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Judith Usall p, Antonio Lobo e,q, Clemente Garcia-Rizo c,e, Manuel Jesus Cuesta e,f,g,  
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A B S T R A C T

Both genetic and environmental factors have been found to play a significant role in psychosis relapse, either 
independently or through their synergistic interaction. Recently, DNA methylation (DNAm) has been proposed 
through the calculation of methylation profile scores (MPS). The aim of the present study is to evaluate the 
association of MPS as a surrogate marker of the biological impact of early stressful life events (including stressful 
intrauterine conditions and obstetric complications, childhood adversity and toxic habits), with the risk of 
schizophrenia (SCZ) relapse. 91 participants from a cohort of first-episode schizophrenia (FES) patients with less 
than five years of evolution were classified as non-relapse (patients who had not experienced a relapse after 3 
years of enrollment) or relapse (patients who relapsed during the 3-year follow-up). As inclusion criteria, patients 
fulfilled Andreasen’s criteria of symptomatic remission. Genome-wide DNA methylation (DNAm) was profiled 
and fourteen MPS reflecting environmental exposure were constructed including both early stressful life events 
(including stressful intrauterine conditions and delivery issues, childhood adversity) and toxic habits. Increased 
levels of MPS reflecting gestational diabetes (p = 0.009), hypertensive disorders during pregnancy (p = 0.004), 
pre-eclampsia (p = 0.049), early preterm birth (p = 0.030), childhood adversity abuse (p = 0.021) and all 
childhood adversity (p = 0.030) were significantly associated with an increased risk of relapse. Our study sug
gests that changes in specific methylation patterns may represent one of the biological mechanisms linking early 
stressful life events to an increased risk of relapse.

1. Introduction

The clinical course of schizophrenia (SCZ) is often characterized by 
recurrent relapses (Emsley et al., 2013). After a first psychosis episode, 
approximately 30 % of individuals experience a relapse within a year 
(Brown et al., 2020), and up to 50 % within three years (Bioque et al., 
2022). These relapses are associated with worse clinical and psychoso
cial outcomes (Keepers et al., 2020; Takeuchi et al., 2019), which in
crease the personal, social and financial burden of the disease 
(Pennington and McCrone, 2017; Pilon et al., 2021).

Both genetic and environmental factors have been found to play a 
significant role in psychosis relapse, either independently or through 
their synergistic interaction (Almuqrin et al., 2023; Mizrahi, 2016). 
Recent studies have demonstrated that the polygenic basis of neuro
cognitive function is associated with the risk of relapse following a first 
episode of schizophrenia (Segura et al., 2023). Environmental factors 
also play a crucial role, with stressful life events repeatedly linked to an 
increased risk of relapse (Leff et al., 1983), particularly when they occur 
after the onset of psychosis (Almuqrin et al., 2023; Bhattacharyya et al., 
2023; Colizzi et al., 2023; Martland et al., 2020). Early-life stressful 
events, such as childhood adversity, have also been related to poorer 
outcomes (Peralta et al., 2024; Peralta et al., 2022) and are suggested as 
potential risk factors for relapse (Ottesen et al., 2023). Similarly, ob
stetric complications, which are widely recognized as risk factors for 
psychosis, have been linked to more severe psychopathology 
(Sagué-Vilavella et al., 2022), poor cognitive functions (Amoretti et al., 
2022a), brain structural abnormalities (Costas-Carrera et al., 2020) and 
metabolic abnormalities as epiphenomena (Garcia-Rizo and Bitani
hirwe, 2024). However, their effect on the risk of relapse is not fully 
elucidated (Robinson et al., 1999).

Retrospective assessments of early-life adversities, particularly ob
stetric complications, present significant methodological challenges. 
Most patients may be unaware of obstetric complications unless the 
events were severe, which leads to a potential recall bias (Borrajo et al., 
2011). Additionally, reports of childhood adversities are subjective and 
influenced by the sociocultural background, timing, duration and per
sonal impact of each type of adversity (Maj et al., 2021). While in
struments such as the Lewis-Murray checklist for obstetric complications 

or the Childhood Trauma Questionnaire (CTQ) are reliable tools for 
retrospectively identifying the presence of these adversities, they do not 
accurately measure their severity or biological impact.

Recently, DNA methylation (DNAm), the most studied epigenetic 
mechanism, has been proposed as a surrogate measurement of exposure 
to environmental factors such as stressful life events (Alameda et al., 
2023). DNAm regulates gene expression and, although usually stable 
and responsible for the lifelong maintenance of cellular identity, it is also 
a dynamic process that changes with age and is susceptible to environ
mental inputs (Schrott et al., 2022). Therefore, DNAm has been pro
posed as a mechanism by which early adversities influence biological 
processes through the modulation of gene expression, which potentially 
affects mental health (Alameda et al., 2022; Jaenisch and Bird, 2003). 
The advancement of array technologies has enabled the proliferation of 
methylation-wide association studies (MWAS) for numerous environ
mental exposures and health conditions. Publicly available MWAS data 
can be used as a discovery sample to calculate methylation profile scores 
(MPS) using similar approaches to those used for the construction of 
polygenic risk scores (PRS) (Nabais et al., 2023). These MPS can be 
tested in independent datasets to examine their relationship with a wide 
range of measured variables. The first generation of methylation scores 
were trained on methylation sites associated with chronological age, 
known as “epigenetic clocks”. A second generation of these scores 
characterized methylation profiles associated with aging-related phe
notypes, including physiological functioning, health, mortality and 
telomere length (Raffington, 2024). Recent studies have utilized MWAS 
data to estimate MPS for a wide range of traits, including smoking, in
flammatory protein levels, body mass index, cognition, and pathologies 
such as schizophrenia, major depressive disorder, Parkinson’s disease 
and amyotrophic lateral sclerosis (Nabais et al., 2023).

The aim of the present study is to evaluate the association of MPS as a 
surrogate marker of the biological impact of environmental exposures 
including both early stressful life events (including stressful intrauterine 
conditions and delivery issues, childhood adversity) and toxic habits, 
with the risk of schizophrenia (SCZ) relapse over a three-year follow-up 
period in a cohort of first-episode schizophrenia (FES) patients with less 
than five years of evolution. We hypothesize that relapse will be asso
ciated with higher exposure to stressful life events in the intrauterine 
environment, during early life stages and induced by drug use.

# Both authors contributed equally to this work.
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2. Experimental procedures

2.1. Study design

This study is part of the project “Clinical and neurobiological de
terminants of second episodes of schizophrenia. Longitudinal study of 
first episode of psychosis” (PI11/00325) (2EPs project) (Bernardo et al., 
2021). The 2EPs project is a naturalistic, multicenter, coordinated, 
multimodal study of patients with a FES of <5 years of evolution. The 
aim of the biological module is to identify biomarkers that are poten
tially involved in second episodes (Gassó et al., 2021; Martínez-Pinteño 
et al., 2022; Rodríguez et al., 2022; Segura et al., 2023; Segura et al., 
2022). The 2EPs project rationale and study design can be found 
elsewhere.

2.2. Subjects

The inclusion criteria for the 2EPs project were a) age between 16 
and 40 years at the time of first assessment (baseline visit), b) meeting 
diagnostic criteria according to DSM-IV-TR for schizophrenia or schiz
ophreniform disorder (American Psychiatric Association, 1994), c) 
being in remission from the first psychotic episode (which should have 
occurred within the last 5 years), according to Andreasen’s criteria 
(Andreasen et al., 2005), d) not having relapsed after the first psychotic 
episode, e) speaking Spanish fluently and f) signing the informed con
sent form. The exclusion criteria were a) having experienced a traumatic 
brain injury with loss of consciousness, b) presenting intellectual 
disability, with an intelligence quotient (IQ) <70 and presenting mal
functioning and problems with adaptive processes, and/or c) presenting 
somatic pathology with mental repercussion.

Ninety-one patients completed the study and participated in the 
biological module providing a biological sample for DNA methylation 
analysis at baseline.

Informed consent was obtained from all participants. For children 
under the age of 18 years old, parents or legal guardians provided 
written informed consent before the study started, and patients agreed 
to participate. When requested, participants in the study were given a 
report on their test results. The authors assert that all procedures 
contributing to this work comply with the ethical standards of the 
relevant national and institutional committees on human experimenta
tion and with the Helsinki Declaration of 1975, as revised in 2013. All 
procedures involving human subjects/patients were approved by the 
Hospital clinical research ethic committee (HCB 2008/4232).

2.3. Clinical assessment

At baseline, demographic data, toxic habits and the complete per
sonal and family history were collected in a systematic, self-devised 
interview. Diagnoses were determined according to the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV-TR) criteria (American 
Psychiatric Association, 1994), using Structured Clinical Interview for 
DSM-IV Axis I Disorders (SCID-I) (Williams et al., 1992) or the 
Kiddie-Schedule for Affective Disorders & Schizophrenia (SADS) 
(Kaufman et al., 1997), depending on age.

Clinical symptomatology was assessed using the Spanish validated 
version of the Positive and Negative Syndrome Scale (PANSS) (Peralta 
and Cuesta, 1994) and the Marder PANSS Factor Scores (Marder et al., 
1997) were constructed.

Pharmacological treatment was recorded during all visits. The pre
scribed daily doses of antipsychotics were converted to chlorpromazine 
equivalent daily dose (CEED) (Leucht et al., 2016).

2.4. Cognitive assessment

The neuropsychological battery, assessed at baseline, included: the 
Wechsler Adult Intelligence Scale (WAIS-III) (Wechsler, 1997); the 

California Verbal Learning Test (CVLT) (Delis et al., 1987); the 
Continuous Performance Test–II (CPT-II) (Conners et al., 2003), version 
5, corrected by age and educational level; the Trail Making Test (Form 
A) (TMT-A) (Reitan and Wolfson, 1995); the Tower of London (TOL) 
(Shallice, 1982); the Brief Visuospatial Memory Test-Revised (BVMT-R) 
(Benedict and Groninger, 1995); and semantic (animal naming) 
(Peña-Casanova, 1991) and phonemic (F-A-S) fluency tests (Loonstra 
et al., 2001). A principal component analysis (PCA) was performed be
tween neuropsychological battery tests to identify the seven cognitive 
domains: verbal memory, visual memory, executive function, sustained 
attention, working memory, verbal fluency and processing speed (see 
Supplementary Table S1). Higher scores corresponded to better perfor
mance in all cognitive domains except for sustained attention.

To assess cognitive reserve (CR), the three most commonly proposed 
proxy indicators of CR were used (Amoretti et al., 2022b; Amoretti et al., 
2016; González-Ortega et al., 2020): (1) the estimated premorbid IQ was 
calculated using the vocabulary subtest of WAIS-III (Wechsler, 1997) 
(Wechsler, 1997); (2) education was assessed considering the degree of 
schooling attained and passed by subject; and (3) lifetime participation 
in leisure, social and physical activities was assessed using the Pre
morbid Adjustment Scale (PAS) (scholastic performance) 
(Cannon-Spoor et al., 1982) and the Functioning Assessment Short Test 
(FAST) scale (Rosa et al., 2007), which allowed us to assess specific 
life-domains such as interpersonal relationships and leisure time.

2.5. Relapse definition

The main outcome variables were relapse rates. Accordingly, the 
participants in the study were classified as non-relapse (patients who 
had not experienced a relapse after 3 years of enrollment) or relapse 
(patients who relapsed during the 3-year follow-up). As inclusion 
criteria, patients fulfilled Andreasen’s criteria of symptomatic remission 
to enter the study, as they were considered at risk of relapse over the 3- 
year period (Andreasen et al., 2005).

Relapse was defined as a failure to meet remission criteria for at least 
one week of the follow-up, scoring 4 or more on any of the 8 items of the 
PANSS used to define these criteria: delusions, unusual thought content, 
hallucinatory behavior, conceptual disorganization, mannerisms/ 
posturing, blunted affect, social withdrawal and lack of spontaneity. 
Hospitalization was also reported in every follow-up visit and consid
ered a relapse only if related to SCZ symptoms (and not to other causes). 
Follow-up visits to detect relapses were scheduled every 3 months. In
formation from the entire period between visits was collected, and the 
patients, family members or caregivers, and clinical teams in charge of 
the clinical follow-up could notify the research team of the possible 
relapse of a participant.

2.6. Biological samples

Blood samples were collected in EDTA tubes (K2EDTA BD Vacutainer 
EDTA tubes; Becton Dickinson, Franklin Lakes, New Jersey, USA), and 
genomic DNA was extracted with the MagNA Pure LC DNA Isolation Kit 
III and a MagNA Pure LC system (Roche Diagnostics GmbH, Mannheim, 
Germany). DNA concentration and quality were measured spectropho
tometrically using a NanoDrop 2000 spectrophotometer (Thermo Fisher 
Scientific, Epsom, Surrey, UK).

2.7. Methylation data collection

DNA methylation β-values were obtained at the Centro Nacional de 
Genotipado (CEGEN-PRB3-ISCIII) using the Illumina Infinium Methyl
ationEPIC v1 BeadChip Kit. Raw intensity data (.IDAT) files were 
generated and parallel bioinformatics analyses were conducted in-house 
using the Chip Analysis Methylation Pipeline (ChAMP) Bioconductor 
package (Tian et al., 2017). The raw .IDAT files were used to load the 
data into the R environment (R Core Team, 2023) with the champ. 
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import function, which also enabled the undertaking of probe QC and 
removal steps. Probes with weak signals (p < 0.010), cross-reactive 
probes, non-CpG probes, probes with <3 beads in at least 5 % of the 
samples per probe, probes that bind to SNP sites and sex chromosomes 
were considered problematic for the accurate detection of downstream 
methylation and were therefore removed with the champ.filter function. 
After removing them, 735,248 probes remained for downstream anal
ysis. β-values were normalized using the champ.norm function, specif
ically with the beta-mixture quantile method (BMIQ function). Next, the 
singular value decomposition (SVD) method was performed with 
champ.SVD to assess the amount and significance of the technical batch 
components in our dataset. Using the champ.runCombat function, 
ComBat algorithms were applied to correct for slides and arrays (sig
nificant components detected by the SVD method).

2.8. Methylation profile score calculation

MWAS were selected for the construction of fourteen MPS reflecting 
environmental exposure: stressful intrauterine conditions and obstetric 
complications (maternal age at conception, pre-pregnancy overweight/ 
obesity, maternal smoking during pregnancy, gestational diabetes, hy
pertensive disorders of pregnancy, pre-eclampsia, birthweight, early 
preterm birth), childhood adversity (abuse, neglect, all) and toxic habits 
(current tobacco smoking, lifetime tobacco smoking, lifetime cannabis 
use) (Alameda et al., 2023; Antoun et al., 2020; Fang et al., 2024; Joe
hanes et al., 2016; Joubert et al., 2016; Kazmi et al., 2019; Knijnenburg 
et al., 2019; Küpers et al., 2019; Markunas et al., 2016; Sharp et al., 
2017). For their construction, methylation sites that reported p ≤ 0.050 
in the MWAS summary statistics and passed the quality control after 
quantification were used. The individual MPS were calculated as the 
sum of all methylation site values, each weighted by the estimated effect 
associated with environmental exposure: 

MPSi =
∑mMPS

j
b̂j ⋅CpGij 

where 

• i represents the subject,
• j represents the methylation probe,
• mMPS represents the total number of probes for the MPS,
• b̂j represents the estimated effect size for probe j,
• CpGij represents the methylation value of the probe j in the individual 

i.

The code for computing MPS using the described method was 
developed in our research group and is accessible via the following 
public repository on GitHub: https://github.com/agonse/methylscore. 
MPS were standardized by subtracting the mean and dividing by the 
standard deviation (SD) (Table 1 provides further details on MPS).

2.9. Statistical analysis

Means and standard deviations were computed for continuous vari
ables. The normality of these variables was tested using the Kolmogor
ov–Smirnov and Shapiro–Wilk tests, and the equality of the variance 
between groups (relapse vs. non-relapse) was assessed using Levene’s 
test. Between-group differences in continuous variables were analyzed 
using either Student’s t-test or Mann–Whitney U-test, as appropriate. 
Spearman’s rank correlation coefficients and their significance were 
computed to assess the monotonic relationship between MPS and be
tween MPS and clinical and cognitive variables.

Multivariate logistic regression models were fitted to estimate the 
association between relapse status and each MPS. Odds ratios (ORs) 
were adjusted for putative confounders (age, sex, tobacco consumption 
at baseline and the PRS for educational attainment), with 95 % 

confidence intervals reported. Model assessment and comparison were 
conducted using the Akaike information criterion (AIC) and deviances 
were reported. Age, sex and tobacco consumption were selected as 
covariates in the models due to its potential impact on methylation 
profiles and computed MPS. The PRS of educational attainment was 
included in the model as it was significantly associated with the risk of 
relapse in our previous study (Segura et al., 2023).

Time-to-event analyses were performed to assess the time until the 
endpoint among MPS groups. The endpoint considered was relapse 
incidence (RI), defined as the time from the date of patient inclusion in 
the study to the occurrence of relapse. MPS groups were defined with the 
cut-off point that maximized the statistic of the Log-rank test and 
dichotomized into high and low exposure groups. Cumulative proba
bilities of RI were estimated by the Kaplan–Meier method and groups 
were compared with the Log-rank test. The Cox proportional-hazards 
model was used to estimate the hazard ratio (HR) and its 95 % CI. The 
multivariable Cox model was used to adjust for putative confounders 
(age, sex, tobacco consumption at baseline and the PRS for educational 
attainment). The proportional hazards assumption was analyzed 
through the Schoenfeld test and Schoenfeld residuals plots. The median 
cumulative incidence, defined as the time at which the probability of 
relapse reaches 0.5, was assessed for each group.

All the analyses were performed in statistical software R (R version 
4.3.2) (R Core Team, 2023).

3. Results

Table 2 shows the sociodemographic features, substance use and 

Table 1 
Detailed information of the selected MWAS used to construct the MPS.

Type Phenotype Sample 
Size1

CpG2 Reference

Stressful 
intrauterine 
conditions and 
obstetric 
complications

Maternal age at 
conception

890 9 Markunas 
et al., 2016

Pre-pregnancy 
overweight/ 
obesity

2855/ 
7666

4037 Sharp et al., 
2017

Maternal smoking 
pregnancy

1646/ 
6685

845 Joubert et al., 
2016

Gestational 
diabetes, 
maternal BMI- 
adjusted (yes/no)

159/ 
557

277 Antoun et al., 
2020

Hypertensive 
disorders of 
pregnancy (yes/ 
no)

476/ 
5242

1075 Kazmi et al., 
2019

Pre-eclamplsia 
(yes/no)

135/ 
2219

542 Kazmi et al., 
2019

Birthweight 8825 50,879 Küpers et al., 
2019

Early preterm 
birth (yes/no)

117/ 
791

273 Knijnenburg 
et al., 2019

Childhood 
adversity

Abuse 883 36 Alameda 
et al., 2023

Neglect 883 21 Alameda 
et al., 2023

All 883 36 Alameda 
et al., 2023

Toxic habits Current tobacco 
smoking (yes/no)

6518/ 
6956

16,015 Joehanes 
et al., 2016

Lifetime tobacco 
smoking (yes/no)

2433/ 
6956

2203 Joehanes 
et al., 2016

Lifetime cannabis 
use (tobacco 
adjusted) (yes/ 
no)

4152/ 
5284

659 Fang et al., 
2024

1 Sample size of the MWAS used as discovery sample.
2 CpGs significantly associated (p < 0,05) with the phenotype in the discovery 

sample and used to create the MPS.
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clinical characteristics of the 91 participants at study entry, classified as 
non-relapse (53.8 %) and relapse (46.2 %). No significant differences in 
baseline variables were observed between two groups.

In our cohort, MPS exhibited high correlations among themselves 
(Fig. 1). As expected, MPS reflecting environmental exposure during 
pregnancy and pregnancy complications were positively correlated with 
each other and with MPS for early preterm birth, and negatively 
correlated with MPS for birth weight (except pre-pregnancy over
weight). Positive correlations were also observed between MPS 

measuring pre- and perinatal events and childhood adversity scores. 
Surprisingly, MPS reflecting lifetime cannabis use showed negative 
correlations with almost all other MPS.

Increased levels of MPS reflecting gestational diabetes (β = 0.65 ±
0.25, OR = 1.97, 95 % CI [1.21–3.41], p = 0.009), hypertensive disor
ders during pregnancy (β = 0.77 ± 0.27, OR = 2.22, 95 % CI 
[1.32–4.04], p = 0.005), pre-eclampsia (β = 0.46 ± 0.24, OR = 1.67, 95 
% CI [1.04–2.81], p = 0.041), early preterm birth (β = 0.53 ± 0.24, OR 
= 1.80, 95 % CI [1.12–3.04], p = 0.020), childhood adversity abuse (β =
0.60 ± 0.26, OR = 1.82, 95 % CI [1.12–3.12], p = 0.021) and all 
childhood adversity (β = 0.51 ± 0.23, OR = 1.74, 95 % CI [1.07–2.96], p 
= 0.031) were significantly associated with an increased risk of relapse 
(Fig. 2).

We performed a survival analysis using the MPS significantly asso
ciated with relapse (Fig. 3). For all six MPS, the HR of relapse increased 
with higher scores and was statistically significant for the high 
compared to the low groups. Similarly, the Kaplan–Meier cumulative 
probabilities of RI showed significant differences between the high and 
low groups for the six MPS according to the Log-rank test (Fig. 3).

As a secondary analysis, we examined the correlation between the 
significant MPS and symptom severity according to the standard Marder 
PANSS factors, the seven cognitive domains identified in the PCA 
analysis and the cognitive reserve. Only the total childhood adversity 
MPS showed significant correlations with verbal fluency (r=− 0.22 p =
0.037), processing speed (r=− 0.30 p = 0.004) and cognitive reserve 
(r=− 0.28 p = 0.010) (Supplementary Table 3).

4. Discussion

Our results provide evidence of the involvement of specific epige
netic profiles associated with exposure to environmental exposures in 
the risk of relapse in a cohort of first-episode schizophrenia patients in 
remission and with <5 years of evolution, evaluated over a 3-year 
follow-up period. Patients who relapsed during the follow-up showed 
higher epigenetic loads from exposure to stressful intrauterine condi
tions and obstetric complications, and higher scores for childhood ad
versities, especially those related to abuse. Our study also demonstrates 
the utility of methylation profile scores (MPS) in studying environ
mental exposure, reflecting the dose-response relationship between 
environmental exposure and psychopathological outcomes, with an 
increasing biological impact of exposure being associated with 
increasingly poor outcomes (Pries et al., 2022).

In our study, we computed several MPS as surrogate markers of the 
biological impact of environmental exposures, including: stressful in
trauterine conditions and delivery issues, childhood adversity and toxic 
habits. The computed MPS showed high correlations among themselves, 
which support the strong interconnection between some of these 
stressful events. For example, environmental exposures during preg
nancy (such as smoking during pregnancy) could lead to pregnancy 
complications (like gestational diabetes) and birth complications (such 
as low birthweight or early preterm birth). Similarly, exposure during 
pregnancy (e.g., maternal smoking) or pregnancy complications (e.g., 
gestational diabetes) could indicate poor childcare in the future (Davies 
et al., 2024; Sandsæter et al., 2023).

These correlations could also indicate common biological mecha
nisms underlying types of early stressful life events. Childhood adver
sities and intrauterine conditions or delivery issues may have profound 
and lasting effects on brain development and behavior through several 
biological mechanisms. These mechanisms involve a complex interplay 
between genetic, epigenetic, neuroendocrine, immune and neural pro
cesses, including hypothalamic-pituitary-adrenal (HPA) axis dysregu
lation, immune system activation and alterations in various 
neurotransmitter systems (monoaminergic, GABA and glutamate sys
tems) (Andersen, 2022; Chiang et al., 2024; Lippard and Nemeroff, 
2023; Maayan and Maayan, 2024; Simon and Admon, 2023; Volqvartz 
et al., 2023). These alterations could lead to structural brain changes and 

Table 2 
Demographic, substance use and clinical data at baseline of the 91 participants 
in the study. Group differences between relapse and non-relapse groups were 
assessed.

Non- 
relapse

Relapse Statistics

N 49 42

Age (years), mean±SD 26.6 ± 5.8 25.9 ± 5.9 t89 = 0.60 p =
0.545

Age at first diagnosis (years), 
mean±SD

24.9 ± 5.6 24.7 ± 5.8 t88 = 0.19 p =
0.851

Gender, male, N (%) 38 (77.6) 27 (64.3) X2
1 = 1.95 p =

0.163
Ethnicity, Caucasian, N (%) 44 (89.8) 36 (85.7) X2

1 = 1.81 p =
0.771

Cannabis use, N (%) 5 (10.4) 8 (19.0) X2
1 = 1.35 p =

0.245
Tobacco use, N (%) 24 (49.0) 24 (57.1) X2

1 = 0.60 p =
0.437

Alcohol use, N (%) 18 (36.7) 21 (50.0) X2
1 = 1.65 p =

0.202
Antipsychotic CEDD, mean±SD 254.8 ±

228.9
302.2 ±
305.8

t89 = − 0.84 p =
0.401

Antipsychotic ​ ​ X2
7 = 1.95 p =

0.165
Amusulpride, N (%) 0 (0) 2 (4.9) ​
Aripiprazole, N (%) 14 (28.6) 12 (29.3) ​
Clozapine, N (%) 6 (12.2) 2 (4.9) ​
Olanzapine, N (%) 5 (10.2) 8 (19.5) ​
Paliperidone, N (%) 9 (18.4) 5 (12.2) ​
Risperidone, N (%) 4 (8.2) 7 (17.1) ​
Zipsasidone, N (%) 0 (0) 1 (2.4) ​
No Antipsychotic, N (%) 11 (22.4) 4 (9.8) ​
Symptomatology ​ ​ ​
PANSS Positive, mean±SD 9.3 ± 2.8 9.3 ± 3.0 t89 = − 0.11 p =

0.991
PANSS Negative, mean±SD 14.0 ± 5.0 12.9 ± 5.4 t89 = 0.99 p =

0.323
PANSS General, mean±SD 24.4 ± 6.9 23.5 ± 6.7 t89 = 0.64 p =

0.521
PANSS Total, mean±SD 47,8 ± 13.3 45.8 ± 12.9 t89 = − 0.73 p =

0.469
Marder Positive symptoms, 

mean±SD
11.6 ± 3.5 11.5 ± 3.9 t89 = 0.15 p =

0.882
Marder Negative symptoms, 

mean±SD
14.2 ± 5.1 13.1 ± 5.6 t89 = 0.97 p =

0.333
Cognitive domains1 ​ ​ ​
Working memory, mean±SD 77.8 ± 15.1 73.9 ± 14.2 t88 = 1.24 p =

0.216
Verbal memory, mean±SD 237.7 ±

68.9
221.4 ±
69.9

t86 = 1.07 p =
0.286

Executive function, mean±SD 224.2 ±
34.5

228.5 ±
33.4

t75 = − 0.47 p =
0.640

Visual memory, mean±SD 88.4 ± 27.3 82.5 ± 23.7 t87 = 1.06 p =
0.289

Verbal fluency, mean±SD 65.3 ± 15.2 62.0 ± 9.9 t87 = 1.18 p =
0.238

Sustained attention, mean±SD 125.2 ±
22.6

135.3 ±
32.6

t83 = − 1.67 p =
0.090

Processing speed, mean±SD 68.1 ± 19.2 62.3 ± 17.8 t88 = 1.48 p =
0.142

Cognitive reserve, mean±SD 61.4 ± 9.2 60.0 ± 7.6 t83 = 0.79 p =
0.430

CEDD, chlorpromazine equivalent daily dose.
1 Identified through principal components analysis.
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contribute to common psychopathological and behavioral issues mani
festing later in life. The psychopathological changes may underlie our 
findings and demonstrate that the biological impact of early-life stressful 
events, as reflected in DNA methylation, increases the risk of relapse in 
patients experiencing first-episode psychosis.

Among the common psychopathological effects of early life stressors, 
cognitive impairment is among the first symptoms to emerge (Amoretti 
et al., 2022a; Lipner et al., 2023). Multiple cognitive functions at early 
stages of the disease have been identified as predictive of relapse in 
psychosis in both short-term and long-term follow-ups (Chen et al., 
2005; Hui et al., 2019; Hui et al., 2016; Rund et al., 2016; Verdoux et al., 
2000; Wölwer et al., 2008). In our 2EPS cohort, relapse was significantly 
associated with poor performance in working memory, social cognition 
and global cognitive score at follow-up (Cuesta et al., 2022). Patients 
who relapsed and had higher cognitive reserve showed less deteriora
tion in attention, while those with higher cognitive reserve who did not 
relapse showed better performance in processing speed and visual 
memory (Sánchez-Torres et al., 2023). Additionally, in the same cohort, 
we demonstrated that patients with higher PRS for educational 

attainment showed both a lower risk and a later onset of relapse (Segura 
et al., 2023). In the present study, MPS reflecting childhood adversity 
have been negatively correlated with cognitive functions. Therefore, we 
hypothesize that the higher risk of relapse observed in patients showing 
epigenetic marks of higher exposure to early life stressful events could 
be mediated by the impact of these events on cognition. We recently 
demonstrated in a cohort of first-episode psychosis patients that the 
cognitive reserve moderated the association between childhood 
maltreatment and cognition and functioning (Fares-Otero et al., 2024) . 
Therefore, early interventions focused on improve cognitive reserve in 
individuals exposed to childhood adversity would be beneficial to 
improve cognitive and psychosocial outcomes and to prevent relapse. 
However, considering the exploratory nature of our study and our 
limited sample size, we cannot rule out that early life stressors could 
impact in several and independent mechanism beyond cognition and 
relapse. Further studies using larger cohorts will be needed to elucidate 
and explore such associations, to establish the hypothetical mediating 
role of cognition in the association between MPS and the risk of relapse.

Previous findings in the 2EPS cohort indicated that patients who 

Fig. 1. Relationship between MPS, displayed in a correlation matrix plot together with the significance of the correlation test (significance codes: 0.001 ***, 0.01**, 
0.05 *).
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relapsed during the follow-up period exhibited accelerated telomere 
shortening, as measured by methylation data (Segura et al., 2022). 
Similar to the MPS for childhood adversity, accelerated telomere 
shortening was associated with poorer cognitive performance and lower 
cognitive reserve, while telomere length was also linked to more severe 
negative symptoms. These results suggest that relapse in schizophrenia 
may be influenced by epigenetic alterations caused by early life stress, 
potentially leading to biological effects such as premature cellular 
senescence.

One of the most replicated risk factors for relapse has been cannabis 
consumption (González-Ortega et al., 2015; González-Pinto et al., 
2011). In our study, the MPS measuring lifetime cannabis consumption 
did not show any association with the risk of relapse. A previous study 
with our cohort demonstrated that cannabis consumption during 
follow-up increased the risk of relapse, but not a previous history of 
cannabis use (Bioque et al., 2022). Since MPS were measured with the 
sample collected at study entry, the effect of cannabis use during 
follow-up is not captured by the computed MPS.

These results should be interpreted in light of some limitations. 
Firstly, the sample size might limit the statistical power to detect a dif
ference between groups. Secondly, we were unable to separately analyze 
secondary relapse, which is commonly associated with non-adherence, 
and natural or primary relapse, which represents relapse in the 
absence of this influencer. Thirdly, due to the naturalistic design, drug 
treatment was not controlled, and the study participants maintained 

their usual treatment. Finally, the reference data used for constructing 
MPS were sourced from publicly available EWAS datasets, which, 
although unlikely to perfectly match the methylation array, tissue, age, 
and ethnicity of the study sample, encompass greater sample sizes. 
Genome-wide epigenetic constructs, particularly MPS, currently lack 
standardized methods and complementary procedures to optimize the 
technique, such as the imputation of CpG methylation sites. In this 
study, we implemented a thresholding method for CpG selection, 
building upon previous studies (Kiltschewskij et al., 2024; Nabais et al., 
2023) and publicly shared the code for replication and refinement 
(Segura, 2025). Besides these limitations, the strength of this study lies 
in the inclusion of a consistent well-characterized first-episode schizo
phrenia patient sample in remission due to its naturalistic and longitu
dinal design.

In conclusion, our study suggests that changes in specific methyl
ation patterns may represent one of the biological mechanisms linking 
early stressful life events to an increased risk of relapse. MPS offer a 
promising solution to overcome certain limitations of retrospective as
sessments by allowing the quantification of the long-lasting biological 
repercussions of environmental inputs in peripheral tissues. The future 
integration of epigenetic data into prediction models (Yousefi et al., 
2022) in personalized psychiatry could enhance the detection of in
dividuals at high risk of relapse.

Fig. 2. Multivariate logistic regression models to estimate the association between relapse status and each MPS. Odds ratios (ORs) adjusted by sex, age, tobacco 
consumption and PRS-EA at baseline with 95 % confidence intervals (CI) were reported in a forest plot. AIC: Akaike information criterion.
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Fig. 3. Cumulative incidence of relapse for high and low MPS reflecting gestational diabetes (A) hypertensive disorders during pregnancy (B), pre-eclampsia (C), 
early preterm birth (D), childhood adversity abuse (E) and childhood adversity all types (F). Cumulative probabilities of relapse incidence were estimated by the 
Kaplan-Meier method and groups were compared with the Log-rank test. The legend includes the optimal cut-off determined by the method that maximizes the log- 
rank statistic, the number of individuals in each group (n), the median cumulative incidence, the hazard ratio (HR) adjusted for sex, age, tobacco consumption and 
PRS-EA, and its p-value. Abbreviations: CI: confidence interval; NR: not reached.
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Arshad, H., Antó, J.M., Dehghan, A., Karmaus, W., Annesi-Maesano, I., Sunyer, J., 
Ghantous, A., Pershagen, G., Holland, N., Murphy, S.K., Demeo, D.L., Burchard, E.G., 
Ladd-Acosta, C., Snieder, H., Nystad, W., Koppelman, G.H., Relton, C.L., Jaddoe, V. 
W.V., Wilcox, A., Melén, E., London, S.J., 2016. DNA methylation in newborns and 
maternal smoking in pregnancy: genome-wide consortium meta-analysis. Am. J. 
Hum. Genet. 98, 680–696. https://doi.org/10.1016/J.AJHG.2016.02.019.

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci, P., Williamson, D., 
Ryan, N., 1997. Schedule for affective disorders and Schizophrenia for school-age 
children-present and lifetime version (K-SADS-PL): initial reliability and validity 
data. J. Am. Acad. Child Adolesc. Psychiatry 36, 980–988. https://doi.org/10.1097/ 
00004583-199707000-00021.

Kazmi, N., Sharp, G.C., Reese, S.E., Vehmeijer, F.O., Lahti, J., Page, C.M., Zhang, W., 
Rifas-Shiman, S.L., Rezwan, F.I., Simpkin, A.J., Burrows, K., Richardson, T.G., Santos 
Ferreira, D.L., Fraser, A., Harmon, Q.E., Zhao, S., Jaddoe, V.W.V., Czamara, D., 
Binder, E.B., Magnus, M.C., Håberg, S.E., Nystad, W., Nohr, E.A., Starling, A.P., 
Kechris, K.J., Yang, I.V., Demeo, D.L., Litonjua, A.A., Baccarelli, A., Oken, E., 
Holloway, J.W., Karmaus, W., Arshad, S.H., Dabelea, D., Sørensen, T.I.A., 
Laivuori, H., Raikkonen, K., Felix, J.F., London, S.J., Hivert, M.F., Gaunt, T.R., 
Lawlor, D.A., Relton, C.L., 2019. Hypertensive disorders of pregnancy and DNA 
methylation in newborns. Hypertension 74, 375–383. https://doi.org/10.1161/ 
HYPERTENSIONAHA.119.12634.

Keepers, G.A., Fochtmann, L.J., Anzia, J.M., Benjamin, S., Lyness, J.M., Mojtabai, R., 
Servis, M., Walaszek, A., Buckley, P., Lenzenweger, M.F., Young, A.S., Degenhardt, 
A., Hong, S.H., 2020. The American psychiatric association practice guideline for the 
treatment of patients with schizophrenia. 177, 868–872. https://doi.org/10.1176/A 
PPI.AJP.2020.177901.

Kiltschewskij, D.J., Reay, W.R., Geaghan, M.P., Atkins, J.R., Xavier, A., Zhang, X., 
Watkeys, O.J., Carr, V.J., Scott, R.J., Green, M.J., Cairns, M.J., 2024. Alteration of 
DNA methylation and epigenetic scores associated with features of schizophrenia 
and common variant genetic risk. Biol. Psychiatry 95, 647–661. https://doi.org/ 
10.1016/J.BIOPSYCH.2023.07.010.

Knijnenburg, T.A., Vockley, J.G., Chambwe, N., Gibbs, D.L., Humphries, C., 
Huddleston, K.C., Klein, E., Kothiyal, P., Tasseff, R., Dhankani, V., Bodian, D.L., 
Wong, W.S.W., Glusman, G., Mauldin, D.E., Miller, M., Slagel, J., Elasady, S., 
Roach, J.C., Kramer, R., Leinonen, K., Linthorst, J., Baveja, R., Baker, R., Solomon, B. 
D., Eley, G., Iyer, R.K., Maxwell, G.L., Bernard, B., Shmulevich, I., Hood, L., 
Niederhuber, J.E., 2019. Genomic and molecular characterization of preterm birth. 
Proc. Natl. Acad. Sci. U. S. A. 116, 5819–5827. https://doi.org/10.1073/ 
PNAS.1716314116/-/DCSUPPLEMENTAL.

Küpers, L.K., Monnereau, C., Sharp, G.C., Yousefi, P., Salas, L.A., Ghantous, A., Page, C. 
M., Reese, S.E., Wilcox, A.J., Czamara, D., Starling, A.P., Novoloaca, A., Lent, S., 
Roy, R., Hoyo, C., Breton, C.V., Allard, C., Just, A.C., Bakulski, K.M., Holloway, J.W., 

A.-G. Segura et al.                                                                                                                                                                                                                              European Neuropsychopharmacology 94 (2025) 4–15 

13 

https://doi.org/10.1093/SCHIZBULLOPEN/SGAA017
https://doi.org/10.1093/SCHBUL/8.3.470
https://doi.org/10.1093/SCHBUL/8.3.470
https://doi.org/10.1016/J.SCHRES.2005.02.020
https://doi.org/10.3390/IJMS25084532
https://doi.org/10.1002/WPS.21046
https://doi.org/10.1023/A:1025457300409
https://doi.org/10.1016/J.BPSC.2020.07.018
https://doi.org/10.1016/J.BPSC.2020.07.018
https://doi.org/10.1016/J.SCHRES.2022.09.014
https://doi.org/10.1111/DME.15242
http://refhub.elsevier.com/S0924-977X(25)00026-4/sbref0025
http://refhub.elsevier.com/S0924-977X(25)00026-4/sbref0025
https://doi.org/10.1186/1471-244X-13-50
https://doi.org/10.1038/S41380-023-02310-W
https://doi.org/10.1037/TRA0001650
https://doi.org/10.1016/J.EURONEURO.2024.06.007
https://doi.org/10.1038/S41398-021-01645-8
https://doi.org/10.1038/S41398-021-01645-8
https://doi.org/10.1371/JOURNAL.PONE.0123707
https://doi.org/10.1017/S0033291719002794
https://doi.org/10.1093/SCHBUL/SBP126
https://doi.org/10.1017/S0033291718003070
https://doi.org/10.1017/S0033291718003070
https://doi.org/10.1017/S0033291716000751
https://doi.org/10.1017/S0033291716000751
https://doi.org/10.1038/NG1089
https://doi.org/10.1161/CIRCGENETICS.116.001506
https://doi.org/10.1161/CIRCGENETICS.116.001506
https://doi.org/10.1016/J.AJHG.2016.02.019
https://doi.org/10.1097/00004583-199707000-00021
https://doi.org/10.1097/00004583-199707000-00021
https://doi.org/10.1161/HYPERTENSIONAHA.119.12634
https://doi.org/10.1161/HYPERTENSIONAHA.119.12634
http://doi.org/10.1176/APPI.AJP.2020.177901
http://doi.org/10.1176/APPI.AJP.2020.177901
https://doi.org/10.1016/J.BIOPSYCH.2023.07.010
https://doi.org/10.1016/J.BIOPSYCH.2023.07.010
https://doi.org/10.1073/PNAS.1716314116/-/DCSUPPLEMENTAL
https://doi.org/10.1073/PNAS.1716314116/-/DCSUPPLEMENTAL


Everson, T.M., Xu, C.J., Huang, R.C., van der Plaat, D.A., Wielscher, M., Merid, S.K., 
Ullemar, V., Rezwan, F.I., Lahti, J., van Dongen, J., Langie, S.A.S., Richardson, T.G., 
Magnus, M.C., Nohr, E.A., Xu, Z., Duijts, L., Zhao, S., Zhang, W., Plusquin, M., 
DeMeo, D.L., Solomon, O., Heimovaara, J.H., Jima, D.D., Gao, L., Bustamante, M., 
Perron, P., Wright, R.O., Hertz-Picciotto, I., Zhang, H., Karagas, M.R., Gehring, U., 
Marsit, C.J., Beilin, L.J., Vonk, J.M., Jarvelin, M.R., Bergström, A., Örtqvist, A.K., 
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Barcelona: bases teóricas, objetivos Y contenidos. Rev. Logop., Fon., Audiol. 2, 
66–79.

Pennington, M., McCrone, P., 2017. The cost of relapse in schizophrenia. 
Pharmacoeconomics 35, 921–936. https://doi.org/10.1007/S40273-017-0515-3/ 
METRICS.

Peralta, V., Cuesta, M.J., 1994. Psychometric properties of the positive and negative 
syndrome scale (PANSS) in schizophrenia. Psychiatry Res. 53, 31–40. https://doi. 
org/10.1016/0165-1781(94)90093-0.

Peralta, V., García De Jalón, E., Moreno-Izco, L., Peralta, D., Janda, L., Sánchez-Torres, A. 
M., Cuesta, M.J., 2022. Long-term outcomes of first-admission psychosis: a 
naturalistic 21-year follow-up study of symptomatic, functional and personal 
recovery and their baseline predictors. Schizophr. Bull. 48, 631–642. https://doi. 
org/10.1093/SCHBUL/SBAB145.

Peralta, V., García De Jalón, E., Moreno-Izco, L., Peralta, D., Janda, L., Sánchez-Torres, A. 
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Segura, À.G., 2025. Methylscore: epigenetic score calculation tool (v1.0). Zenodo. 
https://doi.org/10.5281/zenodo.14652220.
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Arbelo, N., González-Peñas, J., Pina-Camacho, L., Diestre, A., Selma, J., Zorrilla, I., 
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