity, affective symptomes,
and decision-making errors [23, 24]. These observations
underscore the growing interest in further exploration to
attempt to identify the genetic markers associated with
suicidality, including through GWAS.

It is worth noting that since the publication of our
review [20], several new GWAS results focusing on SB and
utilizing increasingly larger sample sizes have emerged,
alongside new overarching analytical studies. A recent
comprehensive review specifically addressed the genetics

and epigenetics of SBin all its forms (including non-suicidal
self-injury, SI, SA, and CS), encompassing various genetic
methodologies [26]. The authors analyzed data from 31
classical GWAS; 7 genome-wide studies employing copy
number variation (CNV) as markers; 4 whole-exome studies
identifying rare markers; 39 studies assessing PRS; 4
linkage studies (analyzing linked inheritance); 438 studies
using the candidate gene strategy, of which 53 assessed
gene-environment interaction (GxE); 7 studies that utilized
Mendelian randomization; 16 whole-epigenomic association
studies (EWAS); 36 studies aimed at identifying DNA
methylation of candidate genes; 13 studies on non-coding
RNAs; and 6 studies on identifying histone modifications
[26]. In this comprehensive review, the authors primarily
focused on listing the diverse cellular and neurometabolic
pathways identified among the signals from GWAS, paying
less attention to their functionality and implications for
understanding the pathophysiology of SB.

This review aims to systematize the findings of GWAS
on suicidal phenotypes, annotate the identified markers,
analyze their functionality, and potentially confirm the
previous hypothesis that they reflect a nonspecific set of
gene variants associated with stress vulnerability as a key
endophenotype of suicidal behavior. Additionally, the
review aims to achieve a higher level of generalization and
pathogenetic explanation of SB beyond merely listing the
technical processes or genes involved in the associations
presented [26]. Given the continuous influx of new research
in this field, one of the goals was to encompass as many
publications as possible in existence by the end of 2023,
primarily focusing on original GWAS and meta-analyses.
Such a review could serve as a valuable information
resource for similar studies conducted in Russia.

METHODS

The research represents the result of a monitoring of all
recent original studies and reviews regarding the use and
efficacy of GWAS in the field of suicidology since 2014.
Conducted from January to December 2023, this work
involved directly annotating all markers and constructing
an informative table of sources. We conducted searches
on the PubMed platform using the keywords “suicide AND
GWAS" and “suicidal behavior AND GWAS". Additionally, we
considered interrelated sources, including references from
original studies, previously published reviews (including



our own), and analytical articles by leading experts in the
field. The analysis encompassed all sources identified
as of December 2023, totaling 34 original papers. We
included studies on all suicidal phenotypes, irrespective
of the definitions of SB, SA, and SI. Our focus was solely
on “classical” GWAS, primarily aimed at conducting GWAS
using SNPs as markers. This review is not a systematic
one and does not purport to be. According to its design
and stated objective, it aims to validate previously put
forth hypotheses regarding the association of suicidal
phenotypes with genomic markers that may sometimes
be challenging to elucidate.

The publications identified and selected for analysis were
studied in full text, including additional information posted
on the journal’'s websites. The necessary information was
copied and tabulated. The obtained data were considered
from the following angles:

1. Increased attention to the sample, its characteristics,
methods for accounting for SB and ideation;

2. Accounting exclusively for genome-wide markers
(some GWAS projects used the candidate gene strategy
on the same sample as an additional measure, which
led to an excessive number of genes mentioned);

3. A broad approach to marker analysis, i.e. inclusion
of polymorphisms in the list not only exclusively at
a significance level of p <7x10%, but also nominal
(presumptive), i.e. at values of the order of p <Nx107¢;
Special attention paid to the SNP inheritance indicator;

5. Mandatory annotation of the closest genes and
comparative analysis of their reproducibility on the
entire data set.

The sources of the information on the functional role of

the mentioned genes were the resources Gene Cards?,

National Library of Medicine?, and UniProt“. All 34 analyzed

publications [27-60] are summarized in Table S1 in the

Supplementary.

RESULTS

While initial studies of this type were primarily incidental
ramifications of pharmacogenetic projects, where

certain patients exhibited increased suicidal tendencies
during treatment, subsequent projects have deliberately
focused on exploring SB or SI [27-29]. Thus, while in
the studies [27-29] the suicidal phenotype emerged as
a series of responses to single queries regarding SI from
widely used questionnaires on depressive symptoms,
in latter works [30-32], direct inquiries about SB from
structured diagnostic interviews were employed. In the
studies reviewed, S| was characterized as a phenotype
in 15 (45.5%) works; SA — in 25 (75.8%); and CS — in 9
(27.3%). Notably, a significant portion of the studies (n=14)
accounted for both Sl and SA simultaneously, sometimes
including CS as well, resulting in a cumulative percentage
exceeding 100%.

Various tools were utilized by authors to identify and
delineate these phenotypes, ranging from individual
questions extracted from diverse depression scales to
comprehensive assessment instruments like the Columbia
Suicide Severity Rating Scale, the Beck Scale for Suicide
Ideation, the Beck Suicide Intent Scale, and sections
dedicated to suicidal tendencies in psychiatric diagnostic
tools such as SCAN, CIDI 2.1, SCID, and MINI (refer to
Table S1 in the Supplementary). In recent years, some
authors have developed proprietary methodologies based
on gradations of suicidality, as demonstrated in the work by
Zai et al. [53]. These approaches, employing ordinal scales
ranging from 0 to 4-5 based on the presence and severity
of Sl and SB, contribute to the construction of the concept
of ordinal suicidality [26]. Furthermore, several studies
draw on medical databases (national or regional mortality
registries, mental health records, and data from frontline
health assessments or alcohol consumption among large
cohorts), while in certain instances online surveys meant to
gauge participants’ psychological well-being or specialized
surveys targeting military personnel or war veterans are
utilized (refer to Table S1 in the Supplementary).

Hence, a wide variety of phenotypes is used in GWAS
studies on suicidality, extending beyond the primary
indicators of S, SA, and CS. This undoubtedly impacts the
findings of GWAS and their reproducibility. Consequently,
specialists from the Suicide Working Group of the PGC
have taken to developing a protocol to standardize these
phenotypes. Given that some GWAS also incorporate
the notions of non-suicidal self-harm, it is imperative to
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distinctly delineate suicidal tendencies from other forms
of self-injury and establish uniform definitions.

Upon considering factors such as sample size and
characteristics, the following conclusion seems appropriate.
In initial studies focusing on patients with depression
and bipolar disorder (BD), sample size was dictated by
the design of the pharmacogenetic objectives, ranging
from 400 to 2,000 individuals, with 10-25% exhibiting
increased Sl during treatment. Subsequent studies tailored
to specific populations (e.g., patients with SCZ, depression,
or familial cohorts) included sample sizes ranging from
several dozen to several thousand participants. Nearly
all studies, especially those that yielded negative results,
seemed to suggest that enhanced success could be attained
through larger sample sizes. A logical development was the
combination of cohorts based on disorder presence and
suicidal manifestations, with the use of large databases
of genotyped individuals (for example, UK BioBank)
proving to be pivotal. In the most recent meta-analysis,
the sample size exceeded 40,000 individuals (collected
from 22 cohorts) with varied manifestations of suicidality,
alongside over 900,000 controls [60] (refer to Table S1
in the Supplementary). Genotyping was conducted using
different variants of arrays manufactured by lllumina, Inc.
and Affymetrix, Inc.

The focus of our analysis lies on the performance of GWAS,
as characterized by the identification of associations with
specific markers, their reproducibility, and their functional
genomics significance. While early studies spanning 2015-
2019 typically failed to detect significant genome-wide
associations, and the identified markers were considered
putative (nominal), a breakthrough occurred with the study
by Strawbridge et al. [42]. Leveraging large cohorts and
biobank data, the identification of markers became more
frequent, with the set significance criteria (p <5-7x10%).
Across experiments, the likelihood of detecting such markers
increased with larger numbers of cases and controls (refer
to Table S1 in the Supplementary). Notably, meta-analyses
conducted by Mullins et al. [56], Kimbrel et al. [59], and
Docherty et al. [60] proved the most efficient in this regard.

Concurrently, all studies confirmed these previously
observed patterns, as documented in prior review papers
[19, 20, 26]. Specifically, this means that GWAS in the
field of SB have failed to confirm any associations with
the anticipated (canonical) genes related to monoamine
and other neurotransmitter systems, the stress response
system, the neurotrophin system, and other systems

previously investigated within the candidate gene strategy.
At the same time, numerous associations with genes
whose products initially appeared challenging to correlate
with the pathophysiology of SB have been revealed. This
complexity can be understood through the analysis of
metabolic pathways, an enrichment analysis based on
functional attributes, and protein-protein interactions.
Such a generalization is presented, for example, in the work
by Galfalvy et al., which identified broad clusters such as
the “cell assembly and organization”, “development and

"nou

function of the nervous system”, “cell death and survival”,

“immune diseases”, “infectious diseases”, and “inflammatory
response” [40].

PRS calculation is a widely used technique that was
employed in many of the studies reviewed. Sokolowski
et al. in their work, since no marker achieved genome-
wide significance in GWAS, used a combined approach,
where PRS were calculated for a set of genes “ontologically
related to neurological functions, developmental processes,
and synaptic processes” [35]. On that basis, a set of 590
polygenes associated with SAwas presented. They revealed
associations with processes such as cell adhesion and
migration, as well as intracellular signaling systems,
particularly those associated with small GTPases and
receptor tyrosine kinases. All these systems are somehow
related to the death and survival of neurocytes and synaptic
plasticity; that is, the development and formation of the
central nervous system, including under various external
(stressful) influences [35]. The same work presented a list
of 16 genes associated with SA which were previously
recognized as markers of SB namely: BDNF, CDH10, CDH12,
CDH13, CDH9, CREBT, DLK1, DLK2, EFEMP1, FOXN3, IL2, LSAMP,
NCAM1, NGF, NTRK2, and TBC1D1. Among these markers
are genes encoding known nerve growth factors, their
receptors, cadherin proteins (the main factors responsible
for cell adhesion), transcription factors, as well as other
factors of cell growth and differentiation.

In this context, it appears interesting to analyze Table S1
in the Supplementary in terms of the reproducibility of
the results of different GWAS. Our review of the first
15 GWAS on suicidal phenotypes from 2009 to 2015
identified 4 genes as recurrent across different independent
studies (NTRK2, FOXN3, LSAMP, and CTNNA3) [20]. To date,
based on the analysis of 34 studies, we have identified
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27 repeating genes, including 8 genes involved in cell-
cell interactions, neurogenesis, and immune responses:
namely, LSAMP (a cell adhesion protein involved in axon
targeting during central nervous system development),
CDH13 (cadherin 13, a member of the major Ca-dependent
cell-cell adhesion regulators family that inhibits axon
growth during differentiation), CNTN5 (contactin, a member
of the immunoglobulin superfamily that is involved
in cell interactions), NCAMT (a cell adhesion protein,
which is a member of the immunoglobulin superfamily),
DCC (netrin receptor 1, an adhesion molecule and axon
growth directing factor), SEMA3A (semaphorin 3A, which is
secreted immunoglobulin that can act as a neurorepellent
or neuroattractant and is necessary for the normal
development of neurons), NLGNT (neuroligin, a neuronal
surface protein and synaptic plasticity factor), and
CTNNA3 (a vinculin/alpha-catenin family protein involved
in intercellular interactions). Additionally, 2 genes have
been identified whose products are associated with the
state of the intercellular matrix: HS3ST7 (heparan sulfate
sulfotransferase, an enzyme synthesizing the heparan
anticoagulant) and AB/3BP (a heparin and glycosaminoglycan
binding protein). Hence, most of the genes (n=10) are in
some manner linked to intercellular interactions, which are
crucial in the early development of nervous tissue and the
maintenance of its condition throughout an individual's life.

The second most numerous group (n=8) included genes
encoding neurotrophin receptors and constituents of
intracellular signaling systems, which are also involved in
synaptic plasticity, neurogenesis, embryonic development,
and carcinogenesis: namely, GFRAT (a receptor for
neurotrophins GDNF and NTN), NTRK2 (a membrane
tyrosine kinase and receptor for neurotrophin BDNF), RHEB
(a universal GTP-binding protein involved in the regulation
of the cell cycle and carcinogenesis in humans), STK3
(a serine/threonine protein kinase involved in the regulation
of apoptosis and that inhibits proliferation and tumor
growth), SOX5 (a transcription factor related to the SRY gene
and key factor determining the male sex that is involved
in embryonic development), PDE4B (phosphodiesterase
4B, an intracellular signaling factor), RGS18 (a regulator of
the G protein-dependent signaling system), and ZNF406
(the zinc finger of ZFAT that is involved in the regulation
of transcription and the immune response).

The third group consists of 9 genes which are primarily
linked by the fact that their products are neurospecific
proteins or are associated with nervous tissue functions.

They are genes such as BRINP3/FAM5C (a retinoic acid-
induced neurospecific protein), LRRTM4 (a leucine repeat-
rich transmembrane protein of the nervous tissue),
LINC01392 (non-coding RNA of unknown function), MHC
(a major histocompatibility complex), SLC6A9 (a glycine
transporter), FURIN (a subtilisin-like protein convertase),
CACNG2 (a subunit of the calcium voltage-dependent
channel), FOXN3 (a forkhead/winged helix transcription
factor presumably involved in the elimination of transcription
errors), and LUZP2 (a leucine zipper protein presumably
involved in the pathogenesis of Alzheimer's disease).

Over the past decade, there has been significant
progress achieved in the reproducibility of GWAS results in
suicidology. Growing evidence suggests that the identified
markers are linked not to neurochemical processes and
the main neurotransmitter systems, but to mechanisms
involving the formation of cellular components in the
nervous tissue, neuroplasticity, the maintenance of
neuronal and glial cell interactions, neurocyte survival
and death, signaling systems, and immune responses.
These mechanisms are likely connected to structural
impairments in the developing brain during early stress
exposure, contributing to vulnerability-stress, which is a key
transdiagnostic endophenotype that may underlie both
SB and various mental disorders, many of which are
associated with stress [61].

In the genetics of SB, gene-environment interactions are
crucial, since the trait itself is not what is inherited but the
vulnerability to environmental factors. This constatation
is supported by several of the GWAS that have assessed such
interactions. For example, Wendt et al. identified several
genome-wide markers that were different between men
and women, demonstrating the interaction of suicidality
with various environmental psychotraumatic factors, the
levels of social support, and one’s socioeconomic status
[54]. Significant gene-environment (GXE) associations were
uncovered with neuroimaging data between these markers,
particularly with the volume of the hippocampus, amygdala,
and the structural features of the white matter bundles
integrating the brain structures involved in goal-setting
behavior. One polymorphism, including association with
the CHST14 gene (carbohydrate sulfotransferase involved
in the synthesis of mucopolysaccharides), was shown
to interact with physical and sexual abuse experienced



in childhood and later life. The authors concluded that
these identified relationships and interactions highlight
the relevance of synaptic plasticity as a potential target for
addressing suicidality and post-traumatic conditions [54].

Several recent studies have used GWAS to identify
genetic markers and associations of suicidality with
various physiological and psychobiological characteristics.
For instance, Levey et al. utilized data from a study on
suicide risks among U.S. Army servicemen, employing
an approach that allowed them to assess the severity of
suicidal thoughts and actions (ordinal suicidality) [45].
They found associations with the LDHB gene (lactate
dehydrogenase, anaerobic metabolism), the FAH gene
(tyrosine catabolism), and the ARNTL2 gene (regulation of
circadian rhythm) [45]. Brick et al. discovered an association
with the SEMA3A gene, which encodes the semaphorin 3A
protein, a secreted immunoglobulin necessary for normal
neuronal development [46]. This gene is also linked to
comorbid alcohol dependence, depression, inflammatory
processes, and asthma. Notably, a significant genetic
correlation with neurocognitive functions, specifically
facial expression identification tasks, was observed [46].
Russel et al. used Mendelian randomization to identify an
association between components of the immune system
(interleukin 6 and the C-reactive protein) and various forms
of self-harm (non-suicidal and suicidal), highlighting the
relationship between these behaviors [50]. Campos' study
produced similar results, showing a genetic correlation
between suicidal thoughts and non-suicidal self-harm
[51]. Polimanti et al. identified a link between suicidal
thoughts and various addictions mediated by markers
on chromosome 16 [52].

Our analysis bolsters previously posited hypotheses
about the role of identified genetic markers in the
formation of the cellular and regulatory mechanisms of
vulnerability-stress. It also highlights the relationship
between suicidal phenotypes and various pathogenetically
based phenomena, such as the immune reactions found
in multiple mental disorders, self-harming behavior, and
addictions. This underscores the importance of examining
the overlaps amongst various mental illnesses, which are
significant risk factors for suicide.

The question of which common polygenes carry the risk
of fostering the development of depression (or other

mental disorders) and SB simultaneously, and whether
it is possible to differentiate polygenic influences that
increase the risk of suicide within mental disorders from
those actually associated with the disorders themselves,
is crucial. This question is addressed in numerous studies
[35, 36, 38-40, 43,47, 48, 52, 53, 55, 56, 58, 60]. Almost all
studies of this type have identified common genotypes for S|,
SA, CS, and clinical phenotypes. For instance, Sokolowski et al.
as early as in 2016 [35] identified 750 genes associated with
the development of nervous tissue that are more specific
to SA than to psychiatric diagnoses. They also showed,
using the PGC databases for SCZ, BD, and depression,
that PGC-SCZ polygenes are associated with SA in both
diagnosed and undiagnosed patients, and characterized
the overlap markers between PGC-SCZ and patients with
SA without diagnoses. These 590 markers were believed to
be primarily associated with neuronal development genes,
emphasizing the importance of common vulnerability
genes for SA and mental disorders, particularly SCZ, even
in the absence of a formal diagnosis [35].

Mullins et al., using data from several clinical cohorts
(including those with depression, BD, and SCZ), calculated
the PRS for SA in each condition and conducted a meta-
analysis [43]. They found that a genetic predisposition
to major depression increases the risk of SA in patients
with depression, BD, and SCZ. The authors suggest that
the genetic etiology of SA may be both unique and partly
shared with major depression. In other words, individuals
who commit SA carry a burden of depression risk alleles,
rather than merely a higher genetic load that is responsible
for the mental disorder they are diagnosed with.

The predictive value of PRS in psychiatry remains low;
previous studies have shown that PRS for severe depression
explains only about 2% of the differences in patient statuses
[62]. However, based on the work of Mullins et al., PRS
appears to be a promising indicator for assessing suicide
risk among psychiatric patients, especially as the volume of
international databases grows and more genetic material
from various ethnic groups is collected [43].

The studies by Docherty et al. [49] and Li et al. [58] are
particularly illustrative in this context. Docherty et al.,
using data from 3,413 cases of CS in Utah, U.S., and over
14,000 controls of European origin, identified several
highly significant genome-wide markers (see Table S1
in the Supplementary). They also established genetic
correlations with various psychiatric and psychological traits
and variables, including (in order of increasing effect size)
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alcohol consumption, autism spectrum disorders, childhood
IQ, loneliness, depressive symptoms, impaired self-control
(disinhibition), and diagnoses of depression and SCZ [49].
Li et al., using the same dataset and conducting a meta-
analysis with 8,315 cases and over 2.45 million controls of
European origin, found positive genetic correlations between
CS and depression, anxiety, stress, sleep disorders, SCZ,
and pain syndrome, as well as negative correlations with
smoking and education/intelligence levels [58]. Additionally,
in the same study, when analyzing further cohorts, positive
genetic correlations were found between CS and BD, post-
traumatic stress disorder, generalized anxiety disorder,
autism spectrum disorders, attention deficit hyperactivity
disorder (ADHD), chemical dependencies, neuroticism,
serum triglyceride and cholesterol levels, and negative
correlations with subjective well-being, intracranial volume,
and cognitive functions [58].Thus, based on GWAS, PRS are
increasingly demonstrating a degree of predictive power
logically explained by our understanding of risk factors
and the pathogenesis of SB.

It should be noted that as the sample size increases and
large cohorts from various databases are included in the
analysis, SNP heritability indices are also refined (see
Table S1 in the Supplementary). They fluctuate within
fairly significant boundaries: from 1-2% [33, 57] to 24-48%
[44, 45, 49] (the latter already approaches the estimates
obtained by the twin method [3]). At the same time, most
studies provide estimates of about 5-10% [42, 43, 48, 51,
56, 58, 60]. Moreover, if the hzSnp values for SA often remain
within the 5-7% range, then for CS they already reach
24.5% [49], which can be regarded as a consequence of
greater certainty of the phenotype. This bridges the gap
between heritability estimates from behavioral genetics
and molecular genetics, which is characteristic of mental
disorders [63], and which has called into question the
value of SNP heritability assessment in general [64]. This
phenomenon, known as “missing heritability problem”,
has several potential explanations [65]. In particular, it has
been suggested that many common variants with negligible
effects remain undiscovered, that rare variants with large
effects undetectable by standard GWAS genotyping are
too influential, and that behavioral genetic approaches
may overestimate heritability in general [65]. Interestingly,
the highest h? ~ estimates (around 35-48%) were
obtained from monoethnic samples (Japan) [44], while

meta-analyses of multiethnic cohorts yield average values
[56, 58, 60].

The results of recent meta-analyses are of the greatest
interest. Thus, in the work by Mullins et al. [56], there
were 29,782 SA cases and 519,961 controls, all from
the ISGC database. The analysis methods used allowed
the researchers to exclude the genetic influences on
SA mediated by mental disorders. Two loci achieved
genomic significance for SA: the major histocompatibility
complex (MHC) and an intergenic locus on chromosome 7.
The latter remained associated with SA even after excluding
the influence of mental disorders and was replicated in
an independent cohort. This locus was also linked to
risky behavior, smoking, and sleep disorders [56]. This
meta-analysis identified six genes previously mentioned
in earlier studies (see Table S1 in the Supplementary).
In the meta-analysis by Li et al. [58], there were 10 such
genes. The authors highlighted the NLGN7 gene, which
encodes neuroligin, a postsynaptic neuronal protein.
Proteins from this family act as ligands for the presynaptic
agents [B-neurexins and are involved in the formation and
remodeling of synapses in the central nervous system
[58]. Additionally, the ROBO2 gene, variants of which
are associated with morning chronotype, smoking, and
mathematical abilities, was of interest. Noteworthy in this
regard is also the ARNTL2 gene from the study by Levey et
al. [45], which is also associated with circadian rhythms [58].

Kimbrel et al. conducted a large-scale meta-analysis as
part of the Million Veterans Program, which was initiated
to address the sharp rise in suicides among U.S. veterans
of wars and military conflicts [59]. The analysis included
data from 633,778 genotyped veterans, 19% of whom had
some form of SB, with cohorts from the ISGC collection
used as a replication sample. A notable feature of this
meta-analysis was the clear division by ancestry (European,
African, Asian, and Latin American groups), allowing for the
identification of markers common to all groups, as well as
those specific to each group. The meta-analysis identified
over 200 highly significant individual markers, including
new ones such as ESRT (the estrogen receptor), TRAF3 (the
tumor necrosis factor receptor), METTL15 (mitochondrial
methyltransferase), and MKNK1 (the protein kinase involved
in the stress response) [59]. Functional enrichment analysis
using the FUMA GWAS catalog identified markers that are
universal across all ethnic groups, are expressed in the
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brain and pituitary gland, and are associated with synaptic
mechanisms, axonal interactions, ubiquitination, parathyroid
hormone synthesis, the dopaminergic, glutamatergic,
and oxytocin synapses in the brain, intracellular cAMP-
dependent pathways, and cell adhesion. The highest
genetic correlation (r >0.75) was observed between SB
and depression, as well as post-traumatic stress disorder,
while the correlation with SCZ and BD was significantly
lower (r=0.36-0.29).

The most comprehensive meta-analysis to date was
performed by Docherty et al., in which the phenotype
was SA [60]. The ISGC sample included data on 43,871
SA cases from 22 cohorts with the number of controls
approaching a million, taking into account ancestry, with
a significant proportion of the controls being clinically
assessed for mental disorders. As a result, 12 loci were
identified at p <5x107%. The closest genes to these loci
included DRD2 (dopamine receptor type 2), SLC6A9
(the glycine transporter), FURIN (subtilisin-like protein
convertase), NLGNT (neuroligin), SOX5 (the transcription
factor), PDE4B (phosphodiesterase B), and CACNGZ2 (the
calcium voltage-gated channel subunit). These markers
were consistent with those previously identified in other
studies (see Table S1 in the Supplementary). The authors
found common genetic variability between SA with ADHD,
smoking, and risk tolerance, even after accounting for
the influence of comorbid BD and post-traumatic stress
disorder. Additionally, multiple analyses identified 519
significant gene sets affecting areas such as epigenetic
mechanisms, genome regulation and transcription, cellular
stress response mechanisms, DNA repair, and immune
responses [60]. The study also revealed a significant genetic
overlap with the genes associated with various mental
and somatic conditions, particularly smoking, ADHD, risk
tolerance (linked to impulsivity and risk-taking behavior),
and pulmonary pathology. The authors stressed that many
findings in the meta-analysis regarding the involvement
of genes associated with epigenetic regulation, as well as
the overlap with mental disorders, support the concept of
diathesis-stress as the leading pathogenetic mechanism
of suicide [60].

DISCUSSION
Based on the analysis of 34 original studies and meta-

analyses, we have identified and annotated 27 recurring
genomic markers associated with various suicidal

phenotypes. When considering each of these markers
individually, their direct involvement in SB remains
challenging to explain. However, as genes and their products
increasingly appear across multiple studies, we believe
they can be fitted into a certain pathogenetic framework.
This framework is most logically linked to the impact
of stress and the concept of vulnerability-stress, often
regarded as the primary endophenotype of SB [5, 20, 21].
The presence of associations with the genes involved in
neural tissue formation, neuroplasticity, synaptogenesis,
cellular interactions, and immune responses, coupled with
accumulating epigenetic and neuroimaging evidence,
provides a logical explanation of suicide as a consequence
of early traumatic experiences and subsequent interactions
with existing stressors [20]. Equally logical within this
framework is the role of mental disorders, whose genetic
architecture partially overlaps with that of SB and is similarly
influenced by vulnerability-stress and gene-environment
interactions [61]. While this framework is not exhaustive
or universally applicable, it offers a means to analyze
future GWAS findings in terms of their alignment with
this concept, thereby facilitating the interpretation of the
diverse data generated in such studies.

Suicide represents a profoundly complex and multifaceted
polyetiological behavioral phenomenon stemming from
a combination of neurobiological, psychiatric, psychological,
and social factors. A contentious, unresolved issue
revolves around whether SA constitutes an independent,
evolutionarily formed behavior or a complication of mental
disorders such as depression, borderline personality
disorder, or SCZ. Large-scale meta-analyses conducted
within the ISGC underscore the existence of a distinct
genomic architecture unique to SA [66]. Conversely, studies
of extensive cohorts employing traditional psychogenetic
methods assert that parental mental illness explains
nearly half of the genetic transmission of the habit of
suicide attempts, albeit without impacting transmission
through upbringing [67]. Moreover, while suicide itself
is partially inherited, the genetic overlap between SA and
CS underscores the presence of two distinct groups: those
that attempt suicide and those that commit it [67].

Therefore, elucidating the genomic architecture of SB as
a transdiagnostic phenotype across major psychopathologies,
including depression and other disorders, alongside the
psychological constructs underpinning SA, offers insight into
SB mechanisms, especially given the fact that vulnerability-
stress can be an endophenotype of both SB and mental
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disorders. As research into the genetics of suicide employing
GWAS strategies progresses and evolves, with advancements
in analysis methods, accumulation of genomic data, and the
integration of multi-omics data (epigenomics, proteomics,
metabolomics, microbiomics) [68], the issue of summarizing
these findings within the context of suicide pathogenesis
remains paramount.

This review primarily adopts a descriptive approach, and
the search strategy utilized is limited, potentially impacting
the scope of the analyzed data. This, alongside the exclusive
focus on SNPs while disregarding other markers, constitutes
the primary limitation of the review.

Currently, anticipating the predictive efficacy of genetic
markers in the general population remains challenging.
However, this prospect appears to be more feasible in
high-risk cohorts, such as patients of psychiatric clinics.
Particularly, PRS assessments offer increasingly robust
predictive capacities, potentially extending to the individual
level, contingent upon the identification of specific marker
sets and their comparison with continuously expanding
genetic databases. Despite various uncertainties and
diverse analytical approaches, GWAS findings in suicidology
progressively, as sample sizes grow and ethnic diversity
is considered, alongside the augmentation of international
genetic databases, allow one not only to confirm some
pathogenetic hypotheses, but also provide hope for
practical implementation (when combined with diverse
test modalities) to predict and prevent suicides, which
constitutes the ultimate objective of research in this field.

Based on the results of our review, we can opine that
the enhanced effectiveness of suicide studies using the
GWAS approach points toward several directions. First
of all, they are the standardization of phenotypes based
on more accurate definitions of all manifestations of SB;
the use of the most clinically proven suicide risk scales,
an increase in sample sizes and their standardization in
terms of ethnicity and origin; the homogeneity of clinical
samples and their detailed psychiatric verification; the
stratification of samples by age with a focus on adolescents
and young adults, men and women; the integration of
genetic data with psychological constructs of suicide; and

the widespread use of international databases of genetic
information.

CONCLUSION

In our opinion, the set of most frequently recurring markers
identified by GWAS reflects the leading role in the genesis
of SB of the vulnerability-stress phenomenon — an
endophenotype formed in early development, which
subsequently plays the role of key pathogenetic mechanism
of suicide.

The GWAS strategy in suicidology primarily serves the
purpose of better understanding the pathophysiology
of SD, but it also shows the growing potential of suicide
prediction and prevention, especially when calculating
PRS, among certain populations (psychiatric patients) and
in combination with other test modalities.
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ABSTRACT

Delirious mania (DM) is a severe psychiatric condition having rapid onset of delirium, mania, and
psychosis. It is an emergency condition as it has acute onset and is characterized by extreme hyperactivity. Catatonic
signs may also be present. Very few cases have been reported from India, hence making it imperative to study
its clinical characteristics and possible treatment, which can help in providing care to such patients in emergency
settings.

This paper describes four cases with a diagnosis of DM — demography, clinical
features, investigations, treatment. All the patients had an acute onset and rapid progression of symptoms, with clinical
symptoms of talkativeness, increased psychomotor activity, decreased need for sleep, aggressive and violent behavior,
increased libido, increased appetite with delusion of grandiosity, disorientation to time/place/person, impaired memory
of recent events, impaired attention with fluctuating course, negativism, echolalia, and echopraxia.

There is a high likelihood of misdiagnosing DM in the absence of diagnostic guidelines. There should
be an active search for the underlying aetiology in all cases of DM. Atypical antipsychotics and mood stabilizers may
be used to treat less severe forms of DM. Modified electric convulsive treatment and intravenous benzodiazepines
elicit a good response.

AHHOTAUMA

JennpnosHasa maHus (AM) — 3To TaXes0e NCUXmMYeckoe HapyLleHne, XapakTepusytoLleecs 6bICTPbIM
BO3HUKHOBEHWEM N COYETAHUEM AeNNpUs, MaHUN U NCUX03a, TakxKe BO3IMOXHbI CUMMTOMbI KaTaToHUW. Takoe
COCTOSIHVE AABASIETCS HEOT/IOXHBLIM BBUAY XapaKTepHbIX A/1s HEro OCTPOro Hayana W KpaliHero Bo3byxaeHus.
B VIHAMW 3aperncTprpoBaHo o4eHb Majo C/lydaeB 3TOro PacCcTPOICTBa, MO3TOMY BaXHO M3y4aTb ero KAnHUYeckme
XapaKTePUCTUKN 1 NpUeMeMble METOAbI IeUeHUs], UTO6bI MMEeTb BO3MOXHOCTb 06eCneynTb TakMM naLyeHTam
afleKBaTHYH HEOT/IOXHYH MOMOLLb.

B cTaTbe onmcaHo 4 ciyyas naumeHToB ¢ AgnarHo3om M — nx gemorpaduyeckme
XapaKTepUCTUKI, KMHUYeCKEe 0COBEHHOCTU, N1abopaTopHbIe Y MHCTPYMEHTasbHbIE JaHHbIE, IeUeHre. Y BCexX NaLyeHToB
OTMeYany oCcTpoe Havaso 1 BbICTpPOoe NporpeccpoBaHmne KAIMHUYECKNX CUMNTOMOB. YacTbiM/ NPOSiBAEHUSMN BblAN
MHOrOPeUYNBOCTb, MOBbILLEHHAs 1 NMCUXOMOTOPHAs aKTUBHOCTb, CHUXKEHHas MOTPEBbHOCTL BO CHe, arpeccnBHOE 1 ByiHoe
noBezeHve, ycuneHne nmbunao, NoBbILLEHHbIV anneTnT, 6pes BeNnuuns, Ae3opreHTaums Bo BpeMeHN/NpoCcTpaHCcTBe/


https://doi.org/10.17816/CP15501

JINYHOCTW, HapyLleHne namMAaT Ha HelaBHMe cobbITUS, HapylwleHne BHMMaHnA no tmny HGyCTOVI‘-IVIBOCTI/I, HeraTnBmswm,

3Xonanus, axonpakcums.

B cBsi3M C oTCyTCTBMEM CNeLnduUYecknx ANarHoCTUUYeckX pekoMmeHzauuii Ans 4ennpuo3Holi

MaHW BblCOKa BEPOATHOCTb AONYLLEHNA AI/IaFHOCTI/IbIECKOVI owwnbkun. Bo Bcex I'IOAO6HI:>IX cnydaax HEO6XOAVIMO

AKTUBHO NCKATb 3TUON0OIrnM4yeckmne q)aKTOpr, nexawme B ocHose AM. Ansa neyeHNsa MeHee TAXENbIX ¢OpM AM MOryT

NPYMEHATLCS aTUMUYHbIE aHTUMNCMXOTUYeCKMe npenapaTbl U HOPMOTUMUKM. XOPOLLUWIA TepaneBTUYeCKNA 3dpekT

AaroT MO,CI.I/Iq)VILI.VIpOBaHHaﬂ SNEKTPOCYyA0POXHadA Tepanna N BHYTpBEHHOE BBEAEHWE 6eH30,CI|VIa3EI'II/IHOB.

INTRODUCTION

Delirious mania (DM) was previously known as Bell's
mania. Delirium, mania, and psychosis constitute the
main clinical features of this condition. It is a severe
psychiatric syndrome in which the clinical features have
a rapid onset. It can morph into an emergency situation,
as it may lead to the sudden onset of severe agitation.
It can be described as “a syndrome of the acute onset of
hyperactivity, emotional lability, grandiosity and insomnia
characteristic of mania, and the disorientation and altered
consciousness characteristic of delirium” [1]. Catatonic
signs and autonomic dysfunction may accompany the
condition. Catatonic signs and symptoms may include
mutism, grimacing, stereotypy, mannerisms, rigidity,
negativism, automatic obedience, and echopraxia/echolalia
(i.e., mimicking of the examiner's movements/speech) [2].
Kraepelin used the term DM; however, Calmeil described
these cases extensively. He identified high morbidity and
mortality in cases of DM [3, 4]. This was also found by Bell
in 1849, who reported a 75% mortality rate in admitted
patients with DM [5]. Carlson and Goodwin published
a case series wherein 6 out of 20 patients with a diagnosis
of mania were not oriented to time and place [6]. Ritchie et
al. have found that the incidence of delirium in hospitalized
patients with bipolar disorder is 35.5% [7]. In the absence of
a consensus on the diagnostic criteria of DM, the incidence
of DM varies across studies. There are no standardized
diagnostic guidelines or clinical assessment measures.
Very few cases have been reported from India, hence
making it imperative to study its clinical characteristics
and possible treatment, which can help in providing care
to such patients in emergency settings. The profound
hyperactivity encountered in this condition is distressing
to both the caregivers and clinicians providing treatment.
Unfortunately, the information gathered so far has remained

limited to case reports, which provide a similar picture. We
hope this work will be of help to clinicians in successfully
diagnosing and treating patients with DM.

Our aim was to examine the clinical profile and treatment
responses of patients presenting with delirium and mania
at a government psychiatric inpatient unit.

Informed consents for publication in a medical journal
were signed on 26.06.2019, 11.07.2020, 28.01.2021 and
01.11.2021 for Cases 1, 2, 3 and 4 respectively.

CLINICAL CASES

Patient information

Mr. N., a 40-year-old married male, educated to class 8™,
unemployed, belonging to a Muslim nuclear family of lower
socio-economic status. He presented with complaints
of over-talkativeness, increased goal directed activity,
decreased need for sleep, violent behavior, increased
libido, increased appetite, and decreased self-care since 3
days. He had a past history of manic episode 9 years prior,
which resulted in 20 days of treatment and was taken off
treatment after remission. He had a nil significant family
and personal history.

Clinical findings

At the time of admission, the patient was conscious but
had no orientation to time or place. He showed increased
psychomotor activity, talked excessively, was extremely
irritable, and sometimes exhibited disinhibited behavior
of disrobing in front of others. He talked very highly of
himself. He had impaired attention span and poor memory
of recent events. He refused to follow commands like
putting out his tongue or extending his hands in front of
him for examination. He would repeat words spoken to
him and sometimes mimic his examiner’s behavior.



Diagnostic assessment

Diagnostic testing: Upon investigation there was increased
Total Leucocyte Count (TLC) — 15,940/mm? (normal —
4,000-11,000/mm?3), increased Absolute Neutrophil Count
(ANC) — 14,940/mm?3 (normal — 2,500-6,000/mm?3),
increased Serum Glutamic Oxaloacetic Transaminase
(SGOT) — 223 U/L (normal — 8-45 U/L), increased Serum
Glutamic Pyruvic Transaminase (SGPT) — 142 U/L (normal —
7-56 U/L). All routine haematological investigations other
than these were within normal range. Non-Contrast
Computed Tomography of the head did not show any
anomaly.

Diagnostic challenges: As the testing was done in a
government-funded health institution, the patient did not
face any financial burden related to bearing the diagnostic
cost.

Diagnosis: A provisional diagnosis of DM with a differential
diagnosis of bipolar disorder and current episode of
mania with psychotic symptoms. Encephalitis was also
considered.

Therapeutic intervention

The patient was administered several doses of injections.
Haloperidol 5 mg intramuscularly with injections.
Promethazine 25 mg intramuscularly, but the patient
responded poorly to it, after which he was started on
injections. Lorazepam 2 mg intravenously repeated doses
(maximum — 8 mg/d) to which his response was good.
He was also started on Lithium, which was optimized to
900 mg/d and Thioridazine optimized to 500 mg/d.

Follow-up and outcomes

By day 6 of admission, there was a 50% reduction in
symptoms (reduction in Young Mania Rating Scale, YMRS, —
from 36 to 20). The patient was febrile on day 7 and
exhibited shortness of breath. He was referred for this
and was diagnosed with pulmonary tuberculosis, with
pleural effusion. He was discharged on medical grounds.

Patient information

Mrs. S., a 22-year-old married female, uneducated, a
homemaker belonging to a Hindu nuclear family of lower
socio-economic status. She presented with complaints of
hyperactivity, abusive and agitated behaviour, excessive
talkativeness, hypersexuality-sexual gestures, disrobing,
sleep disturbance since 4 days and no significant family

and personal history. She is a known case of bipolar
affective disorder.

Clinical findings
At the time of admission, the patient was conscious but
was not oriented to time and place. She suffered from
impaired attention span and poor memory of recent events.
She was extremely restless and would get up from her
bed purposelessly. She talked rapidly, and sometimes it
was difficult to make sense of what she was saying. She
displayed a labile affect and would go from crying to
bursting into laughter in an instant. She displayed delusion
of grandiosity, flight of ideas, poor insight, and impaired
judgement. She often repeated the words spoken to her
and sometimes mimicked her examiner's behavior. All
routine haematological investigations like complete blood
count, liver function test, renal function test, thyroid function
test, and blood sugar were within normal range except.
Creatine phosphokinase (CPK) — 202 mcg/L (normal —
10-120 mcg/L). The neuroimaging finding was non-
significant.

Therapeutic intervention

Upon treatment the patient showed no response to
intravenous Lorazepam up to 12 mg/d in divided doses:
hence, she was started on a Modified Electric Convulsive
Treatment (MECT), to which she showed a good response.
She went through 6 sessions of MECT, which resulted
in a reduction in the YMRS score from 48 to 8. Delirium
resolved by the 2" day of MECT. She was discharged on
Lithium 900 mg/d, Risperidone 8 mg/d, and Trihexyphenidyl
(THP) 2 mg/d in divided doses.

Follow-up and outcomes
The patient was discharged with significant improvement.

Patient information

Mr. K., a 35-year-old married male, educated to class 5%,
unemployed, belonging to a Muslim nuclear family of lower
socio-economic status, with a past history of pulmonary
tuberculosis (treated) and no significant personal or
family history. He had undergone an episode of DM 6
years prior. Currently, he displays over-talkativeness,
increased goal-directed activity-overspending, increased
libido, aggressive behavior, grandiosity, and a decreased
need for sleep for 10 days.



Clinical findings

On examination, the patient was not oriented to time,
place, or person. He had impaired attention span and
poor memory of recent events. No medical cause was
identified for his delirium. He often repeated the words
spoken to him and sometimes mimicked his examiner's
behavior. All routine haematological investigations and
neuroimaging findings were within normal range.

Therapeutic intervention

The patient was started on intravenous Lorazepam
optimized up to 6 mg/d in divided doses and showed
improvement in delirium within the next 3 days. Later,
he was treated with Sodium Valproate optimized up to
1,500 mg/d, Lithium optimized up to 900 mg/d, Risperidone
optimized up to 8 mg/d, and was discharged 25 days after
admission with a change in YMRS from 32 to 6.

Follow-up and outcomes
This patient was discharged with significant improvement.

Patient information

Mr. A., a 38-year-old male, educated to class 12%, working
as a factory helper, belonging to an Hindu nuclear family
of lower socio-economic status with a history suggestive
of multiple manic episodes dating back 15 years, with
current presentation from 7 days with abrupt onset of
aggression, over religiosity, always ready to engage in
some activity, decreased need for sleep, grandiosity, poor
personal hygiene, and decreased appetite.

Clinical findings

He was not oriented to time during admission. He had
impaired attention span and poor memory of recent
events. He had no significant personal or family history.
He talked rapidly and often repeated the words spoken to
him. He would be extremely restless during interviews and
mimic his examiner's behavior. He displayed a labile
affect and claimed to have supernatural powers. All routine
haematological investigations were within normal range.

Therapeutic intervention

The patient was started on Lithium optimized up to
900 mg/d and Thioridazine optimized up to 600 mg/d and
showed minimal improvement; hence, MECT was started
and a total of 8 sessions were administered, to which he

showed a good response, with a reduction in the YMRS
score from 44 to 11. Later, Lurasidone was started, which
was optimized up to 160 mg/d; and Sodium Valproate,
optimized up to 1,000 mg/d.

Follow-up and outcomes
The patient was discharged with significant improvement.

The cases presented in this study are summarized in Table 1.

DISCUSSION
This case report adds to the available medical literature
on the clinical features, risk factors, investigations to be
ordered, and treatment of DM. This information will be
of help to clinicians in improving their knowledge and
modifying their treatment methods in order to achieve
a faster response. This is extremely important as patients
with DM present extreme hyperactivity and might pose an
imminent threat of harm to themselves or others. However,
this study is a case series and the documentation of such
case reports dates back to the 19 century. There exist
no diagnostic guidelines for this condition and no higher
level of evidence available for this condition. This saps
interest among researchers who want to analyze such
cases. However, every mental health institution providing
treatment to a large number of patients often faces
challenges in the identification and adequate treatment
of this condition: hence, such studies should continue in
order to help upgrade clinicians’ knowledge and skills,
with a view to alleviating the distress of patients and their
caregivers. The onset of DM usually happens in early
adulthood. Itis characterized by disorientation, extreme
psychomotor activity, emotional lability, delusions, and
hallucinations [8, 9]. After recovery, patients are unable
to recall the events that occurred during their episode of
iliness. The clinical picture might indicate an exploration
of the differentials of drug toxicity, metabolic disorders,
and central nervous system infections. Electroconvulsive
therapy and high-dose benzodiazepines provide effective
management of DM [10, 11]. Putative aetiologies of DM
include the following:
+ Klerman described DM as a variant of classical
bipolar disorder [12];
+ Mann et al. defined Delirious mania to have resulted
from underlying medical and neuropsychiatric
aetiologies [13];



Parameter
Patient age
Patient gender

Family history of
bipolar disorder

Past history of
manic episode

Onset of symptoms

Progress of
symptoms

Manic symptoms

Delirium signs

Catatonic signs

Treatment given

Haematological

Case 1
40

+
Acute

Rapid

1Talk, 1PMA,

Ineed for sleep,
tlibido, tappetite,
self-care.

Aggressive and violent
behavior.

Del. of grandiosity.

Disoriented to time

and place.

Impaired memory of
recent events.

Impaired attention span
with fluctuating course.

Negativism
Echolalia
Echopraxia

No response to
intramuscular
antipsychotics.
Thioridazine 500 mg/d.
Lithium 900 mg/d.

LZM 8 mg/d intravenously

till Day 6 of admission
with 50% remission.

1TLC, 1ANC, 1SGOT,

Case 2
22

Acute

Rapid

Hyperactivity, flight

of ideas.

Abusive and agitated
behavior.
Hypersexuality-disrobing
self-sexual gestures
disrobing.

Sleep disruption.
Emotional lability.

Disoriented to time

and place.

Impaired memory of
recent events.

Impaired attention span.
Floccillation with
fluctuating course.

Echolalia
Echopraxia
Negativism

No response to
intravenous Lorazepam
12 mg/d.

Good response with
MECT-6 sessions, delirium
resolved by 2" MECT.

D/C on Lithium 900 mg/d.
Risperidone 8 mg/d.

THP 2 mg/d.

Haematological,

Case 3
35

+
Acute
Rapid

1Talk, TPMA,

Lneed for sleep,
tlibido, tappetite,
lself-care.

Aggressive and violent
behavior.

1Goal directed activity
(overspending).

Del. of grandiosity.

Disoriented to time,
place and person.
Impaired memory of
recent events.

Impaired attention span
with fluctuating course.

Echolalia
Echopraxia

Good response to
intravenous Lorazepam
6 mg/d.

D/C on Valproate

1,500 mg/d.

Lithium 900 mg/d.
Risperidone 8 mg/d.

Haematological,

Case 4
38

Acute

Rapid

1Talk, |need for sleep,
Iself-care, 1PMA.
Aggression,

over religiosity,
disrobing self.

Del. of grandiosity.
Emotional lability.

Disoriented to time,
impaired memory of
recent events.
Impaired attention
span, floccillation with
fluctuating course.

Echolalia
Echopraxia

No response to
intramuscular
antipsychotics and
Lithium 900 mg/d.
Thioridazine 600 mg/d.
Good response with
MECT-8 sessions.

D/C on Lurasidone
160 mg/d.

Valproate 1,000 mg/d.

Haematological,

findings 1SGPT with fever Neuroimaging-WNL Neuroimaging-WNL Neuroimaging-WNL
YMRS score 36 to 20 48to 8 32to 6 44 to 11
Referred to GHPU, D/C with significant D/C with significant D/C with significant
Course diagnosed with Pulm. improvement improvement improvement
TB with PE P P P
+ Taylor and Fink described DM as a variant of + acute onset with or without premonitory signs of
catatonia (i.e., excited catatonia) [14]; irritability, insomnia or emotional withdrawal;
«  Dunayevich and Keck stated that DM is similar to « the presence of the hypomanic or manic syndrome

schizophrenia [15].
Bond has defined the criteria for a diagnosis of DM [4, 16],
which include the following: .

(as defined by DSM-III criteria) at some point in
the illness;
development of signs and symptoms of delirium;



Pathophysiology of delirium | Pathophysiology of catatonia
|Acetylcholine — leads to

decreased awareness leads to echolalia’echopraxia

tDopamine — leads to

perceptual disturbance cortex — leads to posturing

TGABA — leads to sleep
disturbance

|GABA binding in the lateral orbitofrontalcortex —

Pathophysiology of mania

|Prefrontal cortex activity — leads to
socially inappropriate behaviour

Aberrations in glutamate signaling at posterior parietal

Abnormal dopamine signaling in corticothalamic loops —
leads to autonomic dysregulation of malignant catatonia

tDopamine — leads to manic symptoms
of elevated mood, increased energy and
psychosis

The increase in glutamate at NMDA-receptors in frontal

1Serotonin — leads to
confusion

lobe leads to inhibition of GABA. Therefore, NMDA-
receptor antagonists may lead to treatment of catatonia

by inhibiting glutamate and increasing GABA

+ apersonal history of either mania or depression;

« afamily history of major affective disorder;

*  responsivity to standard treatments for mania.
Research does not offer comments on any specific
pathophysiology of DM. However, its pathophysiology
can be hypothesized on the basis of the known
neuropathophysiology of its three principal clinical features
as stated below (Table 2) [10].

In all 4 cases, a past history of manic episode was
present[17]. The patient’s presentation in hospital during
the episode had an acute onset, and the symptoms had
arapid progression. The common clinical features included:

* manic symptoms — decreased need for sleep,

irritability/aggression, increased PMA, increased
talkativeness, increased goal directed behaviour-
hyper-religiosity, hypersexuality, emotional lability,
grandiosity;

+ delirium signs-disorientation to time/place/person,

impaired recall of recent events, impaired attention;

+ catatonic signs of negativism/echopraxia/echolalia.
The haematological and neurcimaging findings were
within normal range, except in one case, where there was
comorbidity of pulmonary tuberculosis. There was a good
response to intravenous Lorazepam or MECT in all cases,
similarly to that found in other studies [17, 18]. MECT
yielded drastic improvement whenever used. There was
a good response to antipsychotics and mood stabilizers
upon stabilization of the acute stage with intravenous
Lorazepam or MECT. In all the cases, patients had followed
up in OPD post discharge, with continuous remission of
symptoms. The patients were prescribed oral antipsychotics
and/or mood stabilizers, and/or benzodiazepines.

A clinician should strongly consider the diagnosis of
Delirious mania whenever delirium, mania, and psychosis
are present concurrently; the additional presence of
catatonia further bolsters the confirmation of DM [19].
In cases where the risk of harm to self or others is high,
benzodiazepines and/or MECT may provide immediate
relief [3, 18].

CONCLUSION

DM can be rightfully called a severe, but rare condition
that involves severe incessant agitation. This leads to the
referring of cases to emergency. Misdiagnosis is likely
in such cases, with the most common differential being
the manic episode. Ignorance of this condition and its
different modalities of treatment can turn into an ordeal
for the treating clinicians, leading to mismanagement and
morbidity, or mortality.

Our current classificatory system does not mention DM
under a major heading due to its complex symptomatology.
In all cases of DM, all potential underlying etiologies
must be investigated. Atypical antipsychotics and mood
stabilizers may be used to treat less severe forms of DM.
Early recognition and definitive treatment of DM in an
acute setting can be life-saving. This case series will be of
help to clinicians in identifying cases of DM and providing
treatment at the early stages, leading to a faster response
and minimized morbidity.
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