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Abstract
Alterations in complex lipids may be involved in pathophysiology of schizophrenia spectrum disorders. Previously, we 
demonstrated importance of detecting lipid metabolism dysregulation by acylcarnitine (ACs) profile analysis in patients with 
first-episode psychosis (FEP). The aim of this study was to adopt lipidomics to identify serum glycerophospholipids (GPLs) 
and sphingomyelins (SMs) for describing FEP status before and after 7-month antipsychotic treatment. Using mass spec-
trometry and liquid chromatography technique, we profiled 105 individual lipids [14 lysophosphatidylcholines (LysoPCs), 
76 phosphatidylcholines (PCs) and 15 SMs] in serum samples from 53 antipsychotic-naïve FEP patients, 44 of them were 
studied longitudinally and from 37 control subjects (CSs). Among the identified and quantified metabolites one LysoPC 
was elevated, and contrary the levels of 16 PCs as well as the level of one SM were significantly (p ≤ 0.0005) reduced in 
antipsychotic-naïve FEP patients compared to CSs. Comparison of serum lipids profiles of FEP patients before and after 
7-month antipsychotic treatment revealed that 11 GPLs (2 LysoPCs, 9 PCs), and 2 SMs were found to be significantly changed 
(p ≤ 0.0005) in which GPLs were up-regulated, and SMs were down-regulated. However, no significant differences were 
noted when treated patient’s serum lipid profiles were compared with CSs. Our findings suggest that complex lipid profile 
abnormalities are specifically associated with FEP and these discrepancies reflect two different disease-related pathways. Our 
findings provide insight into lipidomic information that may be used for monitoring FEP status and impact of the treatment 
in the early stage of the schizophrenia spectrum disorder.

Keywords First-episode psychosis · Lipidomics · Glycerophospholipids · Lysophosphatidylcholines · 
Phosphatidylcholines · Sphingomyelins

Introduction

Schizophrenia (SCH) is a heterogeneous disorder with 
multi-etiopathogenetic nature. A number of hypotheses 
have been highlighted to explain the pathological processes 
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regarding SCH spectrum psychoses. The molecular changes 
are associated with disturbed neurotransmission [1], imbal-
ance in immune and oxidative systems as well as metabolic 
shifts both in the central nervous system and periphery 
[2–4]. In addition, abnormalities in the level, metabolism, 
and genetic regulation of bioactive lipids have been found 
in brain tissue as well as in the periphery [5], supporting 
the membrane hypothesis of SCH [6]. Therefore, treatment 
strategies targeting abovementioned systems, involving also 
metabolomics changes may have impact on patient stratifica-
tion and personalized medicine approaches.

Metabolomics, targeted to assay of low-molecular com-
pounds (metabolites) of the human body, is a novel chal-
lenge to find disease-related new biomarkers or to identify 
disease- or intervention-derived shifts in metabolism [7]. 
Rapidly growing part in metabolomics is lipidomics com-
prising of a wide spectrum of lipid metabolism-derived or 
lipid metabolism-related species in body fluids and provid-
ing new insights into the pathogenesis of diseases. Metabo-
lism/catabolism of each class of lipids comprises multiple 
steps, and therefore, generates a large array of intermedi-
ate molecules or metabolites with diverse physicochemical 
properties [8]. Thus, it is crucial to accurately identify and 
quantify these molecules. Using the flow injection analy-
sis tandem mass spectrometry [(FIA)-MS/MS] and liquid 
chromatography [(LC)-MS/MS] technique, we previously 
reported that patients in the early stage of the SCH spectrum 
disorder demonstrate acylcarnitine (ACs) profile alterations 
before and after 7-month antipsychotic treatment [9]. ACs 
are essential compounds for the metabolism of fatty acids 
and represent intermediates of mitochondrial fatty acid 
β-oxidation [8]. Our findings indicated that antipsychotic-
naïve FEP patients are characterized by different changes 
in the profile of short-chain ACs (SCACs) and long-chain 
ACs (LCACs) [9]. To be more specific, the levels of LCACs 
(C16:0, C16:1, C16:1-OH, C18:1, C18:2) were elevated and 
the levels of SCACs (C3, C5) demonstrated reduced forma-
tion of these molecules in drug-naïve FEP patients compared 
with that of CSs. These changes in ACs profile were accom-
panied by elevated levels of pro-inflammatory cytokines. 
Furthermore, treatment with antipsychotic drugs reversed 
the levels of LCACs, SCACs, and biomarkers of low-grade 
inflammation to that measured in CSs [9].

In this study, using partially the same sample, we 
extended to quantification of further lipid classes and 
focused on glycerophospolipids (GPLs) and sphingolipids 
(SLs) (e.g. SMs) which are crucial cellular and intracellular 
compounds. They are required for active membrane trans-
port and for several enzymatic processes, membrane forma-
tion, and cell signaling. Disruption of their metabolism leads 
to several diseases, with diverse metabolic, neurological, 
and psychiatric consequences. Among blood lipid-related 
species, several GPLs have been recently highlighted as 

potential biomarkers of cardiovascular disease [10]. Further-
more, recent reports, including our data [11], have shown 
just a few individual molecular species among phosphatidyl-
cholines (PCs) and LysoPCs have impact as potential novel 
biomarkers for cardiovascular risk and total mortality [12].

GPLs consist of the following parts: a glycerol backbone, 
esterified by two long-chain fatty acids at carbons 1 and 2  (C1 
and  C2), phosphoric acid esterified to the  C3 hydroxyl group 
of glycerol and usually an alcohol head group esterified to 
the phosphate group. Prominent parts of GPLs family are 
PCs containing choline as an alcohol head group. The PCs’ 
structural role in plasma membrane and other membranes 
of cellular compartments as well as in blood lipoproteins 
is indispensable. PCs are important in membrane-mediated 
cell signaling [13]. The partial hydrolysis of PCs removing 
a fatty acid residue (e.g., arachidonic acid, docosahexaenoic 
acid) from carbons 2 by phospholipase  A2 results in genesis 
of LysoPCs [14]. This has great impact as first, LysoPCs 
represent a reservoir for arachidonic acid known as a cen-
tral precursor for lipid-related potent signaling molecules; 
second, LysoPCs generated from PCs belong to bioactive 
lipids involved in monocyte recruitment, vascular smooth 
muscle cell proliferation, and endothelial dysfunction [15]. 
In addition, PCs and LysoPCs are tightly related prominent 
members of the GPLs family. SLs consist of aliphatic amino 
alcohol sphingosine, fatty acid residue, and a head group. 
SMs, the members of SLs family, have phosphocholine or 
phosphoethanolamine as a head group.

Several studies reported altered levels of PCs in SCH 
regarding the brain tissues, blood plasma, or blood serum 
[6, 16–21]. However, some authors did not find significant 
difference in phospholipids on the basis of global lipidomics 
profiling [22, 23]. Data concerning metabolic profiling of 
SMs regarding SCH spectrum disorders suggest that sphin-
golipid species are altered in the brain of patients with SCH 
[24, 25]. Furthermore, disrupted expression of genes encod-
ing enzymes involved in SLs metabolism [26] and a network 
analysis of candidate genes highlighted the involvement of 
myelin-related pathways in SCH [27]. Lipidomic studies of 
FEP are, at present, relatively limited. To our best knowledge 
there is only one study about blood plasma GPLs, plasm-
alogens [28], and few research groups have studied serum 
targeted metabolomic profiling for drug-naïve FEP patients 
or subjects with sub-threshold psychosis comprising PCs, 
LysoPCs, and SMs [29–31]. In addition, findings suggest 
that during the early stage of the illness dysregulation in the 
bioactive lipid pathways may be compensated, or reversed 
by treatment [26, 29] and blood metabolite profiles predict 
future weight gain and other metabolic abnormalities in psy-
chotic patients [30].

Therefore, it is apparent that further studies are needed by 
using comprehensive approach for assay of circulating PCs, 
their derivatives LysoPCs, and SMs. Together with existing 
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data it allows to shed more light on impact of intriguing part 
of lipid metabolism-derived species like GPLs, LysoPCs, 
and SMs in pathogenesis of SCH as well as in metabolic 
profile of FEP patients. Accordingly, the identification of 
notable changes in PCs, LysoPCs, and SMs levels or pro-
files compared with that of healthy people during disease 
initiation or progression could provide diagnostic and prog-
nostic information as well as aid for treatment decisions of 
SCH spectrum disorders. For example, individual PCs and 
LysoPCs molecules differ both in their functional proper-
ties and their susceptibility to oxidative stress due to diverse 
composition and distribution of unsaturated and saturated 
fatty acids on the glycerol backbone [32]. Focusing on lipid 
molecular species rather than lipid classes may thus be an 
efficient way to uncover their role in the pathogenesis of 
diseases including SCH spectrum disorders.

Taking into account the aforementioned context, the 
objective of this study was to characterize general profiles of 
GPLs and SMs as well as to find the specific shifts in these 
biomolecule-related profiles in patients with FEP before and 
after 7-month antipsychotic treatment compared to CSs and 
to evaluate the effect of treatment on these metabolite levels.

Materials and methods

Participants

People with first psychotic episode (53 patients) were 
recruited at the time of their first clinical contact for psy-
chotic symptoms at the Psychiatric Clinic of Tartu Univer-
sity Hospital, Estonia. The patients were recruited if they 
met the following criteria: men or women aged between 
18 and 45; had experienced the FEP; the duration of their 
untreated psychosis had been less than 3 years; no antip-
sychotic use prior to the study. Participants with psycho-
sis were allowed to receive anti-anxiety medication the 
night before first blood sample was collected. Patients 
were excluded from the study if they had psychotic disor-
ders owing to a general medical condition or had substance 
induced psychosis. FEP diagnoses were based on clinical 
interviews according to the International Classification of 
Diseases, Tenth Edition (ICD-10) criteria [33]. Among the 
patients, the frequencies of various diagnoses were as fol-
lows: acute polymorphic psychotic disorder without symp-
toms of schizophrenia (F23.0, n = 9); acute polymorphic 
psychotic disorder with symptoms of schizophrenia (F23.1, 
n = 10); acute schizophrenia-like psychotic disorder (F23.2, 
n = 14); other acute predominantly delusional psychotic 
disorder (F23.3, n = 1); paranoid schizophrenia (F20.09, 
n = 14); undifferentiated schizophrenia (F20.39, n = 4), and 
schizotypal disorder (F21, n = 1). F20.09, F20.39, and F21 

category patients had experienced psychotic symptoms for 
longer than 1 month.

Forty-four patients participated at the point of follow-up 
in the study. Seven patients had lost contact with health-ser-
vices, two refused to take antipsychotic medications and they 
were excluded from the follow-up analysis. History of antip-
sychotic medication use was collected according to reviews 
of patients’ medical charts. No restrictions were made in 
terms of usage of specific pharmacological agent due to 
naturalistic and longitudinal study design and patients were 
treated with various antipsychotic medications according to 
clinically relevant circumstances. During the second blood 
collection 14 patients received quetiapine (among them 7 
cases as only antipsychotic treatment), 11 patients received 
aripiprazole (3 cases as only antipsychotic treatment), 14 
were treated with olanzapine (10 cases as only antipsychotic 
treatment), 5 patients were assigned to risperidone (4 case 
as only treatment), 4 patients to sertindole (2 case as only 
antipsychotic treatment), 3 patients to ziprasidone, 2 patients 
to clozapine (in both cases clozapine was administered in the 
combination with other psychotropic drugs), and 3 patients 
to perphenazine (2 case as only treatment). At the time of the 
follow-up blood collection the mean theoretical chlorproma-
zine dose equivalent [34] was 363 ± 165 (range 80–780) mg. 
Thirty-three patients were treated only with antipsychotics, 
but eleven patients additionally needed mood stabilizers, 
antidepressants, or hypnotics.

The control group was recruited using advertisements 
and 37 mentally healthy subjects (with residence in the 
catchment area of the Psychiatric Clinic of Tartu Univer-
sity Hospital) participated in the study as CSs. They were 
interviewed by experienced psychiatric doctors to avoid the 
inclusion of CSs with mental disorders. Exclusion crite-
ria for the control group also included psychotic disorders 
among close relatives. Additional exclusion criteria for all 
participants were as follows: history of diabetes, neurologi-
cal, and immune-related diseases. As it was a naturalistic 
study, substance abuse was not exclusion criteria for either 
group. Partially FEP group and entirely CSs group were sub-
jected to the versatile characterization by previous studies 
[9, 35–37].

Procedure

Fasting blood samples, clinical, and BMI data of the FEP 
patients were assessed at two time points: on admission and 
after the follow-up period (mean duration 7.2 ± 0.7 months). 
The time duration between two occasions consisted of initial 
stabilization of acute psychotic symptoms (took approxi-
mately a month) and further 6-month continuous treatment 
with antipsychotics. Range and severity of psychopathol-
ogy was assessed using the Brief Psychiatric Rating Scale 
(BPRS) [38]. The BPRS consists of 18 symptoms and each 
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item is measured on a seven-point Likert scale from “not 
present” to “extremely severe”. A total score was used as 
the outcome.

Fasting blood samples and BMI data from CSs were col-
lected cross-sectionally.

Blood collection and clinical laboratory 
measurements

Fasting serum samples of FEP patients from two different 
time points (before and after 7-month antipsychotic treat-
ment) and CSs (one time) were collected to metabolomic 
measurement. Blood samples were collected using standard 
venipuncture technique between 09:00–11:00 a.m. Blood 
(5 ml) was sampled in anticoagulant-free tubes and kept for 
1 h at 4 °C (for platelet activation) before serum was isolated 
(centrifugation at 2000 rpm for 15 min at 4 °C). Samples 
were collected during 5 years’ period of time, and recruit-
ment to control group and FEP patients’ group was carried 
out in parallel. Serum samples were frozen and stored in 
identical conditions at − 20 °C for 3- to 8 years before deter-
mination of biomarkers.

Measurement of GPLs and SMs

Metabolite concentrations were determined using the 
targeted metabolomics kit AbsoluteIDQ™ p150 (BIO-
CRATES Life Sciences AG, Innsbruck, Austria) apply-
ing the flow injection analysis tandem mass spectrometry 
[(FIA)-MS/MS] as well as liquid chromatography [(LC)-
MS/MS] technique as described previously [9, 37]. The 
metabolomics data set contained 14 LysoPCs, 76 PCs, and 
15 SMs (complete list of the analysed metabolites is dem-
onstrated in Supplementary Tables S-1–S-3). In addition, 
metabolite sums and ratios that were assumed to indicate 
a certain metabolic state or process were calculated. The 
assays were performed according to the manufacturer’s 
manual UM-P180. Identification and quantification of 
GPLs and SMs were achieved using multiple reactions 
monitoring along with internal standards. Calculation of 
metabolite concentrations was automatically performed 
by MetIDQ™ software (BIOCRATES Life Sciences 
AG). Data quality was checked based on the level of 
detection (LOD) (see also special comments at the bot-
tom of Supplementary Tables). Median and range of all 
measured GPLs and SMs are given in the Supplementary 
Table S-1–S-3. GPLs are divided on the basis of ester (a) 
and ether (e) bonds in the glycerol moiety, whereas “aa” 
(diacyl) denotes that at positions sn-1 and sn-2 of glyc-
erol moiety is a fatty acid residue and “ae” (acyl-alkyl) 
denotes that one the residues is acyl residue but second 
is a alkyl residue. For example, PC-aa-C32:1 denotes a 
phosphatidylcholine with 32 carbons in the two fatty acid 

side chains and a single double bond in one of them or 
SM-C20:2 denotes a sphingomyelin with 20 carbons and 
two double bounds in fatty acid side chain.

Statistical analyses

In the first step, all data were examined for normality of 
distribution using the Shapiro–Wilk test. In the next step, 
normally distributed data (age, BMI, psychopathology 
score) were analyzed using the Student’s t test. Dichoto-
mous data (sex and smoking status) were analyzed using the 
Chi square test. Non-normally distributed data (levels of the 
metabolic markers) were analyzed using the Mann–Whitney 
U test to establish preliminary metabolic profile differences 
between groups (FEP patients’ pre-treatment or post-treat-
ment condition vs. CSs). Wilcoxon Matched Pairs Test was 
used to demonstrate within-group (FEP patients pre- vs. 
post-treatment condition) GPLs and SMs serum level dif-
ferences. For within-subjects’ analyses patients were paired 
one by one. Because of large number of simultaneous com-
parisons, meaningful differences were determined by set-
ting the significance level using the Bonferroni procedure. 
This resulted in a corrected critical p value for the GPLs 
and SMs between- and within-group level differences of 
≤ 0.0005. The effect sizes (η2) for significant non-parametric 
test results were calculated (the values of squared standard-
ized test statistics (Z) were divided by the total number of 
observations on which Z was based). Effect sizes ≥ 0.14 were 
interpreted as large [39]. A non-parametric Levene’s test 
was used to verify the equality of variances between and 
within the groups [40]. Thereafter, we used general linear 
models (GLM) to confirm biomarkers levels’ differences 
between the groups (i.e. drug-naïve FEP patient vs. CSs), 
and within the group (i.e. drug-naïve FEP patient vs. FEP 
patients after treatment). Prior to analyses, the metabolic 
data were  log10-transformed to reduce the heterogeneity of 
variance commonly associated with biomarker data. Cat-
egorical (disease, sex, smoking status) and continuous (age) 
covariates were used in the GLM to compare biomarkers 
levels (dependent variables) between groups. To determine 
which type of model best fits the data, backward variable 
elimination was used. Each subsequent step removed the 
least significant variable in the model until all remaining 
variables had individual p values smaller than 0.05. F tests 
were used to further compare the fits of linear models and 
analyze significant (disease or treatment) main effects in 
the final models and partial  eta2 values (the proportion of 
the effect in addition to error variance that is attributable to 
the effect) were established for the final models. Partial  eta2 
values more than 0.26 were defined as large effects [39]. The 
statistical analyses were performed using Statistica software 
[41] for Windows.
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Results

General description of the study groups

Clinical and demographic features of all the participants 
included in the study are summarized in Table 1. There were 
no statistically significant differences between antipsychotic-
naïve FEP patients and CSs in terms of age (t(88) = 1.10, 
p = 0.28), sex ( �2

(1)
 = 2.57, p = 0.11), tobacco use ( �2

(1)
 = 3.04, 

p = 0.08), or mean (± SD) values of BMI (22.9 ± 3.1 and 
23.0 ± 3.1, respectively; t(88) = − 0.21, p = 0.84). With regard 
to substance abuse, 17 patients (14 males) and one CS 
(male) ( �2

(1)
 = 8.32, p = 0.004) reported having tried or habit-

ually used cannabis at some point during their lifetime. None 
of the study participants met cannabis or alcohol dependence 
criteria. During the 7-month treatment psychopathology 
(BPRS) score decreased (t(43) = 11.23, p < 0.00001) and BMI 
increased significantly (t(43) = − 7.36, p < 0.00001) in FEP 
patients group.

Profiles of GPLs and SMs in FEP patients 
before and after antipsychotic treatment

FEP induced alterations in levels of GPLs and SMs

First, to clarify baseline differences in GPLs and SMs profile 
of FEP patients compared to CSs we used Mann–Whitney 
U test. From 90 circulating GPLs the level of one LysoPC 
(LysoPC-a-C20:4) was significantly elevated and on the con-
trary, the levels of 11 PC-aa-Cs (PC-aa-C30:0, PC-aa-C32:1, 
PC-aa-C32:2, PC-aa-C34:2, PC-aa-C34:3, PC-aa-C34:4, 
PC-aa-C36:1, PC-aa-C36:2, PC-aa-C36:3, PC-aa-C36:6, 
PC-aa-C38:3), the levels of 5 PC-ae-Cs (PC-ae-C34:2, PC-
ae-C36:2, PC-ae-C36:3, PC-ae-C40:2, PC-ae-C40:4) as 
well as the level of one SM (SM-C20:2) were significantly 
reduced in antipsychotic-naïve FEP patients compared to 
CSs (Table 2, and detailed results are presented in the Sup-
plementary Table S-1). According to non-parametric Lev-
ene’s test, all biomarker level’s differences that reached 

statistical significance had equal variances (Supplementary 
Table S-1).

In addition ratio of Total_PC-aa/Total_LysoPC-a and 
PC-aa-C36:3/PC-aa-C36:4 were diminished, and ratio of 
LysoPC-a-C20:4/LysoPC-a-C20:3 was elevated in FEP 
patients before treatment compared to CSs (Table 2). All 
these differences survived the Bonferroni correction (p value 
less or equal to 0.0005) and displayed large effects (effect 
size units (η2) range was 0.14–0.42).

To evaluate the simultaneous main effect of the FEP on 
abovementioned metabolite levels, alternative methodo-
logical approach (GLM) was used. All these metabolites 
(Table 3) had substantial contribution to the model fit. The 
final model demonstrated a large main effect of the disease 
(F(18,67) = 5.48, p < 0.00001, partial  eta2 = 0.60) on the GPLs 
and SMs levels. The strongest associations emerged between 
the reduced levels of PCs (especially PC-aa-C32:2, PC-aa-
C34:3, PC-aa-C34:4, PC-aa-C36:2, PC-aa-C36:3) and the 
presence of the FEP.

Antipsychotic treatment induced alterations in levels 
of GPLs and SMs in FEP patients

Comparison of PCs and SMs levels before and after treat-
ment (Wilcoxon matched pairs test) with antipsychotic 
drugs revealed that the levels of two LysoPC-a-C (LysoPC-
a-C14:0, LysoPC-a-C20:3), Total_PC-aa, and 9 PCs (PC-
aa-C32:2, PC-aa-C34:3, PC-aa-C34:4, PC-aa-C36:1, 
PC-aa-C36:2, PC-aa-C36:3, PC-aa-C36:6, PC-aa-C38:3, 
PC-aa-C40:5) as well as the ratios between PC-aa-C36:3/
PC-aa-C36:4, and Total_PC-aa/Total_SM were signifi-
cantly increased after 7-month treatment (Table 4, and 
for more detailed results see Supplementary Table S-2). 
To the contrary, the levels of two SMs (SM-(OH)-C16:1, 
SM-C18:0), and the ratios of LysoPC-a-C16:0/LysoPC-a-
C16:1 and LysoPC-a-C20:4/LysoPC-a-C20:3 were lower 
after treatment. All these differences within the group sur-
vived the correction for multiple comparison (p ≤ 0.0005) 
and they all displayed a large effect (effect size range 
η2 = 0.14–0.31). With respect to SM-(OH)-C16:1 level 

Table 1  Demographic and clinical features of study participants

BMI body mass index; BPRS Brief Psychiatric Rating Scale, ns non-significant

Demographic/clinical variable Antipsychotic-naïve FEP 
patients (n = 53)

FEP patients after 7-month 
treatment (n = 44)

Control subjects 
(n = 37)

Group com-
parison (p 
value)

Age, years (mean ± SD) 26.2 ± 6.0 24.8 ± 5.3 ns
Female/male (n) 21/32 21/16 ns
Cigarette smoking (n, %) 19 (36%) 7 (19%) ns
BMI (mean ± SD) 22.9 ± 3.1 25.4 ± 4.1 < 0.00001
BPRS (mean ± SD) 48.5 ± 15.5 23.3 ± 12.8 < 0.00001
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difference, non-parametric Levene’s test verified that the 
homogeneity of variance was violated (F(1,70) 4.41, p = 0.04) 
(Supplementary Table S-2).

To demonstrate the main effect of the 7-month antipsy-
chotic treatment on concentrations of the serum GPLs and 
SMs, repeated measures GLM was used. Aforementioned 
set of metabolites that demonstrated statistically significant 
change after antipsychotic treatment were entered into analy-
sis and backward elimination procedure was implemented 
to remove valueless variables and to establish a combina-
tion of significantly changed GPLs and SMs levels. The 
best model comprised of two LysoPC-a-C (LysoPC-a-
C14:0, LysoPC-a-C20:3) and nine PCs (PC-aa-C32:2, PC-
aa-C34:3, PC-aa-C34:4, PC-aa-C36:1, PC-aa-C36:2, PC-
aa-C36:3, PC-aa-C36:6, PC-aa-C38:3, PC-aa-C40:5) and 
confirmed that antipsychotic treatment caused elevation in 

these metabolite levels in FEP patient group (F(11,76) = 4.05, 
p = 0.0001, partial  eta2 = 0.37). The most prominent effects 
emerged between treatment and elevation of PC-aa-C36:2 
and PC-aa-C36:3.

Comparison of levels of GPLs and SMs in FEP patients 
treated for 7 months with antipsychotic drugs and in CSs

Among GPLs 14 (2 LysoPCs, 1 PC-aa, 11 PC-ae) and 
among SMs two metabolites demonstrated differences when 
FEP patients’ serum levels were compared to CSs (Supple-
mentary Table S-3). However, these differences as well as 
calculated metabolite ratio comparisons did not survive 
Bonferroni correction. This suggested that after the 7-month 
antipsychotic treatment most of the GPLs and SMs of FEP 
patients returned to the level comparable to CSs.

Table 2  Comparison of serum levels of GPLs (γmoles) and SMs (γmoles) between the FEP patients (n = 53) at baseline  (FEPb) and CSs (n = 37)

Z-adjusted values according to Mann–Whitney U test (FEPb compared to CSs)
Effect sizes ≥ 0.14 were interpreted as large
Commentary: all measured values are 2.5…15 times higher than LOD

FEPb CSs Z value p value Effect size (2)
Median (min–max) Median (min–max)

Glycerophospholipids
 Lysophosphatidylcholine acyls
  LysoPC-a-C20:4 10.3 (6.43–19.8) 8.20 (3.81–15.9) 3.83 0.0001 0.16

 Phosphatidylcholine diacyls
  PC-aa-C30:0 2.89 (1.27–4.95) 3.57 (2.14–10.7) − 4.15 0.00003 0.19
  PC-aa-C32:1 8.87 (4.00–22.1) 12.4 (4.53–33.0) − 3.53 0.0004 0.14
  PC-aa-C32:2 1.68 (0.19–3.77) 3.10 (1.59–8.09) − 6.10 < 0.00001 0.41
  PC-aa-C34:2 243 (136–350) 298 (187–473) − 3.95 0.00008 0.17
  PC-aa-C34:3 7.94 (3.15–16.7) 12.5 (3.79–26.0) − 6.18 < 0.00001 0.42
  PC-aa-C34:4 0.58 (0.15–1.31) 1.10 (0.43–2.72) − 5.90 < 0.00001 0.39
  PC-aa-C36:1 27.6 (14.8–49.8) 40.4 (24.6–59.4) − 5.07 < 0.00001 0.29
  PC-aa-C36:2 127 (54.3–209) 190 (89.1–285) − 5.76 < 0.00001 0.37
  PC-aa-C36:3 59.4 (24.8–97.5) 89.5 (45.1–164) − 5.64 < 0.00001 0.36
  PC-aa-C36:6 0.53 (0.20–1.22) 0.78 (0.38–1.53) − 4.39 0.00001 0.21
  PC-aa-C38:3 22.7 (11.7–41.6) 30.2 (20.2–47.6) − 4.50 < 0.00001 0.23
  Total_PC-aa 914 (491–1435) 1096 (793–1735) − 4.25 0.00002 0.20

 Phosphatidylcholine acyl-alkyls
  PC-ae-C34:2 6.73 (2.65–12.9) 9.47 (4.31–16.8) − 4.90 < 0.00001 0.27
  PC-ae-C36:2 12.1 (6.52–18.2) 15.3 (6.91–24.9) − 3.75 0.0002 0.16
  PC-ae-C36:3 4.07 (1.59–7.39) 5.91 (2.88–9.89) − 4.97 < 0.00001 0.27
  PC-ae-C40:2 3.58 (1.04–6.91) 4.43 (2.05–7.21) − 3.48 0.0005 0.14
  PC-ae-C40:4 5.84 (1.59–10.4) 7.33 (3.58–10.1) − 3.55 0.0004 0.14

 Sphingolipids
  SM-C20:2 0.32 (0.04–0.62) 0.41 (0.24–0.85) − 3.69 0.0002 0.15

 Ratios of biomarkers
  LysoPC-a-C20:4/LysoPC-a-C20:3 3.71 (1.48–7.72) 2.67 (1.60–7.79) 3.76 0.0002 0.16
  Total_PC-aa/Total_LysoPC 2.32 (1.11–3.94) 2.92 (1.88–5.70) − 3.92 0.00009 0.17
  PC-aa-C36:3/PC-aa-C36:4 0.68 (0.31–1.24) 0.91 (0.30–1.34) − 3.67 0.0003 0.15
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Discussion

Lipids serve various physiological functions in the living 
organisms. They are essential for the assembling of cellular 
membranes, the storage of metabolic energy, and as signal-
ing molecules in cell metabolism. In addition, lipids also are 
implicated as playing direct and causal roles in the patho-
physiology of human diseases, including cardiovascular dis-
eases [10, 12], metabolic diseases [42], chronic inflamma-
tory processes [43], and various neuropsychiatric diseases 
[44]. Alterations of lipid profiles can precede the onset of 
diseases or be a consequence of the side-effect of antipsy-
chotic treatment in SCH spectrum disorder [16, 19, 29, 45]. 
Still, to get deeper look of lipid metabolism in SCH-related 
changes, including effect of treatment, the shifts/levels of 
the individual compounds of several lipid metabolic groups 
like GPLs and SMs should be evaluated. Among GPLs a 
subgroup of greatest interest is PCs, a class of phospholip-
ids with choline headgroup, being a major component of 
biomembranes. In postmortem study on thalamus homoge-
nate a decrease of PCs and crucial myelin membrane com-
ponents SMs and galactocerebrosides in SCH patients was 
demonstrated [16]. Study on postmortem prefrontal white 

matter in bipolar disorder (BD) and SCH patients showed 
significantly lower PC and PC20:4n6, phosphatidylethan-
olamine (PE) 22:5n6 and PC22:5n6 levels in the BD group 
and lower PC20:3n6, PE22:5n6 and PC22:5n6 levels in the 
SCH group, compared to CSs. Higher levels of PE22:0, 
PE24:1, and PE20:2n6 in the BD group and PE22:1 in the 
SCH group, compared to CSs were found [20]. In lipidom-
ics study Schwarz et al. [17], using white and gray matter 
as well as red blood cell samples (including seven samples 
from drug-naïve first onset patients), found statistically sig-
nificant shifts in levels of free fatty acids and PCs in gray 
and white matter and significantly elevated ceramides in 
white matter of both SCH and BD samples compared to CSs.

Naturally it raises a question about the profile of the cir-
culating serum levels of PCs in FEP patients. Recent thor-
ough lipidomic study on serum of FEP patients established 
on the basis of cluster analysis several strongest peaks in 
some lipidomic clusters containing also PCs, e.g., PC(34:1), 
PC(34:2), PC(36:1), PC(36:2), PC(36:3), PC(36:4), 
PC(38:3) [30]. They also noticed that the case group had 
lower levels of PCs with the most marked decline at the 
2-month follow-up time point in lipidomic cluster 12 con-
taining also PCs (38:4). Present study, involving drug-naïve 
FEP patients, established that FEP is accompanied by a sig-
nificant decline of the levels of PC-aa-C30:0, PC-aa-C32:1, 
PC-aa-C32:2, PC-aa-C34:2, PC-aa-C34:3, PC-aa-C34:4, 
PC-aa-C36:1, PC-aa-C36:2, PC-aa-C36:3, PC-aa-C36:6, 
PC-aa-C38:3, and calculated Total PC-aa. Furthermore, 
the levels of PC-ae-C34:2, PC-ae-C36:2, PC-ae-C36:3, PC-
ae-C40:2, PC-ae-C40:4, and SM-C20:2 were also reduced 
if FEP patients compared to CSs. Contrarily, the level of 
LysoPC-a-C20:4 was elevated in patients when compared 
to CSs (Table 2, Table S-1). All these metabolites demon-
strated large effect sizes while two groups were compared. 
Subsequently, using the GLM model, we confirmed the 
strong main effect of the disease (p = 0.0000001, partial 
 eta2 = 0.60) for all of these biomolecule level alterations. The 
most salient biomolecules in the model were PC-aa-C32:2, 
PC-aa-C34:3, PC-aa-C34:4, PC-aa-C36:2 and PC-aa-C36:3.

Next, the 7-month antipsychotic treatment of FEP patients 
induced significant increase in the levels of several PCs and 
two LysoPCs, but decreased the levels of SM-(OH)-C16:1 
and SM-C18:0 (Table 4, Table S-2). According to GLM, the 
best model comprised of PC-aa-C32:2, PC-aa-C34:3, PC-
aa-C34:4, PC-aa-C36:1, PC-aa-C36:2, PC-aa-C36:3, PC-aa-
C36:6, PC-aa-C38:3, PC-aa-C40:5, LysoPC-a-C14:0, and 
LysoPC-a-C20:3 verified that antipsychotic treatment caused 
elevation in these lipid metabolite levels in FEP patient 
group (p = 0.0001, partial  eta2 = 0.37) with the most promi-
nent effects for elevation of PC-aa-C36:2, and PC-aa-C36:3. 
Interestingly, systemic statistical approach to compare FEP 
patients treated for 7 months and CSs shows that the data for 
most GPLs and SMs did not differ. Our findings concerning 

Table 3  Statistically significant regression coefficients (β), confidence 
intervals (CI), and significance values of  log10-transformed biomark-
ers levels with disease, adjusted for gender, age, and smoking status

Biomarkers β β (95% CI) t value p value

Glycerophospholipids
 Lysophosphatidylcholine acyls
  LysoPC-a-C20:4 0.38 0.18, 0.58 3.83 0.0002

 Phosphatidylcholine diacyls
  PC-aa-C30:0 − 0.41 − 0.61, − 0.22 − 4.17 0.00007
  PC-aa-C32:1 − 0.30 − 0.50, − 0.10 − 3.03 0.003
  PC-aa-C32:2 − 0.52 − 0.70, − 0.34 − 5.72 < 0.00001
  PC-aa-C34:2 − 0.40 − 0.60, − 0.21 − 4.07 0.0001
  PC-aa-C34:3 − 0.56 − 0.74, − 0.38 − 6.19 < 0.00001
  PC-aa-C34:4 − 0.56 − 0.74, − 0.38 − 6.30 < 0.00001
  PC-aa-C36:1 − 0.52 − 0.71, − 0.33 − 5.44 < 0.00001
  PC-aa-C36:2 − 0.58 − 0.76, − 0.40 − 6.40 < 0.00001
  PC-aa-C36:3 − 0.57 − 0.75, − 0.39 − 6.32 < 0.00001
  PC-aa-C36:6 − 0.44 − 0.63, − 0.24 − 4.54 0.00002
  PC-aa-C38:3 − 0.46 − 0.66, − 0.27 − 4.66 0.00001

 Phosphatidylcholine acyl-alkyls
  PC-ae-C34:2 − 0.47 − 0.65, − 0.28 − 4.92 < 0.00001
  PC-ae-C36:2 − 0.41 − 0.61, − 0.21 − 4.01 0.0001
  PC-ae-C36:3 − 0.47 − 0.66, − 0.28 − 4.88 < 0.00001
  PC-ae-C40:2 − 0.39 − 0.59, − 0.18 − 3.77 0.0003
  PC-ae-C40:4 − 0.37 − 0.56, − 0.18 − 3.89 0.0002

 Sphingolipids
  SM-C20:2 − 0.32 − 0.50, − 0.14 − 3.46 0.0009
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PCs are in agreement with the study that plasma levels of 
plasmalogens (PCs and PE plasmalogens) were significantly 
lower in FEP patients compared to CSs [28].

Decline in the levels of mentioned PCs has evidently 
several reasons. PCs are principal phospholipids circulating 
in plasma, as components of the blood lipoproteins, espe-
cially the high-density lipoprotein (HDL). Recent review 
and meta-analysis highlighted that first-episode non-affec-
tive psychosis patients have subclinical dyslipidemic pro-
file comprising also the lower levels of HDL [46]. Next, in 
animals PCs belong mainly to diacyls (PC-aa), containing 
typically C16 and C18 saturated fatty acids, C18:1, C18:2 
monounsaturated fatty acids, and C18, C20, C22, C24 pol-
yunsaturated fatty acids. Thus, PC-aa-C34:3 may contain 
C18:1, PC-aa-C32:2 and PC-aa-C36:2 may contain C18:2, 
and PC-aa-C36:3 may contain C18:1 and C18:2. Recently, 
we showed that the levels of circulating LCACs (C16:0, 
C16:1, C16:1-OH, C18:1, and C18:2) were elevated and 
these biomarkers’ elevation was related to high serum con-
centration of pro-inflammatory cytokine interleukin (IL-)6, 

and epidermal growth factor in FEP patients [9]. Accord-
ing to these results, FEP is accompanied by lipidomic shifts 
characterized by elevated conversion of PC-aa-C32:2, 
PC-aa-C34:3, and PC-aa-C36:2 that leads to lower levels 
of them and taken up by carnitine C16, C16:1, C18:1, and 
C18:2 contribute to elevation of the levels of acylcarnitines 
C16, C16:1, C18:1, and C18:2.

Moreover, we also established elevated level of LysoPC-
a-C20:4 in FEP patients. LysoPCs are formed by action of 
both phospholipases and acyltransferases. For example, 
a significant amount of blood plasma LysoPCs is formed 
by lecithin-cholesterol acyltransferase (LCAT), which is 
secreted from the liver. This enzyme transfers the fatty acid 
of position sn-2 of PC to the free cholesterol in plasma, with 
formation of cholesteride and LysoPC. As PC-aa-C34:4 
may contain an arachidonic acid residue (C20:4) it might 
be assumed that the decreased level, seen in antipsychotic-
naïve FEP patients, should lead to elevation of the levels 
of LysoPC-a-20:4, which contains a chain (C20:4) at the 
sn-1 position. It should be noted that lysophospholipids 

Table 4  Comparison of serum levels of GPLs (γmoles) and SMs (γmoles) between the FEP patients (n = 44) at baseline [before treatment with 
antipsychotics  (FEPb)] and after 7-month treatment  (FEPf) (n = 44) with antipsychotics

Z values according to Wilcoxon Matched Pairs Test (FEPb compared to FEPf)
Effect sizes ≥ 0.14 were interpreted as large
Commentary: all measured values are 2.5…15 times higher than LOD

FEPb FEPf Z value p value Effect size (η2)
Median (min–max) Median (min–max)

Glycerophospholipids
 Lysophosphatidylcholine acyls
  LysoPC-a-C14:0 4.05 (3.08–9.15) 5.23 (3.45–13.0) 4.26 0.00002 0.21
  LysoPC-a-C20:3 2.82 (1.24–6.19) 3.44 (1.59–8.52) 3.73 0.0002 0.16

 Phosphatidylcholine diacyls
  PC-aa-C32:2 1.73 (0.22–3.77) 2.90 (0.18–7.37) 4.59 < 0.00001 0.24
  PC-aa-C34:3 8.14 (3.15–16.7) 11.4 (4.86–39.6) 4.90 < 0.00001 0.27
  PC-aa-C34:4 0.56 (0.24–1.31) 0.94 (0.22–2.72) 4.89 < 0.00001 0.27
  PC-aa-C36:1 28.8 (14.8–49.8) 38.1 (18.9–82.2) 3.94 0.00008 0.18
  PC-aa-C36:2 133 (54.3–209) 182 (80.2–348) 4.93 < 0.00001 0.28
  PC-aa-C36:3 57.2 (24.8–97.5) 85.9 (42.7–165) 4.77 < 0.00001 0.26
  PC-aa-C36:6 0.55 (0.26–1.22) 0.70 (0.16–1.91) 3.68 0.0002 0.15
  PC-aa-C38:3 23.2 (11.7–41.6) 30.6 (13.7–64.8) 4.25 0.00002 0.21
  PC-aa-C40:5 3.95 (1.88–8.61) 4.92 (1.92–17.0) 4.18 0.00003 0.20
  Total_PC-aa 930 (546–1435) 1116 (599–2065) 3.97 0.00007 0.18

 Sphingolipids
  SM-(OH)-C16:1 1.99 (0.57–3.56) 1.71 (0.52–3.01) 3.48 0.0005 0.14
  SM-C18:0 14.8 (3.70–25.8) 12.0 (3.33–20.0) 3.50 0.0005 0.14

 Ratios of biomarkers
  LysoPC-a-C16:0/LysoPC-a-C16:1 49.8 (24.8–72.4) 40.3 (25.9–69.5) 4.06 0.00005 0.19
  LysoPC-a-C20:4/LysoPC-a-C20:3 3.80 (1.48–7.72) 2.63 (1.46–4.88) 5.20 < 0.00001 0.31
  PC-aa-C36:3/PC-aa-C36:4 0.68 (0.31–1.24) 0.89 (0.61–1.54) 4.34 0.00001 0.21
  Total_PC-aa/Total_SM 5.97 (4.12–11.3) 7.94 (4.84–16.8) 5.18 < 0.00001 0.31



67European Archives of Psychiatry and Clinical Neuroscience (2020) 270:59–70 

1 3

(LysoPC-a-C20:4) have a role in lipid signaling by action 
on lysophospholipid receptors (LPL-R), members of the 
G protein-coupled receptor family of integral membrane 
proteins. In addition, recently it was suggested that LCAC 
C18:1 suppresses glycine (Gly) transport by Gly transporter 
GlyT2, related to the nociceptive pathways [47]. The tight 
relation of nociceptive and inflammatory processes is well 
known. Thus, lipidomic-profile shifts, particularly intensive 
use of certain GPLs (seen as reduced levels of PC-aa-32:2, 
PC-aa-34:3, PC-aa-34:4, PC-aa-36:1, PC-aa-36:2, PC-aa-
36:3, PC-ae-36:3), and elevation of LCACs (C16:0, C16:1, 
C16:1-OH C18:1, C18:2) [9] together with excess supply 
of LysoPC-a-C20:4 refer to some impairments in cell mem-
brane structure and function in antipsychotic-naïve patients 
with FEP.

Additionally, a certain mitochondrial dysfunctionality is 
also involved due to circumstance that mitochondria are a 
functional “cross-road” in whole body metabolism (lipids, 
glucose, amino acids). Recently we showed elevated hex-
ose levels in FEP patients [9], where we established decline 
of PCs. Both facts refer to certain metabolic shifts in FEP 
patients comprising lipids and glucose. It is known that 
mitochondrial 3-β-hydroxybutyrate dehydrogenase convert-
ing acetoacetate into keto body beta-hydroxybutyrate needs 
PCs as an allosteric activator [48].

We found that FEP induced a significant decline of 
SM-C20:2 (it denotes a SM with 20 carbons and two dou-
ble bounds in fatty acid side chain) compared to CSs. Fur-
thermore, the GLM confirmed an effect of the disease on 
decreased level of SM-C20:2 (Table 3), what makes sense 
to highlight some aspects. Data about metabolic profiling 
of SMs are still quite limited. Some papers referred to SLs 
abnormalities in psychiatric disorders [26] and revealed 
altered PCs and SMs profile in the prefrontal cortex of a 
patient with SCH [25]. Ceramide and SMs are evidently 
associated with the development of metabolic syndrome. 
Hanamatsu and colleagues [49] showed in obese persons 
that the high levels of serum SMs with saturated acyl chains 
(C18:0, C20:0, C22:0, and C24:0), but not SMs contain-
ing unsaturated acyl chains, were closely associated with 
the development of metabolic syndrome (MetS) and might 
serve as novel biomarkers of MetS and associated diseases. 
As highlighted in the recent thorough review, already small 
shifts in phospholipid levels appear to have large implica-
tions on MetS-related parameters like lipid profiles, obesity, 
and insulin resistance [50].

In the previous article, using partially same sample, we 
found that 7 months of antipsychotic drug treatment caused 
growth in BMI and imbalance in metabolic biomarkers 
(C-peptide and leptin levels increased, and adiponectin level 
decreased) which point to problems in insulin processing 
already in the early stage of disorder [36]. Now we demon-
strated that antipsychotic treatment leads to some shifts in 

certain types of SMs, although effects remain limited and 
affected types of SMs comprised from saturated and unsatu-
rated fatty acids (Tables 4, 5).

It is worth to empasize that after 7-month follow-up 
period GPLs and SMs profiles were comparable between 
FEP patients and CSs. Previously we indicated that antip-
sychotics had therapeutic effects on FEP patients clinical 
symptoms and at the same time treatment revealed desir-
able impact on the measured biomolecule levels. None of 
the biomolecule level difference between treated patients 
group and CSs was statistically significant after Bonferroni 
correction was applied to adjust for multiple comparisons. 
However, the absence of statistically significant differences 
between treated FEP patients and CSs could be caused by 
two effects: reduction in mean differences between groups 
and increased or decreased within-subjects variation in 
after-treatment samples leading to misleading results. FEP 
patients and CSs are samples from two different populations 
and sampling variation may account for differences in the 
sample mean or median between groups. Since we are using 
a within-subjects design the change in variance associated 
with individual differences may occur. To investigate these 
possibilities, we performed biomarker level homogeneity 
of variance tests across all studied conditions. Our results 
demonstrated that 96.2% (101 out of 105) and 94.3% (99 out 
of 105) biomarkers had equal variance when FEP patients’ 
data obtained before and after treatment were compared to 
CSs data sets (Supplemantary Table S-1, and Table S-3). In 
addition we identified that homogeneity of within-subject 
variances was equal for 100 biomarkers out of 105 (95.2%). 
Our findings verified that estimations of intra-individual and 

Table 5  Statistically significant regression coefficients (β), confidence 
intervals (CI), and significance values of  log10-transformed biomarker 
levels in first-episode patients group before treatment compared to 
biomarker values measured after 7-month treatment with antipsychot-
ics

Biomarkers β β (95% CI) t value p value

Glycerophospholipids
 Lysophosphatidylcholine acyls
  LysoPC-a-C14:0 − 0.30 − 0.51, − 0.10 − 2.96 0.004
  LysoPC-a-C20:3 − 0.33 − 0.54, − 0.13 − 3.28 0.002

 Phosphatidylcholine diacyls
  PC-aa-C32:2 − 0.37 − 0.57, − 0.17 − 3.64 0.0005
  PC-aa-C34:3 − 0.47 − 0.66, − 0.28 − 4.90 < 0.00001
  PC-aa-C34:4 − 0.43 − 0.62, − 0.24 − 4.40 0.00003
  PC-aa-C36:1 − 0.40 − 0.59, − 0.20 − 4.00 0.0001
  PC-aa-C36:2 − 0.51 − 0.69, − 0.32 − 5.46 < 0.00001
  PC-aa-C36:3 − 0.50 − 0.69, − 0.32 − 5.38 < 0.00001
  PC-aa-C36:6 − 0.30 − 0.50, − 0.09 − 2.91 0.005
  PC-aa-C38:3 − 0.40 − 0.59, − 0.20 − 4.00 0.0001
  PC-aa-C40:5 − 0.32 − 0.52, − 0.12 − 3.13 0.002
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inter-individual variations were fairly similar across biomol-
ecule serum concentrations. Homogeneity of variance was 
not robustly violated which in turn confirmed our statisti-
cally significant results derived from the non-parametric 
tests to compare two related or different samples’ central 
tendencies and GLM models.

Research of changes of both GPLs and SMs in psychotic 
disorders deserves strong attention in the future. First, in tis-
sues some of PC membrane functions are shared with struc-
turally related SMs. Second, the synthesis of SMs involves 
special stage of enzymatic transfer of a phosphocholine from 
PCs to a ceramide. Third, a recent review proposed evidence 
for a bidirectional homeostatic crosstalk between SLs and 
GPLs, whereas the dysregulation of the balance between 
them results in lipotoxicity-induced metabolic stress associ-
ated with pathophysiology of common metabolic diseases 
[51]. Schematic overview of the main findings of this study 
can be found in Fig. 1.

This study does have some limitations. In particular, the 
limited cohort size may create generalization problems. 
Small sample size in our study arose from the rarity of 
first episode, antipsychotic-naïve patients. Moreover, fewer 
patients underwent the follow-up assessments compared 
with the number of those included in the baseline evalua-
tions. In addition, we collected data from CSs at one point in 
time and did not control their health condition or metabolite 
levels after the same follow-up period as was done for the 
FEP patients group. In this study, patients’ treatment did not 
have any restrictions in terms of usage of specific pharmaco-
logical agents and the pharmacological therapy was altered 
during the study according to clinically relevant circum-
stances. However, because of our relative small sample size 
we could not establish direct effects of any specific active 
substance on the measured biomolecules. Furthermore, this 

is a single-centre study of an observational nature and the 
most important limitation of this kind of research is the 
possibility of confounding variables, for instance partici-
pants’ lifestyle, sleep problems, cannabis and alcohol use. 
Moreover, there could be bias due to unmeasured confound-
ers that only can be evaluated by a randomized controlled 
trial. Our results reflect ‘real-world’ situation rather than 
highly selected trial sample, which might allow for an even 
more valid conclusion with greater relevance to daily clinical 
routine. Furthermore, although it has been shown that with 
consistent handling, frozen serum samples can be stored for 
later quantitative analysis with minor effects on quantitative 
lipid composition for most of the biologically relevant lipid 
species in humans [52], there is no consensus in relation 
to the maximum storage time and temperature for ensuring 
the integrity of the samples which contains low-molecular 
weight compounds. Finally, further studies are needed to 
help gain insights into the underlying biological processes 
driving the observed changes in GPLs and SMs in drug-
naïve FEP patients and those patients who had used the 
long-term antipsychotic treatment.

Conclusions

Our results revealed that FEP manifestation is significantly 
associated with the reduced levels of specific SM (SM-
C20:2) and 16 particular PCs as well as elevation of the 
level of LysoPC-a-C20:4. As these signatures of biomol-
ecules may be dynamic in terms of the course of disease and 
antipsychotic treatment, we also investigated the change in 
molecular signature in FEP patient sample after 7-month 
treatment with antipsychotics. The results showed that FEP 
onset characteristic molecular pattern in relation to GPLs 
and SMs was reversed by antipsychotic drug treatment. Our 
results extend our previous findings that FEP is character-
ized by peripheral biomarker signature. Further studies in 
relation to these findings using larger number of participants 
in clinical trials are required for the development of molecu-
lar tools, which could be useful for detecting early stage of 
the FEP or to monitor antipsychotic treatment in patients 
with SCH spectrum disorders.
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