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Time to incorporate positive experiences and outcomes in
psychosis research: genetic differential susceptibility to
childhood experiences works for “better and for worse”
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Research on gene-environment interactions in psychosis has been guided by diathesis-stress models, which emphasize the role of
negative experiences. In contrast, the Differential Susceptibility (DS) model indicates that individuals differ in sensitivity to both
adverse and supportive environments. This study replicates and expands an initial proof-of-concept DS study on psychosis by
examining whether genetic sensitivity to the environment, indexed by polygenic scores of environmental sensitivity (PGS-ES) and
psychotic-like experiences (PGS-PLE), moderated the impact of early-life positive and negative experiences on trans-syndromic
outcomes, including subclinical psychotic features and positive mental health, in a DS manner. PGS and measures of early
environmental, psychopathology, positive outcomes, and functioning were collected from 941 nonclinical young adults. A
comprehensive factorial analysis of positive and negative environmental measures resulted in a general exposome score and four
specific factors. A competitive-confirmatory approach examined DS patterns using LEGIT R package. Individuals with higher PGS-ES
reported greater psychopathology, poorer functioning, and lower positive mental health outcomes when exposed to fewer positive
experiences or poorer paternal parenting; but also exhibited less symptoms and more positive outcomes when exposed to
supportive environments compared to individuals with lower PGS-ES. PGS-PLE only predicted psychopathology in a diathesis-stress
manner. Findings support the trans-syndromic validity of the DS model, indicating that genetic susceptibility to the environment
operated “for better and for worse” by impacting both ill and positive mental health. This highlights the importance of positive

experiences and underscores the need to integrate risk and resilience models in psychosis.
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INTRODUCTION

Research on gene-environment interactions has traditionally been
guided by diathesis-stress models that posit that individuals
carrying genetic-risk variants are more vulnerable to the effects of
adversity and more prone to develop psychopathology [1]. At its
core, diathesis-stress is a disease model with a focus on
dysfunction. Evolutionary theory, however, suggests that some
individuals may differ in their susceptibility (or sensitivity) to the
full spectrum of environmental factors, that is, both adverse and
supportive [2-4]. The model of Differential Susceptibility (DS) to
the environment posits that individuals traditionally considered to
carry greater vulnerability may be better conceptualized as having
a greater susceptibility to the environment (i.e., being more plastic
or malleable) [5]. It is hypothesized that some of the same genetic
variants or temperament traits involved in increasing the negative
effects of adversity could also enhance the likelihood of benefiting

from positive experiences (“for better and for worse”) [2]. A related
model of gene-environment interaction (GxE) is vantage sensitiv-
ity [6], which poses that certain genetic variants may enhance the
likelihood of benefiting from positive experiences without
implying an increase in the susceptibility to negative experiences.
This model is the mirror image of diathesis-stress, and while DS
serves as an overarching framework that incorporates the
conceptual elements of both diathesis-stress and vantage
sensitivity, it remains theoretically distinct. DS is grounded in
evolutionary theory and proposes that certain traits confer
sensitivity to both positive and negative environmental factors [7].

A critical difference of DS with disease models such as diathesis-
stress is that individuals are not considered as either vulnerable or
resilient, but rather as more or less responsive to their environ-
ment. DS considers that experience-driven plasticity (i.e., mechan-
isms that enable learning in response to environmental
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experiences to allow adaptation), often neglected in psycho-
pathology [8], are related to both adverse and positive experi-
ences, allowing the integration of causal models that include both
risk and resilience. Thus, DS provides conceptual grounding for
interventions aimed at enhancing environmental conditions to
bolster resilience of highly susceptible individuals, rather than
merely perceiving them as vulnerable and focusing on risk
reduction.

Despite emerging recognition that many transdiagnostic
developmental pathways can lead to psychosis [9], developmental
psychopathology models in psychosis have been historically
framed within the diathesis-stress paradigm and focused on the
interaction of genetic risk with environmental insults (e.g.,
obstetric complications) to trigger abnormal neurodevelopmental
trajectories leading to risk and symptoms [10]. Research would
benefit from broader developmental perspectives that consider
the interaction of disorder-specific and unspecific risk factors as
well as development-enhancing environmental experiences as
proposed by DS, such as: (i) increasing recognition of phenotypic
dimensionality that is consistent with evidence that psychosis
genetic risk is broadly distributed in the population [11] and
associated with multiple disorders [12], (ii) adverse experiences are
strong determinants of psychosis [13], whereas positive experi-
ences can be protective factors (e.g., Butler et al. [14]), and (iii)
population studies indicate that genetic and environmental risk
for psychosis is associated with positive outcomes, such as
exceptional social achievement [15] and creativity[16], converging
with robust findings connecting creativity with schizotypy and soft
bipolarity [17-19].

The notion that the diagnosis of schizophrenia may be
associated with any positive features may seem counterintuitive.
However, psychosis is expressed across a dynamic continuum in
which schizophrenia represents the most extreme form of a
broadly distributed psychosis liability including schizotypy traits
and psychotic-like experiences (PLE) [20-23]. PLE are also
expressed in non-psychotic manifestations such as anxiety or
depression [24], consistent with trans-syndromic models such as
the Research Domain of Criteria (RDoC) [25] and the Hierarchical
Taxonomy of Psychopathology (HIiTOP) [26]. Integrated hierarch-
ical models of psychopathology consider a general psychopathol-
ogy factor (e.g., p factor) [27] that confers broad risk for symptoms
across multiple domains, thus enabling the study of shared risk
and protective factors across diagnostic spectra. Nonetheless, the
idea that a single dimension can fully capture variation in
psychopathology has been challenged [28]. For instance, schizo-
typy explains much less variance when considering it as a
homogeneous unidimensional construct than when examining its
dimensions (i.e., positive, negative and disorganized), that have
shared yet distinct etiological factors [23, 29].

General models of psychopathology focus on symptom
dimensions, but do not integrate key aspects of mental health
such as well-being and functioning. The dual-continua model of
mental health [30] recognizes psychopathology and well-being as
distinct yet interconnected spectra in which mental illness and
well-being can coexist. Thus, the absence of psychopathology
does not guarantee positive mental health, and individuals with
psychological disorders can experience well-being [31]. Similarly,
research supports that psychopathology and functioning are
different constructs to be investigated separately (e.g., Yang et al.
[32]).

Childhood adversity is a key factor for mental illness [33],
including psychosis [34] and subclinical psychosis [35]. Recent
research suggests that the exposome, the lifetime interconnected
network of environmental exposures encountered by an indivi-
dual [36, 37], is predictive of a wide range of psychopathological
manifestations, including psychosis [38, 39]. The exposome
framework takes into consideration correlations among exposures,
and it has been shown that an aggregate weighted score
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(exposome score for schizophrenia) predicts not only psychosis-
spectrum disorders, but also general mental health problems and
functioning [40]. However, limited studies have examined positive
exposures and their potential for resilience in at-risk or affected
individuals [41].

Barrantes-Vidal et al. [42, 43] recently conducted a proof-of-
concept study on the suitability of DS to the extended psychosis
phenotype with nonclinical young adults that supported DS
predictions. Participants with higher scores on genetic sensitivity
to the environment showed increased subclinical psychosis,
depression, and anxiety if they experienced more childhood
adversity, but fewer symptoms if they reported less adversity,
compared to those with lower genetic sensitivity. Genetic
sensitivity was indexed by a Polygenic Score of Environmental
Sensitivity (PGS-ES) developed by Keers et al. [44] in a genome-
wide study using a twin design. By associating intra-pair
differences in emotional problems to genetic variants in
genetically identical twins in their study, PGS captures emotional
response DS to twins’ nonshared environments. Similarly, a PGS
specific to psychotic-like experiences (PGS-PLE) [45] moderated
the effect of adversity on PLE, positive schizotypy, and depression
following the DS model, but only PGS-ES interactions survived
correction for multiple testing [42]. Overall, our proof-of-concept
supported the hypothesis that sensitivity to the environment and
psychosocial experiences are relevant for multiple outcomes,
including the extended psychosis phenotype, in a DS manner.

The present study

This study replicates our initial examination of the adequacy of the
DS model to the psychosis extended phenotype [42] and extends
it by examining a larger sample and specifically assessing positive
environmental experiences and positive mental health outcomes,
rather than relying on low adversity and psychopathology scores
as proxy indicators of protective environments and positive
mental health outcomes, respectively. We used competitive and
confirmatory model-testing approaches [46, 47] to assess the fit of
GxE interactions between PGS-ES and childhood environment to
DS, diathesis-stress, and vantage models.

Our main goal was to examine whether individual differences in
genetic sensitivity to the environment moderated the impact of
early-life adverse and positive experiences in a DS manner on
three major outcome domains: (i) subclinical psychopathology, as
indexed by a general p-factor encompassing psychosis-spectrum,
depressive, and anxiety features; (ii) a positive mental health
index; and (iii) general and social functioning. If significant GxE
models emerged, we conducted exploratory examinations of the
GXE interactions for the individual psychopathology and positive
mental health measures. This allowed us to identify which
components of the major outcome domains yielded specific GxE
patterns. Study hypotheses, methods, and data analytic plan were
pre-registered at the Open Science Framework (https://osf.io/
ysqa5).

Consistent with DS, we hypothesized that individuals with high
genetic susceptibility to the environment would report (i)
increased psychopathology and impairment when exposed to
adversity and, at the same time, (ii) better functioning and positive
mental health when exposed to positive environmental factors
and/or low adversity compared to those genetically less sensitive
to the environment. Secondarily, we explored whether a PGS
specifically related to PLE in nonclinical samples (PGS-PLE) likewise
moderated the impact of the full spectrum of environmental
experiences on our outcomes in a DS manner. Considering that
sensitivity to the environment is probably a nonspecific causative
factor of mental health and evidence that PRS-Schizophrenia
confers transdiagnostic risk for mental suffering [48], we
hypothesized that part of the variance captured by PGS-PLE
relates to a heightened sensitivity to the environment and would
thus fit a DS pattern. Lastly, we hypothesized that the positive, but
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not the negative, dimension of schizotypy, would show DS for
both PGS-ES and PGS-PLE, given that the positive dimension of
psychosis is related to childhood adversity across subclinical and
clinical expressions [49].

METHODS

Participants

The sample consisted of 941 nonclinical participants (M.ge = 23, SD=5.9,
age range 18-62 years, 96% between 18-35 years, 76% self-reported as
female) recruited at two universities in Barcelona recruited by advertise-
ments to students and staff. Exclusion criteria were a) <18 years-old, and b)
having grandparents of non-Spanish origin (required for the ancestry
homogeneity of genetic analyses). Initially, 1220 participants completed
our measures, with 39 excluded due to invalid protocols (score > 3 on the
Infrequency Scale) [50]. From 1181 with valid self-report data, 1014
provided saliva for DNA extraction. After genetic quality control
procedures (see supplementary material), the final sample included 941
participants.

All participants provided written informed consent. The study was
performed in accordance with the Ethics Committee of the Universitat
Autonoma de Barcelona (Comissié d'Etica en I'Experimentacié Animal i
Humana, ref. 5426).

Materials and procedure

Polygenic scores (PGS). DNA was extracted from saliva and genotyped
using the lllumina Infinium Global Screening Array v3.0+MD Chip.
GenomeStudio v2.0.4 (lllumina Inc., San Diego, CA, USA). Details on the
genotyping, quality control, and imputation procedures are reported in
supplementary material.

The PGS-ES was calculated based on Keers and colleagues [44]. For the
secondary goal, PGS-PLE was computed based on the Legge et al.'s [45]
GWAS for PLE (see results with PGS-PLE in supplementary material). The
classical Clumping + Thresholding method with PLINK v1.9 was applied.
Independent variants were selected by clumping (r2 < 0.1 within a 1000 kb
window for PGS-ES and r2 < 0.02 within a 1000 kb window for PGS-PLE)
using the 1000 Genomes Project phase 3 [51] as a European linkage
disequilibrium (LD) reference panel. Consistent with previous evidence
using PGS-ES showing most consistent results with higher thresholds of
PGS-ES [42, 43, 52], we employed scores with p-value thresholds of 0.05
and 0.1. For the sake of consistency, the same thresholds were employed
for the secondary exploratory analyses with PGS-PLE.

Exposome of early-life experiences. Participants completed the Childhood
Trauma Questionnaire-Brief (CTQ-B) [53], the Childhood Experiences of
Care and Abuse Questionnaire-3 Brief (CECA.Q-3) [54], the Parental
Bonding Instrument (PBI) [55] the Positive Childhood Experiences Scale
(PCE) [56], the Benevolent Childhood Experiences Scale (BCE) [57], and 4
items assessing family-level protective factors from Crush et al. [58].

Given content overlap across scales, we conducted (i) successive
Exploratory Factor Analyses (EFAs) to eliminate irrelevant or redundant
items using lterative Target Rotation (ITR) [59, 60], and (ii) a Bifactor
Confirmatory Factor Analysis (BCFA) using the WLSMV estimator to identify
a general factor. A total of 145 items were included. Details about the data
reduction procedure can be found in Lavin et al. [61] Finally, five factor
scores were derived from the BCFA (Fig. 1), based on the 94 items retained
after the data optimization process. Factor 1 included extra-familiar
positive experiences and peer support (“Positive Experiences”); Factor 2
included negative experiences or lack of care related to the paternal figure
(“Paternal adversity”); Factor 3 included the same experiences as Factor 2,
but for the maternal figure (“Maternal adversity”); and Factor 4 included
rarely endorsed experiences such as role reversal and emotional or
physical abuse (“Other Adverse Experiences”). Finally, a general factor
included loadings from all variables of the model (“General Exposome
Factor”). The final bifactor structure showed excellent fit (e.g., comparative
fit index) and good model-based reliability (e.g., H index and omega-
hierarchical) (see Lavin et al. [61]).

Phenotypic measures

Psychopathology factor (P-factor): The Multidimensional Schizotypy
Scale-Brief (MSS-B) [62] assessed positive (Cronbach’s a = 0.77), negative
(a=0.70) and disorganized (a =0.88) schizotypy dimensions. The Com-
munity Assessment of Psychic Experiences (CAPE) [63] assessed positive
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PLE (a = 0.83). Due to a technical issue in the data collection software, 4%
of participants had missing data for items from the disorganized MSS
subscale and the CAPE positive PLE, which were addressed using multiple
imputation [64]. The “Bar Procedure” [65] was then applied to compress
the multiply imputed SPSS files into a single file by pooling the values for
each missing data point. The Ideas of Reference (a=0.75) and
Suspiciousness (a = 0.77) subscales of the Schizotypal Personality Ques-
tionnaire (SPQ) [66] assessed trait paranoia. Depressive symptoms were
measured using the Beck Depression Inventory (BDI; a=0.91) [67] and
anxiety symptoms were assessed with the Beck Anxiety Inventory (BAI;
a=0.90) [68].

An EFA using ITR was performed using the measures described above. It
revealed that items could be grouped into four distinct factors with some
expected cross-loadings [63]. This four-factor configuration was introduced
in the subsequent BCFA. The Model’s fit was good (CFI = 0.947, TLI = 0.945,
RMSEA = 0.047, SRMR = 0.066). Four specific factors capturing Affective
Dysregulation, Social/Cognitive Malfunctioning, Positive Schizotypy, and
Negative Schizotypy, as well as a general factor, accounting for the shared
variance among all variables (“p-factor”) were derived.

Positive mental health: Three well-established measures were used:
the Rosenberg Self-Esteem Scale (RSES; a=0.88) [69], the Connor-
Davidson Resilience Scale (CD-RISC; a=0.84) [70], and the Warwick-
Edinburgh Mental Wellbeing Scale (WEMWBS; a =0.91) [71].

A composite measure of positive mental health was obtained
performing an EFA with oblimin rotation. Items clustered by measure,
yielding a three-factor solution devoid of cross-loadings. To obtain scores
for the positive mental health factor this three-factor structure was entered
as the basis of the subsequent BCFA. The model exhibited excellent fit
indices (CFl: 0.973; TLI: 0.970; SRMR: 0.044; RMSEA: 0.087).

Functioning: The Social Functioning Questionnaire [72] covers aspects
of both social and general functioning (a = 0.62).

Analytic plan

First, descriptive and correlational data between study variables were
examined to disregard potential gene-environment correlations that could
interfere with the interpretation of GxE effects. GXE analyses were
conducted using version 3.6.3 of the LEGIT package in R [73], which was
designed to examine the fit of GxE interactions. Following Belsky &
Widaman [47], we first used a standard regression to test the significance
of the interaction term. We examined whether the interaction yielded an
F > 1, which indicates sufficient variation in the interaction term [47, 74] to
proceed to the main analytic step, the competitive-confirmatory model
testing [48, 75]. This approach works by re-parameterizing the crossover
point of the interaction to envision weak and strong versions of GxE
models: DS, diathesis-stress, and vantage-sensitivity, and it determines
which provides the best fit to the data. Moreover, LEGIT incorporates a
recent improvement as compared to the original re-parametrization
approach [47], by including re-parameterization of models that do not
include the GxE term (intercept only, gene only, environment only, gene
and environment only) to examine the fit of these non-GxE models along
with the GXE models. The best model fit is evaluated based on the lowest
Akaike Information Criterion (AIC) [76] fit index. An interaction is classified
as “DS” if this model has a) the lowest AIC, and b) the 95% interval of its
estimated crossover point is within observable bounds of the environ-
mental score. However, if any of the four models without the interaction
term shows the lowest AIC, the interaction will be considered as showing
no evidence of GxE. Of note, as a conservative approach to avoid
overinterpreting small differences—and although there is no universally
accepted rule—models differing by less than 1 point in AIC will be
considered statistically indistinguishable in terms of fit, and both should be
considered plausible [77]. Including non-GXE models in the comparison
process of re-parametrized models is critical to minimize the rate of false
positive findings to 5% or lower. Even if the F ratio strategy from the initial
regression model already prevents fitting Type | error more than traditional
p values would [48], fit indices such as AIC provide a more holistic
evaluation of the model by considering both the goodness-of-fit and the
simplicity of the model, thus leading to a more robust model selection,
especially when multiple models are examined [76, 77].

All analyses included the first two ancestry-informative principal
components as covariates in the regression model (see supplementary
material) and were trimmed from the subsequent competitive-
confirmatory test phase if they were nonsignificant. Finally, resampling
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Sense of belonging in high school

At least one good friend

. Felt supported by friends
Positive gt Y

Experiences Liked high school

Opportunities to have a good time

Peers to discuss problems and feelings

Father enjoyed talking things over with me

Father spoke in a warm voice

Father
Adversity

Father frequently smilet at me
Father did not talk to me much

Father emotionally cold

Father was critical

Mother threatened to hurt loved ones to
get what she wanted

Mother was critical

Mother

Adversity Mother made me feel unwanted

Mother was emotionally cold

Mother was affectionate

Mother was difficult to please

Lot of responsability at home

Expected to do a lot of housework
Other P

Adverse
Experiences

Parent/s look to you for help as a child

Parent/s confided their problems in you

Missed on seing friends because of home
responsabilities

Felt concerned and worried about parents

General

Fig. 1 Representation of the top 6 items loading on the specific factors of the Exposome bifactor model. Adapted from Lavin et al. [61].
Note that while the model included a total of 94 items, the figure displays only the 6 items with the highest loadings on each specific factor

for clarity.

procedures including k-fold cross-validation and bootstrapping were
conducted to assess model stability and generalizability; details are
provided in the supplementary material. The code used for data analysis is
available from the corresponding author upon reasonable request.

RESULTS

Descriptive statistics and Pearson correlations are in supplemen-
tary material (Table S1 and S2). No significant correlations were
found between susceptibility factors and environmental or
outcome measures, except for small effect size associations
between PGS-ES (p <0.10) and resilience (r=0.07), and PGS-PLE
with PLE (r=0.06, for threshold p<0.05), suspiciousness
(r=0.07-08, for thresholds p<0.05 and p<0.10 respectively)
and ideas of reference (r = 0.06, for threshold p < 0.10).

PGS-ES as a moderating susceptibility factor

Table 1 shows the results of first step regression models on the
three main outcome domains. The analyses revealed an F ratio > 1
for the interactions between both thresholds of PGS-ES and
Positive Experiences on the p-factor and positive mental health,
and Paternal Adversity on the p-factor and functioning (Table 1),
providing support for proceeding to the competitive-confirmatory

SPRINGER NATURE

model testing. Only threshold p < 0.05 of PGS-ES interacted with
Other Adverse Experiences on positive mental health and with the
General Exposome factor on functioning, and only threshold
p<0.10 of PGS-ES interacted with Maternal Adversity on the
p-factor and functioning. These interactions showed F ratios close
to 1, whereas those interactions that were significant across the
two PGS-ES thresholds exceeded F>2. Please note that main
effects of the PGS and environmental predictors are not the focus
of the study and thus are reported in Supplementary Table S3.
Table 2 shows the output of the second analytic step, the
competitive-confirmatory tests for those interactions that showed
an F ratio > 1 in the previous step. Findings revealed that
interactions between PGS-ES (threshold p <0.10) and Positive
Experiences on the p-factor and on positive mental health were
consistent with a model of DS weak and strong, respectively
(Table 2; Fig. 2a, b), indicating that participants with higher PGS-ES
showed less psychopathology and higher positive mental health
when exposed to highly positive experiences but more psycho-
pathology and lower positive mental health when exposed to a
less positive environment in childhood, as compared to those with
lower PGS-ES. For PGS-ES threshold p <0.05, these interactions
indicated a vantage sensitivity strong model, in which higher PGS-
ES showed less psychopathology and more positive mental health

Translational Psychiatry (2025)15:439
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when exposed to more positive experiences, but were not
affected by lower levels of positive experiences (Table S4). The
interaction between PGS-ES and Paternal Adversity on both the
p-factor and functioning were consistent with models of DS
strong for both PGS-ES thresholds, p < 0.05 (Table S4) and p < 0.10
(Table 2; Fig. 2¢, d), indicating that individuals with higher PGS-ES
displayed more psychopathology and worse functioning when
exposed to higher levels of paternal adversity but also less
psychopathology and better functioning when exposed to lower
levels of paternal adversity, compared to lower PGS-ES individuals.
The interaction between PGS-ES (p < 0.10) and Maternal Adversity
on the p-factor showed AIC values for the diathesis-stress weak
and G +E models differing by less than 1, indicating statistically
indistinguishable fit and inconclusive GxE evidence. The interac-
tion between PGS-ES (threshold p<0.05) and Other Adverse
Experiences on positive mental health suggested a weak model of
vantage sensitivity and with the General Exposome on functioning
fitted an ‘E only’ model, thus suggesting no evidence for GxE.
Given that the p-factor and the positive mental health factor
yielded significant interaction effects, in secondary analyses we
examined the interactions for the individual psychopathology and
positive mental health measures. As shown in Table 3, findings
revealed that both thresholds of PGS-ES specifically moderated
the effects of Positive Experiences on disorganized schizotypy,
positive PLE, depression, well-being and self-esteem, as well as the
relationship between Paternal Adversity and positive schizotypy,
disorganized schizotypy, suspiciousness, depression and well-
being (Table 3). Subsequent competitive-confirmatory testing
(Table 4) revealed that all interactions indicated DS strong models,
particularly for PGS-ES threshold p <0.10. For interactions with
threshold p < 0.05 of PGS-ES, the model with lowest AIC was a
vantage sensitivity model for positive schizotypy, but in the case
of disorganized schizotypy, depression and suspiciousness the AIC
indices were in line with the p < 0.10 threshold (Table S6).
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DISCUSSION
Overall, this study replicates our proof-of-concept examination of
the adequacy of the DS model for the psychosis extended
phenotype [42, 43] and extends it by using a larger sample and
including the full spectrum of positive and negative early-life
environmental experiences and both negative and positive
outcomes. Several findings supported the DS model, as individuals
with higher genetic susceptibility to the environment reporting
lower levels of positive experiences in childhood or poor paternal
parenting showed increased levels of subclinical psychotic and
affective symptoms, decreased functioning and lower positive
mental health outcomes; at the same time, they displayed fewer
symptoms and increased positive outcomes when exposed to
supportive childhood environments compared to participants
with lower genetic sensitivity. Thus, as hypothesized, individual
differences in genetic sensitivity to the environment operated “for
better and for worse”, impacting both positive and negative
outcomes. Thus, the almost exclusive focus on negative environ-
mental exposures constrains our understanding of environmental
contributions to risk and resilience, and might account for the
heterogeneity of results across studies. Notably, the DS relevance
of positive experiences was not restricted to affective symptoms,
but was trans-syndromic, applying to positive, paranoid and
disorganized psychosis dimensions. This is consistent with the
critical role of psychosocial factors in psychosis and shows, for the
first time, that genetic susceptibility to the environment moder-
ates both adverse and positive experiences. Although the findings
require replication, overall, they support the hypothesis that the
genetic bases of mental disorders may reflect in part genetic
variability in sensitivity to the environment.

The finding that positive environmental factors not only
contributed to individuals’ positive mental health and thriving

2.882
2.792
0.693
0.038
0.102
3.112
3.277
1.860
0.044
0.007

Psychopathology Factor (P-factor)

Main Outcome Domains
—0.016 (0.009)"

—0.014 (0.008)"

—0.007 (0.008)

—0.001 (0.008)

0.002 (0.007)
—0.013 (0.007)"

—0.013 (0.007)*
0.010 (0.008)
—0.001 (0.007)
—0.000 (0.006)

Est. (S.E.)?

F1 Positive Experiences
F1 Positive Experiences

F4 Other Adverse Exp.
General Exposome Factor

F2 Paternal Adversity
F3 Maternal Adversity

F4 Other Adverse Exp.
General Exposome Factor

F3 Maternal Adversity

Regression models of Gene-Environment interactions with Polygenic Score of Environmental Sensitivity on main outcome domains (n = 941).
F2 Paternal Adversity

PGS-ES polygenic score of environmental sensitivity; Est estimate, S.E standard error, Exp experiences.

* p<001, " p<0.10.
“Adjusted for ancestry PC1 and PC2.

PGS-ES (p < 0.05)
PGS-ES (p <0.10)
Interactions with F> 1 are bolded.

Table 1.
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Table 2.
on main outcome domains (n = 941).

PGS-ES (p <0.10) x
F1 Positive Experiences

Psychopathology Factor (P-factor)

Competitive-confirmatory tests of re-parametrized regression models of Polygenic Score of Environmental Sensitivity (p < 0.10) interactions

Positive Mental Health Factor

AIC Crossover point (95%) AIC Crossover point (95%)
GxE models Differential Susceptibility strong 2487.72 0.19 (0.06 / 0.31) 2522.90 0.01 (—0.14 / 0.16)
Differential Susceptibility weak 2487.54 0.14 (0.02 / 0.26) 2524.20 —0.09 (—0.23 / 0.06)
Diathesis-stress strong 2512.14 1 2546.99 1
Diathesis-stress weak 2489.07 1 2527.83 1
Vantage Sensitivity strong 2514.23 -1 2534.93 -1
Vantage Sensitivity weak 2488.04 -1 2523.82 -1
Non-GxE models Intercept only 3142.45 NA 3211.49 NA
G only 2525.90 NA 2548.04 NA
E only 3104.63 NA 3177.28 NA
G+ E only 2488.73 NA 2525.40 NA
PGS-ES (p<0.10) x Psychopathology Factor (P-factor) Functioning
F2 Paternal Adversity AIC Crossover point (95%) AIC Crossover point (95%)
GXE models Differential Susceptibility strong 2518.90 —0.20 (—0.38 / —0.02) 5142.47 —0.13 (=0.25 / —0.01)
Differential Susceptibility weak 2520.85 —0.19 (-0.37 / 0) 5144.42 —0.13 (=0.25 / —0.01)
Diathesis-stress strong 2525.46 1 5158.06 1
Diathesis-stress weak 2522.28 1 5149.02 1
Vantage Sensitivity strong 2522.02 =1 5154.56 -1
Vantage Sensitivity weak 2521.05 =1 5147.86 -1
Non-GxE models Intercept only 3142.45 NA 5159.41 NA
G only 2525.90 NA 5161.34 NA
E only 3136.67 NA 5147.11 NA
G+ E only 2521.92 NA 5148.98 NA
PGS-ES (p <0.10) x Psychopathology Factor (P-factor) Functioning
F3 Maternal Adversity AIC Crossover point (95%) AIC Crossover point (95%)
GxE models Differential Susceptibility strong 2518.83 —0.21 (—0.40 / —0.02) 5161.05 —0.20 (—0.58 / 0.17)
Differential Susceptibility weak 2511.38 0.01 (—0.13/ 0.14) 5158.70 —0.04 (—0.27 / 0.18)
Diathesis-stress strong 2525.52 1 5161.22 1
Diathesis-stress weak 2510.75 1 5157.82 1
Vantage Sensitivity strong 2525.04 =1 5160.38 =1
Vantage Sensitivity weak 2511.47 =1 5158.10 =1
Non-GxE models Intercept only 3142.45 NA 5159.41 NA
G only 2525.90 NA 5161.34 NA
E only 3124.88 NA 5156.10 NA
G+ E only 2511.16 NA 5158.02 NA

In bold, models with lowest AIC. FollowingBelsky & Widaman [47], only models with F> 1 in the previous analytic step (Table 1) are examined.

but also showed a protective effect for both affective and
psychotic-like symptoms is particularly relevant to psychosis
research, traditionally focused on negative exposures. Although
recent work has demonstrated protective effects of good family
environments [14, 78] and social support [79], including close
friendships [80] and neighborhood cohesion [58], in relation to
PLE, research is scant regarding early positive environmental
experiences. Interestingly, epigenetic research points to potential
neurobiological mechanisms that may account for the impact of
positive environmental experiences on the genome. For example,
the oxytocin system, which has been suggested to be central to
social behaviors, appears to adjust to environmental cues among
other mechanisms through oxytocin receptor (OXTR) gene
methylation. Early parental care has been hypothesized to reduce
OXTR methylation, which may enhance gene expression and
facilitate positive social responses [81]. But the complicated

SPRINGER NATURE

interplay between genes, epigenetics, hormones and human
behavior still is largely uncharted territory [82].

Our nonclinical sample presented greater variance in positive
than negative environmental measures, which may have facili-
tated the detection of DS effects at ‘both sides’ of the continuum
of positive experiences. Of note, the Positive Experiences factor
was mostly characterized by peer support during school years
[61], which is critical during late childhood and adolescence. The
fact that our sample is mostly in their 20’s might have facilitated
the recall and appraisal of the salience of experiences with peers.

Paternal Adversity also exhibited trans-syndromic effects and
impacted individuals’ functioning in a DS manner—in fact, it was
the only environmental factor predicting functioning. Thus, for
participants with higher genetic susceptibility, paternal experi-
ences had a negative impact when higher levels of adversity
existed, but better functioning and less psychopathology when

Translational Psychiatry (2025)15:439
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Interactions PGS-ES (p < 0.10) with F > 1 on main outcome domains. Visual representation of the interactions between PGS-ES and

Positive Experiences on a P-factor and b Positive Mental Health and interactions between PGS-ES and Paternal Adversity on ¢ P-factor and d

Functioning.

lower adversity and higher care were present. These findings align
with recent longitudinal evidence showing that paternal, rather
than maternal, care reduced psychiatric symptoms, particularly
among individuals with higher environmental sensitivity [83]. Also
meta-analytic work has underscored the distinct role of parental
behavior in child emotional development, with stronger effects for
fathers than mothers [84]. Fathers have an important role in
children’s social development (e.g., providing social representa-
tions of the external world) [85], which may partially explain why
social functioning was only affected by paternal behavior. Of note,
our sample is 77% female. Research shows differential gender-
based parental dynamics in the context of traditional gender roles
(e.g., fathers being more authoritarian or strict than mothers [86],
particularly among father-daughter dyads [87]), and gender-
specific sensitivity to paternal bonding experiences (e.g., women
being more sensitive to paternal caregiving) [88]. Maladaptive
paternal control tends to have a more detrimental impact on
daughters’ adjustment than similar maternal behaviors [89].
However, increased father involvement in caregiving is associated
with fostering resilience in children’s development [85]. These
differential effects between maternal and paternal parenting align
with the unexpected lack of significant effects of maternal
adversity in the present study. One may speculate that optimal
maternal behavior is often perceived as a normative aspect of
caregiving, and that higher levels of variability may be needed to
impact children’s psychological distress, compared to paternal
behavior. Furthermore, protective effects of positive paternal
behavior may serve as a proxy for overall positive family
environment. Father engagement in parenting has been asso-
ciated with decreased maternal burden and stress and, thus, a

Translational Psychiatry (2025)15:439

healthier family dynamic [90]. Although the Paternal Adversity
factor includes some positive experiences (with negative loadings
on the factor), both Paternal and Maternal Adversity factors assess
adversity due to currently available measures, which may limit
detection of effects for positive mental health.

As hypothesized, evidence of DS was found for most dimen-
sions of the extended psychosis phenotype except for negative
schizotypy, which was not expected to be associated with
increased sensitivity as it is characterized by low openness to
experience [91], replicating our initial proof-of-concept study [41].
PGS-ES impacted positive PLE in a DS manner but, unexpectedly,
not positive schizotypy. Of note, MSS positive schizotypy had a
narrower distribution than CAPE PLE. Despite their overlap, the
MSS includes experiences of odd somatic ideation and physical
perceptions, not tapped by CAPE, that were less endorsed in our
nonclinical sample. The effects of both Positive Experiences and
Paternal Adversity were consistently found for the disorganized
dimension in a DS manner, supporting the notion that these
psychotic-like manifestations are proxy indicators of severity
across a mental health severity continuum [48, 92] in which a
greater sensitivity to the environment, in interaction with
environmental insults, would have more impact on these
phenotypes. Suspiciousness showed DS specifically to the effects
of Paternal Adversity for those with elevated PGS-ES. Excessive
parental overprotection has been associated with paranoid
symptoms as a form of self-protection against perceived threats
[93], which may be particularly salient in our predominantly
female sample [86]. This association may also underlie evidence of
intergenerational transmission of paranoia, as parents with higher
levels of paranoia may communicate perceived threats to their

SPRINGER NATURE
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children and exhibit overprotective parenting behaviors, thus
conveying a sense of danger and prompting development of
suspicious ideation [94].

No significant interactions emerged for the Exposome or Other
Adverse Experiences factors—the latter not being surprising as it
comprised a mix of experiences, including those with the lowest
endorsement (e.g., parental violence, emotional abuse and
physical abuse). The general exposome factor is adversity-driven
and reflects methodological constraints in combining valenced
experiences. Positive and negative exposures likely represent
distinct dimensions rather than bipolar opposites, suggesting that
aggregated measures may obscure specific effects. The lack of
significant interactions between the Exposome and genetic
susceptibility may indicate that a cumulative approach to
environmental exposures, as opposed to a specific adversity-
types approach, may be less effective to capture DS effects.
Different effects may operate for the different types of adversities
and protective factors [95]. Likewise, the exposome factor
encompassed items from factors that yielded significant GxE
effects (i.e., Positive Experiences and Paternal Adversity) and items
from factors that did not (i.e., Maternal Adversity and Other
Adverse Experiences). Our results suggest that a ‘net’ effect is
elusive, that is, a supportive group of friends or positive school
environment does not counteract the impact of certain adverse
family experiences on the same continuum. Consequently, the
detrimental impact of the latter may obscure the potential
benefits of the former, and vice versa. Finally, the lack of findings
may also be influenced by the nature of the sample, as many
college students in this study had low rates of severe childhood
adversity. Nonetheless, the exposome approach offers the
opportunity to integrate multilevel, multimodal and multidimen-
sional environmental data to adopt a holistic view of environ-
mental experiences [37]. To our knowledge, this is the first study
examining DS employing both cumulative and specific
approaches, so future studies employing this complementary
approach should provide further insights into the potential
commonalities and specificities of differential susceptibility to
the environment.

The PGS-PLE showed a significant interaction with the
Exposome on the p-factor, consistent with the diathesis-stress
model, indicating that higher adversity led to more symptoms in
individuals with higher PGS-PLE. Zhang & Belsky [96] argue that
GWAS-derived scores based on the direct association between
genetic variants and the same phenotype to be predicted may not
function in a DS fashion, but PGS-PLE was chosen because it was
developed from a large UK biobank population sample, unlike
clinically derived scores like the schizophrenia polygenic score
[45]. The diathesis-stress pattern of PGS-PLE suggests higher
vulnerability to risk. The previous proof-of-concept study [44]
found some DS effects with PGS-PLE, although not statistically
robust, possibly due to differences in sample selection as
individuals were oversampled for high schizotypy, whereas the
present study used an unselected population.

Several strengths characterize the present study, such as the
use of polygenic approaches that show larger cumulative effect
sizes and have greater predictive power than candidate-gene
studies [96] in DS research. The LEGIT package, used to test DS
employing the competitive-confirmatory approach, has demon-
strated good accuracy of correctly assigned patterns of interac-
tions and greater predictive ability as compared to other methods
(e.g., Regions of Significance) [73]. Essential for DS testing,
positive environmental and outcome measures were used. A
novel factor-derived approach characterizing the Early Exposome
was employed, which allowed testing the impact of an over-
arching general factor as well as specific factor domains that
capture unique aspects of early experiences. Regarding limita-
tions, future replication studies with gender-balanced general
population samples as well as clinical samples with longitudinal
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designs are needed to test generalizability of the present
exploratory study’s findings. Employing a nonclinical sample
enables the investigation of shared mechanisms across the
psychosis continuum without the many confounds associated to
clinical status such as medication, biographical disruption, self-
stigma, comorbidity, severe impairment, etc. Particularly relevant
to the research question, the study of nonclinical participants
likely allows for a more accurate assessment of protective
psychosocial experiences and positive outcomes. Furthermore,
studying early nonclinical manifestations can inform risk and
protective mechanisms that might ground preventive strategies.
Another limitation of this study is its reliance on retrospective
self-reports to assess early experiences. However, the reliability
and validity of such reports are supported by evidence showing
that subjective self-reports of adversity have greater predictive
validity for psychopathology than objective or interview-based
measures [97]. Most measures ranged from excellent to good
reliability, but some presented acceptable and one of them poor
reliability (Social Functioning Questionnaire), which might be
problematic in terms of replication. Critically, validation of the
cross-over interactions requires further observational, ecological
momentary assessments, or multi-informant measures [98]
randomized experiments [7].

Conclusion and implications

The results overall support the trans-syndromic validity of the DS
model, which is particularly relevant to psychosis given the
historic pessimism about prevention and recovery. Recognizing
individual differences (e.g., genetic susceptibility to the environ-
ment) in response to adversity and support among affected and
at-risk individuals can empower and motivate youth, enhancing
therapeutic engagement [99]. The protective role of positive
experiences supports incorporating resilience-based prevention
programs targeting modifiable factors such as childhood environ-
mental conditions to reduce psychosis. Findings underscore the
role of interventions aimed at supportive social networks, which
may be particularly beneficial for young people with psychosis
[100]. Further genome-exposome research from a DS perspective
may facilitate the study of emerging neural mechanistic models
[101] on neurodevelopmentally sensitive periods [102] involved in
increasing sensitivity to the full environmental spectrum, as well
as inform precision medicine [103] to tailor interventions to
individuals that differ in their susceptibility to psychopathology or
responsiveness to specific therapies.
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