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Abstract: Psychosis is one of the leading causes of disability worldwide. Individuals with an early 

onset, known as early-onset psychosis (EOP), tend to experience a worse prognosis and shorter life 

expectancy. The etiology of EOP remains unclear, but hypotheses suggest that both environmental 

and biological factors interact in its development. Epigenetic mechanisms are known to serve as the 

interface between environmental exposures and biological processes, emerging as potential tools to 

better understand the etiology of EOP. We characterized the sociodemographic and clinical 

characteristics, as well as genome-wide epigenetic markers, in Mexican patients with EOP. We found 

that patients with EOP have a higher epigenetic age using Wu`s clock (p=0.015). In addition, we 

observed that a reduction in years of schooling is associated with an increase in epigenetic age (Levine 

clock,  = 5.07, p = 0.001). In our epigenome-wide association study, we identified eight CpGs 

associated with EOP. Noteworthy, a psychosis-methylation risk score (EOP-MRS) was associated 

with panic disorder ( = 1.36, p = 0.03), as well as auditory ( = 1.28, p=0.04) and visual ( = 1.22, p = 

0.04) hallucinations. In conclusion, years of education have an impact in epigenetic age. Additionally, 

our study suggests associations of DNA methylation with EOP. Finally, we developed an MRS that 

associates clinical manifestations of psychosis. 

Keywords: early-onset psychosis; epigenome-wide association study; methylation risk score; Mexico; 

adolescents 
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1. Introduction 

Early-onset psychosis (EOP) is a mental disorder characterized by the onset of psychosis before 

the age of 18 years [1]. Compared with adult-onset psychosis those affected by EOP have shorter life 

expectancy, and poor treatment response [2,3]. EOP prevalence is higher than adult-onset psychosis, 

with an estimated of 8-17% in children and adolescents [4–6]. The etiology of EOP is still unknown. 

Authors have proposed that abnormal neurodevelopment and early neurodegeneration explain the 

emergence of psychosis in the young population [7,8]. Furthermore, the literature suggests that 

environmental factors such as bullying, cannabis use, tobacco use, low birth weight, and childhood 

trauma interact with biological factors in the development of psychosis [3,9–12]. On the other hand, 

DNA methylation (DNAm), proposed to be a mediator between environmental exposures and 

biological effects, is the most studied epigenetic mechanism and could provide a better 

understanding of biological mechanisms underlying psychotic disorders [13]. New evidence from 

epigenome-wide association studies (EWAS), a comparison of DNAm sites across the genome, 

revealed associations with schizophrenia and first episode of psychosis (FEP) [14,15]. Additionally, 

DNAm is associated with psychotic symptoms in adults and the risk of neuropsychiatric disorders 

during childhood [8,16]. However, EWAS of clinical defined EOP has not been performed. 

Development of novel biomarkers derived from DNAm provides a new approach to understand 

disease risk, biological and etiological mechanisms, such as aging [17–19]. For example, epigenetic 

clocks are excellent biomarkers to estimate biological age, also referred to as epigenetic age [7]. 

Limited evidence reveals that epigenetic age correlates with the severity of psychosis, and accelerated 

biological age is associated with psychotic disorders [20–23]. Furthermore, the development of 

methylation risk scores (MRS), representing the sum of an individual epigenetic risks derived from 

EWAS results, a similar construct of polygenic risk score, have been associated with schizophrenia 

[24], FEP [17], and neuroimaging changes in individuals with psychosis [8,25]. Studies using MRS 

showed that could be used to differentiate individuals affected of psychosis and mediation effects of 

childhood adversity to develop psychosis risk [15]. It is noteworthy that like in many biomedical 

research areas there is still a lack of diversity in EWAS studies [26]. 

The current understanding of EOP is still limited and there is scare evidence of epigenetic 

biomarkers, to advance in these field, the current study aimed to characterize for the first time 

sociodemographic and clinical characteristics, with a further comprehensive evaluation of genome-

wide epigenetic markers (including 11 epigenetic clocks and EOP-MRS) in Mexican children and 

adolescents with EOP (Figure 1). 

 

Figure 1. Graphical abstract. Characterizing the social epigenome in Mexican patients with early-onset 

psychosis. 
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2. Results 

2.1. Sample Description 

We deeply characterized clinical and sociodemographic features of a total of 23 children and 

adolescents, including 12 psychiatric patients with psychotic symptoms (EOP group) and 11 

psychiatric patients without psychotic symptoms (non-EOP group). We observed that the EOP group 

was older (mean = 15.00, p = 0.030) and had higher years of education (mean = 9.3, p = 0.023) (Table 

1), nevertheless was close to the Mexican population mean (9.73 years) [27]. Furthermore, patients 

with EOP had higher hospital psychiatric admissions (p = 0.027) and higher prevalence of anxiety 

and stress disorders (p = 0.036). The EOP group had a lower functional score (p = 0.00003), and severe 

GAF score (global assessment of functioning) (p = 0.017) (Table 1). Our results shows that EOP had a 

higher comorbidity and lower functionality. 

Table 1. Socio-demographic and clinical characteristics of psychiatric patients. 

Characteristic EOP (n=12) Non-EOP (n=11) p 

Age years ± SD 15.5  1.56 13.36  2.57 0.030a 

Gender 
Male, n (%) 6 (50) 7 (64) 

0.680c 
Female, n (%) 6 (50) 4 (36) 

Education years ± SD 9.3  1.96 7.2  2.05 0.023a 

Body Mass Index z-score, mean ± SD 1.08  1.15 0.67  1.50 0.368a 

Psychiatric 

admissions 

n (%) 7 (58) 1 (9) 0.027c 

Total, median  

(min-max) 
1 (0-4) 0 (0-1) 0.016b 

Psychiatric 

comorbidity 

n (%) 12(100) 9 (81) 0.370c 

Mood disorders, n (%) 11 (91) 8 (72) 0.316c 

Anxiety and stress disorders, 

n (%) 
10 (83) 4 (36) 0.036c 

Conduct disorders, n (%) 5 (41) 5 (45) 1c 

Neurodevelopment 

disorders, n (%) 
1 (8) 4 (36) 0.155c 

Eating disorder, n (%) 4 (33) 0 0.093c 

GAF 

Total score, mean ± SD 43.33  15.14 74  6.41 0.00003a 

Minimal, n (%) 1 (8) 3 (27) 

0.017c 
Mild, n (%) 1 (8) 2 (18) 

Moderate, n (%) 2 (16) 0 

Severe, n (%) 8 (66) 0 

Epigenetic age Wu`s clock, mean ± SD  11.08  0.89 10.29  0.78 0.015 

Abbreviations: BMI = body mass index; GAF = global assessment of functioning; SD = standard deviation; T = 

Student's t-test; U = U Mann-Whitney test; χ² = chi-square test; a = statistic from a student's t-test; b = statistic 

from a Mann–Whitney–Wilcoxon test; c = statistic from a χ² test. Notes: Fisher's exact test was applied when 

values < 5. Bold values denote statistical significance, p < 0.05. 

2.2. Epigenetic Age 

There is a hypothesis that patients with psychosis have higher biological age [28]. To explore 

this, we further characterized 11 epigenetic clocks to evaluate whether if patients with EOP have an 
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increased biological age. Our study found that the epigenetic age was higher in the EOP group 

compared to the non-EOP group (Table 1). We identified a correlation of epigenetic age with socio-

demographic and clinical characteristics with the Wu clock, with a lower functionally measured by 

the GAF scale associated with a higher epigenetic age (Figure 2). Moreover, a higher number of 

admissions was correlated with an increased epigenetic age. Additionally, the same correlations were 

observed with the PedBE clock, showing a similar direction of effects. In contrast, the DNAmTL clock 

showed a negative correlation with the number of admissions (Table 2). 

 

Figure 2. Heatmap of correlations between socio-demographic, clinical characteristics and epigenetic age in 

psychiatric patients. The heatmap colors correspond to the significance (p < 0.05): green indicates a positive 

correlation, and red indicates a negative correlation. Blank spaces indicate no significant correlation. Best Linear 

Unbiased Prediction clock (BLUP); DNA methylation-based telomere length (DNAmTL); Dunedin Pace of 

Aging Methylation (DunedinPoAm38); Elastic Net clock (EN); Global Assessment of Functioning (GAF); 

Horvath clock (Multi-Tissue, Horvath1); Horvath clock (Skin & Blood, Horvath2); Levine clock (PhenoAge); 

Pediatric-Buccal-Epigenetic clock (PedBE). 

In addition, we observed that children and adolescent patients with psychosis were associated 

with accelerated epigenetic age (Levine clock,  = 5.07, p = 0.001), Furthermore, clinical characteristics 

appeared to influence this accelerated epigenetic age. Our findings show that a reduction in schooling 

(Levine clock,  = -5.01, p = 0.001), a higher number of comorbidities (BLUP clock,  = 0.49, p = 0.041) 

and more admissions (Wu clock,  = 0.81, p = 0.042) were associated with higher epigenetic age in 

Mexican patients with EOP (Table 3). 

Table 2. Correlations between socio-demographic, clinical characteristics and epigenetic age in psychiatric 

patients. 

Epigenetic calculator 
Age 

r, p 

GAF 

r, p 

Admissions 

r, p 

BLUP 0.37, 0.079 -0.40, 0.056 0.40, 0.056 
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DNAmTL -0.12, 0.555 0.27, 0.198 -0.43, 0.038 

DunnedinPoAm38 0.26, 0.224 -0.17, 0.434 0.19, 0.368 

EN 0.26, 0.220 -0.26, 0.217 0.40, 0.057 

Hannum 0.25, 0.238 -0.23, 0.274 0.29, 0.174 

Horvath-1 0.18, 0.398 0.13, 0.553 -0.07, 0.742 

Horvath-2 0.03, 0.848 -0.17, 0.427 0.34, 0.107 

Levine 0.35, 0.100 -0.05, 0.806 0.09, 0.672 

PedBE 0.41, 0.046 -0.53, 0.008 0.56, 0.005 

Wu 0.30, 0.150 -0.45, 0.027 0.49, 0.015 

Zhang 0.24, 0.253 -0.21, 0.324 0.35, 0.097 

Abbreviations: R = Pearson´s correlation, Best Linear Unbiased Prediction´s clock (BLUP); DNA methylation-

based telomere length (DNAmTL); Dunedin Pace of Aging Methylation (DunedinPoAm38); Elastic Net´s clock 

(EN); Global Assessment of Functioning (GAF); Horvath´s clock (Multi-Tissue, Horvath-1); Horvath´s clock 

(Skin & Blood, Horvath-2); Levine´s clock (PhenoAge); Pediatric-Buccal-Epigenetic´s clock (PedBE). Notes: 

Correlations were made with either Pearson or Spearman. Bold indicates p < 0.05. 

Table 3. Summary of the stepwise regression between epigenetic clocks, socio-demographic, and clinical 

characteristics in psychiatric patients. 

Epiclock 
Age (years) Sex 

Schooling 

(years) 
Comorbidity Admissions 

 (SE) p  (SE)  p  (SE) p  (SE) p  (SE) p 

BLUP 
1.786 

(0.551) 
0.004 - - 

-1.820 

(0.544) 
0.003 

0.496 

(0.225) 
0.041 - - 

DNAmTL 
-0.071 

(0.023) 
0.006 - - 

0.086 

(0.022) 
0.001 

-0.134 

(0.051) 
0.017 

-0.134 

(0.051) 
0.017 

EN 
1.365 

(0.589) 
0.032 - - 

-1.475 

(0.582) 
0.020 - - - - 

Horvath-

1 

1.751 

(0.706) 
0.023 - - - - - - - - 

Horvath-

2 

0.604 

(0.264) 
0.034 - - 

-0.903 

(0.261) 
0.002 

0.310 

(0.108) 
0.010 - - 

Levine 
5.078 

(1.109) 
0.001 

8.413 

(2.377) 
0.002 

-5.017 

(1.205) 
0.001 - - - - 

PedBE 
0.356 

(0.107) 
0.003 - - 

-0.314 

(0.106) 
0.008 - - - - 

Wu -   - - - - - - 
0.816 

(0.375) 
0.042 

Zhang 
1.938 

(0.660) 
0.008 - - 

-1.810 

(0.691) 
0.016 - - - - 

Abbreviations:  = estimated coefficient; SE = standard error; T = t-value; BLUP = Best Linear Unbiased Prediction 

clock; DNAmTL = DNA methylation-based telomere length; EN = Elastic Net clock; Horvath-1 = Horvath clock 

(Multi-Tissue); Horvath-2 = Horvath clock (Skin & Blood); PedBE = Pediatric-Buccal-Epigenetic clock. Bold 

values denote statistical significance at the p < 0.05 level. Comorbidity values were represented as the number 
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of psychiatric disorders; sex was denoted as a factor (0 = male, 1 = female); admissions were coded as a factor (0 

= no, 1 = yes). 

2.3. Epigenome-Wide Association Study 

Differential methylation analysis was performed to associate epigenetic risk markers between 

EOP and non-EOP groups in Mexican patients. We identified 8 differentially methylated CpG sites 

associated with EOP at nominal significance, CpG sites are distributed across 6 chromosomes (Figure 

3). These sites were mapped to 7 genes: ADGRV1 (Adhesion G Protein-coupled Receptor V1), 

HIST1H2BB (Histone Cluster 1 H2B Family Member B), CEP164 (Centrosomal Protein 164), IRF2BP1 

(Interferon Regulatory Factor 2 Binding Protein 1), MAP1B (Microtubule Associated Protein 1B), 

NAALAD2 (N-Acetylated Alpha-Linked Acidic Dipeptidase 2), and SULT1C4 (Sulfotransferase 

Family 1C Member 4). The annotation indicated that 4 sites were situated in gene bodies, 2 sites in 

exons, and 1 site in a transcription start site (TSS200). In terms of their location relative to CpG islands, 

25% of the sites were within the island, 25% in the island shores, and 50% in the Open Sea. Besides, 6 

CpG sites had lower methylation values, while 2 CpG sites showed higher values in the EOP group 

compared to the non-EOP group (Table 4). In deep research of CpG methylation sites, there are 

reports of cg06583549, cg08523325, cg20150189 and cg26028573 in the EWAS catalog (Supplementary 

sheet). 

Table 4. Top differentially methylated positions in EOP. 

CPG Gene anotation Chr Position Relation to Island  SE  T p 

cg24772138 MAP1B (Body) 5 71405539 S Shore -0.4483 0.0508 -8.8233 4.30 x10-07 

cg26028573 HIST1H2BB (Exon) 6 26043587 N Shore 0.2340 0.0264 8.8374 4.22 x10-07 

cg05100917 CEP164 (TSS200) 11 117198460 Island -0.5790 0.0627  -9.2343 2.48 x10-07 

cg20150189 SULT1C4 (Body) 2 108999219 Open Sea -0.3525 0.0498 -7.0718 5.58 x10-06 

cg27181762 ADGRV1 (Body) 5 90195345 Open Sea -0.5829 0.0860 -6.7701 9.02 x10-06 

cg13883911 - 8 33430120 Open Sea 0.3104 0.0449  6.9051 7.26 x10-06 

cg08523325 NAALAD2 (Body) 11 89901450 Open Sea -0.3064 0.0448  -6.8337 8.14 x10-06 

cg06583549 IRF2BP1 (Exon) 19 46387962 Island -0.2669 0.0350  -7.6212 2.40 x10-06 

Abbreviations: Chr = chromosome;  = effect size; TSS = transcription start site; T = t-statistic; SE = standard error. 

Adhesion G protein-coupled receptor V1 (ADGRV1); Histone Cluster 1 H2B family member B (HIST1H2BB); 

Centrosomal Protein 164 (CEP164); Interferon Regulatory Factor 2 Binding Protein 1 (IRF2BP1); Microtubule-

associated protein 1B (MAP1B); N-acetylated alpha-linked acidic dipeptidase 2 (NAALAD2); Sulfotransferase 

Family 1C Member 4 (SULT1C4). CpG sites ordered by statistical p-value from EWAS analysis in early onset 

psychosis. . 
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Figure 3. Manhattan plot of EWAS analysis in EOP. Manhattan plot of CpG sites and p-values. The X axis 

represents the chromosome position, and the Y axis represents -log10(p). The red horizontal line parallel to the X 

axis denotes nominal significance (p < 1x10-05). All loci with a p-value < 1x10-05 are annotated to genes according 

to the human genome assembly (hg19). The association models are adjusted for sex, age, and five surrogate 

variables. Adhesion G protein-coupled receptor V1 (ADGRV1); Histone Cluster 1 H2B family member B 

(HIST1H2BB); Centrosomal Protein 164 (CEP164); Interferon Regulatory Factor 2 Binding Protein 1 (IRF2BP1); 

Microtubule-Associated Protein 1B (MAP1B); N-acetylated alpha-linked acidic dipeptidase 2 (NAALAD2); 

Sulfotransferase Family 1C Member 4 (SULT1C4). λ = 0.9783. 

2.4. Methylation Risk Score 

Epigenetic biomarkers could serve as predicting tools for psychosis [29] and currently there is 

not epigenetic biomarker for EOP. We constructed the EOP-MRS to associate the biomarker with 

sociodemographic and clinical characteristic in children and adolescent Mexican patients with EOP. 

Our findings show that panic disorder, auditory hallucinations, and visual hallucinations were 

associated with a higher MRS using 5 different p-value thresholds: MRS1x10-01 (=2.10, =2.26, =1.93, 

respectively); MRS1X10-02 (=2.08, =2.21, =1.90, respectively); MRS1x10-03 (=1.92, =1.96, =1.78, 

respectively); MRS1x10-04 (=1.91, =1.73, =1.54, respectively); and MRS1x10-05 (=1.36, =1.28, =1.22, 

respectively). Furthermore, a higher MRS was associated with tactile hallucinations (MRS1x10-05, 

=1.59), and negative symptoms (MRS1x10-01, =1.99; MRS1X10-02, =1.71) (Figure 4). Our results shows 

that our EOP-MRS may be an indicator for visual and auditive hallucinations in Mexican children 

and adolescents’ patients. 
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Figure 4. Association between clinical characteristics and early-onset psychosis methylation risk score (EOP-

MRS) in psychiatric patients. The beta values represent the estimated coefficient () from logistic regression 

analysis with a 95% confidence interval (CI95). Significant associations between clinical characteristics and MRS 

are displayed as solid points (p < 0.05), while non-significant results are displayed as hollow points. Each MRS 

calculated corresponds to a different cutoff p-value from the EWAS. The forest plot shows only significant 

associations among the sixty-eight clinical characteristics. 

3. Discussion 

This study performed the first characterization of genome-wide epigenetic biomarkers in 

Mexican children and adolescents with EOP, further explored the correlations and associations 

between epigenetic age (11 epigenetic clocks), MRS, sociodemographic and clinical characteristics in 

Mexican children and adolescents with EOP. 

The current study demonstrated that lower levels of functioning, admissions, and anxiety-stress 

disorder were associated with EOP. Our findings are consistent with a study of European patients 

with FEP (first episode of psychosis), who had lower GAF scores compared to other psychiatric 

groups [30]. These results support the hypothesis that functional impairment may be influenced by 

psychiatric comorbidities and admissions, leading to a poor prognosis [31] or premature death [32]. 

3.1. Years of Schooling Was Associated with Epigenetic Age in EOP 

The present study shows that epigenetic age is higher in psychiatric patients with EOP. 

Consistent with our results, previous work identified that monozygotic twins with psychiatric 

disorders had an accelerated epigenetic age during early adolescence measured with the Wu clock 

[19], and in Mexican adults the presence of a mental disorder accelerated Horvath’s epigenetic age in 

discordant monozygotic twins [33]. In this sense, we suggest that Wu's clock could be used to estimate 

epigenetic age in the adolescent Mexican population. Furthermore, the epigenetic age was associated 

with fewer years of schooling in EOP. In accordance with our results, previous work in Mexican 

population showed that schooling influences epigenetic age [34]. We consider that schooling could 

influence biological age in Mexican with EOP. Notably, the lack of concordance between different 
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epigenetic clocks could reflect how each clock is calibrated to specific sets of CpGs or tissues. 

Nevertheless, still further research is needed to explore the effect of other stressors and social 

determinants of health in the relationship between EOP and epigenetic age [35]. 

3.2. EWAS Suggested Potential Novel Associations with EOP 

Our EWAS analysis identified 8 CpG sites associated with EOP at a nominal level. Nonetheless, 

a previous meta-analysis reported 95 differentially methylated positions associated with psychosis 

in adult patients [14]. The MAP1B gene regulates axon growth and synaptic plasticity [36], and its 

dysregulation leads to disruptions in neurogenesis and synaptic plasticity [37]. The HIST1H2BB gene 

is involved in cell motility [38] and neurodevelopment [39]. In addition, methylation changes in the 

CEP164 gene are associated with brainstem malformation [40], and the IRF2BP1 gene is involved in 

immune suppression [41]. There is evidence that SULT1C4, NAALAD2, and ADGRV1 participate in 

neurotransmitter regulation [42] glutamate dysregulation in schizophrenia [43] and epilepsy and 

audiovisual disorders [44,45]. All these findings indicate DNA methylation is implicated in 

neurodevelopmental disorders, immune-modulatory pathways, neurotransmitter regulation in EOP 

patients. This suggestion is based on the following findings: (i) a reduced level of methylation is 

observed at cg24772138, cg05100917, cg06583549, cg20150189, cg08523325, and cg27181762; (ii) a 

higher level of methylation is observed at cg26028573 and cg13883911. 

We identified four CpG sites previously reported in EWAS [46–49]. Islam et al. (2019) suggest 

that cg06583549, cg08523325, cg20150189, and cg26028573 present DNAm concordance between 

buccal epithelial cells and peripheral blood cells in pediatric patients [46]. Furthermore, these sites 

are associated with children's neurodevelopment [49] and HIV infection in adults [48]. In addition, 

cg26028573 was associated with alcohol consumption [47]. Notably, this association has been 

reported in psychotic patients and individuals with developmental disorders [50]. Our findings 

support evidence that DNAm signature overlap across different pediatric tissues in psychotic 

patients [51]. Moreover, these sites could reflect shifts across the lifespan [52] and 

neurodevelopmental disorders [53], suggesting that our results could provide insight into children's 

neurodevelopment within our population. 

3.3. Association Between Clinical Charateristics Associated with Psychosis MRS 

Our study showed clinical characteristics associated with EOP-MRS. Previous associations of 

MRS with clinical characteristics have been identified in other populations. For example, in an adult 

Australian population diagnosed with schizophrenia, the MRS was associated with clozapine 

administration [54]. Our EOP-MRS could represent a predictive tool to identify panic disorder and 

hallucinations in Mexican children and adolescent population. We suggest that EOP-MRS reflects the 

cumulative effect of multiple epigenetic markers associated with EOP and recapitulates its clinical 

manifestations. 

3.4. Limitations 

We considered several limitations in our study: the analysis includes a small sample of 

psychiatric patients with EOP, which limits our statistical power to detect associations. Additionally, 

epigenetic studies are not ideal for identifying causal risk factors, as DNA methylation (DNAm) may 

be influenced by environmental confounders. Moreover, EPIC arrays cover only 3% of CpG sites in 

the genome, and polymorphisms and mutations were not accounted for in psychosis risk 

calculations. Furthermore, DNAm profiles focus on peripheral blood, and variations associated with 

early-onset psychosis may not represent specific brain-tissue biomarkers in the early stages of the 

disease. Additionally, epigenetic age, EWAS, and psychosis MRS associated with EOP could be 

biased due to ancestry, pubertal stage, childhood adversity, or environmental exposures not included 

in the analysis. We did not have a replication cohorts given the difficult of recruitment of EOP. In 

addition, we should consider pruning, as variability in epigenetic signals may differ across 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 March 2025 doi:10.20944/preprints202503.1919.v1

https://doi.org/10.20944/preprints202503.1919.v1


 10 of 18 

 

individuals, populations, and ages, particularly during early stages of life. Finally, future research 

should address these issues including larger samples, DNAm profiles from other tissues, and social 

determinants of health to replicate our results. 

4. Materials and Methods 

4.1. Sample Population 

Thirty-three patients with previously diagnosed psychiatric disorders were recruited from the 

Hospital Psiquiátrico Infantil Juan N. Navarro in Mexico City. A psychiatrist assessed all participants 

according to the DSM-5 (Diagnostic and Statistical Manual of Mental Disorders, 5th Edition). We 

included patients aged 10 to 18 years of Mexican descent, with the onset of psychotic symptoms 

before the age of 18. Exclusion criteria included patients with psychosis secondary to a brain infection, 

neurodegenerative disease, or severe neurodevelopmental disorder. 

4.2. Study Design 

This was a cross-sectional study with a convenience sample design. Recruitment took place from 

January 2022 to July 2023.The sample was divided into two groups: the EOP group (patients with 

psychotic symptoms) and the non-EOP group (patients without psychotic symptoms). 

The clinical evaluation of patients was performed using the Kiddie Schedule for Affective 

Disorders and Schizophrenia Present and Lifetime version DSM-5 (K-SADS PL-5), Spanish edition, 

validated in the children and adolescent Mexican population [55]. Each individual diagnosis was 

categorized into one of five groups as follows: 1) mood disorders (disruptive mood dysregulation 

disorder, dysthymia, major depressive disorder, bipolar disorder); 2) anxiety and stress disorders 

(separation anxiety disorder, agoraphobia, panic disorder, social phobia, generalized anxiety 

disorder, post-traumatic stress disorder); 3) conduct disorders (enuresis, encopresis, oppositional 

defiant disorder, conduct disorder, tic disorder, obsessive-compulsive disorder); 4) 

neurodevelopmental disorders (attention-deficit/hyperactivity disorder, autism spectrum disorder); 

5) eating disorders (bulimia nervosa, other eating disorders). 

Clinicians collected sociodemographic information of age, gender, schooling (completed years 

of education), and clinical data, including weight, height, body mass index (BMI), number of 

psychiatric hospitalizations (admissions), number of medications (psychiatric treatment), and 

number of psychiatric comorbidities. BMI values were converted into z-scores with standard 

deviations. The Global Assessment of Functioning (GAF) was measured on a 100-point scale, where 

lower scores indicated severe symptoms or impairment [56]. GAF is validated in Spanish and 

adolescent populations [57]. At the end of the interview, we collected a peripheral venous blood 

sample (4 ml) from each patient. 

4.3. DNA Extraction 

Genomic DNA was obtained from whole blood samples using the DNA kit (Qiagen, USA), 

according to the manufacturer’s instructions. Quality and integrity were evaluated using a 

NanoDrop spectrophotometer (Thermo Fisher, USA). Sample processing for the methylation study 

protocol was performed with a genomic DNA concentration of 80 ng/mL. The genomic DNA was 

bisulfite-converted using the EZ DNA Methylation Kit (Zymo Research, Irvine, CA, USA), according 

to the manufacturer’s protocol, “Infinium Assay for Methylation Protocol” (Illumina Inc), specific for 

the “Infinium Methylation EPIC BeadChip Kit.” The Microarray Unit at the National Institute of 

Genomic Medicine (Mexico City, Mexico) processed the microarray. 

4.4. Genomic-Wide Quantification of DNA Methylation 

Fluorescence intensities were transformed into IDAT files using GenomeStudio software 

(Illumina, USA). The IDAT data were imported into the R environment. Beta-normalized methylation 
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levels were obtained following the ENmix (1.22.0) pipeline. Preprocessing included background 

correction, RELIC dye bias correction, and RCP probe-type bias adjustment. We removed CpG sites 

with low variability (12,730 CpG sites) and sites that coincided with SNP loci from the analysis. 

Additionally, 10 samples were eliminated due to sex mismatch, poor quality, and being outliers. Five 

surrogate variables were estimated to correct for batch effects using `csva()`; and cell proportions 

(neutrophils, monocytes, natural killer cells, CD8+ T-lymphocytes, CD4+ T-lymphocytes, and B-

lymphocytes) were imputed using `estimateCellProp()` (ENmix R library). Finally, 848,643 CpG sites 

from 23 samples were analyzed to obtain the methylation beta () and M values. 

4.5. Epigenetic Clocks 

Epigenetic age was estimated using β values with two libraries. The methylClock and 

methylCIPHER packages were chosen for their broad availability of epigenetic calculators The Wu 

and Pediatric Buccal Epigenetic (PedBE) clocks were included because they are designed to predict 

age in children and adolescents. The Dunedin Pace of Aging (DunedinPoAm38) and Levine 

(PhenoAge) clocks were selected for their ability to calculate biological age and predict mortality. 

DNA methylation-based telomere length (DNAmTL), Hannum, Horvath-1 (multi-tissue), and Zhang 

(2019) clocks were included because they predict chronological age in blood samples. The Best Linear 

Unbiased Prediction (BLUP), Elastic Net (EN), and Horvath-2 (skin and blood) clocks were chosen 

because they were trained on blood, skin, and saliva samples using different arrays (450k and EPIC 

arrays) [58–66]. 

4.6. Statistical Analysis 

Clinical characteristics are presented as means and standard deviations for continuous variables, 

and as frequencies and percentages for categorical variables. Comparisons between groups were 

made using the student’s t-test or the Mann-Whitney U test. The associations were assessed with the 

chi-square test (χ²). In psychiatric patients the correlations between epigenetic age and clinical and 

sociodemographic characteristics were calculated using corrplot R package. Multiple linear 

regressions (stepwise regression) were performed to associate sociodemographic and clinical 

characteristics with epigenetic age (the response variable). Statistical analysis was conducted using R 

software, version 4.3.3 (https://CRAN.R-project.org, accessed 30 December 2024). The significance 

level was set at p < 0.05. 

4.7. EWAS and Methylation Risk Score 

Genome-wide CpG association analysis with EOP was performed using normalized β values. 

EOP was the response variable, and each individual CpG methylation β value served as the predictor 

of interest. A logistic model was implemented using the `CpGassoc()` R package [67], with PC1 

(principal component 1), PC2, PC3, PC4, PC5, age, and sex included as covariates. A QQ-plot was 

examined for evidence of genomic inflation (λ = 0.9783, Figure S1). We manually search for previous 

associations of the CpG sites using the EWAS catalog [68]. 

CpG sites were stratified by cut-off p-values from the EWAS results to calculate the EOP-MRS 

(Methylation Risk Score to psychosis): MRS1x10-06 (3 CpG sites, p < 1x10-06), MRS1x10-05 (8 CpG sites, p < 

1x10-05), MRS1x10-04 (101 CpG sites, p < 1x10-04), MRS1x10-03 (997 CpG sites, p < 1x10-03), MRS1x10-02 (9,832 

CpG sites, p < 1x10-02), MRS1x10-01 (88,916 CpG sites, p < 1x10-01). 

𝑀𝑅𝑆 =  ∑ (𝑀 𝑣𝑎𝑙𝑢𝑒 𝑥 𝑍 𝑣𝑎𝑙𝑢𝑒)

𝑛=𝐶𝑝𝐺

 (1) 

Each MRS was calculated as the sum of the individual products of the M values and the Z values 

(effect size/standard error) for each CpG site (CpG1 + CpG2 + ... + CpGn). The resulting score was 

then normalized into z-scores. 
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𝑀𝑅𝑆 𝑧 𝑠𝑐𝑜𝑟𝑒 =
𝑀𝑅𝑆 𝑠𝑐𝑜𝑟𝑒 − 𝑚𝑒𝑎𝑛 𝑀𝑅𝑆 𝑣𝑎𝑙𝑢𝑒

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛
 (2) 

Finally, linear and logistic regressions were performed to assess associations between EOP-MRS 

and sociodemographic and clinical characteristics. Sociodemographic and clinical variables served as 

the response variable, and the EOP-MRS was considered predictor of interest. 

5. Conclusions 

We found that patients with EOP have lower level of functionality, and a higher epigenetic age. 

Furthermore, fewer years of education, comorbidity and psychiatric hospital admissions have an 

impact in epigenetic age. Additionally, our study suggests associations of DNAm with EOP, 

specifically in genes of immune-modulatory and neurotransmission pathways. Finally, we 

developed an EOP-MRS that associates clinical manifestations of psychosis and could be used as a 

risk biomarker for EOP. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org, Figure S1: Q-Q plot of EWAS of early onset psychosis; Table S1: Clinical 

characteristics of early-onset psychosis; Sheet S1: Sociodemographic and clinical associations with EOP-MRS, 

and EWAS catalog; Figure S2: Most frequents psychiatric comorbidities; Table S2: Summary of the stepwise 

regression between Best Linear Unbiased Prediction`s clock (BLUP), socio-demographic and clinical 

characteristics: Figure S3 Beta value distribution A) before and B) after quality control; Table S2: Summary of the 

stepwise regression between DNA methylation-based telomere length (DNAmTL), socio-demographic and 

clinical characteristics; Figure S4: Distribution of T statistic values of EWAS; Table S4: Summary of the stepwise 

regression between Dunedin Pace of Aging Methylation (DunedinPoAm38), socio-demographic and clinical 

characteristics; Table S5: Summary of the stepwise regression between Elastic Net`s clock (EN), socio-

demographic and clinical characteristics; Table S6: Summary of the stepwise regression between Hannum´s 

clock, socio-demographic and clinical characteristics; Table S7: Summary of the stepwise regression between 

Horvath´s clock (Multi-Tissue), socio-demographic and clinical characteristics; Table S8: Summary of the 

stepwise regression between Horvath´s clock (Skin & Blood), socio-demographic and clinical characteristics; 

Table S9: Summary of the stepwise regression between Levine´s clock “PhenoAge”, socio-demographic and 

clinical characteristics; Table S10: Summary of the stepwise regression between Pediatric-Buccal-Epigenetic´s 

clock (PedBE), socio-demographic and clinical characteristics; Table S11: Summary of the stepwise regression 

between Wu´s clock, socio-demographic and clinical characteristics; Table S12: Summary of the stepwise 

regression between Zhang`s clock, socio-demographic and clinical characteristics; Table S13: Correlations 

between Best Linear Unbiased Prediction`s clock (BLUP), socio-demographic and clinical characteristics; Table 

S14: Correlations between DNA methylation-based telomere length (DNAmTL), socio-demographic and clinical 

characteristics; Table S15. Correlations between Dunedin Pace of Aging Methylation (DunedinPoAm38), socio-

demographic and clinical characteristics; Table S16. Correlations between Elastic Net`s clock (EN), socio-

demographic and clinical characteristics; Table S17. Correlations between Hannum´s clock, socio-demographic 

and clinical characteristics; Table S18: Correlations between Horvath´s clock (Multi-Tissue), socio-demographic 

and clinical characteristics; Table S19: Correlations between Horvath´s clock (Skin & Blood), socio-demographic 

and clinical characteristics; Table S20: Correlations between Levine´s clock “PhenoAge”, socio-demographic and 

clinical characteristics; Table S21: Correlations between Pediatric-Buccal-Epigenetic´s clock (PedBE), socio-

demographic and clinical characteristics; Table S22: Correlations between Wu´s clock, socio-demographic and 

clinical characteristics; Table S23: Correlations between Zhang`s clock, socio-demographic and clinical 

characteristics. 
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The following abbreviations are used in this manuscript: 
ADGRV1 Adhesion G Protein-coupled Receptor V1 gene 

BLUP Best Linear Unbiased Prediction 

CEP164 Centrosomal Protein 164 gene 

CpG Cytosine-Guanine site 

DNA Deoxyribonucleic Acid 

DNAm Deoxyribonucleic Acid methylation  

DNAmTL DNA methylation-based telomere length 

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, 5th Edition 

DunedinPoAm38 Dunedin Pace of Aging 

EN Elastic net 

EOP Early-onset psychosis 

EOP-MRS Psychosis-Methylation Risk Score 

EWAS Epigenome-wide association analysis 

FEP First episode of pychosis 

GAF Global Assessment of Functioning 

HIST1H2BB Histone Cluster 1 H2B Family Member B gene 

IRF2BP1 Interferon Regulatory Factor 2 Binding Protein 1 gene 

K-SADS PL-5 Kiddie Schedule for Affective Disorders and Schizophrenia Present and Lifetime version 

DSM-5 

MAP1B Microtubule Associated Protein 1B gene 

MRS Methylation Risk Score 

NAALAD2 N-Acetylated Alpha-Linked Acidic Dipeptidase 2 gene 

PC Principal component 

PedBE Pediatric Buccal Epigenetic 

SULT1C4 Sulfotransferase Family 1C Member 4 gene 

TSS Transcription start site 
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38. Valle, B.L.; Rodriguez-Torres, S.; Kuhn, E.; Díaz-Montes, T.; Parrilla-Castellar, E.; Lawson, F.P.; Folawiyo, 

O.; Ili-Gangas, C.; Brebi-Mieville, P.; Eshleman, J.R.; et al. HIST1H2BB and MAGI2 Methylation and 

Somatic Mutations as Precision Medicine Biomarkers for Diagnosis and Prognosis of High-grade Serous 

Ovarian Cancer. Cancer Prev Res (Phila) 2020, 13, 783-794, doi:10.1158/1940-6207.Capr-19-0412. 

39. Świtońska, K.; Szlachcic, W.J.; Handschuh, L.; Wojciechowski, P.; Marczak, Ł.; Stelmaszczuk, M.; 

Figlerowicz, M.; Figiel, M. Identification of Altered Developmental Pathways in Human Juvenile HD iPSC 

With 71Q and 109Q Using Transcriptome Profiling. Front Cell Neurosci 2018, 12, 528, 

doi:10.3389/fncel.2018.00528. 

40. Gana, S.; Serpieri, V.; Valente, E.M. Genotype-phenotype correlates in Joubert syndrome: A review. Am J 

Med Genet C Semin Med Genet 2022, 190, 72-88, doi:10.1002/ajmg.c.31963. 

41. Hari, A.; Cruz, S.A.; Qin, Z.; Couture, P.; Vilmundarson, R.O.; Huang, H.; Stewart, A.F.R.; Chen, H.-H. 

IRF2BP2-deficient microglia block the anxiolytic effect of enhanced postnatal care. Scientific Reports 2017, 

7, 9836, doi:10.1038/s41598-017-10349-3. 

42. Dubaisi, S.; Fang, H.; Caruso, J.A.; Gaedigk, R.; Vyhlidal, C.A.; Kocarek, T.A.; Runge-Morris, M. 

Developmental Expression of SULT1C4 Transcript Variants in Human Liver: Implications for Discordance 

Between SULT1C4 mRNA and Protein Levels. Drug Metab Dispos 2020, 48, 515-520, 

doi:10.1124/dmd.120.090829. 

43. Carter, C.J. Schizophrenia susceptibility genes converge on interlinked pathways related to glutamatergic 

transmission and long-term potentiation, oxidative stress and oligodendrocyte viability. Schizophr Res 

2006, 86, 1-14, doi:10.1016/j.schres.2006.05.023. 

44. Güler, B.E.; Linnert, J.; Wolfrum, U. Monitoring paxillin in astrocytes reveals the significance of the 

adhesion G protein coupled receptor VLGR1/ADGRV1 for focal adhesion assembly. Basic Clin Pharmacol 

Toxicol 2023, 133, 301-312, doi:10.1111/bcpt.13860. 

45. Zhou, P.; Meng, H.; Liang, X.; Lei, X.; Zhang, J.; Bian, W.; He, N.; Lin, Z.; Song, X.; Zhu, W.; et al. ADGRV1 

Variants in Febrile Seizures/Epilepsy With Antecedent Febrile Seizures and Their Associations With 

Audio-Visual Abnormalities. Front Mol Neurosci 2022, 15, 864074, doi:10.3389/fnmol.2022.864074. 

46. Islam, S.A.; Goodman, S.J.; MacIsaac, J.L.; Obradović, J.; Barr, R.G.; Boyce, W.T.; Kobor, M.S. Integration of 

DNA methylation patterns and genetic variation in human pediatric tissues help inform EWAS design and 

interpretation. Epigenetics Chromatin 2019, 12, 1, doi:10.1186/s13072-018-0245-6. 

47. Dugué, P.A.; Wilson, R.; Lehne, B.; Jayasekara, H.; Wang, X.; Jung, C.H.; Joo, J.E.; Makalic, E.; Schmidt, D.F.; 

Baglietto, L.; et al. Alcohol consumption is associated with widespread changes in blood DNA methylation: 

Analysis of cross-sectional and longitudinal data. Addict Biol 2021, 26, e12855, doi:10.1111/adb.12855. 

48. Gross, A.M.; Jaeger, P.A.; Kreisberg, J.F.; Licon, K.; Jepsen, K.L.; Khosroheidari, M.; Morsey, B.M.; 

Swindells, S.; Shen, H.; Ng, C.T.; et al. Methylome-wide Analysis of Chronic HIV Infection Reveals Five-

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 March 2025 doi:10.20944/preprints202503.1919.v1

https://doi.org/10.20944/preprints202503.1919.v1


 17 of 18 

 

Year Increase in Biological Age and Epigenetic Targeting of HLA. Mol Cell 2016, 62, 157-168, 

doi:10.1016/j.molcel.2016.03.019. 

49. Mulder, R.H.; Neumann, A.; Cecil, C.A.M.; Walton, E.; Houtepen, L.C.; Simpkin, A.J.; Rijlaarsdam, J.; 

Heijmans, B.T.; Gaunt, T.R.; Felix, J.F.; et al. Epigenome-wide change and variation in DNA methylation in 

childhood: trajectories from birth to late adolescence. Hum Mol Genet 2021, 30, 119-134, 

doi:10.1093/hmg/ddaa280. 

50. Qiu, L.; Liang, C.; Kochunov, P.; Hutchison, K.E.; Sui, J.; Jiang, R.; Zhi, D.; Vergara, V.M.; Yang, X.; Zhang, 

D.; et al. Associations of alcohol and tobacco use with psychotic, depressive and developmental disorders 

revealed via multimodal neuroimaging. Transl Psychiatry 2024, 14, 326, doi:10.1038/s41398-024-03035-2. 

51. Richetto, J.; Meyer, U. Epigenetic Modifications in Schizophrenia and Related Disorders: Molecular Scars 

of Environmental Exposures and Source of Phenotypic Variability. Biol Psychiatry 2021, 89, 215-226, 

doi:10.1016/j.biopsych.2020.03.008. 

52. Short, A.K.; Weber, R.; Kamei, N.; Wilcox Thai, C.; Arora, H.; Mortazavi, A.; Stern, H.S.; Glynn, L.; Baram, 

T.Z. Individual longitudinal changes in DNA-methylome identify signatures of early-life adversity and 

correlate with later outcome. Neurobiol Stress 2024, 31, 100652, doi:10.1016/j.ynstr.2024.100652. 

53. Gui, A.; Jones, E.J.H.; Wong, C.C.Y.; Meaburn, E.; Xia, B.; Pasco, G.; Lloyd-Fox, S.; Charman, T.; Bolton, P.; 

Johnson, M.H. Leveraging epigenetics to examine differences in developmental trajectories of social 

attention: A proof-of-principle study of DNA methylation in infants with older siblings with autism. Infant 

Behav Dev 2020, 60, 101409, doi:10.1016/j.infbeh.2019.101409. 

54. 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.; et al. Alteration of DNA Methylation and Epigenetic Scores Associated With 

Features of Schizophrenia and Common Variant Genetic Risk. Biol Psychiatry 2024, 95, 647-661, 

doi:10.1016/j.biopsych.2023.07.010. 

55. de la Peña, F.R.; Villavicencio, L.R.; Palacio, J.D.; Félix, F.J.; Larraguibel, M.; Viola, L.; Ortiz, S.; Rosetti, M.; 

Abadi, A.; Montiel, C.; et al. Validity and reliability of the kiddie schedule for affective disorders and 

schizophrenia present and lifetime version DSM-5 (K-SADS-PL-5) Spanish version. BMC Psychiatry 2018, 

18, 193, doi:10.1186/s12888-018-1773-0. 

56. Savić, B.; Jerotić, S.; Ristić, I.; Zebić, M.; Jovanović, N.; Russo, M.; Marić, N.P. Long-Term Benzodiazepine 

Prescription During Maintenance Therapy of Individuals With Psychosis Spectrum Disorders-Associations 

With Cognition and Global Functioning. Clin Neuropharmacol 2021, 44, 89-93, 

doi:10.1097/wnf.0000000000000442. 

57. Gezelius, C.M.E.; Wahlund, B.A.; Wiberg, B.M. Relation between increasing attachment security and 

weight gain: a clinical study of adolescents and their parents at an outpatient ward. Eat Weight Disord 

2023, 28, 82, doi:10.1007/s40519-023-01611-x. 

58. Pelegí-Sisó, D.; de Prado, P.; Ronkainen, J.; Bustamante, M.; González, J.R. methylclock: a Bioconductor 
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