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Mass Spectrometry Imaging of
Two Neocortical Areas Reveals
the Histological Selectivity of
Schizophrenia-Associated Lipid
Alterations

anMEHEHMe MeToda MaCC-CI'IeKTDOMeTpMLIeCKOﬁ BU3yaJiIndauunn 0Byx obnacten
HeoKOopTeKCa AJifa BbiaABJ1eHUA r’MCTOJIOrMYEeCKOM CeNeKTUBHOCTHU JINMNNAHDbIX
M3MEHEeHWUMN, XapaKTepHbIX Npu WwWnsoppeHnmn
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ABSTRACT

BACKGROUND: Schizophrenia is a psychiatric disorder known to affect brain structure and functionality. Structural
changes in the brain at the level of gross anatomical structures have been fairly well studied, while microstructural
changes, especially those associated with changes in the molecular composition of the brain, are still being
investigated. Of special interest are lipids and metabolites, for which some previous studies have shown association
with schizophrenia.

AIM: To utilize a spatially resolved analysis of the brain lipidome composition to investigate the degree and nature of
schizophrenia-associated lipidome alterations in the gray and white matter structures of two neocortical regions —
the dorsolateral prefrontal cortex (Brodmann area 9, BA9) and the posterior part of the superior temporal gyrus
(Brodmann area 22, posterior part, BA22p), as well compare the distribution of the changes between the two regions
and tissue types.

4 CC BY-NC-ND 4.0 license © Authors, 2024 Consortium Psychiatricum | 2024 | Volume5 | Issue3



We employed Matrix-Assisted Laser Desorption/lonization Mass Spectrometric Imaging (MALDI-MSI),
supplemented by a statistical analysis, to examine the lipid composition of brain sections. A total of 24 neocortical sections
from schizophrenia patients (n=2) and a healthy control group (n=2), representing the two aforementioned neocortical
areas, were studied, yielding data for 131 lipid compounds measured across more than a million MALDI-MSI pixels.

Our findings revealed an uneven distribution of schizophrenia-related lipid alterations across the two
neocortical regions. The BA22p showed double the differences in its subcortical white matter structures compared
to BA9, while less bias was detected in the gray matter layers. While the schizophrenia-associated lipid differences
generally showed good agreement between brain regions at the lipid class level for both gray and white matter, there
were consistently more discrepancies for white matter structures.

Our study found a consistent yet differential association of schizophrenia with the brain lipidome
composition of distinct neocortical areas, particularly subcortical white matter. These findings highlight the need for
broader brain coverage in future schizophrenia research and underscore the potential of spatially resolved molecular
analysis methods in identifying structure-specific effects.

AHHOTAUMA

LLn3odpeHms — 3TO MCUXMYECKOEe PACCTPOCTBO, N3BECTHOE CBOMM BAUSIHUEM Ha CTPYKTYpy U
$YHKLUMOHANBbHOCTb MO3ra. XOTS U3MEHEHWS B apXUTEKType MO3ra Ha YPOBHE KPYMHbIX aHaTOMUYECKUX CTPYKTYP
6bI1N UCCNeA0BaHbl JOCTaTOYHO NOAPOBHO, MUKPOCTPYKTYPHbIE M3MEHEHWS, 0COBEHHO CBsI3aHHbIe C MOEKYNSPHBIM
COCTAaBOM MO3ra, OCTalTCS NPesMETOM UHTEHCKMBHOMO M3y4YeHust. B nociiegHne roasl ocoboe BHUMaHVE yAenseTcs
avnuaam v MetabonnTam, MOCKoNbKY psj npeablayix paboT BbIABUA MX BO3MOXHYIO CBSA3b C LLUM30$pPeHUnel.
MOHUMaHMe 3TUX MONEKYNAPHBLIX U3MEHEHWIA MOXET MOMOYb B PACKPbLITUN MEXaHM3MOB, JleXaLluX B OCHOBE 3TOro
paccTpolicTBa, 1 B pa3paboTke HOBbIX MOAXOAOB K ero AMarHOCTUKE N IeUeHUIo.

WNccnepoBaTh cTeneHb U XxapakTep acCoUMMpPOBaHHbIX C LUN30dpeHrer pasnmyunii B MPOCTPAHCTBEHHOM
pacrnpejeneHun nMNnAoB B cepoM 1 6enom BellecTBe /ByX obsiacTeli HeokopTekca — B JopconatepasibHown
npedpoHTanbHo Kope (o6nactb bpoamaHa 9, BA9) n 3agHel 4acTy BepXHel BUCOYHOM U3BUANHBI (061aCTb
BpoamaHa 22, 3agHsa YacTb, BA22p), a Takxke CpaBHUTb pacrnpejeneHne pasnnymini Mexay AByMs 06n1acTsaMn U
TUMNaMW TKaHew.

MNpoBejeHa BM3yanmnsaLmsa Npu NOMOLLN MeTo/a Macc-CrneKTpoOMeTpuUn ¢ NpruMeHeHneM MaTpuyHo-
aKTUBMPOBAHHOW flasepHol fecopbunn/noHmnsaumm (MALDI-MSI). Bcero 6b110 nccnefoBaHo 24 cpesa, NoayYeHHbIX
OT 60NbHbIX WK30PpeHmer (n=2) 1 0T 30POBOro KOHTPOASA (N=2), NPeACTaBAAOLLMX ABe BbILLEYNOMAHYTbIX 061aCcTL
HEeOoKOopTeKCa, YTO MO3BOANIO0 MPOAHANN3MPOBATE AaHHbIe Mo 131 AMNMAHOMY COeVHEHNIO, N3MEPEeHHOMY Mo bonee
yeM MUAMOHY nnkceneri MALDI-MSI.

O6Hapy>XeHO HeOAHOPOAHOE pacrnpeeneHe pasHuiLbl B yPOBHE IMMUAOB, CBA3aHHbIX C LUN30bpeHnel,
B ABYX 1CCeA0BaHHbIX 061acTsIX HeokopTekca. benoe BellecTso 13 BA22p nokasano 60/bLLe pasnnymnii No cpaBHEHWIO
¢ 6enbiM BelLleCTBOM 13 BA9, B TO Bpems Kak B CEpPOM BeLLecTBe AncbanaHc KOMYecTBa pasinynii MeHee BblpaXeH.
XOTsi I3MEHeHUs NUNNAOB, CBA3aHHbIE C LIM30dPeHMNEN, B LLeSIOM, XOPOLLO COracyroTca Mexay 061acTsMm Mo3ra
Ha ypOBHe K/1acCcoB IMMUAOB Kak A/18 CEpOro, Tak U A1 6enoro BeLLecTsa, 66110 06HaPYXXeHO 3Ha4YNTeNbHO bonbLUe
pacxoxaeHui Ans cTpykTyp 6enoro BeLlecTsa.

WNccnepgoBaHMe BbISIBUAO COM1IaCcOBaHHY0, HO AnddepeHLMpOoBaHHYO CBSI3b MeXAy LUn3odpeHmei
1 COCTaBOM INMNAOMA MO3ra B Pa3/IMYHbIX 061aCTAX HEOKOPTEKCa, 0OCOBEeHHO B MOAKOPKOBOM 6e/10M BeLlecTse.
MonyyeHHble pe3y/bTaTbl MOAYEPKMBAKOT BaXXHOCTb y4eTa crneLmdrKm MO3roBbIX CTPYKTYP B OyAyLLX MCCNeA0BaHUAX



Wn3odpeHnn N AeMOHCTPUPYIOT NEPCNeKTUBHOCTE METOA0B MOJIEKYISPHOIO aHanm3a C MPOCTPaHCTBEHHbIM

paspeweHnem 414 BbiaB1eHNA CTPYKTYPHO-OPNEHTUPOBAHHBLIX N3MEHEH U, CBA3aHHbIX C 3TUM paCCTpOI?ICTBOM.

INTRODUCTION

Schizophrenia is a psychiatric disorder affecting 0.3 to
0.45% of the global population' [1, 2] and up to 4.7% in
selected countries [3, 4], with a significant social and
healthcare impact [2]. The molecular underpinnings
of schizophrenia remain poorly understood due to the
multifactorial nature of the disease and brain tissue
heterogeneity. Recent advances in high-resolution
molecular imaging techniques, such as Matrix-Assisted
Laser Desorption/lonization Mass Spectrometry Imaging
(MALDI-MSI), offer unprecedented opportunities to
elucidate the spatial distribution of molecules on tissue
sections [5-7], thereby enabling a more comprehensive
understanding of the biochemical changes associated
with schizophrenia [8]. Studying molecular changes in
other disorders using MALDI-MSI provides a powerful
approach to identifying and localizing potential biomarkers
[9], in an effort towards a better understanding of disease
etiology [10, 11].

Previous studies using mass spectrometry have indicated
the presence of detectable metabolic alterations in the
brains of schizophrenia patients: particularly in hydrophobic
metabolites known as lipids [12-14]. Similarly, genetic
studies have revealed associations linked to the genes
involved in lipid metabolism in schizophrenia patients
[15,16]. Despite an increase in studies that investigate the
metabolome, specifically the lipidome, of the schizophrenia
brain, a comprehensive understanding of the metabolic
alterations associated with this debilitating disorder is
yet to be achieved. One reason for this lack of systemic
understanding is the near-exclusive focus of most molecular
studies on a specific brain area — the dorsolateral prefrontal
cortex.

Another contributing factor to incomplete understanding
of schizophrenia-associated alterations is the lack of spatial
resolution in most of the methods used for molecular tissue
examination. Traditional lipidomic studies often prepare
samples for liquid or gas chromatography, combined with
mass spectrometry, by homogenizing the biological sample,

which often results in a loss of information about the lipids’
spatial distribution. At the same time, the cerebral cortex
possesses a complex multilayer structure that influences
its functionality [17, 18]. Moreover, certain lipids and lipid
classes have been shown to exhibit a distinctive spatial
distribution within the cortex layers [19]. Collectively,
these points underscore the need to employ methods
that incorporate spatial resolution in order to examine
the molecular composition of multiple brain regions in
a schizophrenia brain, which has not been implemented
previously.

The dorsolateral prefrontal cortex, which has been the
focus of multiple schizophrenia studies, was associated with
such negative symptoms as affected cognitive control [20],
working memory dysfunction [21], and anhedonia [22-24].
Investigation of the spatial lipidome of the prefrontal
cortex of schizophrenia has indicated some abnormalities
in phospholipids but yielded limited data on other lipid
classes. It also lacked statistical evaluations [8]. Variations
in the volume of the left-side superior temporal gyrus have
been consistently associated with auditory hallucinations,
which are a primary positive symptom of schizophrenia
[25]. Furthermore, gene expression studies that have
examined multiple neocortical regions have reported the
greatest number of gene expression alterations in this area
[26-28]. However, no previous studies have focused on the
spatial distribution of the lipids in this temporal region.
Moreover, no comparative analysis has been conducted
for the two regions.

Our study aimed to utilize a spatially resolved analysis
of the brain lipidome composition to investigate the
degree and nature of schizophrenia-associated lipidome
alterations in the gray and white matter structure [27-29]
of two neocortical regions — the dorsolateral prefrontal
cortex (Brodmann area 9, BA9) and the posterior part of the
superior temporal gyrus (Brodmann area 22, posterior part,
BA22p). The focus on these two regions made it possible
to establish a reference frame for the results obtained
in the form of the well-studied region BA9, as well as the


https://www.who.int/news-room/fact-sheets/detail/schizophrenia

opportunity to collect completely new data for a region that
had not previously been studied using our chosen method.
We further examined two histological areas within each
region — one corresponding to subcortical white matter
and the other to neocortical gray matter layers.

METHODS

Healthy control (HC) and schizophrenia patient (SZ) brain
samples (sex: M/F=0/2 and 1/1; age: 36, 63 and 62, 56;
respectively) were obtained from the biospecimens of the
contract research organization National BioService (Saint
Petersburg, Russia). No subject in the control group had
a history of psychiatric or neurodegenerative disease and
no gross anatomical abnormalities were revealed during the
pathoanatomical assessment. Brain donors were diagnosed
with schizophrenia according to ICD-10 by psychiatrists
during inpatient treatment at Mental-health clinic No. 1
named after N.A. Alexeev (Moscow, Russia). Each subject
suffered sudden death with no prolonged agony state.

All the post-mortem brain samples were sectioned,
placed on aluminum blocks, and frozen on dry ice. All
sample transport was conducted on dry ice and long-term
storage in -80°C freezers. There was no sample thawing or
heating at any point. The two regions of interest (BA9 and
BA22p) were located according to the Atlas of the Human
Brain? by a neuroanatomist. A total of 24 samples were
dissected. They covered two regions from two individuals
from both the HC and SZ and were measured in three
replicates, meaning that each region in each individual
was represented by three brain tissue slices (Table S1in
the Supplementary).

The brain samples were sectioned using the Leica CM1950
microtome cryostat (Leica Biosystems, China). Cutting
was done at a chamber temperature of -18°C; sample
temperature was -15°C. The thickness of the sections
was set to 20 pm. The sections were placed on an ITO
(indium tin oxide) coated glass slide without an adhesive
medium (Hudson Surface Technology, Glass Slides for
MALDI imaging, Republic of Korea) and attached to the
glass by thaw-mounting. The sections were next placed
in a desiccator for 90 minutes. Air was removed from

the chamber using a MEMVAK 2x1 membrane pump to
a 30-mbar pressure at room temperature. A solution
of a-cyano-4-hydroxycinnamic acid (Sigma-Aldrich,
USA), with a concentration of 5 mg/mL in a 50/50 water/
acetonitrile mixture with 0.1% and trifluoroacetic acid
(TFA, Sigma-Aldrich, USA), was diluted twice. No internal
standards were added. The diluted solution was sprayed
using an lwata Micron CM-B2 airbrush (Anest Iwata, Japan)
for two seconds and allowed to dry for 2.5 minutes. This
process was repeated 20 times.

MALDI images were obtained using a modified MALDI-
Orbitrap mass spectrometer (Thermo Scientific Q-Exactive
Orbitrap with MALDI/ESI Injector from Spectroglyph, LLC,
USA) equipped with an 355 nm Nd:YAG Laser Garnet
(Laser-export. Co. Ltd, Russia). For positive ion induction
the laser power was set to a 20 repetition rate to 1.7 kHz.
The distance between the sample on a coordinate table
and ion funnel was 0.5 cm. The produced ions were
captured by ion funnel and transferred to a Q-Exactive
Orbitrap mass spectrometer (Thermo). Mass-spectra were
obtained in a mass range of m/z 500-1000, and the mass
resolution was 140,000. No fragmentation was carried
out. The scanning pattern was left-right. MALDI interface
operated in the MALDI mode at a laser repetition rate of
1 kHz. The ion accumulation time per pixel was 250 ms.
The tissue region to be imaged and the raster step size
were controlled using the Spectroglyph MALDI Injector
Software. No oversampling was performed. To generate
images, the spectra were collected at 40-uym intervals in both
the x and y dimensions across the surface of the sample.
lon images were generated from raw files (obtained from
the Orbitrap tune software) and coordinate files (obtained
from the MALDI Injector Software) by the Image Insight
software from Spectroglyph LLC. MALDI raw mass spectra
were converted to *.ibd and *.imzML formats using the
Spectroglyph software, with the background noise threshold
set to zero. All further processing was done using Cardinal
2.8.0 (Kylie A. Bemis, USA), an R package designed for mass
spectrometry imaging data analysis [30].

Forimage analysis, duplicated coordinates were removed
from the converted files. Peak intensity was evaluated
as height, then the spectra were normalized by the total
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ion current. We performed peak picking on the basis of
a signal-to-noise ratio threshold equal to three to select
peak centers for the downstream analysis. The signal-to-
noise ratio was calculated based on the difference between
the mean peak height in a window of predefined size and
the mean height in a window of the manually selected flat
part of the spectrum [31]. After the peak picking procedure,
the spectra of each pixel were aligned to the average
spectrum of the entire image, in accordance with the
library functionality Cardinal 2.8.0 (Kylie A. Bemis, USA).
Peaks present in less than 7% of the sample spectra were
removed from further analysis. Images were generated
with the peaks of interest centered around the measured
m/z values.

Peaks originating from the glass slide surface not covered
by tissue and uninformative parts of the spectra containing
no biologically relevant peaks were removed from each
sample spectral data. To do that, the sample image area
was divided into two parts using the spatial k-means
algorithm; one of the clusters corresponding to the tissue
sample, the other — to the sample-free matrix-covered
surface of the glass slide. The mapping of the clusters
to the sample and the surrounding area was manually
curated by visual inspection of the slides. Mean feature
intensities were calculated for the two clusters, and only
peaks with 1.5 times greater mean intensities within the
sample cluster compared to the surrounding sample-free
area were kept. After these filtration steps, all sample
spectra were aligned to the spectrum with the largest
number of detected peaks.

For the clustering of pixels within the sample area into
white and gray matter clusters, histological staining of the
adjacent sample sections was used. Unsupervised clustering
of gray matter (without preliminary peaks selection) was
performed with the spatial Shrunken Centroids function
from the Cardinal library. The following parameters were
used: s=1, k=3, r=1, where s is the sparsity parameters,
k is the number of clusters, and r is the smoothing radius.

The peaks were annotated as lipid species based on their
mass-to-charge ratio with the mass difference threshold
between the data and target values set to 20 ppm. For
cases of multiple matches, the following rules were applied
(also see Figure S1in the Supplementary).

One peak — one lipid — one adduct. When a unique match
occurred between the lipid annotation of a particular
adduct and the m/z ratio in MALDI, this annotation was
assigned to the MALDI peak.

Several peaks — one lipid — different adducts. If peaks with
masses matching the same lipid were detected in MALDI
but with different adducts, priority was given to annotating
the lipid with a hydrogen adduct. If no hydrogen adduct
was present, the sodium adduct took higher priority over
the potassium adduct.

One peak — several lipids — different adducts. If one MALDI
peak corresponded to the annotation of two different lipids,
where one had a hydrogen adduct and the other had any
other adduct, the peak was assigned with annotation of
a lipid with a hydrogen adduct.

One peak — several lipids — one adduct. If one MALDI
peak corresponded to the annotation of two different
lipids, both of which contained a hydrogen adduct, the
peak was assigned the annotation of both lipids.

The remaining lipids coincided with lipid classes
characteristic of a given tissue and matrix [32-35]3.

The histology of the white and gray matter on the brain
sections was revealed by luxol fast blue staining (blue color
for lipid-rich compartments) and by eosin (pink color for
protein-rich cytoplasm). Brain sections were briefly defated
to increase dye penetration: they were placed gradually in
ethyl alcohol (50%, 75%, 95% and 100%) and back to 95%
for 1 min in each solution. Then, the sections were left in
a 0.1% luxol fast blue solution (BioOptica, Italy) in ethyl
alcohol with 0.5% glacial acetic acid in a 56°C oven for 12-
14 h. Excess stain was rinsed off with 95% ethyl alcohol
and then in distilled water. Staining was differentiated in
a 0.05% lithium carbonate solution (BioOptica, Italy) in
water for 30 seconds and rinsed in distilled water several
times, with constant control by microscopic examination
if gray matter was clear and white matter sharply defined.
Then, the sections were counterstained with a 1% eosin
solution (BioVitrum, Russia) in water for 30-40 seconds,
rinsed in distilled water, dehydrated briefly in IsoPrep
(BioVitrum, Russia), cleared in Bio Clear (Bio-Optica, Italy),
and coverslipped with Bio Mount HM (Bio-Optica, Italy).
Histology images were acquired with a Zeiss Axio.Observer.
Z1 (ZEISS, Germany) transmitted light microscope system.
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Statistical analysis

Before performing statistical tests for the MALDI-MSI data,
an image with lipids, intersected with Gonzalez et. al [19]
work, was generated, where the intensity of both lipids
(PC 40:6 and SM d42:2) was normalized in 0 to 1 range.
To explore the differences in the PC 40:6 lipid between
the disease and control in each of the obtained layers in
gray matter for both of the explored regions, intensities
were normalized within layers for each region in a base-
two log scale, followed by ANOVA between layers for each
region and the disease.

All statistical tests were performed on base-two log
transformed measured intensities. Mean values were
calculated for gray matter and white matter clusters in
each slide. Measured intensities from three replicates and
all individuals in each group were averaged for further
analysis. The difference (for base-two log transformed
values) between the schizophrenia and control group was
calculated for each lipid species within each region (BA9
and BA22p) and each histological cluster (gray matter and
white matter). Groups of lipids with changes between the
two groups were defined as having absolute changes of 0.25
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Figure 1. Application of the MALDI-MSI method to brain region analysis.

Note: (A) A schematic representation of the sample analysis. From left to right: sample set, thin sections dissection from two brain regions (BA9 and
BA22p), and spatial distribution of the intensity levels of a particular mass spectrometric peak, representing a specific molecular ion, measured as
a portion of a mass spectrogram collected for each pixel of the tissue section. (B) Histological staining and MALDI-MSI signal-based clustering of the
pixels of one of the 24 examined neocortical sections. (C) Examples of lipids showing evident intensity distribution differences between gray and
white matter areas of the neocortical section.

BA9 — Brodmann area 9; BA22p — Brodmann area 22 posterior; SM — sphingomyelin; and PC — phosphatidylcholine.

Source: Osetrova et al., 2024.
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and more in log-scale. To assess the statistical significance
of the difference in the number of lipid changes, the two
sample one-sided proportion t-test was used. Pearson’s
correlation coefficients were calculated on the changes,
averaged within lipid classes. To compare the correlation
coefficients between the groups, Fisher transformation
was applied to Pearson’s correlation coefficients, followed
by the two-sample one-sided Z-test. The analysis was
performed using the R programming language and its
publicly available libraries [36]. Analysis results were
visualized using the ggplot2 version 3.4.3 package.

No ethics committee meeting was held. The data provided
for the brain samples obtained from National BioService
contained no personal information or any other information
that could allow donors identification. Informed consent
forms for the use of the biomaterial for research purposes
were obtained from individuals or from the next-of-kin
at the respective clinical organizations that provided
the samples to National BioService in accordance with
international regulations.

RESULTS
Our analysis of mass spectrometric profiles for BA9 and
BA22p derived from over a million pixels across 24 tissue
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section images yielded intensity data for 153 computational
annotations for 131 MALDI peaks detected across the
sections, which represented 16 lipid classes (Table S2 and
Table S3 in the Supplementary). Clustering analysis of these
pixels based on lipid intensities resulted in a reproducible
patterning of the neocortical sections into two main areas,
which was in alignment with the histologically defined
gray and white matter regions, respectively (GM and WM
clusters; Figures 1A, 1B). The images generated with specific
lipids illustrate differences in distribution across distinct
regions (Figure 1C).

In a primary visual cortex study [19], differences in
lipid profiles across layers in two neighboring regions,
primarily corresponding to a known variation in cortical
layer architecture, were described. Visualization of the
spatial distribution of two histologically associated lipids
from the abovementioned article (SM d42:2, PC 40:6) in
our cortical sections indeed revealed specific intensity
gradients (Figure 2A). Unsupervised clustering of gray
matter resulted in a segmentation of the cortex into three
layers (Figure 2B). One-way ANOVA revealed a significant
difference in PC 40:6 lipid mean values across the obtained
layers for HC both in BA9 (p-value=0.004) and in BA22
(p-value=0.02) and for SZ in BA22 (p-value=0.002), but
none in BA9 (p-value=0.1). The number of observations
in each comparison was 4 per group.
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Figure 3. The distribution of lipid differences between the schizophrenia and healthy groups in two specific brain regions.

Note: The boxplots show the number of lipid species that exceeded fold-change thresholds of -0.25 and 0.25 in gray and white matter within the
regions of interest (BA9 and BA22p). Lipids with a fold-change range between the -0.25 and 0.25-fold-change distribution are not included in the plot.
BA9 — Brodmann area 9; BA22p — Brodmann area 22 posterior.

Source: Osetrova et al., 2024.
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Figure 4. Comparison of the schizophrenia-associated differences detected either in gray or white matter across the two brain
regions under investigation.

Note: Each point signifies the average difference (fold-change) in lipid intensity levels between the schizophrenia and control samples, calculated
for all lipids within a specific lipid class in either the BA9 (x-axis) or BA22p (y-axis) brain region section. Linear regression lines are drawn with 95%
confidence intervals represented by gray shaded areas.

BA9 — Brodmann area 9; BA22p — Brodmann area 22 posterior; SM — sphingomyelin; PC — posphatidylcholine; LPC — lysophosphatidylcholine;
CAR — carnitine; PS — phosphoserine; Cer — ceramide; HexCer — hexoceramide; SulfoHexCer — sulfohexoceramide; TG — triglyceride; PC_O and
PC_P — ether-linked phosphatidylcholine.

Source: Osetrova et al., 2024.
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Analysis of compound intensity differences between
the SZ and HC sections using the 131 annotated MALDI
peaks yielded twice as many schizophrenia-associated
differences in the BA22p region compared to BA9 in the
WM: 31and 17 lipid intensity differences, respectively (one-
sided proportion t-test, p=0.019) (Figure 3). However, this
disconnect was not statistically significant for the GM,
where we had identified 27 and 21 lipid intensity differences,
respectively (one-sided proportion t-test, p=0.212) (Figure 3).

In order to directly compare the lipid intensity differences
associated with SZ between the two neocortical regions
under investigation, we computed and contrasted the
average fold-change values for each of the 16 lipid classes
within each histological cluster. The differences associated
with SZ showed a significant positive correlation between
BA22p and BA9 in both the gray matter and white matter
areas (Figure 4 and Table S4 in the Supplementary). As
predicted from the greater discrepancy between the two
brain regions in the number of schizophrenia-affected
lipids in the white matter shown in Figure 3, correlation
of the schizophrenia-associated differences between
BA22p and BA9 in the white matter (Pearson correlation,
r=0.57, p=0.017) compared to the gray matter (Pearson
correlation, r=0.87, p=0.00001) was also significantly lower
(one-sided two-sample Z-test on Fisher transformed
Person’s R, p=0.040).

Our analysis further highlighted certain lipid classes
that demonstrated the most significant amplitude of
schizophrenia-associated differences in both neocortical
regions. Specifically, acyl-carnitines showed notably lower
intensities in both BA22p and BA9 across both histological
clusters. If acyl-carnitines were removed from the sample
of lipid classes being analyzed, the correlation between
regions would decrease in both tissue types, remaining
positive and statistically significant for gray matter (Pearson'’s
R=0.49, p=0.03194) and disappearing in the case of white
matter (Pearson’s R=-0.05, p=0.57).

DISCUSSION

The present study utilized MALDI-MSI to analyze the
cortical sections corresponding to BA22p and BA9 in
schizophrenia patients and healthy controls. Our findings
suggest that schizophrenia is associated with alterations in
lipid composition for the two regions investigated. Notably,
we observed approximately twice as many differences in
the white matter section of BA22p compared to BA9. This

underscores the differential association of schizophrenia
in these two functionally and structurally distinct cortical
regions. While our results show significant agreement of
schizophrenia-associated alterations between the two
examined brain regions both in gray and white matter,
they also indicate a stronger correlation of schizophrenia-
associated differences in the gray matter than in the white
matter between these two examined brain areas. This
implies that, while the dorsolateral prefrontal cortex (BA9),
a commonly investigated region in schizophrenia research,
shares most of the schizophrenia-associated alterations
with the anatomically distinct temporal lobe region (BA22p),
it exhibits fewer differences in the infracortical white
matter.

Our study had several limitations. First, the number of
schizophrenia and control samples used for the analysis
was limited to 24, with each condition represented by six
samples in each of the two brain regions. Second, our lipid
compound annotation was restricted to computational
predictions and did not rely on the compound fragmentation
spectrum, which would have allowed for more precise
identification. Nonetheless, despite these limitations, we
observed a positive correlation of schizophrenia-associated
differences between two independently measured brain
regions. Furthermore, although computational annotation
might be imprecise at the individual compound level, it
is much more reliable at the lipid class level, as confirmed by
the alignment of our results between brain regions. Lastly,
our study design did not exclude the potential influence
of confounding variables on the lipid composition of the
examined brain regions — such as the use of antipsychotic
medication, which has been shown to have an impact on
the rodent brain [37].

Moreover, due to the limited number of samples
analysed in this study, individual effects might interfere
with the results, as well as a slight disbalance in sex and
age between the two sample sets. However, the fact that
the extent of schizophrenia-associated differences in
the subcortical white matter of schizophrenia patients
is substantially greater in the temporal lobe compared to
the prefrontal cortex, while there is no such bias for gray
matter, would require an anatomically and histologically
dependent effect of these confounding variables on the
brain lipidome. This is less likely than a true biological
effect, considering previous observations of a higher level
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of alterations associated with BA22p in gene expression
[29] and structural MRI studies [38].

Our observation of the greater extent of lipidome alterations
associated with BA22p aligns well with existing knowledge
regarding this region. Numerous neuroimaging studies
have previously demonstrated substantial structural
abnormalities in the superior temporal gyrus, which
encompasses BA22p, in schizophrenia patients [39].
Moreover, variations in the superior temporal gyrus volume
have been directly associated with the severity of auditory
hallucinations in schizophrenia patients [40-42]. More
recently, a study conducted on first-episode treatment-
naive schizophrenia patients using structural MRI reported
significant alterations in the myelin content in the superior
temporal gyrus, but not in the dorsolateral prefrontal
cortex [43]. Similarly, molecular studies of BA22 have
identified multiple alterations in the transcriptome and
proteome in schizophrenia that affect cell adhesion, synaptic
transmission, axon guidance, and energy metabolism
pathways [26, 44]. Notably, gene expression studies
of schizophrenic brains examining 12 and 15 different
neocortical regions, including the dorsolateral prefrontal
cortex, have consistently found the highest number of
alterations in BA22 [29, 45].

Our study aimed to assess whether the lipidome
differences associated with schizophrenia, detected in
the commonly studied neocortical brain region, BA9, are
reflective of the differences present in other neocortical
regions. Furthermore, we explored whether incorporating
a spatial resolution dimension could reveal additional
schizophrenia-associated features within the lipidome
alterations. Our findings demonstrate that the spatial
lipidomics approach is indeed capable of detecting subtle
differences in schizophrenia-associated effects between
the two examined higher level association regions of the
neocortex. In addition to identifying a generally weaker
association of schizophrenia with the white subcortical
matter lipid composition of BA9 compared to BA22p,
we observed substantial differences in a number of lipid
classes with respect to the amplitude of schizophrenia-
associated effects between the two regions. Interestingly,
the changes were closer for the gray matter clusters of the
two investigated regions rather than the white matter ones.
Among the most lipid classes with conserved differences
for both regions were plasmalogens, previously shown to

be associated with schizophrenia in terms of the plasma
lipidome [46-48]. Of special interest were acyl-carnitines
that demonstrate highly conserved changes with the
greatest amplitude in both regions and both types of
tissues, being also responsible for the statistically significant
correlation in the case of white matter. Schizophrenia
patients demonstrated decreased levels for the majority of
acyl-carnitines in blood plasma [47, 49], while studies that
focused on a brain transcriptome analysis of the dorsolateral
prefrontal cortex highlighted acyl-carnitines biosynthesis
impairment, as well as an association of changes in the
lipid content with cognitive symptoms of schizophrenia
[15]. Thus, our results fit into the overall picture of the brain
lipid differences associated with schizophrenia.

CONCLUSION

Collectively, our findings suggest that including other
neocortical regions beyond the dorsolateral prefrontal
cortex into a schizophrenia-associated molecular study
might yield promising new insight into the pathology
of this disease. Moreover, our results underscore the
value of a spatial resolution analysis, which allows for
the separation of neocortical sections into gray and white
matter areas for data analysis. Through such separation,
we were able to identify substantial differences between
these two brain regions with respect to schizophrenia-
associated alterations in the subcortical white matter,
but not in the cortical gray matter. This insight highlights
the need for further spatial resolution studies to better
understand the molecular alterations associated with
complex brain phenotypes such as psychiatric disorders,
including schizophrenia.

Submitted: 11.12.2023
Accepted: 27.08.2024
Published Online: 20.09.2024

Methodology, Olga Efimova, Gleb
Vladimirov and Elena Stekolschikova; conceptualization,
Philipp Khaitovich and Maria Osetrova; software, Maria
Osetrova and Pavel Mazin; validation, Maria Osetrova;
formal analysis, Maria Osetrova and Marina Zavolskova;
investigation, Maria Osetrova and Marina Zavolskova;
resources, Olga Efimova, Gleb Vladimirov, George Kostyuk
and Evgeniy Nikolaev; data curation, Maria Osetrova, Marina
Zavolskova and Elena Stekolschikova; writing original



draft preparation, Maria Osetrova, Marina Zavolskova;
writing review and editing, Denis Andreyuk, Yana Zorkina,
Anna Morozova and Philipp Khaitovich; visualization, Maria
Osetrova and Marina Zavolskova; supervision, Philipp
Khaitovich; project administration, Philipp Khaitovich. All
authors have read and agreed to the published version
of the manuscript.

Funding: Sample collection, measurements, and primary
data analysis were funded by the Russian Science Foundation
under grant No. 22-15-00474. Data integration analysis was
funded by RFBR based on research project No. 20-34-90146.

Conflict of interest: The authors declare no conflicts
of interest.

Supplementary data
Supplementary material to this article can be found in
the online version:

Figure S1: https://doi.org/10.17816/CP15488-145325
Table S1: https://doi.org/10.17816/CP15488-145326
Table S2: https://doi.org/10.17816/CP15488-145327
Table S3: https://doi.org/10.17816/CP15488-145328
Table S4: https://doi.org/10.17816/CP15488-145329

For citation:

Osetrova MS, Zavolskova MD, Mazin PV, Stekolschikova EA,
Vladimirov GN, Efimova OIl, Morozova AY, Zorkina YA,
Andreyuk DS, Kostyuk GP, Nikolaev EN, Khaitovich PhE.
Mass spectrometry imaging of two neocortical areas reveals
the histological selectivity of schizophrenia-associated lipid
alterations. Consortium Psychiatricum. 2024;5(3):CP15488.
doi: 10.17816/CP15488

Information about the authors

*Maria Stanislavovna Osetrova, engineer researcher, V. Zelman Center
for Neurobiology and Brain Restoration, Skolkovo Institute of Science and
Technology; e-Library SPIN-code: 5813-1688, Scopus Author ID: 57505703600,
Researcher ID: HOH-3453-2023, ORCID: https://orcid.org/0000-0002-8174-9544
E-mail: maria.osetrova.sk@gmail.com

Marina Dmitrievna Zavolskova, Junior Researcher, V. Zelman Center
for Neurobiology and Brain Restoration, Skolkovo Institute of Science and
Technology; e-Library SPIN-code: 1800-6986, Scopus Author ID: 57209106743,
ORCID: https://orcid.org/0000-0003-4532-0721

Pavel Vladimirovich Mazin, Cand. Sci (Biolog.), Senior bioinformatician,
Wellcome Sanger Institute; e-Library SPIN-code: 2062-8545, Scopus Author
ID: 20734870400, ORCID: https://orcid.org/0000-0001-9268-3352

Elena Alekseevna Stekolschikova, Cand. Sci (Chem.), Senior Researcher,
V. Zelman Center for Neurobiology and Brain Restoration, Skolkovo Institute

of Science and Technology; e-Library SPIN-code: 3859-4534, Scopus
Author ID: 56462907300, Researcher ID: U-1735-2018,

ORCID: https://orcid.org/0000-0001-8607-9773

Gleb Nikolaevich Vladimirov, Cand. Sci (Phys. and Math.), Senior Researcher,
V. Zelman Center for Neurobiology and Brain Restoration, Skolkovo Institute
of Science and Technology; Scopus Author ID: 55579659300,

ORCID: https://orcid.org/0000-0003-4623-4884

Olga Igorevna Efimova, Junior Research Scientist, V. Zelman Center for
Neurobiology and Brain Restoration, Skolkovo Institute of Science and
Technology; e-Library SPIN-code: 3427-8085, Scopus Author ID: 15836570500,
ORCID: https://orcid.org/0000-0003-0842-3203

Anna Yurievna Morozova, MD, Cand. Sci (Med.), Senior Researcher, Mental-
health clinic No. 1 named after N.A. Alexeev; V. Serbsky National Medical
Research Centre of Psychiatry and Narcology of the Ministry of Health of
the Russian Federation; e-Library SPIN-code: 3233-7638,

Researcher ID: T-1361-2019, Scopus Author ID: 55648593900,

ORCID: https://orcid.org/0000-0002-8681-5299

Yana Alexandrovna Zorkina, Cand. Sci (Biolog.), Senior Researcher, Mental-
health clinic No. 1 named after N.A. Alexeev; V. Serbsky National Medical
Research Centre of Psychiatry and Narcology of the Ministry of Health of
the Russian Federation; e-Library SPIN-code: 3017-3328,

Researcher ID: H-2424-2013, Scopus Author ID: 54584719100,

ORCID: https://orcid.org/0000-0003-0247-2717

Denis Sergeevich Andreyuk, Cand. Sci (Biolog.), Mental-health clinic No. 1
named after N.A. Alexeev; Researcher ID: AAQ-6260-2020, Scopus Author
ID: 6602608643, ORCID: https://orcid.org/0000-0002-3349-5391

George Petrovich Kostyuk, MD, Dr. Sci (Med.), Professor, Head of Mental-
health clinic No. 1 named after N.A. Alexeev; e-Library SPIN-code: 3424-
4544, Researcher ID: AAA-1682-2020, Scopus Author ID: 57200081884,
ORCID: https://orcid.org/0000-0002-3073-6305

Evgeniy Nikolaevich Nikolaev, Cand. Sci (Biolog.), Professor, Head of
the Mass Spectrometry Laboratory, Center for Molecular and Cellular
Biology, Skolkovo Institute of Science and Technology; e-Library SPIN-code:
4984-1007, Scopus Author ID: 55394217800,

ORCID: https://orcid.org/0000-0001-6209-2068

Philipp Efimovich Khaitovich, Cand. Sci (Biolog.), Professor, Director of
the V. Zelman Center for Neurobiology and Brain Restoration, Skolkovo
Institute of Science and Technology; Scopus Author ID: 6602559039,
ORCID: https://orcid.org/0000-0002-4305-0054

*corresponding author

References

1. Sontheimer H. Chapter 13 - Schizophrenia. In: Sontheimer H,
editor. Diseases of the Nervous System. San Diego: Academic
Press; 2015. p. 375-403.

2.  HeH,LiuQ,LiN,etal Trends in the incidence and DALYs of
schizophrenia at the global, regional and national levels: results
from the Global Burden of Disease Study 2017. Epidemiol
Psychiatr Sci. 2020;29:e91. doi: 10.1017/52045796019000891

3. Subramaniam M, Abdin A, Vaingankarm JA, et al. Lifetime
Prevalence and Correlates of Schizophrenia and Other Psychotic
Disorders in Singapore. Front Psychiatry. 2021;12:650674.
doi: 10.3389/fpsyt.2021.650674

4. International Journal of Scientific Research [Internet]. Available
from: https://www.worldwidejournals.com/international-journal-
of-scientific-research-(I)SR)

5. ZhuX, XuT, Peng C, et al. Advances in MALDI Mass Spectrometry
Imaging Single Cell and Tissues. Front Chem. 2021;9:782432.
doi: 10.3389/fchem.2021.782432

14

Consortium Psychiatricum | 2024 | Volume5 | Issue 3



20.

Longuespée R, Casadonte R, Kriegsmann M, et al. ALDI mass
spectrometry imaging: A cutting-edge tool for fundamental and
clinical histopathology. Proteomics Clin Appl. 2016;10(7):701-719.
doi: 10.1002/prca.201500140

Liu D, Liu X, Huang S, et al. Simultaneous Mapping of Amino
Neurotransmitters and Nucleoside Neuromodulators on Brain
Tissue Sections by On-Tissue Chemoselective Derivatization

and MALDI-MSI. Anal Chem. 2023:95(45):16549-16557.

doi: 10.1021/acs.analchem.3c0267

Matsumoto J, Sugiura Y, Yuki D, et al. Abnormal phospholipids
distribution in the prefrontal cortex from a patient with
schizophrenia revealed by matrix-assisted laser desorption/
ionization imaging mass spectrometry. Anal Bioanal Chem.
2011;400(7):1933-1943. doi: 10.1007/500216-011-4909-3

Kakuda N, Miyasaka T, Iwasaki N, et al. Distinct deposition

of amyloid-P species in brains with Alzheimer's disease
pathology visualized with MALDI imaging mass

spectrometry. Acta Neuropathol Commun. 2017;5(1):73.

doi: 10.1186/540478-017-0477-x

Smith A, L'Imperio V, Ajello E, et al. The putative role of MALDI-MSI
in the study of Membranous Nephropathy. Biochim

Biophys Acta Proteins Proteomics. 2017;1865(7):865-874.

doi: 10.1016/j.bbapap.2016.11.013

Lim J, Aguilan JT, Sellers RS, et al. Lipid mass spectrometry imaging
and proteomic analysis of severe aortic stenosis. | Mol Histol.
2020;51(5):559-571. doi: 10.1007/510735-020-09905-5

Wang D, Sun X, Maziade M, et al. Characterising phospholipids
and free fatty acids in patients with schizophrenia: A case-control
study. World J Biol Psychiatry. 2021;22(3):161-174.

doi: 10.1080/15622975.2020.1769188

Yu Q, He Z, Zubkov D, et al. Lipidome alterations in human
prefrontal cortex during development, aging, and cognitive
disorders. Mol Psychiatry. 2020;25(11):2952-2969.

doi: 10.1038/541380-018-0200-8

Ghosh S, Dyer RA, Beasley CL. Evidence for altered cell membrane
lipid composition in postmortem prefrontal white matter in
bipolar disorder and schizophrenia. ] Psychiatr Res. 2017;95:135-142.
doi: 10.1016/j.jpsychires.2017.08.009

Maas DA, Martens MB, Nikos Priovoulos N, et al. Key role for
lipids in cognitive symptoms of schizophrenia. Transl Psychiatry.
2020;10(1):399. doi: 10.1038/541398-020-01084-x
Shimamoto-Mitsuyama C, Nakaya A, Esaki K, et al. Lipid Pathology
of the Corpus Callosum in Schizophrenia and the Potential Role
of Abnormal Gene Regulatory Networks with Reduced Microglial
Marker Expression. Cereb Cortex. 2021;31(1):448-462.

doi: 10.1093/cercor/bhaa236

Huang S, Wu SJ, Sansone G, et al. Layer 1 neocortex: Gating and
integrating multidimensional signals. Neuron. 2024;112(2):184-200.
doi: 10.1016/j.neuron.2023.09.041

Larkum ME, Petro LS, Sachdev RNS, et al. Perspective on

Cortical Layering and Layer-Spanning Neuronal Elements. Front
Neuroanat. 2018;12:56. doi: 10.3389/fnana.2018.00056

Gonzalez de San Roman E, Bidmon HJ, Malisic M, et al. Molecular
composition of the human primary visual cortex profiled by
multimodal mass spectrometry imaging. Brain Struct Funct.
2018;223(6):2767-2783. doi: 10.1007/s00429-018-1660-y

Smucny J, Hanks TD, Lesh TA, et al. Altered Associations Between
Task Performance and Dorsolateral Prefrontal Cortex Activation
During Cognitive Control in Schizophrenia. Biol Psychiatry

Cogn Neurosci Neuroimaging. 2023;8(10):1050-1057.

doi: 10.1016/j.bpsc.2023.05.010

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Meiron O, Yaniv A, Rozenberg S, et al. Transcranial direct-current
stimulation of the prefrontal cortex enhances working memory
and suppresses pathological gamma power elevation

in schizophrenia. Expert Rev Neurother. 2024;24(2):217-226.
doi: 10.1080/14737175.2023.2294150

Gan H, ZhuJ, Zhuo K, et al. High frequency repetitive
transcranial magnetic stimulation of dorsomedial prefrontal
cortex for negative symptoms in patients with schizophrenia:

A double-blind, randomized controlled trial. Psychiatry Res.
2021;299:113876. doi: 10.1016/j.psychres.2021.113876

Smucny J, Carter CS, Maddock R]. Magnetic resonance
spectroscopic evidence of increased choline in the dorsolateral
prefrontal and visual cortices in recent onset schizophrenia.
Neurosci Lett. 2022;770:136410. doi: 10.1016/j.neulet.2021.136410
Shi C, Yu X, Cheung EFC, et al. Revisiting the therapeutic

effect of rTMS on negative symptoms in schizophrenia:

a meta-analysis. Psychiatry Res. 2014;215(3):505-513.

doi: 10.1016/j.psychres.2013.12.019

Levitan C, Ward PB, Catts SV. Superior temporal gyral

volumes and laterality correlates of auditory hallucinations

in schizophrenia. Biol Psychiatry. 1999;46(7):955-962.

doi: 10.1016/s0006-3223(98)00373-4

Barnes MR, Huxley-Jones ], Maycox PP, et al. Transcription and
pathway analysis of the superior temporal cortex and anterior
prefrontal cortex in schizophrenia. ] Neurosci Res.
2011;89(8):1218-1227. doi: 10.1002/jnr.22647

Huang KC, Yang KC, Lin H, et al. Transcriptome alterations of
mitochondrial and coagulation function in schizophrenia by
cortical sequencing analysis. BMC Genomics. 2014;15(Suppl 9):S6.
doi: 10.1186/1471-2164-15-59-S6

Dienel SJ, Fish KN, Lewis DA. The Nature of Prefrontal Cortical
GABA Neuron Alterations in Schizophrenia: Markedly Lower
Somatostatin and Parvalbumin Gene Expression Without
Missing Neurons. Am | Psychiatry. 2023;180(7):495-507.

doi: 10.1176/appi.ajp.20220676

Katsel P, Davis KL, Haroutunian V. Variations in myelin and
oligodendrocyte-related gene expression across multiple brain
regions in schizophrenia: a gene ontology study. Schizophr Res.
2005;79(2-3):157-173. doi: 10.1016/j.schres.2005.06.007

Bemis KD, Harry A, Eberlin LS, et al. Cardinal: an R package

for statistical analysis of mass spectrometry-based imaging
experiments. Bioinformatics. 2015;31(14):2418-2420.

doi: 10.1093/bioinformatics/btv146

McMillen JC, Fincher JA, Klein DR, et al. Effect of MALDI matrices on
lipid analyses of biological tissues using MALDI-2 postionization
mass spectrometry. ] Mass Spectrom. 2020;55(12):e4663.

doi: 10.1002/jms.4663

Monopoli A, Ventura G, Aloia A, et al. Synthesis and Investigation
of Novel CHCA-Derived Matrices for Matrix-Assisted Laser
Desorption/lonization Mass Spectrometric Analysis of Lipids.
Molecules. 2022;27(8):2565. doi: 10.3390/molecules27082565.
Dufresne M, Fisher JA, Patterson NH, et al. a-Cyano-4-
hydroxycinnamic Acid and Tri-Potassium Citrate Salt Pre-Coated
Silicon Nanopost Array Provides Enhanced Lipid Detection for High
Spatial Resolution MALDI Imaging Mass Spectrometry. Anal Chem.
2021;93(36):12243-12249. doi: 10.1021/acs.analchem.1c01560
Thomas A, Charbonneau JL, Fournaise E, et al. Sublimation of
new matrix candidates for high spatial resolution imaging mass
spectrometry of lipids: enhanced information in both positive
and negative polarities after 1,5-diaminonapthalene deposition.
Anal Chem. 2012;84(4):2048-2054. doi: 10.1021/ac2033547


https://doi.org/10.1002/prca.201500140
https://doi.org/10.1021/acs.analchem.3c0267
https://doi.org/10.1007/s00216-011-4909-3
https://doi.org/10.1186/s40478-017-0477-x
https://doi.org/10.1016/j.bbapap.2016.11.013
https://doi.org/10.1007/s10735-020-09905-5
https://doi.org/10.1080/15622975.2020.1769188
https://doi.org/10.1038/s41380-018-0200-8
https://doi.org/10.1016/j.jpsychires.2017.08.009
https://doi.org/10.1038/s41398-020-01084-x
https://doi.org/10.1093/cercor/bhaa236
https://doi.org/10.1016/j.neuron.2023.09.041
https://doi.org/10.3389/fnana.2018.00056
https://doi.org/10.1007/s00429-018-1660-y
https://doi.org/10.1016/j.bpsc.2023.05.010
https://doi.org/10.1080/14737175.2023.2294150
https://doi.org/10.1016/j.psychres.2021.113876
https://doi.org/10.1016/j.neulet.2021.136410
https://doi.org/10.1016/j.psychres.2013.12.019
https://doi.org/10.1016/s0006-3223(98)00373-4
https://doi.org/10.1002/jnr.22647
https://doi.org/10.1186/1471-2164-15-S9-S6
https://doi.org/10.1176/appi.ajp.20220676
https://doi.org/10.1016/j.schres.2005.06.007
https://doi.org/10.1093/bioinformatics/btv146
https://doi.org/10.1002/jms.4663
https://doi.org/10.3390/molecules27082565
https://doi.org/10.1021/acs.analchem.1c01560
https://doi.org/10.1021/ac2033547

35.

36.

37.

38.

39.

40.

41.

42.

Angerer TB, Bour J, Biagi JL, et al. Evaluation of 6 MALDI-Matrices
for 10 ym Lipid Imaging and On-Tissue MSn with AP-MALDI-
Orbitrap. ] Am Soc Mass Spectrom. 2022;33(5):760-771.

doi: 10.1021/jasms.1c00327

Ripley BD. The R project in statistical computing. MSOR Connect.
2001;1(1):23-25. doi: 10.11120/MSOR.2001.01010023

Zhou CH, Xue SS, Xue F, et al. The impact of quetiapine on

the brain lipidome in a cuprizone-induced mouse model

of schizophrenia. Biomed Pharmacother. 2020;131:110707.

doi: 10.1016/j.biopha.2020.110707

Honea R, Crow TJ, Passingham D, et al. Regional deficits in

brain volume in schizophrenia: a meta-analysis of voxel-based
morphometry studies. Am | Psychiatry. 2005;162(12):2233-2245.
doi: 10.1176/appi.ajp.162.12.2233

Zhao J, Zhang Y, Liu F, et al. Abnormal global-brain functional
connectivity and its relationship with cognitive deficits in drug-
naive first-episode adolescent-onset schizophrenia. Brain Imaging
Behav. 2022;16(3):1303-1313. doi: 10.1007/511682-021-00597-3
Shen X, Jiang F, Fang X, et al. Cognitive dysfunction and cortical
structural abnormalities in first-episode drug-naive schizophrenia
patients with auditory verbal hallucination. Front Psychiatry.
2022;13:998807. doi: 10.3389/fpsyt.2022.998807

Ysbaek-Nielsen AT, Gogolu RF, Tranter M, et al. Structural brain
abnormalities in patients with schizophrenia spectrum disorders
with and without auditory verbal hallucinations. Psychiatry Res
Neuroimaging. 2024;344:111863. doi: 10.1016/j.pscychresns
Zhang M, Xiang H, Yang F, et al. Structural brain imaging
abnormalities correlate with positive symptom in

43.

44,

45,

46.

47.

48.

49.

schizophrenia. Neurosci Lett. 2022;782:136683.

doi: 10.1016/j.neulet.2022.136683

Wei W, Zhang Y, Li Y, et al. Depth-dependent abnormal cortical
myelination in first-episode treatment-naive schizophrenia. Hum
Brain Mapp. 2020;41(10):2782-2793. doi:10.1002/hbm.24977
Martins-de-Souza D, Gattaz WF, Schmitt A, et al. Proteome
analysis of schizophrenia patients Wernicke's area reveals an
energy metabolism dysregulation. BMC Psychiatry. 2009;9:17.
doi: 10.1186/1471-244X-9-17

Katsel PL, Davis KL, Haroutunian V. Large-scale microarray
studies of gene expression in multiple regions of the brain

in schizophrenia and Alzheimer’s disease. Int Rev Neurobiol.
2005;63:41-82. doi: 10.1016/S0074-7742(05)63003-6
Kaddurah-Daouk R, McEvoy J, Baillie R, et al. Impaired
plasmalogens in patients with schizophrenia. Psychiatry Res.
2012;198(3): 347-352. doi: 10.1016/j.psychres.2012.02.019

Cao B, Wang D, Pan Z, et al. Characterizing acyl-carnitine
biosignatures for schizophrenia: a longitudinal pre- and
post-treatment study. Transl Psychiatry. 2019;9(1):19.

doi: 10.1038/541398-018-0353-x

Mednova IA, Chernonosov AA, Kornetova EG, et al. Levels of
Acylcarnitines and Branched-Chain Amino Acids in Antipsychotic-
Treated Patients with Paranoid Schizophrenia with Metabolic
Syndrom. Metabolites. 2022;12(9). doi: 10.3390/metabo12090850
Mednova IA, Chernonosov AA , Kasakin MF, et al. Amino

Acid and Acylcarnitine Levels in Chronic Patients with
Schizophrenia: A Preliminary Study. Metabolites. 2021;11(1):34.
doi: 10.3390/metabo11010034


https://doi.org/10.1021/jasms.1c00327
https://doi.org/10.11120/MSOR.2001.01010023
https://doi.org/10.1016/j.biopha.2020.110707
https://doi.org/10.1176/appi.ajp.162.12.2233
https://doi.org/10.1007/s11682-021-00597-3
https://doi.org/10.3389/fpsyt.2022.998807
https://doi.org/10.1016/j.pscychresns
https://doi.org/10.1016/j.neulet.2022.136683
https://doi.org/10.1186/1471-244X-9-17
https://doi.org/10.1016/S0074-7742(05)63003-6
https://doi.org/10.1016/j.psychres.2012.02.019
https://doi.org/10.1038/s41398-018-0353-x
https://doi.org/10.3390/metabo12090850
https://doi.org/10.3390/metabo11010034

Mechanisms and Functions of the
Cerebral-Cognitive Reserve in Patients
with Alzheimer's Disease: A Narrative
Review

doi: 10.17816/CP15526
Review

Alena Sidenkova', Vasilisa Litvinenko®,
Vladimir Bazarny', Alexei Rezaikin’,
Alexander Zakharov? Lyudmila Baranskaya',
Ekaterina Babushkina'

" Ural State Medical University, Ekaterinburg, Russia

2 Samara State Medical University, Samara, Russia

AneHa CupeHkoBa', Bacunuca JINTBUHEHKO',
Bnagumup BasapHbin', Anekceit Pe3aiikuu’,
Anekcanap 3axapos?, Jliogmuna BapaHckas®,
ExaTepuHa babywkuHa'

" Ypaneckuli 20cydapcmeeHHbili meduyuHcKul

yHusepcumem, EkamepuH6ype, Poccus

2 Camapckuli 20cydapcmeeHHsil MeduyuHcKul

yHusepcumem, Camapa, Poccus

ABSTRACT

The need for scientific knowledge about aging is predicated on the demand of modern society to
extend the active life of a person. To maintain intellectual longevity, it is necessary to take into account not only the
pathological, but also compensatory mechanisms that arise during aging. The cerebral-cognitive reserve (CCR) influences
the rate of transition from pre-phenomenological stages to the clinical stage of the disease, thereby changing the
prognosis of Alzheimer's disease (AD).

The aim of this work was to review meta-analyses from studies that have examined the principles and functions
of the CCR in people with AD.

The work included 83 scientific publications devoted to the issues of the CCR in neurodegenerative diseases
such as AD. The Results and Discussion sections of this article provide reviews of the results of 12 meta-analyses
published from 2012 to 2024 and selected from the PubMed and eLibrary databases using the following keywords in

"nou

English and Russian: “cerebral reserve”, “cognitive “reserve”, and “Alzheimer’s disease”. The scope of the definition was

not limited, since the goal here was to determine the terminological boundaries of the concepts of “cognitive reserve’
and “single brain reserve”.

The modern understanding of AD as a biological continuum covering the preclinical, prodromal, and clinical
phases of the disease makes it possible to infer that insufficiency of protective factors underlies the progression of AD.
The cognitive reserve is involved in the sanogenetic protective mechanism during neurodegeneration. The cognitive reserve
is a theoretical concept that reflects modern research’s understanding of how the integrative functioning of the brain
(cerebral) and cognitive reserves extend the period of active intellectual longevity through energy-saving mechanisms.
It considers these mechanisms as central to healthy mental activity and in slowing the progression of neurodegenerative
diseases. At some point, an increase in excess interneuronal activity that reflects the hypercompensatory function
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of the reserve would accelerate the depletion of brain structures and contribute to clinical and psychopathological
manifestations of AD.

The concept of the CCR puts the spotlight on the need to determine the compensatory indicators of
cognitive deficit in AD, assess the architecture and volume of the reserve, and develop and follow protocols for its
maintenance. It appears just as crucial to adopt measures to prevent the Reserve's depletion as early as at the preclinical
stages of the disease. Elaborating protective and compensatory mechanisms that help to maintain the functional activity
of the brain in conditions of neurodegeneration, that is, CCR, require further research and can form a conceptual basis
for the prevention of AD, starting from the preclinical stages of the disease.

AHHOTALNA

Heo6x04MMOCTb HayYHOrO MO3HaHWS CTapeHWs MOo3ra 06yC/10BNeHa 3anpocamm COBPEMEHHOIO 06LLIeCTBa
Ha NpoA/ieHVe akTUBHOW XM3HW YenoBeka. [ns NoaaepXKaHnst UHTeNNeKTyanbHOro JONroNeTUs He06Xo0AMMO YUNTbIBaTb
He TO/IbKO MaToNornyeckmne, HO U KOMMEHCATOPHbIE MEXaHM3Mbl, y4aCTBYHLLME B CTapeHnU. Lilepebpo-KOrHUTUBHbIN
pe3seps (LKP) oka3biBaeT BAMAHME Ha CKOPOCTb Nepexosa A0GeHOMeHON0rMYeckoro 3tana K KAMHUYecKomy sTany
60/1€3HN, TEM CaMbIM U3MeHSAS NPOrHo3 6one3Hun AnbLreimepa (BA).

MponsBecT 0630p HayUHbIX Ny6AMKaLUWIA, MOCBALLEHHbIX U3YYeHUI0 MexaHN3MOoB U GyHKuuiA LIKP y A,
CcTpagatoLmx BA.

B paboty 6bin10 B3aTO 83 nybavikaumm no npobneme LKP npu HelpoaereHepaTBHOM 3a60/1eBaHNN Ha
npumepe bA. B 0630p BOLWAM 12 MeTaaHanM30B, onybankoBaHHbIX ¢ 2012 no 2024 rog, oTobpaHHbIX B 6a3e AaHHbIX
PubMed v anekTpoHHO 6ubnroTeke eLIBRARY no cnesyroLym KaroueBbIM CI0BaM Ha PYCCKOM W @aHFTUIACKOM SA3bIKe:
«LiepebpanbHbllii pe3eps», «KOTHUTVBHbLIN pe3epB», «b60ne3Hb AfbLreriMepar. [1y6uHY nomncka He orpaHuYmnBany,
MOCKO/IbKY OZHOW M3 3afa4 paboTbl 6bIN0 onpeseneHe TepMUHONOTNYECKNX FPaHWL, MOHATUIA «KOrHUTUBHBIV pe3epBs»
N «LiepebpanbHbI peseps».

CoBpemMeHHOe NpegcTaBeHne o BA kak 0 61oNorM4eckoM KOHTUHYYME, OXBAaThIBAIOLLEM AOKINHUYECKYHO,
NPOAPOMabHY U KNMHMYeckyto dasy 3aboneBaHs, NO3BOASET MOHATb, UTO HEAOCTAaTOYHOCTb MPOTEKTUBHbIX
MeXaHM3MOB /IeXMT B OCHOBE MporpeaneHTHOCTY BA. KOrHUTUBHBIV pe3epB SBNsSeTc NPUMEPOM CaHOreHETNYECKOro
3alWMTHOrO MexaHu3Ma npu HelipogereHepauuun. KorHUTUBHbBIA pe3epB — 3TO TeopeTu4veckast KOHLenuums,
oTpaxatoLLiasi NpeACTaBNeHNsI COBPEMEHHbIX UCCe0BaTeNein 06 NHTerpaTMBHOM GYHKLMOHNPOBaHMM MO3roBOro
(LepebpanbHOro) N KOrHUTUBHOMO Pe3epPBOB, NMPOIOHIVIPYIOLLX NEPUOS aKTUBHOTO MHTENIeKTYabHOrO AONTONeTUS
3a cYeT aHeprocbeperaroLLmMx CTpaTeruii, nexalmx B 0CHOBE 340POBOM MCUXUYECKON aKTUBHOCTU N CHMXKARLLMX
NporpeANeHTHOCTL HelipogereHepaTBHOM 60/1e3HK. Ha 3Tanax passepHyToro 3aboneBaHus YpeamepHas MexxHeipoHHas
aKTUBHOCTb, OTpaXaroLas rmnepkoMneHcaTopHyo GYHKLMIO pe3epBa, CMoCo6CTBYET YCKOPEHHOMY UCTOLLEHMIO
MO3roBbIX CTPYKTYP, 0bferyas KAnMHMKo-ncuxonaToornyeckme npossieHns bA.

KoHuenuusa LIKP genaeT akTyanbHbIM BONPOC NMOWVCKa KOMMEHCATOPHbBIX MEXaHU3MOB KOTHUTVBHOIO
fedunumta npu BA, a Takxe oLeHKy CTPYKTYpbl 1 06beMa pesepBa, pa3paboTky 1 peanmsaumo NporpamMm ero
noAjep>xaHuis, MPoPUAaKTIKY €ro UCTOLLIEHWS, HAUMHAsA C AOKIMHUYECKOro 3Tana 6one3Hu. 3aLMTHO-KOMMeHCaTOPHbIE
MexaHW3Mbl NogAepXKaHna GYHKLMOHANBHOM akTUBHOCTM FOJIOBHOMO MO3ra B YC/I0BUSIX HelipogereHepaLmm, TO ecTb
LKP, TpebytoT AanbHelLwero n3y4eHuns 1 MOryT COCTaBUTb KOHLENTyanbHYH OCHOBY NpodunakTukm bA, HaunHas
C AOK/IMHNYECKMX CTaANA 3aboneBaHNs.



INTRODUCTION

The need for a scientific understanding of how the brain
ages is rooted in the current demands in society for an
extended active life. Researchers are convinced that not
only the pathological, but also compensatory mechanisms
of aging should be taken into account in order to maintain
intellectual longevity [1]. According to Stern et al., the
cognitive reserve (CR) is one of the protective mechanisms
against clinically significant cognitive decline, even in the
presence of neurodegeneration [2]. Not only Stern, but other
authors as well note that the CR increases brain efficiency
and intellectual productivity [3]. Individuals with a high
CR are resistant to clinical manifestations of Alzheimer's
disease (AD) and other neurodegenerative diseases [4, 5].
Advanced brain studies have shown that some elderly
people retain their cognitive capacity through life despite
suffering significant cerebral atrophy and degeneration
[6]. Such significant differences between degrees of brain
damage and severity of clinical signs (or absence thereof)
stand at the basis of the CR concept [7].

It is now recognized that pathophysiological changes
begin many years prior to the appearance of clinical
manifestations of the disease and that the spectrum
of AD spans from clinically asymptomatic to severely
impaired individuals [8]. Advances in biomarker research
have furthered our understanding of AD as a structurally
complex process moving along an unbroken continuum
[9, 10]. The pathophysiological basis of the AD continuum
is the multifactorial etiology and pathogenesis of the disease
[11]. Biomarkers such as gene mutations, amyloid and
tau pathology [12, 13], neuroinflammation, mitochondrial
dysfunction, and other pathological processes become
involved in the multifactorial pathogenesis of AD decades
before the onset of the first clinical symptoms of the
disease and are responsible for the stepwise, gradual
disease progression [14, 15]. Some of these factors are
currently considered AD biomarkers, appearing decades
before the onset of clinical symptoms [16, 17].

Transition from the preclinical (latent) stage to
symptomatic AD depends on the interaction between
pathological and protective factors. The CR may prevent
the transition of AD to the clinical stage in some carriers
of AD biomarkers [18]. In other words, individuals differ
in their ability to cope with changes associated with aging,
disease, or brain injury. However, AD patients with similar
disease manifestations and a comparable degree of
cognitive decline may be experiencing different changes

in brain morphology. The question then arises: “What
is the degree of brain resistance to pathogenic stimuli?”
The significance of brain repair mechanisms and the role
of the brain and CR at the latent and clinically apparent
stages of the disease also remain unclear.

The aim of our work was to review scientific publications
that have investigated the mechanisms and functions of
the brain and cognitive reserve (BCR) in AD patients.

METHODS

Inclusion criteria:

« full-text publications (meta-analyses, original
studies, descriptive reviews) selected using the
keywords “cognitive reserve”, “Alzheimer’s disease”,
“brain reserve”;

* publications selected for review had to contain
a description, analysis, or results of studies that
enrolled patients with AD diagnosed according to
the criteria of the International Classification of
Diseases, 10™ revision (ICD-10), or the Diagnostic
and Statistical Manual of Mental Disorders, 5t
edition (DSM-5).

Exclusion criteria:
+ participants included in the selected studies were
not verified as AD patients according to the ICD-10
and DSM-5 criteria.

Using the combination of the above-mentioned keywords,
which provides a high-quality description of the content
and increases the efficacy of the publications search, we
carried out a descriptive review of 83 scientific publications.
The aim of this review was to investigate the mechanisms
and functions of the BCR in patients with AD. Publications
were selected using the inclusion criteria (see above).
The study materials were publications included in PubMed,
the biomedical literature search engine, and eLIBRARY,
the electronic library.

The scope of the search was not limited, since one of the
objectives of this work was to define the terminological
boundaries of the concepts of “cognitive reserve” and
“brain reserve”. Therefore, the list of references includes
works published 10 or more years ago.

A review of 12 meta-analyses published from 2012 to
2024 and identified in the PubMed database using the



above-stated keywords is presented in the Results and
Discussion sections of this work.

Search strategy
Publications were searched step by step. The search
sequence is shown in Figure 1.

Selection process

Each publication was selected using a manual search.
Several of the authors involved in this work performed
the search and selection of publications (see “Authors’
contributions”). Some publications selected at the screening
stage were subsequently excluded from further analysis,
because they did not meet the inclusion criteria.

Analysis of the results

Each publication was analyzed. A synthesis of the
information obtained from the selected scientific sources
was performed. The results of the synthesis are presented
in structured text, tables, and figures.

RESULTS

Concept of cognitive reserve

Some researchers working on neurodegenerative disorders
seek to determine why some individuals retain their
normal cognitive functions despite experiencing significant
cerebral degeneration and to identify the mechanisms
that trigger CR involvement. To answer this question, it
appears necessary to clearly outline the terminological
boundaries of the concept of CR (Table 1).

In our opinion, an exhaustive definition of CR has not
yet been formulated, though the view of CR as a set of
processes resisting neurodegeneration from its earliest
preclinical stages allows us to answer the question of why
some individuals successfully cope with progressive brain
disorders, while others cannot tolerate the same level of
brain damage.

To study and evaluate the brain repair mechanisms in
neurodegeneration, it is necessary to know the features of
its pathogenesis. An executive summary of current models
of AD development is presented in Table 2.

4 N
é Number of publications found (n=363),
g of which: »| Excluded before screening,
g PubMed (n=120) duplicates (n=39)
he] eLIBRARY (n=243)
\/
2
S Publications screened by title and »| Excluded by title and
g abstract (n=324) abstract (n=103)
wv
\/
2
E Full-text articles assessed for > Excluded, do not meet
Igo eligibility (n=221) inclusion criteria (n=138)
w
\ 4
el
]
= Publications included for review (n=83)
=
N J

Figure 1. Steps in the search for publications to be analyzed.

Source: Sidenkova et al., 2024.
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Year of

A publication

Definition of cognitive reserve (CR)

CRis a combined factor that is influenced by the accumulated life experience. It cannot be

Stern [19] 2002 measured directly due to its multifactorial and dynamic nature.

CRis a theoretical, abstract concept suggesting that greater engagement in cognitively stimulating
Soldan et al. [20] 2017 activities throughout life modifies the brain, thus reducing the negative impact of brain disorders
on cognitive function.

CRis an individual's ability to optimize cognitive function through differential recruitment of brain

stern etal. [21] 2019 structures or neural networks in brain activity.

CR is an ability of the brain to mitigate the sequelae of brain disorders or cognitive function

Soldan et al. [22] 2020 g ;
impairment.

The definition of CR includes two independent components:
1) assessment of brain damage affecting cognitive functions;

Stern et al. [23] 2022 .
2) assessment of cognition;
3) measurement of the variable that affects steps (1) and (2).
Authors LGl Description of an AD model
publication

Hypothetical model of dynamic biomarkers of the AD pathological cascade

The sequential change of preclinical, prodromal, and dementia stages of Alzheimer's disease is
caused by the interaction of 2 types of biomarkers:

- biomarkers associated with the presence of disease;

- biomarkers associated with the stage (i.e. progression) of disease.

Jack et al. [24] 2010

Biomarker model of preclinical AD

This model reflects the cumulative nonlinear dynamics of several biomarker types:

- reductions in AB42 in the cerebrospinal fluid and increased amyloid tracer retention on PET
imaging are biomarkers of brain AB amyloidosis;

- elevated CSF tau protein is a biomarker of neuronal injury;

- decreased fluorodeoxyglucose 18 uptake on PET with a temporoparietal pattern of
hypometabolism is a biomarker of synaptic dysfunction;

- atrophy of medial temporal lobes, paralimbic and temporoparietal cortices on structural MRl is a
biomarker of neurodegeneration.

Sperling et al. [25] 2011

AD model of the National Institute on Aging and the Alzheimer's Association Workgroup (NIA-AA), 2018

AD diagnosis should be based on combined (clinical and biomarker) diagnostic criteria. According
to these criteria, the early preclinical (presymptomatic) AD stage is diagnosed if AR biomarker is
positive in vivo. Symptomatic AD is confirmed by in vivo detection of AR and pathological tau, as
well as neurocognitive impairment.

Jack et al. [26] 2018

Multi-marker model of AD (A/T/N)

This model takes into account the profiles of several biomarkers detected in evaluated patient:

- “A" refers to amyloid pathology and is determined by the presence of AB42 or AB42/AB40 in the
CSF or AB in the brain structures on PET imaging;

- “T" refers to tau pathology and is determined by the presence of phospho-tau in the CSF

or detection of abnormal tau filaments (intracellular thread-like tau structures) in the brain
parenchyma on PET imaging);

- “N" refers to neurodegeneration and is confirmed by the presence of tau in the CSF and in the
brain parenchyma on MRI or 18F-fluorodeoxyglucose PET.

Lodder et al. [27] 2021

The authors of a meta-analysis of 17 functional MRI (fMRI)  regions during intellectual workload, including the medial
cohort studies reported a high probability of dementiain ~ and lateral frontal areas and the precuneus. That is, AD
individuals with localized, increased activation of the left ~ affects the frontoparietal network responsible for the
anterior cingulate cortex during cognitive tasks, compared  cognitive control associated with general tasks. Detection
with older adults who activate a broad network of brain  of certain biomarkers, e.g. changes in specific fMRI activity



and tauopathies, increases the probability of dementia by
a factor of 2 [28]. The probability of dementia increases in
neurodegeneration carriers. This finding has been confirmed
in different study cohorts; for example, the probability
of dementia stood at 54% in a cohort with brain damage
confirmed by neuroimaging, compared with 26% in the
control group [29]. However, clinical and neuropsychological
assessments do not always identify dementia in patients with
signs of neurodegeneration. Indeed, studies have shown that
a significant proportion of community-dwelling older adults
with advanced neurodegeneration do not develop dementia.
This apparent disconnect is explained by the combined
influence of several factors: genetic polymorphism, other
brain disorders, slow disease progression, lifestyle factors,
CBR volume, and premature mortality from concomitant
diseases [30]: that is, the multimarker dementia model
based on the risks of AD in a probabilistic aspect.

Some researchers suggest distinguishing the brain (passive)
reserve and the cognitive (active) reserve [21]. However,
not all researchers agree with this approach and prefer
the general concept of a single reserve, using the term
CR [31]. We will nevertheless describe the mechanisms
underlying the brain and cognitive reserves, according to
different authors (Table 3).

A multicenter observational study on predementia
Alzheimer's disease performed at the German Center for
Neurodegenerative Diseases demonstrated that large
volumes of hippocampal subfields, particularly CA1, may
serve as a brain backup system that ensures normal

Year of

Author publication

Concept

Barnes, McNaughton [32] | 1980

cognition and absence of subjective cognitive decline
in patients with amyloid pathology [36]. The study also
showed that this effect does not depend on the education
level, or psychological or social characteristics of the
participants [36]. On the contrary, other authors show
that CR mechanisms are closely associated with the tau
pathology and tau deposition in the medial and inferior
temporal lobes [37].

Some authors believe that CR is a property of the brain
that allows for cognitive performance that is better than
expected given the degree of brain damage associated with
neurodegeneration, traumatic brain injury, or other diseases
[38]. Meta-analyses of cohort studies on CR localization
in healthy aging, AD, and mild cognitive disorders, such
as mild cognitive impairment (MCl), using functional MRI
and positron emission tomography (PET) of the brain,
demonstrated that in healthy and pathological aging CR
is mediated by different brain regions [39]. In healthy
older adults, the same cognitive tasks are associated
with the activation of a broad network of brain regions,
including the medial and lateral frontal regions (anterior
cingulate cortex, dorsolateral prefrontal cortex, precuneus).
In patients with AD and amnestic MCl, successful completion
of the same cognitive task is associated with isolated
activation of the anterior cingulate cortex [40]. A positive
correlation between the brain volume and CR has also been
demonstrated [41]. In a systematic review, Harrison et al.
defined CR as the ability to use more efficient and flexible
cognitive strategies, and engaging alternative networks,
which can be enhanced through continuous cognitive
training [42].

Studies on animal models have shown that CR depends not on the number of neurons, but
on their plasticity and the quality of connections between them.

The concept of CR includes such parameters as brain size, the proportion of healthy and
abnormal neurons, and the structural integrity of neurons and synapses. This model defines

brain reserve as an organ (physical) quality of the brain: some people have larger brains,

with more neurons and synapses, which, according to researchers, maintains the brain’s
resilience to damage, preventing cognitive dysfunction.

CR becomes evident in the settings of neuropil loss, manifested by axon shortening and

dendrite thinning. This results in loss of pathways transmitting signals between neuronal
bodies, while a more powerful signal than normal is transmitted through the remaining

synapses. This results in neuronal hyperexcitability.

Norris et al. [33] 1996
Katzman et al. [7] 1988
Kunkle et al.[34] 2019
Soldan et al. [35] 2020

CRis a morphological concept reflecting the structural properties of the brain that ensure its
ability to maintain cognitive functions despite the significant loss of their material substrate.
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Figure 2. Brain and cognitive reserve in Alzheimer’s disease.

Note: MCl — mild cognitive impairment; AD — Alzheimer's disease.
Source: Sidenkova et al., 2024.

Meta-analyses show that CR is influenced by numerous
environmental factors and individual psychological features,
such as gerotranscendence, psychological well-being,
the coping strategies used, and lifelong self-regulation
strategies [43].

The following combination of morphofunctional and
psychosocial factors makes cognitive (active) reserve
possible:

+  The morphofunctional characteristics of brain cells
include a relatively increased size of the neuron
body, a large number of axons, synapses, intensive
DNA and RNA synthesis, and active functioning of
presynaptic receptors [28].

+ The psychological and social factors developed
during lifetime are intelligence indicators, the
level of education, professional affiliation, the
volume of leisure activities, as well as the cognitive,
communicative, social, and motivational activity of
an individual [44-46].

According to current knowledge, the brain and cognitive
reserves are not mutually exclusive. The dynamic capacity
and structural characteristics of the neural network
determine the quality of brain functioning in the settings of
age-related changes and cerebral disorders. A systematic
review and meta-analysis by Nelson et al. convincingly
demonstrate that a higher CR is associated with a lower

relative risk of MCI or dementia progression, reducing
the risk of symptomatic AD almost twofold (47%) [47].
These results suggest that CR delays the onset of MCI
and dementia in AD, and, therefore, serves as a potential
target for preventive interventions.

The models of brain and cognitive reserves reflect the
substrate and level of brain functioning, and represent
a BCR. BCR is dynamic and depends on environmental
factors and an individual’s life experiences throughout
their lifespan.

Functions of brain and cognitive reserve
The brain and cognitive reserve reduce the negative
impact of degeneration on the brain function in several
ways described below.

BCR reduces MCI or dementia risk through mechanisms
independent of the degree of neurodegeneration [48].

BCR interacts with markers of brain pathology or health,
influencing future cognitive decline or the risk of disease
progression. The protective effects of BCR decrease as the
number of damaged neurons increases [49].

The protective effect of BCR increases with later AD onset
and a lower rate of damaged substrate accumulation [50].

In individuals with a high reserve, neurodegeneration
is less likely to affect the brain structure and function
compared to those with a low reserve [51].

Consortium Psychiatricum | 2024 | Volume5 | Issue 3
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Data from the studies included in our meta-analyses
suggest that the roles of the reserve are different in aging
and neurodegeneration (Figure 2).

BCR mechanisms prevent progressive depletion of the
regulatory function of the cortex, support motivational
and behavioral activity, ensure functional hemispheric
asymmetry, and have a neuroprotective impact during
normal aging [52, 53].

BCR mechanisms support the activity of the frontal
lobes and the hippocampus, and they compensate for
dysfunction of these regions, allowing for the preservation
of cognitive regulatory functions at preclinical AD stages,
presumably thanks to the relatively larger area of the
Brodmann hippocampal subfields (CA1/CA2/CA3 and
subiculum), as was demonstrated in the functional MRI
study in AD patients [54].

BCR delays clinical manifestations of AD until the reserve
is depleted. In individuals with a large BCR volume, AD onset
is characterized by pronounced symptoms, a high rate of
progression, and a high incidence of affective and behavioral
disorders. This is due to the fact that neurodegeneration
is restrained by the reserve, but when it is depleted, this
process manifests itself as marked synaptic and cholinergic
neuronal dysfunction [55]. At this stage of the disease, BCR
acts as a compensation mechanism aimed at reorganizing
brain resources [39].

Another meta-analysis demonstrated that in elderly patients
with AD and MCI, previously active, coordinated and
extensive neural networks stop functioning, and that task
performance induces the activation of energy-consuming
associative connections in the frontotemporal regions,
compensating for the lost capabilities of the previously
extensive healthy networks [56]. In their meta-analysis, de
Las Fuentes et al. explained the faster cognitive decline in
patients with high BCR by the older age of the participants,
and, consequently, significant accumulation of amyloid
and the tau protein at symptoms onset, as well as by
a high incidence of age-related concomitant diseases; e.g.,
cerebrovascular disorders [57]. BCR appears to delay the
onset of clinical symptoms associated with underlying AD.

Our understanding of the BCR concept is supported
by the analysis of certain typical clinical situations: e.g.
extremely fast progression of dementia in highly educated
individuals engaged in active intellectual work. Some experts
believe that the educational level is a type of protection

against severe cognitive impairment [58]. According to
this view, the above-mentioned example of the extremely
fast AD progression into severe dementia represents an
inexplicable exception. In his book “Problems of Causality
in Medicine”, Davydovsky stated that any disease results
from an interaction between a combination of pathogenic
processes and protective and adaptive mechanisms
aimed at restoring the impaired body self-regulation [59].
The actual manifestation of the disease is due to the
failure of protective elements, when the disease breaks
out. The authors of the Rotterdam study of patients with
cerebrovascular disorders also came to an interesting
conclusion: The lower risk of dementia in highly educated
study participants could be explained by a higher BCR [60].
From this point of view, symptoms of dementia develop
when the BCR depletes below a certain threshold. A smaller
initial BCR would mean that less change would be required
to reach the dementia threshold at which impairment
would be evident, whereas a larger BCR would presumably
provide greater protection against dementia. According
to this theory, BCR may reflect either innate differences
in cognitive abilities determined by the characteristics of
prenatal synaptogenesis or postnatal maturation of brain
structures (myelination, synaptic sprouting, development
of hierarchical connections within the brain, etc.), which
underlies the quality of cognitive processes. In any case,
the level of education is an indicator of a higher BCR [61].

DISCUSSION

Investigation of the mechanisms of AD pathogenesis
allowed modern researchers to come to the conclusion
that disease manifestations are the result of an interplay of
two countervailing processes: traditionally widely studied
neurodegeneration and the brain repair mechanisms,
represented by the BCR. The aim of this review was to
summarize the results of meta-analyses and original studies
on the mechanisms and functions of the BCR in patients
with AD. The BCR concept helps us understand why not all
individuals with preclinical AD transition to the symptomatic
disease, despite the development of a pathological process
confirmed by biomarkers. According to some authors,
this transition occurs when the protective brain repair
mechanisms fail and are no longer able to maintain the
body’'s homeostasis in the settings of progressive brain
damage caused by neurodegeneration [62, 63-66]. As
the number of damaged neurons increases (as evidenced
by amyloidosis and tauopathy), the protective role of



the BCR that passively maintains the brain resilience to
damage recedes [67]. Acceleration of disease progression
and worsening of cognitive impairment, confirmed by
morphological biomarkers, change the protective function
of BCR into a compensatory one, which manifests itself
by irrational, energy-consuming, widespread involvement
of intact brain structures during cognitive tasks [68, 69].
BCR involvement in the general AD scenario implies that
it is a factor, or a group of factors, capable of altering the
expected course of a neurodegenerative disease [70, 71].

We believe that the BCR is formed long before brain
aging. Robitaille et al. showed that the level of intelligence
before the disease onset and the quality and type of
leisure activity are inversely correlated with the resting
regional metabolic activity of the brain and cerebral blood
flow in different cortical and subcortical regions [72]. This
suggests that the differences in dementia onset may
have to do with the individual features of environmental
and social factors not only in adulthood and old age, but
also in childhood and adolescence. Liberati et al. believe
that CR is not a fixed factor but is constantly changing in
response to environmental factors and life experiences
throughout one’s lifespan, even if the brain has already
sustained damage [73]. Valenzuela and Sachdev agree
with this contention and state that that is why education
received in childhood and early adulthood can hypothetically
increase the CR volume and, as a result, delay the clinical
manifestations of neurodegeneration [74].

Some researchers believe that the mechanisms underlying
the BCR are triggered in the selective strengthening and
recruitment of neuronal connections. The results of a meta-
analysis show that BCR preserves cognitive abilities and
executive function despite the decrease in the volume of
the hippocampus and the associative frontoparietal cortex
due to progressive neurodegeneration [75].

Erratic functioning of brain regions (brain network)
is one of the marked features of neurodegeneration.
Compensatory BCR function allows one to reorganize brain
network activity and preserve cognitive functions [76].

Therefore, the BCR functions differ between healthy
individuals and patients with neurodegenerative disorders.
In normal aging, an effectively functioning BCR ensures
a balance of brain network activity and energy saving
during intellectual tasks [77]. At the symptomatic disease
stages, excessive interneuronal activity, reflecting the
hypercompensatory function of the reserve, contributes
to the accelerated depletion of brain structures, promoting

the development of clinical and psychopathological
manifestations of AD [20, 78].

The concept of BRC as a dynamic system retaining the ability
to change under the influence of environmental factors
and life experiences throughout life even in the presence of
neurodegeneration is consistent with the results of meta-
analyses, which showed the efficacy of neurocognitive
training for brain resilience augmentation even in patients
with MCl and AD [79]. A review of neuroimaging studies
showed that elderly patients with AD and amnestic MCl
retain compensatory mechanisms of neural network
activation during cognitive tasks [80]. The authors of
other studies define BCR as the ability to form effective
and flexible cognitive strategies, which can be augmented
through neurocognitive interventions, implying a potential
role in AD dementia prevention programs [81, 82].

Thus, promising research directions in the BCR concept

development are as follows:

+ determination of the reserve volume associated with
the degree of brain resilience to neurodegeneration;
that is, the transition of AD from the latent to the
clinical stage and

+ alignment of reserve parameters with different
biomarkers (biomarkers of neurodegeneration
and disease progression) to predict the probable
relationship between pathological and protective
factors. This is necessary for the development
of individual programs aimed at preventing the
transition of preclinical AD stages to clinical ones
[77,78].

The holistic nature of the scientific publication coverage
achieved with the combination of selected keywords means
that this review includes all existing scientific papers on the
given topic from the PubMed database and the eLIBRARY
electronic library. A limitation with the inclusion of some
publications in this review was their descriptive nature.
The search was also constrained by the above-mentioned
search engines and keywords. In our opinion, a common
drawback of the publications included in this review
is the heterogeneity of the study materials (laboratory
animals, humans) in the studies included in meta-analyses;
the retrospective nature of the meta-analyses; and the



checkered nature of the studies that were initially included
in the meta-analysis. Therefore, the authors of this review
admit the limitations of the information presented herein.

This review may be of interest to specialists in the field
of mental health and cognitive neuroscience.

CONCLUSION

The authors of this study believe that the mechanisms of
AD pathogenesis cannot be properly understood without
taking into account the interactions between pathogenic
factors and brain repair mechanisms, such as the BCR.
BCR slows the rate of transition from preclinical to clinical
disease, thereby changing the AD prognosis. The BCR
concept allows one to shift the emphasis towards the
prevention of preclinical AD and augment therapeutic efforts
at the symptomatic stages of the disease by maintaining
and enhancing compensatory mechanisms. In this work,
we described the different positions held by researchers
regarding the BCR mechanisms and functions at different
stages of AD. According to some researchers, interventions
aimed at mechanisms of AD pathogenesis and the possibility
of their regulation would reduce age-related morbidity
and promote healthy aging. The BCR concept actualizes
the problem of searching for compensatory strategies for
AD-associated cognitive deficit, assessing the structure
and volume of the reserve, developing and implementing
programs for its maintenance, and battling its depletion
as early as in the preclinical stage of the disease.
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ABSTRACT

BACKGROUND: Depressive symptoms in patients with schizophrenia lead to more frequent exacerbations of the
underlying disease, worsen the prognosis, and increase the risk of suicide. Clinical practitioners continue to face
challenges in diagnosing this disorder.

AIM: This study aims to analyze published material on biological markers of depressive symptoms in patients with
schizophrenia.

METHODS: The search of literature was conducted using the following electronic search engines (the total number of
relevant papers found is also specified): ACCESSSS (n=150), Cochrane Library (n=48), PubMed (n=623), eLIBRARY (n=216),
and Google Scholar (n=367). The final discussion included 67 papers consistent with the study aim and were published
between January 1, 2018 and December 31, 2023.

RESULTS: Based on the available scaterred data, it appears that plasma biomarkers (e.g. C-reactive protein, metabolic
parameters, hormones, enzymes, neurotrophic factors) are limited in specificity when it comes to diagnosing depressive
symptoms in schizophrenia. Our analysis of the neuroimaging findings showed that depressive manifestations are
associated with a decrease in the volume of the gray matter in the parietal, frontal, and temporal lobes (particularly
in Broca's and Wernicke's areas) and in specific regions of the prefrontal cortex (including the medial right superior
frontal, medial orbitofrontal, and superior and middle frontal gyri). It has been suggested that the SIRT1, OXT, CDKALT,
and APOE genes are involved in the development of depressive symptoms in patients with schizophrenia.
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CONCLUSION: Understanding and identifying depressive symptoms in schizophrenia will improve the quality of care
for patients with this disorder.

AHHOTAUVA

BBEAEHWE: [lenpeccnBHas cMMNTOMAaTMKa Npy WN30ppeHnn NPUBOAUT K 6oJiee YacTbiM 060CTPEHMSIM OCHOBHOIO
3a601eBaHNS, YXYALLEHNIO NPOrHO3a M NOBbLILLEHWIO pUcKa cynumaa. Mepes knnHULmMcTamm 4o CUX nop CTOUT BOMPOC,
CBSA3aHHbIV C TPYAHOCTAMU ANArHOCTUKM 3TOMO PacCTPONiCTBa.

LLEJ/1b: MpownsBecT 0630p AMTepaTypbl, HaMpaBAeHHbIN Ha MOUCK MHPOPMaLLM O BIOMapKepax AenpeccuBHbIX
NPOSIBNEHN NPY LLN30PPEHUN.

METO/bI: NMonck AaHHbBIX TUTePaTypbl OCYLLLECTBAAAN C MPUMEHEHUEM CNeAYHLLMX 3/TEKTPOHHbLIX CEPBUCOB ANS
nomcka nybamkaumin (Takxke ykasaHo obLLee YMC0 NCTOUYHNKOB, 06HapYXeHHbIX Mo nckomoii Teme): ACCESSSS (n=150),
Cochrane Library (n=48), PubMed (n=623), eLIBRARY (n=216), Google Scholar (n=367). B utorosoe obcyxzaeHue b0
BK/IHOYEHO 67 Ny6aMKaLmii, COOTBETCTBYIOLLMX LieIn paboThl 1 ONybAnKoBaHHbIX He paHee 01.01.2018 n He no3gHee
31.12.2023.

PESYJIbTATBI: MNpy cyMMUPOBaHUM Pa3PO3HEHHbIX JaHHbIX MPEANOI0XKEHO, UTO M1a3MeHHble NMokasaTev (KOHLeHTpaLuus
C-peakTBHOro 6esiKa, MeTabonmnyeckime, ropMoHasbHble, epMeHTaTUBHbIE MOKa3aTenu, 3HaueHNs HelipoTPoPUUEeCcKIX
dakTopoB) cnabocneunPnyUHbl 419 4NArHOCTUKN fenpPecCUBHBIX CUMATOMOB Mpu WinsodpeHum. C MOMOLLBI0 METOA0B
HelipoBM3yann3aLm YCTaHOBIEHO, YTO YMeHbLLUEHVe 06 beMa Ceporo BeLLeCTBa B TEMEHHOM, TI06HOWM 1 BUCOYHOIA
fone (ocobeHHO B 30Hax bpoka 1 BepHuke), a TakxXe B NpeppoHTanbHON Kope — B MefuaNibHOM YacTn npasoi
BepxHel I06HOM, MeananbHOM opbuTodpoHTaNbHOW, BepxHel 1 cpegHen GPOoHTaNbHbIX N3BUAVHbBI — CBSA3aHO
C ZienpeccrBHbIMU NposasaeHnsaMn. lMpeanonaraeTca ceA3b mexay reHamu SIRTT, OXT, CDKALT n APOE B BO3HNKHOBEHMN
fenpeccrBHbIX CUMNTOMOB Y NaLMEHTOB C LWN30dPeHVEN.

SAKJTOYEHME: ToHMMaHVe 1 BbiSiBJIeHME [enpecCUBHbBIX CUMATOMOB NpU WN30GPEHNM NO3BOUT YIYULLUTb
KauyecTBO NOMOLLW, NoayYaeMor NaumeHTaMu € STUM PaccTPOLiCTBOM.

Keywords: depressive symptoms, schizophrenia; neurobiology
KnroueBble cnoBa: cumMnmomel denpeccuu; wusoppeHus; Helipobuosaozus

INTRODUCTION +  F32.3 — Severe depressive episode with psychotic
Schizophrenia is a chronic mental disorder that affects symptoms;
approximately 1% of the global population [1]. In 1911, «  F33.3 — Major depressive disorder, recurrent, severe

Bleuler identified affective disorders as one of the core without psychotic features.

symptoms in his “4A" framework (associations, affect,
ambivalence, autism) for schizophrenia [2], a concept
that continues to be recognized in modern diagnostic
classifications. For instance, the International Classification
(ICD-10),
depressive and psychotic symptoms under the following
categories [3]:

+  F31.5 —Bipolar disorder, current episode depressed,

severe, with psychotic features;
+  F25.1 — Schizoaffective disorder, depressive type;
*  F20.4 — Post-schizophrenic depression;

of Diseases, 10" revision includes both

When considering the overlap between affective
and psychotic symptoms, most of the research focuses
on schizoaffective disorder, which encompasses
depressive episodes in the context of schizophrenia [4, 5].
However, depressive symptoms do not always meet the
full diagnostic criteria for a depressive episode, which
is why this review explores depressive manifestations of
schizophrenia.

The transition from Liddle's two- (positive and negative
symptoms) and three-factor model (positive symptomes,
negative symptoms, and disorganization) of schizophrenia
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[6] to the five-factor model underscores the distinct role
and significance of depressive symptoms in the disease’s
structure. Reflecting on evolving diagnostic paradigms,
Mosolov et al. [7] highlight the independence and value
of the dimensional model in psychiatry. The 5" edition of
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) [1] outlines 8 clinical dimensions for schizophrenia
spectrum and other psychotic disorders:

* hallucinations;

« delusional beliefs;

+ disorganized speech;

« abnormal psychomotor behavior;

*  negative symptoms;

« impaired cognition;

« depression;

*  mania.

ICD-11 [8] identifies domains of schizophrenia and other
primary psychotic disorders similar to dimensions (used
as additional codes): positive, negative, depressive,
manic, psychomotor, cognitive. Thus, the importance of
identifying depressive symptoms is recognized in both
classifications [9].

The relationship between schizophrenia and depressive
symptoms is bidirectional: the presence of depressive
symptoms worsens the course of schizophrenia, while
a more severe progression of schizophrenia increases
the likelihood of developing depressive symptoms [10].
The reported prevalence of depressive symptoms among
individuals with schizophrenia varies widely, from 6%
to 75% [11], depending on factors such as study design,
disease stage, and diagnostic methods [12]. On average,
depressive states occur in about 25% of patients with
schizophrenia, a rate higher than that in the general
population [13]. Additionally, depressive symptoms can
manifest themselves at any stage of schizophrenia [14]
and tend to be more severe in males [15]. These are
often the most common and persistent symptoms of
schizophrenia [16], contributing to reduced social functioning
[10, 17], strained family relationships, and poorer treatment
adherence [18]. Vauth et al. found that two-thirds of patients
with schizophrenia are unable to fulfill basic social roles,
and that only one-third are employed, often in positions
requiring less qualifications than those they held before the
onset of the illness [19]. As a result, depressive symptoms
in schizophrenia contribute to dysfunction in the conduct
of daily tasks [20]. Furthermore, the presence of depressive
symptoms increases the risk of suicide in individuals with

schizophrenia [21] and suicide is a leading factor in the
reduced life expectancy of these patients [22], particularly
in the early stages of the disease [23].

While the diagnosis of schizophrenia remained based
on the presence of specific symptoms according to ICD-10
criteria [3], it also is a highly heterogeneous disorder.
Although biomarkers are widely used in other areas of
medicine, they remain absent for psychiatric conditions
like schizophrenia [24]. Understanding the pathophysiology
of depressive symptoms in schizophrenia could improve
diagnosis and infrom more effective treatment choices [25].

The aim of this review is to analyze publications focused
on identifying biological markers of depressive symptoms
in schizophrenia.

METHODS
Eligibility criteria
Inclusion criteria:
« study participants had a confirmed diagnosis of
“Schizophrenia” with depressive manifestations;
+ studies aimed at identifying biological markers of
depressive symptoms in schizophrenia;
*  publication in English and/or in Russian;
+ the period of publication is from January 01, 2018,
to December 31, 2023.
Exclusion criteria:
« study participants had disorders comorbid with
schizophrenia, including a depressive and/or manic
episode.

Information sources
The search for papers was conducted using the following
keywords in both Russian and English (as well as their

"ou

combinations): “depressive symptoms”, “schizophrenia”,

“neurobiology”, “biological markers”, “blood plasma”, “gene”.
Articles from January 01, 2018, to December 31, 2023, were
selected. This time period was selected to encompass the
most relevant studies based on their recency. The group
of authors conducted the information search process in
turn and collegially. Each of the authors took equal partin
the development of inclusion and exclusion criteria, data
selection, information processing, and the writing of the
literature review.

Search strategy
The search was conducted according to the principles
of the clinical decision-making model “6S Hierarchy of
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Figure 1. PRISMA flow diagram of the literature search and the selection process.

Source: Sultanova et al., 2024.

EBM Resources™ [26] using the service for the search
for publications ACCESSSS from McMaster PLUS?
(Figure 1).

The structure of the “6S Hierarchy of EBM Resources
model is presented in Figure 2.

The search resulted in the extraction of clinical guidelines
from DynaMed (n=40), BM] Best Practice (n=30), and EBM
Guidelines (n=9), from which all papers were excluded by
abstract and title (n=79), as none of them met the selection
criteria. No systematic guidelines were identified, and the
next stage of the search included systematic review-level
studies (ACP Journal Club, n=2; McMaster PLUS, n=18). None
of the studies met the inclusion criteria (n=20). Further
screening was performed from unrated sources (n=51),

"

including UpToDate, of which 4 articles met the criteria
and were included in the current review.

One publication from the Cochrane Library (n=48) was
included in the review?3. Studies (n=839) were also extracted
from the PubMed (n=623)* and eLIBRARY (n=216)° portals,
of which 24 were included in the final version of the article
(duplicates were excluded beforehand). The remaining
sources were selected in Google Scholar (n=367), and 38
sources were included in the final version of the paper.
The primary challenge in the search was ensuring the careful
exclusion of studies where patients with schizophrenia had
a comorbid depressive disorder, as this review focuses
solely on publications addressing depressive manifestations
at the symptomatic level.

' 6S Hierarchy of EBM Resources is a hierarchy of resources (information sources) based on evidence-based medicine and provides a model for

guiding clinical decision-making.

2 Available from: https://www.accessss.org/

3 Cochrane [Internet]. London: Cochrane [cited 2024 Aug 26]. Available from: https://www.cochrane.org

4 PubMed [Internet]. Bethesda: National Center for Biotechnology Information, U.S. National Library of Medicine [cited 2024 Aug 26]. Available from:

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

> eLIBRARY.RU [Internet]. Moscow: Scientific Electronic Library [cited 2024 Aug 26]. Available from: https://elibrary.ru
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Clinical

guidelines:
DynaMed
(n=40),
BM]J Best Practice
(n=30),
EBM Guidelines (n=9)

\\ J
Figure 2. The 6S Hierarchy of EBM Resources model using McMaster PLUS’s ACCESSSS.

Note: DynaMed® is a medical information Internet resource; Best Practice’ is an information Internet resource that physicians can use to make
clinical decisions; EBM Guidelines® are clinical guidelines based on the principles of evidence-based medicine; ACP Journal Club® is a medical
publication that publishes current literature on internal medicine; Mcmaster PLUS'™ is a service of the research unit of the medical information of
McMaster University (Canada); UpToDate'" is a medical Internet resource providing medical information based on evidence-based information.
Source: Sultanova et al., 2024.

Analysis of the results the manuscripts). The data were analyzed from the
Two reviewers independently reviewed all the verified perspective of utilizing biological methods to study
documents. As a result, 67 papers were included in the  depressive manifestations in schizophrenia. As a result,
current review. The publications found and selected it was decided to divide the presented results into three
for analysis were studied in full (full-text versions of  blocks:

¢ DynaMed [Internet]. Ipswich (MA): EBSCO Information Services. 1995 [cited 2024 Aug 26]. Available from: https://www.dynamed.com
7 BM]J Best Practice — a resource that physicians can use to make clinical decisions [Internet]. London: BM]J Publishing Group Limited [cited 2024 Aug

26]. Available from: https://bestpractice.bmj.com/info

8 EBM — Evidence-Based Medicine Guidelines [Internet]. Helsinki: Duodecim Medical Publications Ltd [cited 2024 Aug 26]. Available from: https://
www.ebm-guidelines.com/apps/dtk/ebmg

9 ACP Journal Club — a medical publication that publishes current literature on internal medicine [Internet]. Philadelphia: American College of
Physicians [cited 2024 Aug 26]. Available from: https://www.acponline.org/clinical-information/journals-publications/acp-journal-club

0 McMaster PLUS — a service of the research unit of the medical information of McMaster University (Canada) [Internet]. Hamilton: McMaster
University [cited 2024 Aug 26]. Available from: https://plus.mcmaster.ca/McMasterPLUSDB

UpToDate provide medical information based on evidence-based information [Internet]. Waltham: UpToDate, Inc. [cited 2024 Aug 26]. Available
from: https://www.uptodate.com/login
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+  biochemical factors of depressive symptoms in
schizophrenia;
* neuroimaging methods of depressive symptoms in
schizophrenia; and
+ genetic predictors in patients with schizophrenia
with depressive manifestations.
Statistical methods were not used for data analysis.

RESULTS
Biochemical factors of depressive symptoms
in schizophrenia
The data collection process began with an examination
of biochemical markers in blood plasma, as it is a widely
accessible and commonly used research method. Faugere
et al. found that elevated C-reactive protein levels were
associated with the presence of depressive symptoms in
patients with schizophrenia [27]. Another study revealed
a link between depressive symptoms in schizophrenia and
elevated metabolic parameters, particularly triglycerides
and low-density lipoproteins [28]. It has been found that,
the peptide hormone leptin may influence the appearance
of depressive symptoms in schizophrenia, with significantly
higher levels observed in patients with depressive
manifestations compared to healthy individuals. Moreover,
leptin levels were shown to negatively correlate with the
depression factor on the PANSS (Positive and Negative
Syndrome Scale), though not on other subscales [29]. Other
researchers identified a correlation between a higher dietary
intake of glutamic acid and increased depressive symptoms
in non-obese adults with schizophrenia, while no such
correlationwas observed in obese participants [30]. Further
study demonstrated a connection between adiponectin,
a hormone involved in fatty acid breakdown and glucose
regulation, and depressive symptoms in schizophrenia,
with lower baseline adiponectin levels being significantly
associated with higher baseline depressive symptoms [31].
Research on biomarkers related to the body's defense
mechanisms revealed a correlation between depressive
symptoms and the antioxidant enzymes manganese
superoxide dismutase and total superoxide dismutase
activity in the blood plasma of patients experiencing their
first episode of untreated schizophrenia [32]. In a study
by Bigseth et al., elevated levels of the soluble urokinase
plasminogen activator receptor (suPAR) were linked to
depressive symptoms in women with schizophrenia,
suggesting abnormal immune activation within this
subgroup [33].

Brain-derived neurotrophic factor (BDNF), a key modulator
of neuroplasticity, is implicated in the pathogenesis of both
schizophrenia and depression [34]. Although BDNF is not
a specific synaptic molecule, research has shown that
reduced serum BDNF levels in patients with schizophrenia
are associated with more severe depressive symptoms
[35], particularly in the early stages of the illness [36].
Han et al. study of patients with schizophrenia and
depressive symptoms who were on monotherapy with
olanzapine for 12 weeks demonstrated a significant
increase in BDNF levels and a reduction in depressive
symptoms following treatment [37]. Additionally, it was
found that the concentration of another neurotrophic
factor, neurotrophin-3 (NT-3), increased in the serum
of patients with schizophrenia only in the presence of
depressive symptoms, with no significant difference in
NT-3 levels between schizophrenic patients and a control
group in the absence of depression [38].

Neuroimaging methods of depressive
manifestations in schizophrenia

Neuroimaging is a key research tool in schizophrenia studies.
In a meta-analysis of 4474 patients with schizophrenia
and 5098 controls, brain imaging of cortical thickness and
surface area abnormalities revealed a decreased gray matter
volume in regions crucial to both schizophrenia [39] and
depression [40]. Specifically, a reduced gray matter volume
in the prefrontal cortex, including the medial part of the
right superior frontal, medial orbitofrontal, and superior
and middle frontal gyri, was linked to depressive symptoms
in schizophrenia patients. Notably, depressive symptoms
in schizophrenia had a more significant impact on gray
matter reduction than negative symptoms [41]. According to
magnetic resonance morphometry, a comparison between
schizophrenia patients with/without depressive symptoms
with a healthy control group indicated pronounced gray
matter abnormalities concentrated in the cingulate gyrus
in schizophrenia patients with depressive symptoms [42].
The reduction in gray matter was most significant in
first-episode schizophrenia patients with depressive
symptoms, especially in the parietal, frontal, and temporal
lobes, including Broca's and Wernicke's areas, and the
prefrontal cortex [43]. In comparisons of patients with
depressive episodes and psychotic symptoms and those
with schizophrenia and depressive symptoms, the latter
group showed reduced gray matter in the left tegmental
area and left frontal lobe [44].
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Although electroencephalography (EEG) is not a
neuroimaging method, a study by Shor et al. using EEG
demonstrated that patients with both schizophrenia and
depression exhibit lower hierarchical interconnectivity and
reduced information segregation compared to healthy
controls [45].

In animal studies, in vivo two-photon calcium imaging and
electrophysiological recordings, combined with behavioral
phenotyping, were used to investigate schizophrenia
models. To create a mouse model of schizophrenia, the
animals received dizocilpine (an N-methyl-D-aspartate,
NMDA antagonist); depressogenic factors were created
three days after the injection by tilting the cage, wet
bedding, forced swimming, physical restraint, and sleep
deprivation. The study found that schizophrenia with
depression is expressed by a variety of symptoms, including
helplessness, anhedonia and reduced filtering of sensory
information, having worse indicators for these symptoms
than depression or schizophrenia alone. These behavioral
deficits were associated with disrupted neuronal calcium
activity in the frontal cortex and thalamic nuclei [46, 47].

Genetic predictors in schizophrenia patients with
depressive symptoms

Research on candidate genes has identified a number
of common genetic factors associated with depressive
manifestations in schizophrenia. One such gene is the
methylenetetrahydrofolate reductase (MTHFR) gene [48].
In our study, while we did not uncover an association with
the MTHFR C677 polymorphism, we found that elevated
homocysteine levels may serve as a risk factor for the
development of depressive symptoms in patients with
schizophrenia [49].

Low levels of BDNF and SIRTT have also been implicated
in the emergence of depressive symptoms in schizophrenia
[50]. However, the BDNF gene contains multiple single
nucleotide polymorphisms (SNPs) that exhibit strong
linkage disequilibrium and interact in ways that may affect
susceptibility to a mental iliness. This complexity suggests
the need for further detailed investigations of the gene
[51]. The SIRTT gene encodes a protein belonging to the
sirtuin family, whose functions are not yet fully understood.
However, emerging evidence suggests that this gene
may play a role in the pathogenesis of depression [52].
Preliminary findings from one study indicate that the
SIRTT gene may increase the susceptibility of patients with
schizophrenia to depressive symptoms [53].

Oxytocin, a regulator of social and emotional behavior,
is @ promising candidate for assessing susceptibility to
schizophrenia. Research on schizophrenia patients suggests
that oxytocin may play a role in the cognitive and social
deficits development, possibly due to overactivation of
the hypothalamic-pituitary-adrenal (HPA) axis, a known
contributor to neurodegenerative changes in schizophrenia.
Given its involvement in emotion and facial expression
recognition, oxytocin has become a focal point for studying
the pathophysiology of negative and depressive symptoms
in schizophrenia, particularly reduced emotional expression.
A study by Broniarczyk-Czarniak et al. demonstrated
a correlation between the expression of the OXT gene,
at both the mRNA and protein levels, and the severity
of depressive symptoms in schizophrenia patients [54].

The impact of lipid metabolism disorders in schizophrenia
patients has attracted particular attention from researchers.
They have proposed a genetic link between depressive
symptoms and lipid metabolism. Preliminary evidence
indicates that the rs7754840 polymorphism of the CDKAL1
gene, which is crucial for lipid metabolism, may contribute
to the development of depressive symptoms in drug-
naive schizophrenia patients [55]. Additionally, a study
by Li revealed that the apolipoprotein E gene (APOE E2)
is associated with the emergence of depressive symptoms
in schizophrenia patients [56].

DISCUSSION

Brief interpretation of results

In this literature review, we consolidate the disparate data on
biological markers of depressive symptoms in schizophrenia.
Upon reviewing blood parameters, it becomes evident that
this method cannot currently be considered specific for
diagnosing depressive manifestations in schizophrenia.
Changes in the concentration of proteins, such as C-reactive
protein, soluble urokinase plasminogen activator receptor
(SUPAR), enzymes (superoxide dismutase), metabolic
markers (triglycerides and low-density lipoproteins), and
hormonal profile markers (leptin and adiponectin), are
also observed in other conditions.

Analyzing the literature data on blood parameters, we
obtained information on the influence of neurotrophic
factors. For instance, NT-3 levels were significantly
elevated, while BDNF levels were decreased in patients
with schizophrenia experiencing depressive symptoms.
However, these findings cannot be currently used as
a diagnostic feature as they lack specificity, as reduced
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BDNF levels are also associated with several other
psychiatric disorders. Based on current evidence, it can
be concluded that blood parameters cannot yet be used
as specific markers for identifying depressive symptoms
in schizophrenia, prompting an attempt to explore other
research methods.

Clarifying the neural mechanisms by which depressive
symptoms exacerbate the course of schizophrenia is
essential for identifying new therapeutic targets and
developing treatment strategies [57]. In a study of
depression and psychosis, Lalousis et al. [58] suggested
that a neurobiologically driven approach is more effective
in predicting symptomatic and functional remission than
traditional diagnostic categories in predicting the course
of the disease. A reduction in the gray matter volume [41]
has been observed in the parietal, frontal, and temporal
lobes, particularly in Broca's and Wernicke's areas [43],
as well as in the prefrontal cortex, including the medial
part of the right superior frontal, medial orbitofrontal,
and superior and middle frontal gyri [42, 44]. Several
studies have confirmed gray matter reduction in cases
of depressive symptoms in schizophrenia, though some
findings require further confirmation through additional
research [45-47].

The results of the analysis of candidate genes that
contribute to the development of depressive symptoms
in schizophrenia were also presented. The SIRTT [50, 53],
OXT [54], CDKALT[55], and APOE [56] genes may contribute
to the development of depressive symptoms in a sample
of patients with schizophrenia. However, findings on the
MTHFR gene remain inconsistent and require further
investigation [48, 49]. Although genetic studies have
limitations, the search for genetic associations represents
one of the most promising approaches for identifying
biological markers, particularly in patients with depressive
symptoms in schizophrenia. An equally important issue
for clinicians is the differential diagnosis of depressive
symptoms in schizophrenia, which can be complicated
by adverse reactions to antipsychotic medication [59, 601,
substance abuse [61], and psychosis-related manifestations
that may induce depression [62, 63]. A key challenge
in diagnosis is distinguishing between depressive and
negative symptoms [64]. Some researchers posit that
negative symptoms are not exclusive to schizophrenia
but may also occur in depressive disorders [65]. Negative
symptoms can be secondary to depression or overlap with
depressive features [66]. Other researchers emphasize

certain shared characteristics, such as anergia, poverty of
speech, and anhedonia, while recommending a symptom-
based approach for differentiation: depression is associated
with hopelessness, pessimistic and suicidal thoughts,
while negative symptoms are characterized by blunted
affect, poverty of speech, objective depression, social
withdrawal, and reduced attention span [57]. Nevertheless,
network analysis has shown that depressive symptoms
in schizophrenia are weakly correlated with negative
symptoms, making them relatively distinguishable [67].
The complexities inherent in differentiating depressive
manifestations in schizophrenia result in many patients
receiving inadequate treatment, underscoring the need
for further research into biological markers [29].

Limitations

One limitation of this review is the six-year publication
window for the analyzed studies. The studies included
were notably heterogeneous, with varying methods used
to diagnose depressive symptoms in schizophrenia. The
sample comprised both treatment-experienced and naive
patients, which adds to variability. While the data on
biological markers show promise for research, these markers
must undergo standardization, sensitivity and specificity
testing, and validation before they can be introduced
into clinical practice. The practical relevance of these
findings lies in the potential for neurobiological methods
to improve the diagnosis of depressive symptoms in
schizophrenia, enhancing research practices and facilitating
psychiatrists’ clinical work. This is particularly relevant given
the challenges in differentiating depressive symptoms
from negative symptoms, which remain significant. Early
detection of depressive symptoms is also crucial for
preventing severe complications, such as completed
suicide attempts. Overall, the review underscores the
considerable potential of neurobiology in diagnosing
depressive manifestations in schizophrenia. The adoption
of these methods could lead to significant improvements
in diagnosis, treatment, and, ultimately, the quality of life
for these patients.

CONCLUSION

In recent years, numerous studies have explored the
neurobiological aspects of depressive symptoms in
schizophrenia. However, it remains premature to implement
these diagnostic methods in routine clinical practice.
Continued research into biological markers will provide
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greater clarity about the development of depressive
symptoms in schizophrenia and will influence the choice
of priority treatment methods.
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ABSTRACT

Schizoaffective disorder (SAD) is one of the most complex and controversial diagnoses in clinical
psychiatry. Despite the significant changes that have occurred in the conceptualization of SAD in modern classifications
and the publications of recent years, many unresolved issues remain regarding the disease, from the point of view of
clinical psychiatry and basic neuroscience.

The purpose of this paper is to summarize published data on the concept of SAD, its clinical characteristics, cognitive
profile, potential biomarkers, as well as the place of the disease in the following modern international classifications:
the International Classification of Diseases (ICD) 9%, 10" and 11* revisions, and the Diagnostic and Statistical Manual of
Mental Disorders, 5t edition (DSM-5).

We undertook a review of the scientific studies in the relevant bibliographic systems and databases (eLIBRARY,
PubMed) of the past 15 years. The descriptive analysis method was used to summarize the collected information. A total
of 70 publications were selected for review, including different versions of international classifications of diseases (ICD
and DSM-5).

There has been some improvement in the inter-rater reliability of SAD criteria in modern classifications,
but this has not yet led to a clearer understanding among mental health specialists, while the various subtypes of
SAD identified so far fail to account for the heterogeneity in the clinical presentation of the disorder. The dimensional
approach to diagnosing SAD, according to which the intensity of psychotic and affective symptoms can fluctuate over
time and they can influence one another, more accurately reflects the disease’s ability to embody different forms. Basic
research does not support the identification of a distinct cognitive, neuroimaging, or immunological SAD endophenotype
that differs qualitatively from schizophrenia and affective psychoses.

The conceptualization of SAD remains incomplete, and new approaches rooted in neuroscience are
needed to better understand the coexistence of affective and psychotic symptomes.


https://doi.org/10.17816/CP15513

AHHOTALMA

LnsoaddekTnBHOe paccTpolicTBo (LUAP) — 0AMH M3 CaMbIX CJIOXHbIX Y ANCKYCCUOHHbIX AMArHO30B
B KNMHUYECKOW NcuxmaTpum. HecMoTps Ha 3Ha4uTenbHble M3MeHeHNs B KoHLenTyanusauun LLUAP B coBpeMeHHbIX
Knaccndurkaumax bonesHer 1 Nybankaumax nocaeAHNX ieT, B OTHOLLEH W 3TOro 3aboneBaHNs 0CTaeTCss MHOXeCTBO
HepeLleHHbIX BOMPOCOB C TOYKM 3PeHNS KIMHNYECKON NCUXmnaTpum 1 dyHAaMeHTa bHbIX HEipOHayK.

Lenbto paboTbl 66110 0606LLMTE OMYyBAMKOBaHHbIE AaHHbIe 0 KOHLenumm LLIAP, ero KnnH14Yeckrx xapakTepuctmnkax,
KOTHUTVBHOM Mpodue, NoTeHLManbHbIX B1IoMapkepax, a Takoke O MeCTe 3TOro 3aboneBaHusA B C1efyoLLMX COBPEMEHHbIX
MeXAyHapoAHbIX Knaccnpukaumsax: MexayHapoaHon knaccnoukaumm 6onesHei (MKB) 9-ro, 10-ro n 11-ro nepecmoTpa
1 AMarHoCTMYeckoM 1 CTaTUCTMYECKOM PYKOBOACTBE MO MCUMXMYeckUM paccTporicteam (Diagnostic and Statistical
Manual of mental disorders, 5th edition — DSM-5).

BbinonHeH 0630p Hay4HbIX UCCNef0BaHWI B peneBaHTHbIX 6ubanorpadmnueckmnx cnctemax n 6asax
JaHHbIX (eLIBRARY, PubMed) 3a nocnegHue 15 net. [ing 0606LLeHMA NosydyeHHOW nHopMaLmMm 6bin MCNONb30BaH
onucaTenbHbIl aHanus. Bcero ans 063opa oto6paHo 70 ny6ankaLmiA, BKIOUas pasiyHble BEPCUU MeXAYHAPOAHbIX
knaccnéoukaunii 6onesHeinn (MKB 1 DSM-5).

HekoTopoe ynyuLleHne MeXpenTUHroBOM HaZeXHOCTU KpuTepres LLIAP B COBPeMEHHbIX crcTeMaTKax
noka He MpuBeso K Ay4LlemMy UX NOHUMAHWIO CNeLManncTaMu, a pasndHble BblgeneHHble noaTunbl LLAP He moryT
06BACHUTL FreTePOreHHOCTb KJIMHMYECKOW KAaPTUHBI 3TOF0 PacCTPOMCTBA. AMIMEHCMOHANbHbIV MOAXOZA K ANArHOCTUKE
LLIAP fnyyllle COOTBETCTBYET U3MEHUMBOL Npupoge 3a6oneBaHnsi. COrnacHo eMy MHTEHCUBHOCTb MCUXOTUUYECKNX
1 apdeKTUBHBIX CUMNTOMOB MOXET MEHSTHLCS B pa3Hble Nepriobl BPEMEHU 1 OHU MOTYT B3aVMHO BAVSITb APYT Ha Apyra.
®yHAaMeHTa/IbHble NCCIEA0BAHNS He MOAAEPKMBAIOT BbiZie/IeH e 0CO60ro KOrHUTVMBHOMO, HEMPOBM3YannN3aLIOHHOIO
W IMMYHOIOFYecKoro sHAodpeHoTVNa LLAP, kKa4ecTBEHHO OTIMYHOIO OT LWN30bPEHNN 1 adpdEKTUBHBIX PACCTPOIACTB.

KoHuenTyanusaums LLIAP B HacTosiLLiee BpeMsi iafieka OT 3aBepLUeHUs. YTobbl nyyllie NOHAT NPUPoAyY
O/JHOBPEMEHHOTO CyLLLecTBOBaHUS addeKTUBHBIX U NCUXOTUYECKNX CUMMTOMOB, HEOBXOANMbI HOBbIE KOHLIENTYabHble
NMoAxoAbl, OCHOBaHHbIE Ha JOCTUXEHWSIX HelipoHayK.

INTRODUCTION

Schizoaffective disorder (SAD) is undoubtedly one of the
most significant challenges of modern clinical psychiatry, the
importance of which is increasing due to the accumulation
of a large body of new data and the development of updated
classification systems. [1]. Despite the wide application of
this diagnostic category, it remains characterized by low
diagnostic stability and validity [2]. Debates is ongoing
about whether SAD should be classified as a type of
schizophrenia, a type of bipolar affective disorder (BAD),
an independent diagnostic category, or whether it is better
conceptualized along a continuum of varying combinations
of psychotic and affective symptoms. A more precise
definition of SAD could reduce diagnostic heterogeneity

and improve the reliability of the “schizoaffective disorder”
category [1].

A survey of 873 specialists from various countries found
that the level of diagnostic agreement for the ICD-11 criteria
for SAD was moderate (Cohen's kappa — a measure of
inter-rater agreement — was «=0.38), although this was
significantly higher than the inter-rater agreement level
for the ICD-10 criteria for SAD (k=0.27) [3]. Field studies
leading up to the DSM-5 revision have reported moderate
inter-rater reliability for SAD (k=0.5), lower than for bipolar
disorder type | (k=0.56) but higher than for schizophrenia
(k=0.46) [4]. A more recent study revealed that the inter-
rater reliability of the DSM-5 SAD diagnosis (k=0.57) is even
lower than that for schizophrenia, bipolar disorder, and



major depressive disorder, by an average of 19-22%, in
a sample of 7912 patients assessed by different raters.
This highlights the importance of the re-diagnosis of
patients with SAD [5]. Additionally, low diagnostic reliability
was encountered in a study of children and adolescent
populations (k=0.27): much lower than that of schizophrenia
(k=0.56) and bipolar disorder (k=0.64) [6]. A study involving
33 patients using the M.I.N.I. interview (a brief structured
diagnostic interview for major psychiatric disorders in
DSM-IV and ICD-10) in a psychiatric hospital in Moscow,
where patients were initially diagnosed with SAD (F25
in ICD-10), found that in 23 (69.7%) cases the condition
aligned with the diagnostic criteria of bipolar disorder,
and that only in 10 (30.3%) patients was the diagnosis of
SAD confirmed [7].

The aim of this paper is to summarize both the Russian
and international literature on the concept of SAD, including
its clinical characteristics, cognitive profile, potential
biomarkers, and the evolution of the Schizoaffective
Disorder category in international classifications, such as
the International Classification of Diseases (ICD) 9t, 10t,
and 11* revisions, as well as the Diagnostic and Statistical
Manual of Mental Disorders, 5" edition (DSM-5).

METHODS

Inclusion criteria:
original studies dedicated to the conceptualization,
clinical characteristics, cognitive profile, differential
diagnosis, comorbidity, and potential biomarkers
of SAD, in which SAD or its types were separated
into distinct clearly defined groups or subgroups;
« international classifications (ICD-9, ICD-10, ICD-11,
DSM-5).
Exclusion criteria:
*  casereports;
case series;
«  articles dedicated to the treatment of SAD.

The work was carried out from February to August 2023.
The search for sources was conducted in the scientific
electronic library eLIBRARY and the PubMed database (full-
text articles) with a focus on publications in the past 15
years (2008-2023). Also, the three most significant papers
on the topic for an earlier period were included, where
the division of two main endogenous mental ilinesses

with the dominance of psychotic and affective disorders
is substantiated and the term “schizoaffective disorder”
is introduced [8-10].

The number of publications in the initial search query by
keywords in the PubMed was 1257; in the eLIBRARY — 46.
In accordance with the inclusion criteria, 67 publications
were selected (including the three works mentioned above
[8-10]), of which 56 were in English, 11 were in Russian,
including ICD-9, ICD-10, ICD-11 and DSM-5. The number of
publications over the past 10 years amounted to 47 (70.1%).

The search strategy for sources is presented in Figure 1.

The following combinations of keywords in Russian and
English were used to select the publications: “schizoaffective

"o

disorder”, “concept”, “diagnosis”, “DSM-5", “ICD-11", “clinical

features”, “comorbidity”,
impairment”. Keyword searches were also used to find

noou

neuroimaging”, “cognitive
two related words (e.g., “schizoaffective disorder” and
“comorbidity”).

A descriptive approach was applied to summarize the
information obtained, which consisted of analyzing and
evaluating the data from the point of view of the purpose
of the current study.

RESULTS

In 1899, Emil Kraepelin had the idea to divide the so-called
functional psychoses into “dementia praecox” and “manic-
depressive insanity” (“manisch-depressives Irresein”) [8].
In later work in 1920, he arrived at the conclusion that it
was impossible to draw a satisfactory distinction between
the two diseases, although he acknowledged the existence
of patients with “irreversible mental decline” [9]. In 1933,
the American psychiatrist Kasanin introduced the term
“schizoaffective psychosis” based on his study of 9 patients
with good premorbid functioning who happened to develop
a combination of psychotic and affective symptoms, with
full recovery within a few months [10].

The ICD-10 Clinical Descriptions and Diagnostic Guidelines
allows for the diagnosis of SAD if the patient's mental state
exhibits “one or, preferably, two typically schizophrenic
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Figure 1. PRISMA flow diagram of the literature search and the selection process.

Note: Total number of references: 67 +3 most significant works on the designated topic for an earlier period [8-10].

Source: Pavlichenko et al., 2024.

symptoms (criteria A-D in ICD-10), and two characteristic
depressive symptoms (depressive type), manic symptoms
such as a prominent elevation of the mood, or a less
obvious elevation of the mood combined with increased
irritability” (manic type), or “a combination with mixed
bipolar affective disorders” (mixed type) [11]. Notably, this
version of ICD-10 does not provide a clear specification
of episode duration, stating only that schizophrenic and
affective symptoms must co-exist “for at least several days”.
Meanwhile, the ICD-10 Diagnostic Criteria for Research
specifies that the “disorder meets the criteria for one of
the moderate or severe affective disorders”, meaning that
the duration of depressive and mixed symptoms should
be at least two weeks; and manic symptoms, at least one
week [12]. Additionally, the state must include one of the
typical symptoms of schizophrenia, which, in addition to
psychotic symptoms consistent with the schizophrenia
criteria in the ICD-10 Clinical Descriptions and Diagnostic
Guidelines (criteria A-G), also includes disorganized thinking

(“clearly incoherent or irrelevant speech, or frequent use
of neologisms”) and catatonia (“frequent occurrence of
catatonic behavior, such as posturing, waxy flexibility, and
negativism”). The duration of schizophrenia symptoms
should be at least two weeks, and within a single episode,
they must co-exist with affective symptoms “at least for
some time simultaneously” [12].

A diagnosis of “Schizoaffective Disorder” does not apply
when schizophrenic symptoms predominate in some
episodes and affective symptoms in others, according
to the ICD-10 guidelines. In such cases, the diagnosis of
two separate disorders is possible when schizoaffective
episodes alternate with affective episodes of bipolar or
recurrent depressive disorder [11]. On the other hand, if
schizophrenic and affective symptoms develop concurrently
and are “relatively balanced in severity and duration” in
relation to each other, a diagnosis of SAD is in order,
even if the schizophrenic symptoms taken separately
would justify a diagnosis of “Schizophrenia” [11]. Thus,
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ICD-10 departs from the hierarchical diagnostic principle
that has long prevailed in psychiatry, where psychotic
symptoms were considered more significant than affective
ones [13]. Notably, in ICD-9, SAD was classified within the
schizophrenia group rather than as a separate category
[14]. Itis also stated therein that the presence of delusions
or hallucinations incongruent with mood, including first-
rank symptoms, is not sufficient for an SAD diagnosis if
these symptoms had not preceded the development of
affective syndromes and/or had not persisted after their
remission [12].

According to ICD-11, a diagnosis of SAD is warranted when
the current episode simultaneously meets the diagnostic
criteria for both schizophrenia and a manic, mixed, or
moderate-to-severe depressive episode [15]. It is also
important to note that in ICD-11, Kurt Schneider’s first-rank
symptoms have lost their relevance for the diagnosis of
schizophrenia [16]. For schizophrenia, at least one of the
following four symptoms is required: “persistent” delusions,
“persistent” hallucinations, disorganized thoughts, or
passivity and delusions of control [15].

A schizoaffective episode should last at least one
month, and there should be no relationship between
the symptoms of SAD and other diseases and/or the use
of psychoactive drugs [15]. In addition, the description
of the patient’s clinical condition can be supplemented
with the following features: first episode of the disease,
multiple episodes of the disease, or continuous course,
and the severity (mild, moderate, moderate) of positive,
negative, cognitive, manic, depressive, and psychomotor
symptoms according to the proposed assessment scale
should be indicated [15]. If the patient has no history of
schizoaffective episodes and the symptoms persist for at
least one month, the diagnosis of “Schizoaffective disorder,
first episode” is appropriate. If subclinical symptoms persist
for one month or more, including as a result of treatment,
a diagnosis of “Schizoaffective disorder, first episode, in
partial remission” is made. In a situation where the patient's
current state presents “no clinically significant symptoms”
and the condition previously “met the diagnostic criteria
for SAD", the diagnosis of “Schizoaffective disorder, first
episode, in full remission” is the right one. If the patient
has a history of SAD or schizophrenia episodes and his
current state meets the diagnostic criteria for SAD, the
diagnosis should be “Schizoaffective disorder, multiple
episodes, currently symptomatic”. The qualification of
partial and full remission in SAD with multiple episodes

is reached in the same way as in SAD with the first episode.
If the symptoms of SAD persist for at least one year with
possible “short periods of subclinical symptoms”, the
diagnosis should be “Schizoaffective disorder, continuous,
currently symptomatic”. In this case, the qualification of
partial and full remission is also possible [15].

ICD-11 experts have sought to resolve the ambiguities and
inconsistencies of ICD-10, particularly the version for clinical
use, by stipulating that the patient’s condition must meet
the full gamut of diagnostic criteria for schizophrenia —
not merely “at least one symptom” — and a moderate-
to-severe depressive episode, rather than just “some
depressive features” [3]. Additionally, ICD-11 enables one
to assess other clinical manifestations (beyond affective
symptoms) of SAD using supplementary codes under
“Symptomatic manifestations of primary psychotic disorders”
[15]. Moreover, the diagnosis of affective disorder with
psychotic symptoms may be changed to SAD if psychotic
symptoms meet the threshold for schizophrenia.

ICD-11 also outlines key aspects of the differential
diagnosis for SAD [15]. In particular, the occurrence of a SAD
episode does not preclude a diagnosis of schizophrenia,
and vice versa. In both schizophrenia and SAD, at least
two characteristic symptoms of schizophrenia must be
present during one month or more. However, only in
SAD do schizophrenic symptoms coexist with affective
symptoms that meet the criteria for an affective episode.
On the other hand, in schizophrenia, affective symptoms
may occur, but they last less than one month and do not
reach the level of the moderate-to-severe depression,
manic, or mixed episodes. If an episode initially meets the
criteria for SAD, but only affective symptoms recede, and
psychotic symptoms without affective symptoms persist
longer than their combination does, the case may be
diagnosed as an episode of schizophrenia. In a depressive,
manic, or a mixed episode of affective disorders, psychotic
symptoms may emerge alongside affective symptoms but
not meet the diagnostic requirements for schizophrenia
(e.g., hallucinations without other schizophrenia symptoms).

According to DSM-5 criteria A, for SAD it is necessary
to have concurrently a depressive or manic episode and
criteria A for schizophrenia, which includes the presence
of at least two of five symptoms (delusions, catatonic
behavior, hallucinations, disorganized speech, negative
symptoms), wherein the presence of one of the first three
is mandatory [17]. That is, in fact, the first criteria for SAD
in ICD-11 and DSM-5 coincide, except for the fact that



there are no mixed affective episodes in DSM-5. There
is also a significant difference between the classifications
in the understanding of SAD. Thus, according to the DSM-
5 classification, for a diagnosis of SAD it is necessary that
the symptoms of mood disorders predominate over
psychotic symptoms (criteria C) and that early hallucinations
or delusions last for at least two weeks in the absence
of depressive, manic, or mixed symptoms (criteria B).
The patient description can be further detailed by the
classification of SAD as a depressive or bipolar type, the
presence of catatonic symptoms, as well as a description
of the type of course (first episode, multiple episodes,
continuous course) and full or partial remission. In addition,
an additional assessment of SAD symptoms is possible
according to the Psychosis symptom severity scale

(0 to 4 points): hallucinations, delusions, jumbled speech,
abnormal psychomotor behavior, negative symptoms,
decreased cognition, depression, and mania [17]. Also,
DSM-5 indicates that criteria Cis intended to differentiate
SAD from schizophrenia, and that criteria B is intended
to differentiate SAD from depressive or bipolar disorder
with psychotic features, in which psychotic symptoms
occur only during an affective episode [17].

Table 1 lists the main principles of the SAD diagnosis in
different international classifications.

The relationship and boundaries between affective disorders
and schizophrenia spectrum disorders remain a central
topic of debate in psychiatry [18]. The categorical model

Classification
version (year
of publication)

ICD-9 (1979)

ICD-10, Clinical
Descriptions

and Diagnostic
Guidelines (1993)

ICD-10, Clinical
Descriptions

and Diagnostic
Guidelines (1993)

ICD-11 (2022)

DSM-5 (2013)

Title

Header “Schizoaffective
type”, chapter
“Schizophrenic
psychoses”

Header “Schizoaffective
disorder”, chapter
“Schizophrenia,
schizotypal and
delusional disorders”

Header “Schizoaffective
disorder”, chapter
“Schizophrenia,
schizotypal and
delusional disorders”

Header “Schizoaffective
disorder”, chapter
“Schizophrenia and
other primary psychotic
disorders”

Header “Schizoaffective
disorder”, chapter”
“Schizophrenia spectrum
and other psychotic
disorders”

Diagnostic features

Descriptive approach

Categorical approach.

Schizophrenic symptoms occur simultaneously
or sequentially over several days. At least one
symptom of schizophrenia (criteria “A-G") and at
least two symptoms of depression or elation, or
mixed bipolar disorders are required.

Categorical approach.

Schizophrenic and affective symptoms co-exist

“at least for some time simultaneously” and in
relative “equilibrium”. At least one symptom of
schizophrenia must be present (criteria “A-D",

“E", “G"). The duration of depressive and mixed
symptoms is at least two weeks, manic - at least one
week. Moderate or severe affective symptoms.

Categorical-dimensional approach.

Schizophrenic and affective symptoms are present
either simultaneously or with an interval of several
days. The criteria for schizophrenia and a moderate
to severe depressive episode or a manic or mixed
affective episode must be met. Episode duration is
at least one month. Possibility of qualifying the first
and multiple episodes, continuous course, full or
partial remission.

Categorical-dimensional approach.

Mandatory presence of criteria A for schizophrenia
and criteria for a depressive or manic episode.
History of delusions or hallucinations for at least
two weeks in the absence of affective symptoms.
Predominance of affective symptoms during the
episode. Episode duration is at least one month.
Possibility of qualifying the first and multiple
episodes, continuous course, full or partial
remission.

Additional features

Types are not distinguished.
Includes: circular schizophrenia,
schizoaffective psychosis,
periodic schizophrenia.

Manic, depressive, mixed types
are distinguished. The duration
and severity of affective episodes
are not specified.

Manic, depressive, mixed types
are distinguished.

No types distinguished.
Additional symptoms may

be assessed using additional
codes with severity rating
(mild, moderate, severe):
positive, negative, depressive,
manic, cognitive psychomotor
symptoms.

Bipolar and depressive types are
distinguished, as well as a type
with symptoms of catatonia. An
additional assessment of the
state is possible according to the
Psychosis Symptom Severity Scale
(0 to 4 points): hallucinations,
delusions, disorganized speech,
abnormal psychomotor behavior,
negative symptoms, decreased
cognition, depression, mania.



suggests that clear distinctions can be made between
schizophrenia and affective disorders, leading to the
classification of SAD either as a form of schizophrenia,
a form of affective disorder, or a distinct condition separate
from both. It has been suggested that the classification of
SAD as an independent disorder can be viewed as arbitrary
and controversial [19]. On the other hand, some patients
seem more prone to schizophrenia, while others are more
prone to affective disorders [20]. In Russian psychiatry,
schizoaffective psychosis has traditionally been regarded
both as a favorable variant of shift-like schizophrenia
and as a separate disorder. The clinical typology of the
episodes was developed with a differentiation between
affect-dominant and schizo-dominant forms, based on the
duration of symptoms and the degree of progression [21, 22].
As a distinct disease, schizoaffective psychosis is considered
a schizophrenic reaction in schizotypal personalities with
signs of reactive lability in which schizophrenic psychotic
symptoms, although they occur during affective phases,
are not pathogenetically related to them [23].

In the review by Potuzak et al. [24], only 7 publications
were found that examined how different categories of
psychotic disorders differ from the current headers in
modern classifications. All the studies have mentioned
the need to distinguish one or more classes of psychotic
disorders where affective symptoms play an important
role. Depending on the prevalence of specific affective
syndromes, it was proposed to distinguish the following
conditions: SAD, schizomania, schizodepression, and
schizobipolar disorder. A subtype with a moderately high
level of positive, depressive and manic symptoms and
a low level of negative symptoms (bipolar-schizomanic,
schizobipolar disorder, affective psychosis, schizoaffective
psychosis) was distinguished in five studies; a subtype
with a high level of depressive and negative symptoms
and a moderate or high level of positive symptoms
(schizodepression), in four studies, and a subtype
with a high level of manic and positive symptoms and
a low level of negative symptoms (schizomania) in two
studies. In a sample of 4956 patients with psychotic
disorders, seven homogeneous classes of psychoses
were identified. The second most common class (after
“Kraepelinian schizophrenia”) was the class of “affective
psychoses”, accounting for 15% of the patients diagnosed
with schizophrenia, characterized by a combination of
disorganized thinking, negative symptoms, normal 1Q,
and a favorable prognosis [25].

The spectrum model assumes that the severity of
symptoms is in constant flux, and that individual symptoms
fit on a scale, with “pure” affective disorder at one end,
“pure” schizophrenia at the other, and SAD positioned in
between [17]. It has been shown that diagnostic categories
such as schizophrenia, SAD, and BAD do not represent
distinct entities but rather reflect areas characterized by
certain psychopathological dimensions and neurobiological
processes, the boundaries of which are probably arbitrary
and are in continuity or overlap with other mental health
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illnesses, extending even to the edges of “normal” human
experience and functioning [26, 27].

An analysis of relevant studies using the dimensional
(from “dimension”, degree of severity) model of psychosis
showed that the overwhelming majority of studies (31 out
of 39) also distinguish an affective dimension, or mania,
and depression separately; that is, affective symptoms
should be considered not as an additional, but rather
as the central component of the psychotic state, along
with directly psychotic and negative symptoms [28].
In particular, an analysis of the structure of five groups
of symptoms (disorganized thinking, negative symptomes,
positive symptoms, depression, mania) in a cohort of
1056 inpatients with psychotic disorders revealed that
affective symptoms — rather than negative symptoms or
disorganized thinking — are the most distinguishing features
of the six identified clusters of psychosis symptoms [27].
A study of associations between three categories of psychotic
disorders (schizophrenia, SAD, delusional disorder) and
Positive and Negative Syndrome Scale (PANSS) items showed
no statistically significant differences between schizophrenia
and SAD in terms of negative and positive symptoms, while
manic and depressive symptoms were significantly more
common in SAD, and there was a continuum of affective
disorder severity, with delusional disorder at one pole and
SAD at the other [28].

Instead of the concept of a single psychotic spectrum,
a model of the so-called metaspectrum was proposed,
which includes, in addition to schizophrenia and bipolar,
the SAD spectrum [29]. Each spectrum contains various
nosologically independent units: from personality traits
to clinically complete psychotic syndromes. A three-
dimensional model of the spectrum was proposed.
The SAD spectrum consists of the following elements
(axes):

+ SAD in its traditional description, including its

various subtypes;



Leonhard's cycloid psychosis, confusion psychosis,
including motility psychosis, and anxiety-happiness
psychosis; other atypical psychoses outside of
schizophrenia and affective disorders;

+ a subtype of borderline personality disorder with
a high proportion of psychotic symptoms in the
clinical presentation, which are not sufficient for
diagnosing a psychotic disorder.

DSM-5 estimates the lifetime risk of SAD at 0.3%, which
is 1/3 higher than in schizophrenia [17]. The incidence of
SAD among adult Europeans is 1.1% [6], with “schizomanic”
episodes being more common than “schizodepressive”
episodes during the first hospitalization; however, depressive
episodes are much more common during follow-up than
manic ones [30].

Prodromal states in SAD have been more extensively
researched in the context of depressive SAD, where a longer
prodrome is observed, along with a high prevalence of
perceptual disturbances, such as imperative hallucinations,
suicidal behavior elements, and paranoid personality traits.
Asignificant frequency of psychotic symptoms is associated
with initial diagnoses of non-affective psychotic disorders
in the majority (60.6%) of individuals with a final diagnosis
of depressive SAD [31]. A follow-up study of individuals at
ultra-high risk (UHR) of developing psychosis syndrome,
which is characterized by the presence of individual short-
term psychotic symptoms, showed that 29.9% of individuals
with UHR develop signs of affective disorders within five
years: accordingly, UHR can be considered a prodrome
of not only psychotic, but also affective disorders [32].
Loss of a parent and divorce in the family are more often
associated with an earlier onset of SAD for both sexes.
Women with SAD have more often reported a history of
sexual abuse in childhood or adulthood; and men, stress
associated with work or academic exams [33].

The clinical characteristics of SAD have been studied
mainly in comparison with schizophrenia and affective
disorders. It has been shown that individuals with SAD
experience an earlier disease onset and exhibit higher
levels of psychotic symptoms and depression compared
with control groups, while many characteristics — clinical,
demographic, and psychometric — of SAD map those of
schizophrenia more closely than those of affective disorders
[34]. The Australian National Survey of Psychosis, which

included 1825 patients, found that SAD is characterized
by more delusional symptoms and thought disorders, as
well as depressive and manic episodes, than schizophrenia
[35]. In contrast to bipolar disorder, patients with SAD
exhibited more pronounced current positive symptoms,
delusions, and thought disorders, as well as a lifetime
history of psychotic symptoms, including hallucinations
and delusions, but that they experienced fewer manic
episodes. Compared with patients with schizophrenia,
patients with SAD diagnosed according to DSM-5 criteria
show higher rates of suicidality and comorbid anxiety
disorders, which is important in terms of differential
diagnosis with schizophrenia [1].

The dynamic aspects of SAD have been examined in
several studies. A ten-year follow-up of 2524 adolescents
aged 14-24 years showed that the presence of psychotic
symptoms is associated with a 51% increased risk of
developing two or more manic symptoms and a 15%
increased risk of experiencing depressive symptoms
compared with those who did not present psychotic
symptoms [36]. The opposite is also true: the presence of at
least three depressive and two manic symptoms increases
the likelihood of developing psychotic symptoms by 28%
and 37%, respectively. In another study, during a 15-year
follow-up of 43,495 individuals with unipolar depression,
2.5% of the cases showed a transition to schizophrenia; and
another 1.3%, to SAD, with the diagnosis most often changing
during the first years of observation [37]. Earlier long-term
follow-up studies had shown that 70% of individuals with
SAD may subsequently develop a wide variety of episodes
(schizophrenic, schizodepressive, schizomanic, manic,
depressive, mixed), and the prognosis is similar to that
of affective disorders and is much more favorable than
in individuals with schizophrenia [38].

A prospective observation with an average follow-up
period of 4.47 years of individuals with the first episode
of SAD showed that, 83% of the time, they were in a
morbid state, including subsyndromal manifestations. This
is significantly higher than the same indicator for individuals
with manifest psychotic depression (57.8%) and psychosis
in the context of bipolar disorder type | (45%) [39].

A one-year follow-up study of individuals with SAD
showed that in 31.6% of cases there was at least one,
and in 21.1% of cases — two or more anxiety disorders.
The presence of obsessive-compulsive disorder at the
beginning of observations was associated with a greater
severity of the disease [40], and the comorbid panic disorder



with an earlier (by four years) onset of the disease [41].
In addition, complaints of anxiety by patients with SAD
may indicate a lower level of global functioning in the
future [42]. Comorbid posttraumatic stress disorder and
SAD correlate with a worse outcome, a higher number of
hospitalizations, and relapses in women [33].

Irritability in the structure of affective episodes in SAD
occurs in 27.1% of cases and is associated with a greater
severity of mania, depression, suicidality, and a decrease
in the quality of life. It persists in more than 1/2 of patients
for at least two years, is not associated just with the
severity of the disease, and can resultin a greater number
of symptoms and a more significant decline in social
functioning. This suggests it should be considered an
independent factor contributing to a less favorable disease
prognosis [43].

Neurocognitive and social cognition impairment is common
in psychoses; so, neuropsychological assessment is gradually
being integrated into the assessment of such patients, which
is reflected in the need to assess cognitive functioning in
SAD in DSM-5 and ICD-11[15, 171.

In schizophrenia and SAD, there are common impairments
in the neural processing of repeated emotional scenes,
measured using the evoked potential method, which
is associated with cognitive deficit (emotional processing,
response suppression/amplification), rather than with
affective symptoms [44, 45].

It has been suggested that insufficient inhibitory
behavioral control is associated with symptoms such as
impulsivity, aggression, substance abuse, and reckless
behavior, which is consistent with our current understanding
of the relationship between affective and psychotic disorders
through a general deficit in inhibitory control [46].

Patients with SAD have a lower degree of emotion
recognition impairment than patients with schizophrenia
and a lower overall recognition accuracy of all emotions
compared to healthy individuals. Effect sizes indicate a more
significant deficit in the recognition of negative emotions
associated with threat (fear, anger, disgust) in SAD, which
indicates a dysfunction of the limbic structures [47].

A study of neurocognitive parameters, social cognition,
as well as the brain structures associated with the processing
of social stimuli, using valid test batteries and structural
magnetic resonance imaging, showed that schizophrenia
and SAD are similar in terms of most of the studied

parameters, with the exception of better emotion regulation
in patients with SAD [45], which, according to the authors,
renders the issue of separating these two disorders in
classifications debatable.

Minor differences were found between different subtypes
of SAD and schizophrenia. Thus, patients with the depressive
type of SAD significantly outperformed the group of patients
with schizophrenia in terms of information processing
speed, according to the results of the Trail Making Test
(TMT-A), which allows one to assess human cognitive
abilities, while the group of patients with the bipolar
subtype of SAD did not demonstrate significant differences
from the schizophrenia group in any cognitive dimension.
The obtained data confirm the hypothesis that both types of
SAD are heterogeneous and include patients with different
cognitive and clinical characteristics [48].

Conversely, a meta-analysis of 31 studies involving
individuals with SAD, BAD, and schizophrenia found
that patients with the depressive type of SAD exhibit
neurocognitive impairments that are closer in severity to
those with schizophrenia, while patients with the bipolar
type of SAD show less severe impairments than those with
schizophrenia, but more pronounced impairments than
those with BAD. At the same time, there were no significant
differences in the neurocognitive profile of patients with
the depressive and bipolar subtypes of SAD. Cognitive
impairment increased from BAD to SAD, to schizophrenia.
It has been suggested that combining the SAD subtypes
could complicate our understanding of the relationship
between these three disorders [49].

Comparison of the cognitive status of patients with
paranoid schizophrenia and SAD showed that at the
remission stage, both disorders are characterized by
a decrease in the rate of skill formation and the rate of
mental performance and active attention, but compared
to patients with schizophrenia, patients with SAD show less
pronounced memory and executive function impairment;
perseverative additions during immediate recall were also
statistically significantly more often observed in SAD [50].

In patients with SAD and psychotic bipolar disorder,
functional magnetic resonance imaging revealed increased
randomness of brain signals in the ventromedial prefrontal
cortex, while in SAD and schizophrenia, an increased
chaotic nature of signals in the dorsomedial prefrontal
cortex was noted [51]. Abnormal changes in the areas of



the prefrontal cortex are observed only in patients with
psychosis, but not in their healthy relatives, which, according
to us, allows one to consider this feature as a marker of the
disease, rather than a familial trait, and the relevance of
the biological approach to the classification of psychoses
based on functional neuroimaging data.

Another potential marker is the dynamic functional
connectivity of brain regions. Analysis of indicators in
psychotic BAD, SAD, and schizophrenia allowed us to
establish shared signs of dysfunction compared to healthy
controls, including a decrease in the strength of the
connection between the thalamus and cerebellum and an
increase in the strength binding the postcentral gyrus and
the thalamus. On the other hand, only in the case of SAD
were differences found between the right, middle, and left
inferior frontal gyrus, between the left central sulcus (the
sulcus of Rolando) and the left Heschl's gyrus, between
the left cuneus and the right middle temporal area, and
between the left gyrus rectus and the left cerebellum [52].

In patients with SAD, structural brain abnormalities are
found in various brain regions. Affected gray matter areas
include the midline, the inferior and orbitofrontal structures,
temporal lobes, left parahippocampal, right gyrus rectus,
left fusiform gyrus, and bilateral thalamic nuclei. In the white
matter, abnormalities in patients are primarily observed
in the corpus callosum and corona radiata. Abnormalities
are found predominantly in those brain regions where
they have previously been observed in schizophrenia
and, to some extent, in bipolar disorder [53]. Another
study examined the differences in the shape of the basal
ganglia in SAD and schizophrenia [54]. In particular, internal
deformation on the anterior ventral surface was observed
only in SAD, which may indicate a substrate for affective
disorders, but not schizophrenia. Significant anteroventral
abnormalities in the putamen observed only in SAD suggest
that changes in this region contribute to affective disorders.
These findings are consistent with ventral putamen shape
changes in individuals with untreated major depressive
disorder and BAD and, according to us, may be useful in
improving diagnostic accuracy in SAD. Decreased amygdala
and hippocampus volumes are characteristic of individuals
with schizophrenia, SAD, and bipolar disorder compared
with the healthy population. When comparing diagnoses
and biotypes in the psychosis spectrum in terms of the
volume and shape of the amygdala and hippocampus,
a significant decrease in volume compared with healthy
controls was found in the left amygdala in SAD, while

shape abnormalities in the left and right hippocampus
were observed in both SAD and schizophrenia [55].

Finally, the immune system may play an important
role in the predisposition, occurrence, and progression
of mental disorders. The neutrophil-to-lymphocyte ratio
(NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-
lymphocyte ratio (PLR) are innovative, stable, reproducible
routine markers of the systemic immune response [56, 571.
Anincrease in these parameters was noted in individuals
with mood disorders and schizophrenia compared to healthy
controls. NLR and MLR were higher in the schizophrenia
group compared to SAD and can serve to differentiate these
disorders. It has been suggested that in schizophrenia,
in contrast to SAD, there is an innate immune response
as a cause or consequence of microglial activation [58].

In the available literature, only a few publications are
devoted to genetic predisposition to SAD. In particular,
a study of individuals from the Ashkenazi population with
bipolar | disorder, schizophrenia, and SAD showed that
only 6 of 64 candidate genes (DPYSL2, DTNBP1, G30/G72,
GRID1, GRM4, and NOST) are common to schizophrenia
and SAD [61]. On the other hand, in patients with bipolar
disorder with psychotic disorders and schizophrenia, gene
overlap was detected in only two chromosomal regions
(13931 and 22qg12) [59].

Perhaps, in the future, when screening large samples
of individuals with SAD in international genetic projects,
rare copy number variations predisposing to specific
psychotic disorders will be uncovered [60]. However,
with our current knowledge, it is not possible to separate
patients with schizophrenia, BAD, and SAD based solely
on genetic research data.

DISCUSSION

Despite important changes in the ICD-11 and DSM-5 criteria
for SAD, revision of these classifications has not resolved
many of the issues important for clinical practice, and the
concept of SAD remains inadequately defined [61, 62].
During an episode of illness, affective and psychotic
symptoms may fluctuate, and, accordingly, the diagnosis
of SAD may change. For example, the threshold for SAD
may be crossed at some points in time, but not at others.
Achieving greater clarity regarding the relationship between
affective and psychotic symptoms throughout the illness
may require additional information from medical records
and from the persons interacting with the patient, and this



information cannot always be trusted. In addition, in real
life, it may be difficult to determine the onset of an episode
of iliness, and the period between its manifestation and
the seeking of help may be lengthy [63]. Often, it is difficult
to identify the moment when affective symptoms play
a significant role in the clinical presentation due to massive
psychotic symptoms, or medical history information may
be unavailable for various reasons, including information
regarding a psychotic episode in the past [64]. According
to the DSM-5 criteria, a diagnosis of schizophrenia may be
erroneously established in the first case and an affective
episode with psychotic symptoms in the second case.
Also, in the literature on unipolar depression, difficulties
in assessing the severity of a depressive episode are noted
[65]; therefore, the requirement of both classifications
for the presence of moderate to severe depression in
SAD may be difficult to meet in practice. An additional
source of confusion for clinicians is that both ICD-11 and
DSM-5 additionally allow for the description of depressive
symptoms in schizophrenia. In DSM-5, the task is simplified
by the fact that in order to diagnose SAD, it is necessary
to find a history of a psychotic episode without affective
symptoms [17]. In ICD-11, only purely affective symptoms
(low mood and suicidal thoughts) are included in the
classification of depression in schizophrenia, and the
assessment of its severity does not coincide with the
assessment of the severity of a depressive episode in mood
disorders [15].

The views of specialists on SAD often differ from the
criteria outlined in classifications. A survey of 113 clinical
psychologists showed that, in their opinion, SAD is a “less
psychotic” disorder than schizophrenia and “less affective”
than bipolar disorder and unipolar depression, which
is inconsistent with the understanding of SAD as a disease of
lesser severity compared to other psychiatric diseases [30].

Evenin international classifications, there is no consensus
on the specific subtypes of SAD. The ICD-11 recognizes
three subtypes (manic, depressive, and mixed), while
the DSM-IV identifies two (depressive and manic), and
the DSM-5 distinguishes between bipolar and depressive
subtypes. In addition, empirically identified classes of
psychoses within the categorical approach also show poor
correspondence with the diagnostic categories of DSM-5
and ICD-10. On the other hand, the empirical nature of the
identified dimensions of psychoses, including SAD, explain
the heterogeneity of clinical symptoms much better than
the categories of psychoses [66], and an understanding

of psychotic disorder as a “multidimensional syndromic
variation with an unpredictable course and outcome”
with the introduction of a single concept of “psychotic
spectrum” would be generally useful for psychiatry [67],
especially given the fact that combination of schizophrenia
and affective disorders occurs much more frequently than
might be expected on the basis of a random coincidence or
common genetic factors [68]. As we criticize the modern
concept of SAD for its reductionism and the subjectivity of
the preferences of individual clinicians, it is our suggestion
that each patient be evaluated holistically, taking into account
follow-up data, disease course and pathophysiology, and
to identify several discrete forms of these diseases [69].

The study of the cognitive functioning of individuals
with SAD is of significant importance for diagnosis and
prognosis, and its effective management can reduce the
cost of care to such patients both in the short and long
term [48, 70]. Neuroimaging changes explain the similarity
of clinical manifestations of SAD and BAD with psychotic
manifestations on the one hand, and cognitive deficit in
schizophrenia and BAD, on the other. It is noteworthy that
functional and morphological changes in SAD overlap with
both schizophrenia and BAD, the combination of which,
together with its unique features and clinical characteristics,
allows one to situate SAD in the context of the BAD-SAD-
schizophrenia metaspectrum.

The possible limitations of our work are related to the
lack of a unified concept of SAD, the small number of
studies identifying SAD (and particularly its subtypes) in
distinct groups or subgroups, and the small sample sizes
of patients with SAD included in the studies. In some
studies, the differences between the groups resided at
a subclinical level.

CONCLUSION

Despite important changes in the diagnosis of SAD in ICD-11
and DSM-5, many unresolved issues persist as regards this
disorder from the point of view of clinical psychiatry and
neurobiology. There has been some improvement in the
inter-rater reliability of SAD criteria in modern classifications,
but this has not yet led to a clearer understanding among
specialists, while the various subtypes of SAD identified
so far fail to account for the heterogeneity in the clinical
presentation. Apparently, the dimensional approach to the
conceptualization of SAD, according to which the intensity



of psychotic and affective symptoms can fluctuate over
time and they can influence one another, more accurately
reflects the disease's variability. Basic research also does
not support the identification of a distinct cognitive,
neuroimaging, or immunological SAD endophenotype
that differs qualitatively from schizophrenia and affective
psychoses, which, according to some authors, justifies the
use of the SAD category, despite the clinical uncertainty
surrounding this diagnostic header. The conceptualization
of SAD remains incomplete, and new approaches
rooted in neuroscience appear to be needed to better
understand the coexistence of affective and psychotic
symptoms.
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ABSTRACT

The escalating suicide rate in Nigeria, exacerbated by economic, political, health, and social crises, represents a pressing
concern. The aftermath of the global COVID-19 pandemic and subsequent lockdowns has exacerbated this issue,
particularly in African nations with bare-bones governmental support systems. This paper examines the underlying
causes of the alarming number of suicides in Nigeria, utilizing interviews to explore the risk factors, preventative
measures adopted, and crisis interventions. Our findings reveal that spousal conflicts, job loss, and bereavement are
significant triggers of suicidal ideation. Recommendations include fostering supportive environments, crisis interventions,
and psychological rehabilitation services. Urgent attention is warranted to address this growing trend and mitigate its
socioeconomic repercussions in Nigeria.

AHHOTAUMA

MoBbllWeHWe 4acToThl CynUMAOB B HUrepumn BnseTca akTyanbHOW NpobaeMon n ycyrybnsaercsa SKOHOMUYECKUM,
NOANTNYECKNM, MEAVNLINHCKUM U COoLManbHbIM Kpuancamu. Mocneacteus naHgemun COVID-19 1 BbI3BaHHOTO el IokayHa
060CTpUAn 3Ty Npobaemy, B 0CO6eHHOCTM B apprKaHCKMX CTPaHax ¢ MUHUMAaNbHbIM YPOBHEM roCyAapCTBEHHOMN
noaAepXKM HaceneHns. Hactosiwas paboTa NocBsLLeHa N3y4YeHI0 MPUYNH, NeXaLLmX B OCHOBE YrpoXaroLLero pocTa
ymcna cynumaos B Hurepuun. Ans pelueHnst 3TOM 3ajaun NCNONb3YOTCA MHTEPBbLIO ANS oLeHKM GakTopoB puCKa,
aHaNM3 NPUHATBIX B CTpaHe NPOodUAaKTNUYECKNX MePONPUATAN 1 KPUSUCHBIX BMeLLaTe1bCTB. MonyYeHHble pesyibTaThl
MOKa3bIBatoT, UTO 3HAUNMbIMUK dakTOpaMu, MPOBOLMPYHOLLNMN CYNLMNAANbHbBIE MbICAN, ABASIOTCA CyrnpyXeckune
KOHONKTBI, NOTepsi PaboThbl 1 MepexmnBaHme TSXeNbIX yTpaT. PekoMeHAaLMK MO NPOTUBOAENCTBUIO C/IOXMBLLENCS
CUTyaLMK BKAKOYAKOT CO34aHne 6naronpusaTHON NoaepXnBatoLLel cpesbl, KPU3UCHbIE BMeLLaTebCTBa U OKa3aHue
ycayr no ncuxonornyeckon peabunmtayun. Obcyxaaemas npobnema TpebyeT HesameIUTENbHOro NpUBAeYeHNs
BHVIMaHUS AN YMeHbLUEHNS ee OTAa/IeHHbIX COLMabHO-3KOHOMMYECKNX NOCeACTBUY B Hurepuw.
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INTRODUCTION

Suicide, the deliberate act of ending one’'s life, often serves
as a desperate escape from unbearable suffering. Each
year, nearly 800,000 individuals globally succumb to
suicide, with many more attempting it, as reported by the
World Health Organization'. Contrary to the perception
that suicide is predominant in high-income nations,
it is a widespread problem affecting various regions
worldwide, particularly in low-income countries like those
in Africa and Asia'.

Nigeria is one of Africa’s largest economies. In recent
years, its Gross Domestic Product (GDP) growth has
fluctuated, influenced by factors such as oil prices, which
significantly affects its economy due to its strong reliance on
oil exports. Before the pandemic, Nigeria's unemployment
rate stood at 23%. During the pandemic, Nigeria, not unlike
many other countries, experienced economic disruption
that draw its unemployment rate to 46%, even as specific
post-pandemic figures vary due to the unstable economic
situation in that country. Nigeria also has to grapple with
challenges related to hunger and food security. Factors
such as internal displacement due to conflicts, climate
instability affecting agriculture, and economic conditions
also have bearing on food availability and access for
many Nigerians. The current situation in the country has
exacerbated the already high rate of preventable deaths
witnessed in that country.

The economic downturn triggered by the global COVID-19
pandemic has plunged Nigeria into a severe recession,
leading to a sharp rise in an already high unemployment
rate. The COVID-19 pandemic had a significant impact on
various economic and social indicators in Nigeria, including
GDP, unemployment rate, hunger rates, and the number
of killings and kidnapping. Nigeria’s GDP growth rate
stood at about 2.2% in 2019. Then economy was gradually
recovering from a recession in 2016, driven by improvements
in oil production and prices, as well as some economic
reforms, before the advent of the COVID-19 pandemic
that severely derailed the country’'s economy?.

In 2020, Nigeria's economy contracted by 1.8% due to
the pandemic, with a significant impact from lockdown
measures and a drop in global oil prices. In 2021, the
economy began to recover, growing by approximately
3.4%, supported by higher oil prices and a rebound in the
non-oil sector. By 2022, GDP had continued to grow, albeit
at a slower pace, constrained by ongoing challenges such
as inflation and insecurity3.

The unemployment rate in Nigeria was around 23.1% in
the third quarter of 2018 (the latest data available before the
pandemic). By the second quarter of 2020, it had jumped to
27.1%. By the fourth quarter of 2020, the unemployment rate
had surged to 33.3%, reflecting the economic disruptions
caused by the pandemic. Unemployment remained high
in 2021 and 2022, with limited job creation and persistent
economic challenges. According to the Global Hunger Index,
Nigeria faced a serious hunger situation, with a score of
around 27.9, in 20194

The pandemic worsened food insecurity because of the
lockdowns, disrupted supply chains, and loss of income.
By 2021, the situation had worsened, with millions of
Nigerians experiencing heightened food insecurity. Efforts
to address hunger were launched, but challenges such as
inflation and conflict continued to adversely affect food
availability and access. Nigeria had been facing significant
security challenges, with incidents of killing and kidnapping
due to a long-running insurgency in the Northeast of the
country, farmer-herder conflicts, as well as criminal gang
activity in the middle belt region®.

The fragile security situation worsened during the
pandemic, with increased incidents of kidnapping, wanton
violence and banditry. Kidnapping for ransom surged,
particularly in the Northwest and North central regions, as
well as in the Southeast. Killings related to the insurgency,
banditry, and communal conflicts continued to escalate,
straining the country’s security apparatus. The COVID-19
pandemic had a profound impact on Nigeria's economy
and social conditions. The country experienced economic
contraction, increased unemployment, heightened food
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insecurity, and a deteriorating security environment.
While there have been efforts to recover and stabilize the
existing status-quo, the political and economic challenges
remain significant®.

Studies in Nigeria often highlight the indirect effects
of corruption, such as economic instability, poverty,
and social inequality, and a direct effect such as the
mismanagement of public funds by corrupt officeholders in
various governmental offices, which are known risk factors
of mental health issues, including suicide [1]. Nigeria has
a high corruption index, and there is evidence of poor-quality
public services, economic disparities and lower levels of
trustin institutions; all these factors collectively contribute
to the stress and mental health challenges that are behind
the high rate of suicide in Nigeria’. As a consequence, the
specter of hunger looms over the nation, posing a threat
to countless vulnerable individuals. If immediate measures
are not taken by the Nigerian government to address the
unprecedented economic crisis, an alarming number of
Nigerians may succumb to hunger and suicide’.

In Nigeria, suicide attempts often involve the ingestion of
toxic substances such as rat poison, drugs, or pesticides.
Some individuals resort to hanging or drowning in
rivers or a pool water, because firearms are rarely used.
Understanbly, women tend to opt for drug overdoses,
a method with higher chances of intervention and survival.
However, recent trends suggest an increase in the lethality
of the suicide methods used among women, potentially
placing them at equal risk of fatal outcomes as men.
Unfortunately, suicide in Nigeria remains significantly
underreported and under-documented due to the lack
of a comprehensive system for collecting statistics and
the societal stigma associated with suicide®. Cultural and
religious beliefs often lead families to conceal suicides,
portraying them as accidents or homicides to avoid social
opprobrium. The criminalization of suicide in many African
nations further reinforces the reluctance to acknowledge
and address this issue [1].

Research on suicidal behavior in Nigeria identifies various
methods, including chemical ingestion, self-cutting, burning,
hanging, and the ingestion of lethal doses of rat poison or
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Figure 1. Graphic representation of the frequency of suicide
in Nigeria from 2012 to 2019.

Source: Nigerian Bureau of Statistics (2012-2019).

pesticides. These methods are often chosen impulsively by
individuals experiencing emotional instability or psychosocial
stressors [1].

Figure 1 illustrates Nigeria's suicide rates from 2012 to
2019, ranging from 4,200 to 3,500 cases annually. Data for
the years 2020 onwards is currently being compiled and
will be released soon.

RISK FACTORS OF SUICIDAL BEHAVIOR IN NIGERIA

Age has long been recognized as a significant risk factor for
suicide, with rates typically rising during adolescence and
peaking in young adulthood (ages 20-24), before gradually
increasing until around age 84 [2]. Individuals over 45
years of age account for the majority of suicides. Between
2012 and 2019 there was a notable increase in suicides
among Nigerian adolescents and young adults, including
those in secondary education and University, to the tune
of 40,000 people per 100,000 population, compared to
15,000 per 100,000 between 2000 and 2009. This trend has
solidified as a result of poverty and the current economic

& Council of Foreign Relation [Internet]. 2022 [cited 2024 May 15]. Available from: https://www.cfr.org

National Bureau of Statistics [Internet]. Economic situation in Nigeria in pre and post COVID-19 era. 2019 [cited 2024 May 15]. Available from:

https://nigerianstat.gov.ng/elibrary/read/937

https://www.who.int/news-room/fact-sheets/detail/suicide

World Health Organization [Internet]. Suicides in the world: global health estimates. Geneva; 2023 [cited 2024 May 15]. Available from:
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realities in Nigeria. Particularly noteworthy are the critical
periods of student suicides, often occurring within the
first seven weeks of the academic term or semester in
their first year and during their final year. These suicides
are often linked to the immense pressure students face
from high expectations, typically imposed by parents and
guardians. Additional contributing factors include chronic
health issues, interpersonal difficulties such as rejection
from a love partner, and social isolation.

Psychologists have expressed alarm at the sharp rise in
adolescent suicides, with recent opinion polls indicating
that approximately 500,000 adolescents attempt suicide
annually in Nigeria, resulting in 302,000 deaths [2]. Moreover,
there has been an unsettling trend among Nigerian youths
employing highly lethal methods such as shooting or
injecting themselves with deadly substances to end their
lives. Certain professions or vocations, such as medicine,
psychology, nursing, engineering, priesthood, and trading,
have also been found to have higher-than-average suicide
rates. Thus, suicide affects individuals across various strata
of society, irrespective of their social status.

Marital status is another significant risk factor of suicide,
with divorce and separation rates being notable at the rate
of 25% among Nigerians [3]. A reported 35% prevalence
rate of single parenthood in contemporary Nigerian
communities has further exacerbated psychological distress,
especially concerning the challenges of raising children
and managing family dynamics amidst the deplorable
economic situation. Poverty, which has risen to 70% in
many Nigerian communities, accounts for the 40% rise
in stress level experienced by single parents, potentially
leading to suicidal ideation or contemplation.

Drug and alcohol abuse also play a significant role in
triggering suicide among Nigerian youths. About 50%
of young individuals are enticed into substance abuse,
including marijuana, cannabis, and methamphetamine,
as well as locally brewed alcoholic beverages made from
millets, often as a means of coping with the economic
and social hardships prevalent in their communities as
a result of joblessness [1].

Suicide often comes on the tail of profound emotions
such as despair, guilt, and anger, driving individuals to seek
an escape, punishment, or harm. These emotions may
originate from romantic relationships, interpersonal conflicts
within families, or other social dynamics. The impacts of
economic and social challenges on suicidal contemplation
in Nigeria are evidenced in alcohol-related issues, sexual

adjustment difficulties, or unemployment [1]. Suicidal
behavior represents a complex interplay of cultural, social,
economic, and psychological factors, yielding varying
manifestations across nations. Nigeria, with its rich cultural
diversity, holds particular attitudes and beliefs concerning
mental health and suicide. In several Nigerian cultures,
mental health issues and suicidal ideation come with
stigma and taboo are considered subjects, fostering
underreporting and hindering access to essential mental
health services [4].

Religion carries profound weight in Nigerian society,
predominantly Christianity and Islam. Religious doctrines
often denounce suicide as a sin, adversely impacting
help-seeking behavior and creating internal conflicts for
individuals contemplating suicide, who may feel torn
between seeking support from their religious community
or professional psychiatrists and community mental health
centers [4]. The socio-economic landscape in Nigeria,
marked by inequalities and challenges like poverty,
unemployment, and inadequate access to basic services,
amplifies psychological distress and susceptibility to
suicidal behavior [4]. Economic hardship can exacerbate
feelings of hopelessness that may contribute to a suicide
attempt, particularly among marginalized groups in various
Nigerian communities.

Gender dynamics also shape suicidal behavior in Nigeria,
with studies indicating a higher rate of suicide among males
compared to females, contrary to the patterns observed in
certain Western countries [5]. Cultural norms of masculinity
may discourage men from seeking help for mental health
issues, aligning with societal expectations of strength and
resilience. In Nigeria, the availability and accessibility of
means for suicide differ from those in Western countries.
Firearms, prevalent in some Western nations, are less
common in Nigeria, where methods such as pesticide
ingestion or hanging may be more prevalent due to their
accessibility [4]. Limited access to mental health services
and professionals further favors reliance on non-medical
means for suicide attempts. This could include methods
such as hanging from a rope, drowning in a river, sea or
ocean, firearms, or other forms of self-harm that do not
involve ingesting medication or substances typically used
for medical purposes. This is a serious issue and often
a sign of a person experiencing severe distress or crisis.

Due to cultural, religious, and legal factors, official
statistics on suicides in Nigeria may be underestimated
discouraging open discussion and reporting. Moreover,



inadequate resources and infrastructure for data collection
and mental health research pose challenges in accurately
assessing the prevalence and characteristics of suicidal
behavior in the country [4].

Economic hardship, coupled with the inability to provide
for one’s family, can significantly impact mental health,
potentially leading to suicide, in the absence of adequate
psychological support. Sometimes communication
breakdown among members of families may further
exacerbate feelings of isolation and worthlessness, which
may lead to suicide [6]. The role of severe hopelessness,
exacerbated by adverse economic conditions resulting from
the COVID-19 pandemic and job loss, is greatly implicated
as an accelerants in the rising number of suicides in Nigeria.
Individuals contemplating suicide are not always mentally
ill; severe depression arising from stressful life events such
as business failure, academic failure, spousal or partner
infidelity and others can push anyone to consider suicide,
especially during periods of significant life stressors such
as job loss, divorce, or bereavement [7, 8].

It is our opinion that addressing suicidal behavior in Nigeria
necessitates a nuanced understanding of its important
cultural, religious, socio-economic, and gender dynamics.
Tailored interventions must consider the influence of
cultural and societal norms on help-seeking behavior and
access to mental health services, ensuring comprehensive
support for those at risk.

REMEDIES/CRISIS INTERVENTIONS
To effectively reduce instances of suicide in our society,
the following measures are crucial:

1. Establishment of Suicide Prevention Centers: It is
imperative for every state or local government in Nigeria
to establish centers dedicated to suicide prevention. These
centers should be staffed with a mental health intervention
team comprising psychologists, psychiatrists, occupational
health therapists, and social workers. Psychologists trained
to handle suicide situations should also be equipped to
provide counseling over the phone. Individuals deemed
at risk of committing suicide should be provided with the
contact information of experts at these centers, encouraging
them to seek help when they need it. Additionally, assistance
should be offered to help individuals schedule appointments
for psychological examination with a clinician. Nigeria

is a country blessed with abundant human and natural
resources, but the mismanagement of the country’s
resources by its political leaders has seemingly condemned
it to a low-income status. Therefore, Nigeria cannot afford
suicide prevention centers irrespective of its current
economic status.

2. Involvement of Law Enforcement: In cases of attempted
suicide within our neighborhoods, it is essential to promptly
involve law enforcement agencies such as the Nigerian Police
or the Nigerian Civil Defense Corps, particularly the Suicide
Response Squad or Suicide/Crisis Intervention Centers.
Law enforcement agencies like the Police and Civil Defense
Corps can play a critical role in suicide prevention in Nigeria
through several strategic actions. Police officers and Civil
Defense Corps personnel are trained to recognize signs of
suicidal behavior and respond appropriately. This training
can equip them to intervene effectively in crisis situations.
According to a study by Chan and Yip (2014) [9], training
law enforcement officers in suicide prevention significantly
enhances their ability to identify and interact with suicidal
individuals. Research has shown that community-based
suicide prevention initiatives involving law enforcement
agencies can lead to increased awareness and improved
access to support services (WHO, 2018)°. Law enforcement
officers can play a key role in referring individuals in
crisis to these facilities, ensuring that they receive timely
assistance (WHO, 2018)°. Their intervention can be vital
in preventing further harm and providing the necessary
assistance to individuals in crisis. By implementing the
above-mentioned strategies, law enforcement agencies
in Nigeria can effectively contribute to suicide prevention
efforts and support the mental health needs of their
various communities.

CONCLUSION

The prevention of suicide ideation and actual suicide can be
achieved through active listening and provision of essential
support to vulnerable individuals, thereby mitigating the
triggers of suicide. To address the escalating rate of suicide
in Nigerian society, it is crucial for community members
to report any observable signs of suicidal behavior in
individuals within their neighborhoods to designated suicide
centers. These centers should be adequately staffed with
qualified clinical psychologists and other mental health
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professionals, facilitating a multidisciplinary approach
to effectively rehabilitate individuals rescued from the
brink of suicide.
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ABSTRACT

The Maslow's hierarchy of needs (Maslow's pyramid) and the Mental Health and Psychosocial Support
(MHPSS) pyramid are integral frameworks in humanitarian settings whose aim is to address individual and community
needs. However, confusion often arises among non-governmental organization (NGO) workers about the application
and differentiation of these models.

This study aims to investigate the extent of confusion among NGO workers in Iraq as regards the Maslow's and
MHPSS pyramids, identify the causes of this confusion, and explore its implications in the context of humanitarian
mental health support.

A pilot descriptive study was conducted in December 2023 through an online survey involving 61 local
NGO workers from MHPSS components in Iraq. We created a measure to assess the participants’ familiarity with both
models, their perceived differences, and their views on the models’ applicability in humanitarian contexts.

Male participants represented 55.7% (n=34) of the sample, while females accounted for 44.3% (n=27). Most
participants were aged 25-34 (57%, n=35) and 35-44 (34%, n=21). A majority held bachelor's degrees (67.2%, n=41), with
21.3% (n=13) holding master's degrees. In terms of occupation, 49.2% (n=30) were engaged in the protection sector
(gender-based violence and child protection), followed by health (19.7%, n=12), education (4.9%, n=3), and MHPSS staff
roles in other sectors (26.2%, n=16). The study revealed that 54.1% (n=33) of the participants struggled to understand
or differentiate between Maslow's and MHPSS pyramids. The causes of this confusion were related to perceived
structural similarities (18.03%, n=11), lack of awareness and knowledge about the MHPSS pyramid (63.93%, n=39), and
a combination of both (18.03%, n=11).

The study underscores the importance of better training and education for NGO workers to improve
their understanding of the Maslow's and MHPSS pyramids. Addressing this knowledge gap can increase efficacy in
humanitarian aid provision, ensuring that individual and community needs are adequately met in crisis situations.
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AHHOTAL VA

MNMupamunga Macnoy n nupammnaa Ncrnxmyeckoro 340poBbs U NcnxocouaneHom noggepxku (M3MNCr) —
6a30Bble NHCTPYMEHTbI OLIEHKM CTeneHW YA0BeTBOPEHHOCTM MOTPebHOCTEN MHANBMAA UK rpynnbl itoaen. COTPYAHUKN
HenpaBUTeNbCTBEHHbIX opraHmnsauuii (HMO) 4acTo NCMbITbIBAOT 3aTPYAHEHNS B MPUMEHEHNN STUX METOAMK U MA0XO0
MOHVIMAIOT OTINYNA MEXAY MOZAENAMU, NIEXALLUNMUN B X OCHOBE.

OnpeaennTb ypoBeHb NPobaeM 1 UX MPUYMHBI MPU MCNOAb30BaHUM NnpaMuasl Macnoy v nupamuabl NM3MCMN
paboTHukamu HMO Wpaka n nccnegosaTe NpUMeHEHWe 3TUX MHCTPYMEHTOB MpW 0OKasaHUM NMCUXOI0rMYeCKoi
NOAAEPXKKN CO CTOPOHbI F'YMaHUTaPHbIX OpraHmn3aunii.

B aexabpe 2023 r. 661710 NpoBeAEHO NUIOTHOE ONKMcaTelbHOe UccneAoBaHVe B popmaTte OHAalrH-onpoca.
B Hem npuHan yyactne 61 paboTHUK cnyx6 M3MCM mecTHbIX HMO B Mpake. PaspabotaHHas MeToAnKa No3Bovna
OLeHUTb, HACKOIbKO XOPOLLO YYaCTHUKN OMNPOCa 3HAaKOMbI C 06enMN MOAENSMUN 1 3HAKOT 06 1X pasanydmax. Takxe
nccneoBaHve oTpaxano MHeHVe YY4acTHUKOB O NMPUMEHNMOCTU BblLLieyKa3aHHbIX MOAeeid B ryMaHUTapHOM KOHTEKCTe.

YUacTHUKM MY>XCKOro noJsia cocTtaBnsnm 55,7% (n=34) Bbi6opkn, B TO BpeMs Kak >XeHLUMHbl — 44,3%
(n=27). NopasnatoLLasa f4ONA Y4aCTHUKOB OTHOCUINCL K BO3pacTHbIM rpynnam 25-34 net 57% (n=35) n 35-44 net 34%
(n=21). BONBLUMHCTBO pPecnoHAeHTOB NMeNn CTeneHb 6akanaepa 67,2% (n=41), a 21,3% (n=13) — cteneHb MarucTpa. Mpun
OLleHKe pacnpefeneHns no poay AesTesbHOCTN YCTaHOBEeHO, YTo 49,2% (n=30) y4acTHMKOB 6bln 3aHATHI B chepe
3aLUMThl (3aLLMTa XepTB reHAepHOro HaCUANS 1 3aLLmTa AeTeit), a ocTallbHble - B NPoeKTax Nno oxpaHe 340poBbs 19,7%
(n=12), B 06pazoBaTenbHbIx NpoekTax 4,9% (n=3) n paboTtHukm M3MCI 13 gpyrux cekTopos 26,2% (n=16). iccneposaHue
nokasasno, 4to 54,1% (n=33) y4acTHNKOB NCMbITbIBAAN 3aTPYAHEHUS B MOHUMAHWW NPaBu NPUMeHeHVsa NnpaMmmnapl
Macnoy v M3MCIM v B onpegeneHn NPUHLUNMANBbHBIX PAa3IUYUA MeXay HUMU. NpUUYnHBbI NOLO6HbLIX NPo6aeM 6biau
CBS13aHbl C BOCMPUATNEM YHACTHUKAMU NMPaMUA KaK CTPYKTYPHO cXoAHbIX 18,03% (n=11), c He0CTaTKOM OCBEAOMIEHHOCTY
o nupamuge N3MCr 63,93% (n=39), a Takke ¢ codeTaHem obounx pakTopos 18,03% (n=11).

MccnegoBaHve nojyepknBaeT BaXXHOCTb 06yYeHNs 1 NOBbIWEHWSA KBanudukaumm paboTHNKOB
HMO ansa ny4ywero noHMMaHus cyTy nupammuabl Macnoy v M3MCr. YcTpaHeHne npobena B 3HaHWAX B 3TOM 06a1acTu
MOXeT MOoBbICUTb 3G PEKTUBHOCTL OKa3aHMA NYMaHNTapHOW MOMOLLIM M FapaHTVPOBaTh aekBaTHOE yA0BIeTBOpeH e
notpebHocTelr NHANBUAA 1 COOBLLLECTBA B KPUIUCHBIX CUTYaLMAX.

INTRODUCTION Maslow in 1943 [1, 2]. According to Maslow's theory, human

Two widely used models for understanding human needs
and psychosocial needs are the Maslow's hierarchy of
needs (Maslow's pyramid) and the Mental Health and
Psychosocial Support (MHPSS) pyramid of intervention.
The concept of pyramid diagrams is often used to represent
the hierarchy of needs or levels of importance in various
fields. In humanistic psychology and psychosocial supportin
humanitarian settings, two of these pyramid diagrams are
the Maslow's pyramid of needs and the MHPSS pyramid.

The Maslow's pyramid is a hierarchical model of human
needs proposed by the American psychologist Abraham

needs are arranged in a pyramid-like structure, with the
most basic needs at the bottom and the most complex
at the top. The five levels of the Maslow's pyramid are
physiological needs, safety needs, love and belongingness
needs, esteem needs, and self-actualization needs [3].
Maslow argued that once one level of need is met, individuals
are motivated to move up the pyramid to the next level
until they reach self-actualization, the highest level of
human needs.

The Inter-Agency Standing Committee (IASC) in 2007
developed the MHPSS guideline for emergency situations



-
The Maslow's pyramid The MHPSS pyramid
Self-actualization Specialized support
Non-specialized support
Love / belonging
Community and family support
Safety needs
Basic services and security
Physiological needs
g

Figure 1. lllustration of the The Maslow's pyramid and the Mental Health and Psychosocial Support (MHPSS) pyramid.

to provide a framework to address the mental health and
psychosocial needs of people affected by crisis'. Unlike
Maslow's pyramid, which focusses on individual needs,
the MHPSS pyramid is designed to address the needs of
entire communities affected by a crisis [4]. The pyramid
consists of four levels, starting with basic needs and
safety at the base, followed by social and community
support, non-specialized psychological support, and finally
specialized mental health services at the top [5]. The model
suggests that people must meet their basic needs before
receiving more targeted support for their mental health
and well-being. Figure 1 indicates the pyramids of both
models.

Rationality of the study and the hypothesis

We have noticed considerable confusion among non-
governmental organization (NGO) workers about Maslow's
pyramid and the MHPSS pyramid. This observation spurred
us into investigating their understanding of these models
in depth, with the aim of pinpointing the factors causing
this confusion and understanding the nuances of their

comprehension and its potential implications for mental
health support in a humanitarian context. We hypothesize
that NGO workers indeed struggle to understand and
differentiate between Maslow's pyramid and the MHPSS
pyramid in the context of humanitarian mental health
assistance. No comprehensive studies have previously
been conducted that exclusively focused on this topic,
which underscores the originality and necessity of our
survey. Understanding these challenges is crucial as it
can significantly enhance the capacity of aid workers,
allowing them to offer more effective assistance. This
research is essential as it will provide insights that could
potentially reshape training programs and improve the
overall efficacy of humanitarian interventions.

The ohjectives of the study

The study aims to examine NGO aid workers' grasp of
human needs according to the Maslow's pyramid and
the MHPSS pyramid. It seeks to identify the differences
between the two models and clarify the reasons behind
the difficulty in distinguishing between them.

' Inter-Agency Standing Committee [Internet]. IASC Guidelines on Mental Health and Psychosocial Support in Emergency Settings, 2007. Geneva;
2007 [cited 2024 Mar 27]. Available from: https://interagencystandingcommittee.org/iasc-task-force-mental-health-and-psychosocial-support-
emergency-settings/iasc-guidelines-mental-health-and-psychosocial-support-emergency-settings-2007
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METHODS

This research is a pilot study with a descriptive design.
This type of study design allows one to collect and
analyze data about a specific population at a given point
in time. To add depth to the data collection process,
we employed the snowball sampling method, which
involves participants referring other potential respondents,
thereby broadening the reach and diversity of the sample.
This method is particularly effective in accessing a wider
network of participants, especially when direct contacts
are limited.

We designed a scale to evaluate the participants’ viewpoints
and comprehension regarding the Maslow's pyramid and
the MHPSS pyramid (see Box S1 in the Supplementary).
The scale comprised six sections, with the initial section
focusing on demographic details and the subsequent
sections featuring 10 questions concerning the participants’
familiarity with both models, their perceived distinctions,
and their perspectives on the applicability of each model in
a humanitarian setting. The survey was conducted online
using Google Form. Two MHPSS specialists with at least
9 years of experience in the field, coming from the public
health and clinical psychology backgrounds, collaborated
to develop the survey questionnaire, aligning it with the
purpose and context of Iragi NGO workers.

Participants were randomly chosen from NGO workers in
Iraq, from refugees and internally displaced persons (IDP)
camps in Ninawa, Erbil, and Duhok provinces. Participation
in the survey was voluntary, anonymous, and no personal
data were collected. Informed consent was obtained from
participants during data collection.

A total of 61 participants from various educational levels
participated in the survey, most being healthcare workers
such as doctors, nurses, and psychologists who worked
in the MHPSS unit.

Inclusion criteria: 1) being a local staff member; 2) actively
participating in MHPSS-related humanitarian efforts within
both local and international NGOs; and 3) participating in
projects centered on protection, health, education and
other units.

International staff and individuals from disciplines not
related to MHPSS were excluded from the study.

The survey was anonymous, and for confidentiality we did
not ask for names or personal information. The survey
was distributed electronically to potential participants in
December 2023, using a snowball approach to broaden
participant engagement and capture diverse perspectives.
Responses were collected over a two-week period between
December 10" and December 24,

Descriptive statistics was used to analyze the rates and
percentages of the responses, using the Statistical Package
for the Social Sciences (SPSS) version 27.

RESULTS
Table 1 provides indicators about the demographics of

the participants. The largest age groups were within the
age ranges of 25-34 (57%) and 35-44 (34%), while smaller

Parameter Value N %
18-24 2 3.3%
25-34 35 | 57.4%
Age (years)
35-44 21 34.4%
45-54 3 4.9%
Male 34 55.7%
Gender
Female 27 44.3%
High School or 5 3.3%
equivalent
Bachelor's degree 41 67.2%
Leve] @i Bel e ifion Master's degree 13 21.3%
Doctoral degree 1 1.6%
Other 4 6.6%
Protection (GBV and o
child protection) 30 | 49.2%
Field or componentin | Health 12 19.7%
humanitarian/NGO
Education 3 4.9%
Other 16 | 26.2%
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representations were evident in the age ranges of 18-24
(3.3%) and 45-54 (4.9%). The gender distribution showed
a slight male predominance, comprising 55.7% of males
and 44.3% of females. Educational backgrounds varied, with
a significant majority possessing Bachelor's degrees (67.2%),
followed by those with Master's degrees (21.3%). Participants
were involved in various sectors of humanitarian work, with
substantial presence in Protection (gender-based violence
(GBV), and child protection) roles (49.2%), complemented
by contributions in Health (19.7%), Education sector (4.9%),
and various roles categorized as ‘Other’ (26.2%).

Our hypothesis contended that there is prevalent confusion
between the Maslow's pyramid and the MHPSS pyramid
among NGO workers active in Iraq. This was confirmed
by the study results.

Table 2 represents the responses to a survey question
regarding understating of and confusion between Maslow's
pyramid and the MHPSS pyramid among NGO workers in
Iraq (/s it common for you to confuse Maslow’s pyramid with
the MHPSS pyramid?) in which “Yes” means the participants
cannot understand clearly and confuse between Maslow's
pyramid and the MHPSS pyramid. “No” means they are not
confused and understand the difference. Notably, 54.1%
(33 participants) said they were confused, while 45.9%
(28 participants) said they understood both models clearly.

Table 3 shows the main causes behind the confusion
between the Maslow's and MHPSS pyramids.

Question N %

Is it common for you to confuse Yes |33 | 54.1%
Maslow's pyramid with the MHPSS

pyramid? No 28 | 45.9%
Question N %

Similar pyramid

What is the primary structure 1M 18%
cause of confusion
between the Maslow's Lack of awareness 39 | 63.9%
pyramid and the MHPSS | about MHPSS pyramid 27
pyramid?

Both 11 18%

Within this analysis (What do you think is the primary
cause of potential confusion between Maslow's pyramid and
the MHPSS pyramid, considering their differences?) in which
11 out of 61 participants (18%) attributed their confusion
to a perceived similarity in the pyramids' structure, while
an additional majority 39 out of 61 participants (63.9%)
mentioned a lack of awareness about the MHPSS guidelines
and its tools. Finally, 11 out of the 61 participants (18%)
highlighted both factors as primary contributors to the
general state of confusion between Maslow's and the
MHPSS pyramid.

DISCUSSION

The study initially hypothesized that NGO workers struggle
to understand and differentiate between Maslow’s pyramid
and the MHPSS pyramid in the context of humanitarian
mental health assistance. The findings confirm this
hypothesis, as more than half of the participants admitted
to confusing the two models, underscoring a significant
comprehension problem within the NGO workforce in Iraq.
This confusion is concerning given the distinct and critical
role each framework is supposed to play in humanitarian
aid work. Maslow’s pyramid, which is primarily focused
on individual development and needs, contrasts sharply
with the MHPSS pyramid, which is tailored for community-
based psychosocial support in crisis situations.

The primary reasons for this confusion were identified
as a lack of awareness and knowledge about the MHPSS
pyramid and perceived structural similarities between
the two pyramids. In particular, almost two-thirds of the
respondents attributed their confusion to inadequate
knowledge about the MHPSS pyramid. This indicates
a critical gap in training and information dissemination
among NGO workers. Addressing this gap is essential not
only for the effectiveness of humanitarian aid work, but
also for the mental health and well-being of communities
in crisis. The identified facts are influenced by insufficient
experience in the humanitarian field of MHPSS, which may
be due to psychologists and social workers not having
studied these specific models in university programs,
further compounded by the shortcomings or lack of
additional specialized training provided by specialists to
improve aid workers' knowledge.



The study findings highlight a clear need for improved
capacity building programs for NGO workers, as they are
insufficient in Iraq [6]. Training should focus on clearly
delineating these models, emphasizing their applications,
and clarifying their distinct roles in humanitarian aid work.
Furthermore, incorporating more comprehensive mental
health and psychosocial support training into the regular
training schedule of NGO workers could help mitigate this
confusion. By improving their understanding of these
frameworks, NGO workers can be better equipped to apply
them appropriately in their respective roles.

This study has several limitations, such as a small sample
size and potential biases from snowball sampling. The
questionnaire was specifically developed for this pilot study,
lacking detailed information collection protocol and relying
solely on self-reported data, which may have introduced
a response bias. Additionally, the descriptive nature of
the study limited the ability to establish causality, monitor
changes over time, and avoid overgeneralization. Future
research could expand on this study by incorporating a larger
and more diverse sample and employing a longitudinal
design to examine changes in understanding over time
after targeted educational interventions.

CONCLUSION

The study’s insights into the confusion between Maslow's
pyramid and the MHPSS pyramid among Iragi non-
governmental organization workers highlight a crucial
area for intervention. By improving training and clarity
with respect to these models, we can improve the
efficacy of humanitarian aid and ensure that individual
and community needs are addressed effectively in crisis
situations. This empowers NGO workers with the knowledge
and skills necessary to make informed decisions in their
critical roles.
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