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Psychotic-like experiences and cognitive biases in adolescents: birthweight and 

sex moderating effects 

 

 

1. Introduction 

The neurodevelopmental model explains psychosis as the end state of an 

abnormal neurodevelopmental process in which pathogenesis combines a genetic 

predisposition  with environmental factors such as prenatal and perinatal insults (Davies 

et al., 2020). Over the last decades, several meta-analyses have found an association 

between obstetric complications such as abnormal fetal growth (measured as low birth 

weight -LBW-) and increased later risk in the psychosis continuum spectrum, including 

schizophrenia (Cannon et al., 2002), psychosis (Davies et al., 2020; Radua et al., 2018) 

and ultra-high-risk for psychosis subjects (Fusar-Poli et al., 2017). Besides, individual 

studies have reported associations between early perinatal events and psychotic-like 

experiences (PLEs) in the general population (Betts et al., 2014; Staines et al., 2024; 

Zammit et al., 2009).   

Early exposure to environmental insults including prematurity and LBW might 

lead to neurodevelopmental impairments such as cognitive and social function deficits 

while increasing susceptibility to post-natal challenges, including exposure to childhood 

trauma, highly perceived stress, bullying, social isolation, and susceptibility for 

revictimization, accumulating risk factors for the development of psychosis (Amoretti et 

al., 2022; Lipner et al., 2023; Xenaki et al., 2023). Intrauterine stressful events such as 

infections and inflammation during pregnancy play an undetermined role in the fetal brain 

development leading to cognitive and neuropsychiatric deficits implicated in the aetiology 

of psychosis (Lipner et al., 2023). The effects of early life stressors in increasing the risk 

of psychosis might be mediated by the oxidative stress and neuroinflammation activation 
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of the immune system (Xenaki et al., 2023). Premorbid cognitive difficulties have been 

shown in approximately 40-50% of cases in a large group of patients with psychosis 

(Lipner et al., 2023) and at-risk populations (al-Haddad et al., 2019; Radua et al., 2018).  

Studies exploring relationships between prenatal infection exposure and premorbid 

cognition (Amoretti et al., 2022; Lipner et al., 2023) have shown a significant decline in 

IQ (related with exposure to rubella (Brown et al., 2001), verbal IQ (Influenza B, (Ellman 

et al., 2009), verbal memory and working memory (related to HSV-2 (Brown et al., 2011), 

and poorer executive functioning (related to Influenza B and toxoplasma IgG, (Brown et 

al., 2009) in those who later developed a schizophrenia spectrum disorder. Furthermore, 

premorbid lower IQ and poorer executive functioning was associated with LBW in 

individuals with psychosis (Lipner et al., 2023).  

Specifically low birth weight (LBW), defined by the World Health Organization as 

below 2500 grams, has been repeatedly described as a risk factor for the psychosis 

spectrum (Davies et al., 2020). Although pathophysiological mechanism remains elusive, 

it has been suggested that early exposure to environmental factors during certain 

sensitive periods may have an impact on the development of parts of the brain involved 

in social interaction (Van Os et al., 2009). Interestingly LBW has been related to worse 

cognitive performance across childhood (van Houdt et al., 2019)  with a gradient 

relationship with IQ (Gu et al., 2017). Studies in adults born preterm at a very LBW 

showed impaired social functioning compared with term-born adults (Vanes et al., 2022). 

Indeed, LBW is one of the targeted risk factors to be improved during pregnancy with 

different psychosocial interventions (Crovetto et al., 2021). Given that LBW has been 

associated with altered cognitive performance and social functioning, it is plausible that 

it may also influence specific cognitive processing styles, such as cognitive biases, which 

are known to play a key role in the development of PLEs (Nosarti et al., 2014; Christians 

et al., 2023). 
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Although direct evidence linking LBW to specific cognitive biases remains limited, 

associated impairments in attention regulation and self-control (two core processes 

underlying attentional and confirmation biases) suggest a plausible pathway by which 

LBW could influence susceptibility to distorted cognitive processing (Gu et al., 2017). 

Neuroimaging studies lend further support to this hypothesis, revealing structural brain 

changes in LBW individuals in areas involved in executive function and emotion 

regulation (Peterson et al., 2000), which are also implicated in the formation and 

maintenance of cognitive biases (Krebs et al., 2009). Altogether, this body of evidence 

delineates a developmental trajectory wherein LBW serves as both a biological and 

environmental risk factor that contributes to broad cognitive impairments and potentially 

to maladaptive cognitive styles, thereby increasing vulnerability to psychosis. 

PLEs often present in children, with prevalence of around 17% between ages 9-

12 and 7% during adolescence and adulthood (Kelleher et al., 2013; Rimvall et al., 2020). 

PLEs are usually transitory and not associated with clinical impairment but in some 

instances may become persistent and developed a clinical psychotic state. 

Nevertheless, the risk of psychotic disorder during adulthood is higher in adolescents 

presenting with PLEs (Radua et al., 2018).  Among non-help seeking children, 25 % of 

those presenting with low-grade PLEs at age 11-12, would develop clinical psychotic 

disorder by the age of 26 years old (Dominguez et al., 2011; Poulton et al., 2000), 

supporting the phenomenological and temporal continuity between PLEs and psychotic 

disorder (Linscott and Van Os, 2013). Again, the extent to which genetic factors 

contribute to PLEs has been shown to be influenced by exposure to environmental risk 

factors, including LBW (Taylor et al., 2022).  

Cognitive biases are recognized as well to play a crucial role in psychosis, 

particularly in the development and maintenance of delusions (Livet et al., 2020; Moritz 

et al., 2010; Van Dael et al., 2006). The strongest evidence base relates to the “jumping 

to conclusions” (JTC) and attributional biases, that were correlated with relapse rates 
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(Moritz et al., 2010; Van Dael et al., 2006). The JTC bias was defined as “the tendency 

to collect very little information before reaching a conclusion or making a decision thereby 

increasing the likelihood of inaccurate beliefs being formed hastily”. It is present in 

schizotypal, at-risk, symptomatic, and remitted psychotic populations and it has been 

described as stable over time (Peters et al., 2014). In line with this, recent systematic 

review and meta-analyses suggest that cognitive biases could be present in the early 

stages of the illness, as well as potential markers for psychosis (Eisenacher and Zink, 

2017; Sauvé et al., 2020). In a recent general population study, it was shown that 

paranoia-like ideations were the most central in the PLEs network and have found that 

different dysfunctional cognitive biases are significant mediators in the relationship 

between exposures to traumatic life events and the risk for psychosis in clinical and non-

clinical populations (Gawȩda et al., 2021). 

In addition, evidence suggests that the neurodevelopmental consequences of 

LBW, as well as cognitive and emotional processing styles, may differ by sex. Male 

infants appear to be more vulnerable to adverse perinatal events and 

neurodevelopmental impairments (Johnson & Breslau, 1999; Christians et al., 2023), 

whereas female adolescents may show greater susceptibility to certain maladaptive 

cognitive and emotional patterns, including negative cognitive biases and PLEs (Gluck 

et al., 2014; Gaweda et al., 2015). Recent large-scale register studies have also 

highlighted sex differences in the developmental trajectories leading to psychosis, with 

female sex being associated with an increased risk of early-onset schizophrenia and 

differential patterns of risk factor impact, including birthweight (Lemvigh et al., 2024). 

These findings support the inclusion of sex as a moderator in our analyses. 

The aim of this study was to investigate the associations between birthweight and 

cognitive biases, as well as PLEs, in a community sample of adolescents. Specifically, 

we hypothesized that LBW would be associated with increased cognitive biases and 

PLEs, and that sex would moderate these associations. In addition, we explored whether 
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the relationship between cognitive biases and PLEs differed between adolescents with 

low birthweight and those with normal birthweight.  

 

2. Methods 

2.1. Sample 

The sample consisted of 240 adolescents (147 girls, 93 boys, 1 transgender) born in 

2004, aged between 14 and 15 years, who were attending secondary schools in 

Sabadell, Spain. Prior to participation, all adolescents and their parents provided written 

informed consent. The exclusion criteria were: (1) lack of parental consent, (2) personal 

history of psychosis, and (3) missing birth weight information. Recruitment aimed to 

include adolescents from all secondary schools in Sabadell (n = 33), with schools being 

contacted via email and introduced to the study through a video summary. Recruitment 

occurred between April 2019 and February 2020 but was halted due to the COVID-19 

pandemic, resulting in 11 secondary schools participating in the study. Given the potential 

mental health impacts of the pandemic, recruitment was not resumed post-lockdown. 

Out of the initial 240 participants, birth weight data was available for 186 adolescents, 

forming the final sample for statistical analyses. Although all participants completed the 

questionnaires, only those with birthweight data (n = 186) were included in the present 

study. Sex was treated as a dichotomous variable in the statistical analysis, meaning that 

the transgender participant was excluded from these analyses. Participants were 

recruited from 11 secondary schools. The number of participants per school ranged from 

10 to 30: School 1 (30), School 2 (25), School 3 (26), School 4 (12), School 5 (15), School 

6 (10), School 7 (22), School 8 (11), School 9 (16), School 10 (13), and School 11 (10). 

Ethical approval was granted by the Parc Taulí Drug Research Ethics Committee (CEIm), 

and permission to conduct the study was obtained from the Education Department of the 

Generalitat de Catalunya. 
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2.2. Clinical Assessment 

Parents indicated the birthweight of their offspring when providing consent for the study. 

They were advised to consult the Childhood Booklet, a standardized document that 

forms part of the National Infant and Adolescent Health Program in Spain, provided to 

parents or legal guardians upon the initial registration of a newborn at a public health 

centre. This booklet includes essential perinatal data (such as date of birth, birthweight, 

length, and Apgar score) and serves as an official record of the child’s health trajectory. 

The document remains in the custody of the parents. 

In each participating secondary school, students first completed anonymous self-

administered online questionnaires via Google Forms to collect sociodemographic and 

clinical information regarding PLEs and cognitive biases. Subsequently, all students in 

the class, regardless of study participation, attended a psychoeducation session on 

psychosis risk and early signs of psychosis. This session took place after the completion 

of all study assessments and therefore could not have influenced participants' 

responses. The psychoeducation session provided general information about psychosis 

risk factors, the prevalence and meaning of PLEs in the general population, common 

cognitive biases, and the importance of early intervention. The session was designed to 

promote awareness and reduce stigma, and did not involve any form of symptom 

induction or personal disclosure. The following questionnaires were then administered 

via Google Forms: 

Community Assessment of Psychic Experiences – Positive Scale (CAPE-P15): This 15-

item self-report questionnaire assesses PLEs, specifically persecutory ideation (PI), 

bizarre experiences (BE), and perceptual abnormalities (PA). CAPE-P15 is a shortened 

version of the original CAPE-42 and is used to identify individuals at risk of psychosis 

(Capra et al., 2013). Each item is rated on a 4-point Likert scale (1 = never, 2 = 

sometimes, 3 = often, 4 = nearly always). A total frequency score was computed as the 

sum of item scores, with higher scores indicating greater frequency of positive PLEs. The 
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Spanish version of the CAPE-P15 has demonstrated strong psychometric properties, 

including high internal consistency (Cronbach’s α = 0.85–0.86) and a valid bifactor 

structure (Fonseca-Pedrero et al., 2012). 

Cognitive Biases Questionnaire for Psychosis (CBQp): Adapted for adolescents, this 

self-report questionnaire measures cognitive biases relevant to psychosis, including 

internalizing (I), catastrophizing (C), dichotomous thinking (DT), jumping to conclusions 

(JTC), and emotional reasoning (ER) (Peters et al., 2014). Participants rated each item 

on a three-point scale, with higher scores indicating greater cognitive bias intensity. The 

total score ranges from 30 to 90 points, and subscale scores range from 5 to 18 points. 

Three items (4, 9, and 27) were adapted from professional to academic contexts to suit 

the adolescent population. In the Spanish validation study, the CBQp demonstrated 

excellent internal consistency (Cronbach’s α = 0.87) and strong test–retest reliability (r = 

0.94 in the psychosis group), supporting its reliability and validity for assessing cognitive 

biases relevant to psychosis (Corral et al., 2021). 

2.3. Statistical Analyses 

All statistical analyses were performed using SPSS version 25.0 (IBM Corp, USA). Log 

transformation was applied to variables that did not follow a normal distribution, to reduce 

skewness. Due to positive skewness, the CBQp total score and its subscale scores were 

log-transformed prior to regression analyses. All other variables, including CAPE-P15 

scores and birthweight, were analyzed in their original scales. Chi-square tests were 

used to compare categorical variables, and t-tests were applied to compare continuous 

variables. Pearson correlations were calculated to assess the relationships between 

continuous variables. Correlational analyses stratified by sex are presented for 

descriptive purposes only, while formal tests of sex differences were conducted using 

LBW × sex interaction terms in linear regression models.  
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We also examined the associations between cognitive biases and PLEs separately in 

adolescents with low and normal birthweight. Partial correlation matrices (adjusted for 

sex) were computed within each birthweight group, and visualized using heatmaps. 

Multiple linear regression analyses were used to explore the association between birth 

weight and psychometric scores (CAPE-P15 and CBQp), while adjusting for sex and 

prior mental health history. Sex-birth weight interactions were tested in all models, with 

only significant interactions retained in the final models. Separate regression analyses 

were conducted for each psychometric scale. This included 6 regressions for cognitive 

biases (CBQp total score and 5 subscale scores) and 4 regressions for positive 

psychotic-like experiences (CAPE-P15 total score and 3 subscale scores). A significance 

level of p < 0.05 (two-sided) was used for all analyses. 

Given the exploratory nature of the study and the conceptual and empirical correlations 

among the outcome variables, no formal correction for multiple comparisons was 

applied. Results are interpreted with caution, focusing on patterns of association rather 

than strict significance thresholds. 

3. Results 

3.1. Descriptive Statistics and Sex Differences 

The clinical data of the sample is presented in Table 1. Significant differences in 

birthweight were found between boys and girls, with girls exhibiting a lower average 

birthweight (Figure S1). Specifically, the proportion of LBW (defined as <2500 grams) 

was 4.3% in boys compared to 15.4% in girls (p = 0.022). 

 

In terms of PLEs assessed through CAPE-P15, girls reported significantly more paranoid 

ideation and higher total CAPE scores compared to boys (Table 1). Regarding cognitive 

biases, girls scored higher in the catastrophizing and JTC subscales of the CBQ, though 

no significant difference was found in total CBQ scores between boys and girls (Table 

1). 
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3.2. Correlation Analyses: Birth Weight and Psychometric Scores 

When exploring the relationships between birthweight and psychometric scores, no 

significant associations were found between birthweight and total CAPE or CBQ scores 

for either sex. Similarly, birthweight was not significantly correlated with any of the CAPE 

subscores (persecutory ideation, bizarre experiences, and perceptual abnormalities). 

However, exploratory sex-stratified correlations (Table 2) suggested differential patterns 

in specific cognitive biases. In boys, higher birthweight was positively correlated with 

dichotomous thinking, whereas in girls, lower birthweight showed a positive correlation 

with jumping to conclusions (JTC). These findings are descriptive and should be 

interpreted with caution, as formal tests of within-group associations were not conducted. 

3.3. Correlation analyses: CAPE and CBQ scores. Stratified analyses by birthweight 

(normal birthweight vs. low birthweight). 

In the normal birthweight group, positive partial correlations (adjusted for sex) were 

observed between CAPE total and subscale scores and CBQ total and subscale scores. 

The correlations ranged from r= 0.38 to r= 0.64 (Figure S2). The correlation between 

CBQ total and CAPE total scores was r= 0.64, p < 0.001.  

In the low birthweight group, correlations between CAPE and CBQ scores were 

substantially stronger, ranging from r= 0.29 to r= 0.93 (Figure S3). The correlation 

between CBQ total and CAPE total scores was particularly high (r= 0.924, p< 0.001). 

These exploratory results suggest that low birthweight may be associated with a stronger 

interrelationship between cognitive biases and PLEs. 

3.4. Multiple linear regression analyses 

In the multiple linear regression models, female sex emerged as a significant predictor 

for PLEs, specifically paranoid ideation and total CAPE scores, as well as for three types 

of cognitive biases: catastrophizing, dichotomous thinking, and JTC (Table 3). 
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Neither birthweight nor a significant interaction between birthweight and sex was found 

to predict total CAPE or CBQ scores (Table 3). However, we observed significant 

interactions between birthweight and sex for two specific CBQ subscales: dichotomous 

thinking and JTC (Table 3). These interactions are illustrated in Figure 1 (dichotomous 

thinking) and Figure 2 (JTC). 

As shown in Figure 1, regression slopes indicated that lower birthweight was associated 

with higher dichotomous thinking scores in girls, while boys showed the opposite pattern. 

Similarly, Figure 2 illustrates an inverse regression pattern for JTC across sexes. These 

differences reflect the significant sex-by-birthweight interaction terms in the regression 

models. 

No significant interactions between sex and birthweight were found for CAPE subscores 

(Table 3). 

 

4. Discussion 

In our study, we observed significant sex-by-birthweight interaction effects for two 

cognitive biases: jumping to conclusions (JTC) and dichotomous thinking. These 

interactions indicate that the association between birthweight and these cognitive biases 

differed between sexes. However, sex did not moderate the relationship between 

birthweight and PLEs. Additionally, girls reported more PLEs (particularly paranoid 

ideation), had lower birthweight, and exhibited higher scores in cognitive biases such as 

catastrophizing and JTC.  

This is, to our knowledge, the first study to investigate the relationship between 

birthweight and PLEs or cognitive biases in a non-clinical adolescent population. Our 

findings suggest a sex-specific association between LBW and cognitive biases, 

contributing to an evolving understanding of how early life factors like birthweight may 

influence cognitive processing in adolescence. However, it is important to mention that 

the associations between birthweight and sex were weak, as the variability of the 

explained variance in linear regression models was low. Previous studies have 
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demonstrated similar sex differences in cognitive biases in adolescents (Gluck et al., 

2014) and in the association between LBW and cognitive functioning (Johnson & 

Breslau, 1999). These studies indicate a greater vulnerability in male children to birth-

related complications, though our findings suggest that girls might experience specific 

cognitive consequences, like increased susceptibility to negative cognitive biases, 

associated with LBW. 

 

One potential explanation for these findings lies in sex-related structural brain 

differences, hormonal influences, and differences in maturation rates. Structural brain 

differences, which become more pronounced during puberty, alongside varying effects 

of gonadal steroids and hormones like oxytocin and vasopressin, may explain 

differences in cognitive processing and emotional regulation between boys and girls 

(Franceschini & Fattore, 2021; Kurth et al., 2021). Additionally, earlier maturation in girls 

compared to boys could influence how prenatal and perinatal factors, such as LBW, 

affect neurodevelopmental processes (Laureys et al., 2021). Previous studies have also 

suggested that intrauterine growth patterns are linked to a heightened risk of 

schizophrenia, particularly in females (Hsu, in press). Furthermore, sex differences in 

birthweight are well-documented, with male infants typically being heavier than female 

infants, and fetal coping strategies in response to adverse intrauterine environments may 

differ by sex (Clifton, 2010), potentially contributing to sex-specific neurodevelopmental 

trajectories. In this context, our finding that higher birthweight in boys was associated 

with increased cognitive biases such as dichotomous thinking is particularly intriguing. 

This counter-intuitive pattern suggests that higher birthweight may not be uniformly 

protective, and that different mechanisms may be operating in boys, possibly involving 

hormonal influences or postnatal environmental interactions. Further research is needed 

to better understand these associations. 

Contrary to prior research linking LBW to neurodevelopmental challenges and psychosis 

risk (Morley et al., 2004; Davies et al., 2020), we did not find an association between 
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birthweight and PLEs in our sample. This finding may reflect the characteristics of our 

community sample, where the prevalence of LBW was relatively low, making it more 

difficult to detect such associations. Moreover, our study only assessed birthweight, 

without considering gestational age, a limitation that may have affected our ability to fully 

capture the developmental risks associated with preterm birth. However, exploratory 

analyses suggested that the associations between cognitive biases and PLEs were 

stronger in adolescents with low birthweight compared to those with normal birthweight. 

This finding may point to a pathway whereby early developmental factors influence 

cognitive-affective processes that in turn shape vulnerability to PLEs, a hypothesis that 

warrants further investigation. 

Despite these challenges, cognitive biases are recognized as key contributors to the 

development and maintenance of psychosis, particularly delusions (Gaweda et al., 2015; 

Livet et al., 2020). Jumping to conclusions (JTC), for instance, has been implicated in 

the formation and persistence of positive psychotic symptoms, particularly delusions, in 

both early and established psychosis (Ahuir et al., 2021; Henquet et al., 2022). Meta-

analyses have consistently linked LBW with cognitive difficulties and later psychosis risk 

(Christians et al., 2023; Davies et al., 2020). It is believed that early exposure to perinatal 

stressors during critical neurodevelopmental periods may affect brain regions involved 

in social and cognitive functions, thereby increasing the cumulative risk for psychosis 

(Xenaki et al., 2023). 

It is important to note that LBW represents a heterogeneous marker of early 

developmental adversity, encompassing multiple etiological pathways. LBW may result 

from shorter gestation (i.e., preterm birth) or from intrauterine growth restriction, both of 

which may be influenced by a range of genetic, epigenetic, and environmental factors. 

These distinct mechanisms are likely to have differential impacts on neurodevelopmental 

processes underlying cognitive and emotional functioning (Lemvigh et al., 2024; 

Christians et al., 2023). The absence of gestational age data in our study limits our ability 

to disentangle these pathways. Future studies should consider integrating more refined 
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prenatal indicators (e.g., gestational age, fetal growth parameters, placental function) to 

better characterize the developmental mechanisms linking early adversity to cognitive 

biases and psychosis risk. 

Our study had several limitations. The cross-sectional design precludes any causal 

inferences. PLEs and cognitive biases were measured using self-report questionnaires, 

which may introduce various forms of bias. These include social desirability bias 

(participants responding in a way they perceive as socially acceptable), response style 

bias (such as tendencies toward extreme or neutral responses), and potential variability 

in the subjective interpretation of questionnaire items. Although the use of self-report is 

common and often necessary in adolescent population-based studies, these factors may 

lead to under- or over-reporting of certain experiences and cognitive styles. Additionally, 

recruitment was halted due to the COVID-19 pandemic, limiting our sample size and 

potentially reducing our ability to detect significant associations.  

Furthermore, we did not systematically collect gestational age data, as it was not 

consistently available in the sources used. Birthweight data were reported by parents, 

who were advised to consult the Childhood Booklet, a standardized official document 

containing perinatal data, to ensure accuracy when providing this information. However, 

we did not directly review or systematically collect the full content of the Childhood 

Booklet, nor did we specifically request gestational age or expected due date data. As a 

result, we were unable to adjust birthweight for gestational age, which limits the precision 

of the interpretation of birthweight effects. Finally, given that our sample was community-

based, the prevalence of LBW was low, which may explain why we did not find 

associations between birthweight and PLEs. It is also important to note that the majority 

of the tested sex by birthweight interactions in our study were not significant. Therefore, 

the evidence for broad sex-specific effects remains limited and should be interpreted with 

caution. 
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5. Conclusions 

Our study suggests that the relationship between birthweight, as a proxy for intrauterine 

conditions, and cognitive biases is moderated by sex, with differential patterns observed 

in boys and girls in two cognitive biases related to JTC and dichotomous thinking. These 

findings highlight the importance of considering biological sex when investigating the 

psychosis continuum spectrum and underscore the need for further research into how 

early life factors influence cognitive and emotional development differently in boys and 

girls. 

 

  



15 
 

References:  

 

Ahuir, M., Crosas, J.M., Estrada, F., Zabala, W., Pérez-Muñoz, S., González-

Fernández, A., Tost, M., Aguayo, R., Montalvo, I., Miñano, M.J., Gago, E., 

Pàmias, M., Monreal, J.A., Palao, D., Labad, J., 2021. Cognitive biases are 

associated with clinical and functional variables in psychosis: A comparison 

across schizophrenia, early psychosis and healthy individuals. Rev. Psiquiatr. 

Salud Ment. 14. https://doi.org/10.1016/j.rpsm.2020.07.005 

 

al-Haddad, B.J.S., Oler, E., Armistead, B., Elsayed, N.A., Weinberger, D.R., 

Bernier, R., Burd, I., Kapur, R., Jacobsson, B., Wang, C., Mysorekar, I., 

Rajagopal, L., Adams Waldorf, K.M., 2019. The fetal origins of mental illness. Am. 

J. Obstet. Gynecol. 221, 549–562. https://doi.org/10.1016/J.AJOG.2019.06.013 

 

Amoretti, S., Rabelo-Da-Ponte, F.D., Garriga, M., Forte, M.F., Penadés, R., Vieta, 

E., Parellada, E., Ramos-Quiroga, J.A., Gama, C.S., Verdolini, N., Bitanihirwe, 

B., Garcia-Rizo, C., 2022. Obstetric complications and cognition in 

schizophrenia: A systematic review and meta-analysis. Psychol. Med. 

https://doi.org/10.1017/S0033291722002409 

 

Betts, K.S., Williams, G.M., Najman, J.M., Scott, J., Alati, R., 2014. Exposure to 

stressful life events during pregnancy predicts psychotic experiences via 

behaviour problems in childhood. J. Psychiatr. Res. 59, 132–139. 

https://doi.org/10.1016/J.JPSYCHIRES.2014.08.001 

 

Brown, A.S., Cohen, P., Harkavy-Friedman, J., Babulas, V., Malaspina, D., 

Gorman, J.M., Susser, E.S., 2001. Prenatal rubella, premorbid abnormalities, and 

https://doi.org/10.1016/j.rpsm.2020.07.005


16 
 

adult schizophrenia. Biol. Psychiatry 49, 473–486. 

https://doi.org/10.1016/S0006-3223(01)01068-X 

 

Brown, A.S., Vinogradov, S., Kremen, W.S., Poole, J.H., Bao, Y., Kern, D., 

Mckeague, I.W., 2011. Association of Maternal Genital and Reproductive 

Infections with Verbal Memory and Motor Deficits in Adult Schizophrenia. 

Psychiatry Res 188, 179–186. https://doi.org/10.1016/j.psychres.2011.04.020 

 

Brown, A.S., Vinogradov, S., Kremen, W.S., Poole, J.H., Deicken, R.F., Penner, 

J.D., McKeague, I.W., Kochetkova, A., Kern, D., Schaefer, C.A., 2009. Prenatal 

exposure to maternal infection and executive dysfunction in adult schizophrenia. 

Am. J. Psychiatry 166. https://doi.org/10.1176/appi.ajp.2008.08010089 

 

Cannon, M., Jones, P.B. & Murray, R.M., 2002. Obstetric complications and 

schizophrenia: Historical and meta-analytic review. American Journal of 

Psychiatry, 159(7), pp.1080–1092. schizophrenia: Historical and meta-analytic 

revi. Am. J. Psychiatry 159, 1080–1092. 

 

Capra, C., Kavanagh, D.J., Hides, L., Scott, J., 2013. Brief screening for 

psychosis-like experiences. Schizophr. Res. 149. 

https://doi.org/10.1016/j.schres.2013.05.020 

 

Christians, J.K., Ahmadzadeh-Seddeighi, S., Bilal, A., Bogdanovic, A., Ho, R., 

Leung, E. V., MacGregor, M.A., Nadasdy, N.M., Principe, G.M., 2023. Sex 

differences in the effects of prematurity and/or low birthweight on 

neurodevelopmental outcomes: systematic review and meta-analyses. Biol. Sex 

Differ. https://doi.org/10.1186/s13293-023-00532-9 

 

https://doi.org/10.1016/j.schres.2013.05.020


17 
 

Clifton, V.L., 2010. Review: Sex and the human placenta: mediating differential 

strategies of fetal growth and survival. Placenta 31, Suppl:S33-9. doi: 

10.1016/j.placenta.2009.11.010. Epub 2009 Dec 11.  

 

Corral, L., Labad, J., Ochoa, S., Cabezas, A., Muntané, G., Valero, J., Sanchez-

Gistau, V., Ahuir, M., Gallardo-Pujol, D., Crosas, J.M., Palao, D., Vilella, E., 

Gutierrez-Zotes, A., 2021. Cognitive Biases Questionnaire for Psychosis (CBQp): 

Spanish Validation and Relationship With Cognitive Insight in Psychotic Patients. 

Front Psychiatry, 11:596625. doi: 10.3389/fpsyt.2020.596625.  

 

Crovetto, F., Crispi, F., Casas, R., Martín-Asuero, A., Borràs, R., Vieta, E., 

Estruch, R., Gratacós, E., 2021. Effects of Mediterranean Diet or Mindfulness-

Based Stress Reduction on Prevention of Small-for-Gestational Age Birth 

Weights in Newborns Born to At-Risk Pregnant Individuals: The IMPACT BCN 

Randomized Clinical Trial. JAMA 326. https://doi.org/10.1001/jama.2021.20178 

 

Davies, C., Segre, G., Estradé, A., Radua, J., De Micheli, A., Provenzani, U., 

Oliver, D., Salazar de Pablo, G., Ramella-Cravaro, V., Besozzi, M., Dazzan, P., 

Miele, M., Caputo, G., Spallarossa, C., Crossland, G., Ilyas, A., Spada, G., Politi, 

P., Murray, R.M., McGuire, P., Fusar-Poli, P., 2020. Prenatal and perinatal risk 

and protective factors for psychosis: a systematic review and meta-analysis. The 

Lancet Psychiatry 7. https://doi.org/10.1016/S2215-0366(20)30057-2 

 

DiPietro, J.A., Voegtline, K.M., 2017. The gestational foundation of sex 

differences in development and vulnerability. Neuroscience 342, 4–20. 

https://doi.org/10.1016/J.NEUROSCIENCE.2015.07.068 

 



18 
 

Dominguez, M.D.G., Wichers, M., Lieb, R., Wittchen, H.U., Van Os, J., 2011. 

Evidence that onset of clinical psychosis is an outcome of progressively more 

persistent subclinical psychotic experiences: An 8-year cohort study. Schizophr. 

Bull. 37. https://doi.org/10.1093/schbul/sbp022 

 

Eisenacher, S., Zink, M., 2017. Holding on to false beliefs: The bias against 

disconfirmatory evidence over the course of psychosis. J. Behav. Ther. Exp. 

Psychiatry. https://doi.org/10.1016/j.jbtep.2016.08.015 

 

Ellman, L.M., Yolken, R.H., Buka, S.L., Torrey, E.F., Cannon, T.D., 2009. 

Cognitive Functioning Prior to the Onset of Psychosis: The Role of Fetal 

Exposure to Serologically Determined Influenza Infection. Biol. Psychiatry 65, 

1040. https://doi.org/10.1016/J.BIOPSYCH.2008.12.015 

 

Fonseca-Pedrero, E., Paino, M., Lemos-Giráldez, S., Muñiz, J., 2012. Validation 

of the Community Assessment Psychic Experiences -42 (CAPE-42) in Spanish 

college students and patients with psychosis. Actas Esp Psiquiatr, 40(4):169-176. 

Epub 2012 Jul 1.  

 

Franceschini, A., Fattore, L., 2021. Gender-specific approach in psychiatric 

diseases: Because sex matters. Eur. J. Pharmacol. 

https://doi.org/10.1016/j.ejphar.2021.173895 

 

Fusar-Poli, P., Tantardini, M., De Simone, S., Ramella-Cravaro, V., Oliver, D., 

Kingdon, J., Kotlicka-Antczak, M., Valmaggia, L., Lee, J., Millan, M.J., Galderisi, 

S., Balottin, U., Ricca, V., McGuire, P., 2017. Deconstructing vulnerability for 

psychosis: Meta-analysis of environmental risk factors for psychosis in subjects 

at ultra high-risk. Eur. Psychiatry. https://doi.org/10.1016/j.eurpsy.2016.09.003 



19 
 

 

Gawȩda, Ł., Pionke, R., Hartmann, J., Nelson, B., Cechnicki, A., Frydecka, D., 

2021. Toward a Complex Network of Risks for Psychosis: Combining Trauma, 

Cognitive Biases, Depression, and Psychotic-like Experiences on a Large 

Sample of Young Adults. Schizophr. Bull. 47. 

https://doi.org/10.1093/schbul/sbaa125 

 

Gaweda, Ł., Prochwicz, K., Cella, M., 2015. Cognitive biases mediate the 

relationship between temperament and character and psychotic-like experiences 

in healthy adults. Psychiatry Res. 225. 

https://doi.org/10.1016/j.psychres.2014.10.006 

 

Gluck, R.L., Lynn, D.A., Dritschel, B., Brown, G.R., 2014. Sex differences in 

interpretation bias in adolescents. Br. J. Dev. Psychol. 32. 

https://doi.org/10.1111/bjdp.12030 

 

Gu, H., Wang, L., Liu, L., Luo, X., Wang, J., Denis Nkomola, P., Li, J., Liu, G., 

Meng, H., Zhang, J., Song, R., 2017. A gradient relationship between low birth 

weight and IQ: A meta-analysis OPEN. Sci. RepoRtS | 7, 18035. 

https://doi.org/10.1038/s41598-017-18234-9 

 

Henquet, C., Van Os, J., Pries, L.K., Rauschenberg, C., Delespaul, P., Kenis, G., 

Luykx, J.J., Lin, B.D., Richards, A.L., Akdede, B., Binbay, T., Altlnyazar, V., 

Yallnçetin, B., Gümüş-Akay, Gü., Cihan, B., Soygür, H., Ulaş, H., Cankurtaran, 

E.S., Kaymak, S.U., Mihaljevic, M.M., Petrovic, S.S., Mirjanic, T., Bernardo, M., 

Mezquida, G., Amoretti, S., Bobes, J., Saiz, P.A., García-Portilla, M.P., Sanjuan, 

J., Aguilar, E.J., Santos, J.L., Jiménez-López, E., Arrojo, M., Carracedo, A., 

López, G., González-Peñas, J., Parellada, M., Maric, N.P., Atbaşoǧlu, C., Ucok, 



20 
 

A., Alptekin, K., Saka, M.C., Arango, C., O’Donovan, M., Rutten, B.P.F., Gülöksüz, 

S., 2022. A replication study of JTC bias, genetic liability for psychosis and 

delusional ideation. Psychol. Med. 52. 

https://doi.org/10.1017/S0033291720003578 

Johnson, E.O., Breslau, N., 1999. Increased risk of learning disabilities in low 

birth weight boys at age 11 years. Biol. Psychiatry 47. 

https://doi.org/10.1016/S0006-3223(99)00223-1 

 

Kelleher, I., Clarke, M.C., Rawdon, C., Murphy, J., Cannon, M., 2013. 

Neurocognition in the extended psychosis phenotype: Performance of a 

community sample of adolescents with psychotic symptoms on the matrics 

neurocognitive battery. Schizophr. Bull. 39. 

https://doi.org/10.1093/schbul/sbs086 

 

Krebs, R.M., Schott, B.H., Schütze, H., Düzel, E., 2009. The novelty exploration 

bonus and its attentional modulation. Neuropsychologia, 47(11):2272-2281. doi: 

10.1016/j.neuropsychologia.2009.01.015. Epub 2009 Jan 19. 

 

Kurth, F., Gaser, C., Luders, E., 2021. Development of sex differences in the 

human brain. Cogn. Neurosci. 12. 

https://doi.org/10.1080/17588928.2020.1800617 

Laureys, F., Middelbos, L., Rommers, N., De Waelle, S., Coppens, E., Mostaert, 

M., Deconinck, F.J.A., Lenoir, M., 2021. The Effects of Age, Biological Maturation 

and Sex on the Development of Executive Functions in Adolescents. Front. 

Physiol. 12. https://doi.org/10.3389/fphys.2021.703312 

 

Lemvigh, C.K., Ambrosen, K.S., Ebdrup, B.H., Glenthøj, B.Y., Osler, M., 

Fagerlund, B., 2024. Impact of early risk factors on schizophrenia risk and age of 



21 
 

diagnosis: A Danish population-based register study. Eur Psychiatry. 2024 

67(1):e64. doi: 10.1192/j.eurpsy.2024.1774.  

 

Linscott, R.J., Van Os, J., 2013. An updated and conservative systematic review 

and meta-analysis of epidemiological evidence on psychotic experiences in 

children and adults: On the pathway from proneness to persistence to 

dimensional expression across mental disorders. Psychol. Med. 

https://doi.org/10.1017/S0033291712001626 

 

Lipner, E., O’Brien, K.J., Pike, M.R., Ered, A., Ellman, L.M., 2023. Environmental 

Risk Factors and Cognitive Outcomes in Psychosis: Pre-, Perinatal, and Early 

Life Adversity. Curr. Top. Behav. Neurosci. 

https://doi.org/10.1007/7854_2022_378 

 

Livet, A., Navarri, X., Potvin, S., Conrod, P., 2020. Cognitive biases in individuals 

with psychotic-like experiences: A systematic review and a meta-analysis. 

Schizophr. Res. 222, 10–22. 

https://doi.org/10.1016/J.SCHRES.2020.06.016/COGNITIVE_BIASES_IN_INDI

VIDUALS_WITH_PSYCHOTIC_LIKE_EXPERIENCES_A_SYSTEMATIC_REVI

EW_AND_A_META_ANALYSIS.PDF 

 

Moritz, S., Veckenstedt, R., Hottenrott, B., Woodward, T.S., Randjbar, S., Lincoln, 

T.M., 2010. Different sides of the same coin? Intercorrelations of cognitive biases 

in schizophrenia. Cogn. Neuropsychiatry 15. 

https://doi.org/10.1080/13546800903399993 

 

Morley, R., Fewtrell, M.S., Abbott, R.A., Stephenson, T., MacFadyen, U., Lucas, 

A., 2004. Neurodevelopment in Children Born Small for Gestational Age: A 



22 
 

Randomized Trial of Nutrient-Enriched Versus Standard Formula and 

Comparison with a Reference Breastfed Group. Pediatrics 113. 

https://doi.org/10.1542/peds.113.3.515 

 

Nielsen, P.R., Mortensen, P.B., Dalman, C., Henriksen, T.B., Pedersen, M.G., 

Bøcker Pedersen, C., Agerbo, E., 2013. Fetal Growth and Schizophrenia: A 

Nested Case-Control and Case-Sibling Study. Schizophr. Bull. 39, 1337–1342. 

https://doi.org/10.1093/schbul/sbs148 

 

Nosarti, C., Nam, K.W., Walshe, M., Murray, R.M., Cuddy, M., Rifkin, L., Allin, 

M.P., 2014. Preterm birth and structural brain alterations in early adulthood. 

Neuroimage Clin. 6:180-191. doi: 10.1016/j.nicl.2014.08.005.  

 

Peters, E.R., Moritz, S., Schwannauer, M., Wiseman, Z., Greenwood, K.E., Scott, 

J., Beck, A.T., Donaldson, C., Hagen, R., Ross, K., Veckenstedt, R., Ison, R., 

Williams, S., Kuipers, E., Garety, P.A., 2014. Cognitive Biases Questionnaire for 

Psychosis. Schizophr. Bull. 40, 300–313. https://doi.org/10.1093/schbul/sbs199 

 

Peterson, B.S., Vohr, B., Staib, L.H., Cannistraci, C.J., Dolberg, A., Schneider, 

K.C., Katz, K.H., Westerveld, M., Sparrow, S., Anderson, A.W., Duncan, C.C., 

Makuch, R.W., Gore, J.C., Ment, L.R., 2000. Regional brain volume abnormalities 

and long-term cognitive outcome in preterm infants. JAMA, 284(15):1939-1947. 

doi: 10.1001/jama.284.15.1939. PMID: 11035890. 

 

Poulton, R., Caspi, A., Moffitt, T.E., Cannon, M., Murray, R., Harrington, H., 2000. 

Children’s self-reported psychotic symptoms and adult schizophreniform 

disorder: A 15-year longitudinal study. Arch. Gen. Psychiatry 57. 

https://doi.org/10.1001/archpsyc.57.11.1053 



23 
 

 

Radua, J., Ramella-Cravaro, V., Ioannidis, J.P.A., Reichenberg, A., 

Phiphopthatsanee, N., Amir, T., Yenn Thoo, H., Oliver, D., Davies, C., Morgan, C., 

McGuire, P., Murray, R.M.,  

 

Fusar-Poli, P., 2018. What causes psychosis? An umbrella review of risk and 

protective factors. World Psychiatry. https://doi.org/10.1002/wps.20490 

 

Rimvall, M.K., Van Os, J., Verhulst, F., Wolf, R.T., Larsen, J.T., Clemmensen, L., 

Skovgaard, A.M., Rask, C.U., Jeppesen, P., 2020. Mental Health Service Use 

and Psychopharmacological Treatment following Psychotic Experiences in 

Preadolescence. Am. J. Psychiatry 177. 

https://doi.org/10.1176/appi.ajp.2019.19070724 

 

Sandman, C.A., Glynn, L.M., Davis, E.P., 2013. Is there a viability-vulnerability 

tradeoff? Sex differences in fetal programming. J. Psychosom. Res. 75. 

https://doi.org/10.1016/j.jpsychores.2013.07.009 

 

Sauvé, G., Lavigne, K.M., Pochiet, G., Brodeur, M.B., Lepage, M., 2020. Efficacy 

of psychological interventions targeting cognitive biases in schizophrenia: A 

systematic review and meta-analysis. Clin. Psychol. Rev. 

https://doi.org/10.1016/j.cpr.2020.101854 

 

Shenkin, S.D., Starr, J.M., Deary, I.J., 2004. Birth weight and cognitive ability in 

childhood: A systematic review. Psychol. Bull. https://doi.org/10.1037/0033-

2909.130.6.989 

 



24 
 

Staines, L., Dooley, N., Healy, C., Kelleher, I., Cotter, D., Cannon, M., 2024. 

Examining the association between prenatal and perinatal adversity and the 

psychotic experiences in childhood. Psychol. Med. 

https://doi.org/10.1017/S0033291724000187 

 

Taylor, M.J., Freeman, D., Lundström, S., Larsson, H., Ronald, A., 2022. 

Heritability of psychotic experiences in adolescents and interaction with 

environmental risk. JAMA Psychiatry 79. 

https://doi.org/10.1001/JAMAPSYCHIATRY.2022.1947 

 

Van Dael, F., Versmissen, D., Janssen, I., Myin-Germeys, I., Van Os, J., 

Krabbendam, L., 2006. Data gathering: Biased in psychosis? Schizophr. Bull. 32. 

https://doi.org/10.1093/schbul/sbj021 

 

van Houdt, C.A., Oosterlaan, J., van Wassenaer-Leemhuis, A.G., van Kaam, 

A.H., Aarnoudse-Moens, C.S.H., 2019. Executive function deficits in children 

born preterm or at low birthweight: a meta-analysis. Dev. Med. Child Neurol. 

https://doi.org/10.1111/dmcn.14213 

 

Van Os, J., Linscott, R.J., Myin-Germeys, I., Delespaul, P., Krabbendam, L., 

2009. A systematic review and meta-analysis of the psychosis continuum: 

Evidence for a psychosis proneness-persistence-impairment model of psychotic 

disorder. Psychol. Med. 39. https://doi.org/10.1017/S0033291708003814 

 

Vanes, L.D., Murray, R.M., Nosarti, C., 2022. Adult outcome of preterm birth: 

Implications for neurodevelopmental theories of psychosis. Schizophr. Res. 

https://doi.org/10.1016/j.schres.2021.04.007 

 



25 
 

Xenaki, L.-A., Dimitrakopoulos, S., Selakovic, M., Stefanis, N., 2023. Stress, 

Environment and Early Psychosis. Curr. Neuropharmacol. 22. 

https://doi.org/10.2174/1570159x21666230817153631 

 

Zammit, S., Odd, D., Horwood, J., Thompson, A., Thomas, K., Menezes, P., 

Gunnell, D., Hollis, C., Wolke, D., Lewis, G., Harrison, G., 2009. Investigating 

whether adverse prenatal and perinatal events are associated with non-clinical 

psychotic symptoms at age 12 years in the ALSPAC birth cohort. Psychol. Med. 

39, 1457–1467. https://doi.org/10.1017/S0033291708005126 

  



26 
 

Figure 1. Scatterplot of the relationship between dichotomous thinking and birth 

weight, stratified by sex 

 

Insert Figure 1 here 

 

 

Scatterplots provide a descriptive illustration of the interaction pattern between 

birthweight and sex on cognitive biases. Formal inferences regarding these 

associations are based on the adjusted regression models presented in Table 3. 
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Figure 2. Scatterplot of the relationship between jumping to conclusions and 

birth weight, stratified by sex 

 

Insert Figure 2 here 

 

 

Scatterplots provide a descriptive illustration of the interaction pattern between 

birthweight and sex on cognitive biases. Formal inferences regarding these 

associations are based on the adjusted regression models presented in Table 3. 
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Psychotic-like experiences and cognitive biases in adolescents: birthweight and 

sex moderating effects 

 

 

1. Introduction 

The neurodevelopmental model explains psychosis as the end state of an 

abnormal neurodevelopmental process in which pathogenesis combines a genetic 

predisposition  with environmental factors such as prenatal and perinatal insults (Davies 

et al., 2020). Over the last decades, several meta-analyses have found an association 

between obstetric complications such as abnormal fetal growth (measured as low birth 

weight -LBW-) and increased later risk in the psychosis continuum spectrum, including 

schizophrenia (Cannon et al., 2002), psychosis (Davies et al., 2020; Radua et al., 2018) 

and ultra-high-risk for psychosis subjects (Fusar-Poli et al., 2017). Besides, individual 

studies have reported associations between early perinatal events and psychotic-like 

experiences (PLEs) in the general population (Betts et al., 2014; Staines et al., 2024; 

Zammit et al., 2009).   

Early exposure to environmental insults including prematurity and LBW might 

lead to neurodevelopmental impairments such as cognitive and social function deficits 

while increasing susceptibility to post-natal challenges, including exposure to childhood 

trauma, highly perceived stress, bullying, social isolation, and susceptibility for 

revictimization, accumulating risk factors for the development of psychosis (Amoretti et 

al., 2022; Lipner et al., 2023; Xenaki et al., 2023). Intrauterine stressful events such as 

infections and inflammation during pregnancy play an undetermined role in the fetal brain 

development leading to cognitive and neuropsychiatric deficits implicated in the aetiology 

of psychosis (Lipner et al., 2023). The effects of early life stressors in increasing the risk 

of psychosis might be mediated by the oxidative stress and neuroinflammation activation 
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of the immune system (Xenaki et al., 2023). Premorbid cognitive difficulties have been 

shown in approximately 40-50% of cases in a large group of patients with psychosis 

(Lipner et al., 2023) and at-risk populations (al-Haddad et al., 2019; Radua et al., 2018).  

Studies exploring relationships between prenatal infection exposure and premorbid 

cognition (Amoretti et al., 2022; Lipner et al., 2023) have shown a significant decline in 

IQ (related with exposure to rubella (Brown et al., 2001), verbal IQ (Influenza B, (Ellman 

et al., 2009), verbal memory and working memory (related to HSV-2 (Brown et al., 2011), 

and poorer executive functioning (related to Influenza B and toxoplasma IgG, (Brown et 

al., 2009) in those who later developed a schizophrenia spectrum disorder. Furthermore, 

premorbid lower IQ and poorer executive functioning was associated with LBW in 

individuals with psychosis (Lipner et al., 2023).  

Specifically low birth weight (LBW), defined by the World Health Organization as 

below 2500 grams, has been repeatedly described as a risk factor for the psychosis 

spectrum (Davies et al., 2020). Although pathophysiological mechanism remains elusive, 

it has been suggested that early exposure to environmental factors during certain 

sensitive periods may have an impact on the development of parts of the brain involved 

in social interaction (Van Os et al., 2009). Interestingly LBW has been related to worse 

cognitive performance across childhood (van Houdt et al., 2019)  with a gradient 

relationship with IQ (Gu et al., 2017). Studies in adults born preterm at a very LBW 

showed impaired social functioning compared with term-born adults (Vanes et al., 2022). 

Indeed, LBW is one of the targeted risk factors to be improved during pregnancy with 

different psychosocial interventions (Crovetto et al., 2021). Given that LBW has been 

associated with altered cognitive performance and social functioning, it is plausible that 

it may also influence specific cognitive processing styles, such as cognitive biases, which 

are known to play a key role in the development of PLEs (Nosarti et al., 2014; Christians 

et al., 2023). 
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Although direct evidence linking LBW to specific cognitive biases remains limited, 

associated impairments in attention regulation and self-control (two core processes 

underlying attentional and confirmation biases) suggest a plausible pathway by which 

LBW could influence susceptibility to distorted cognitive processing (Gu et al., 2017). 

Neuroimaging studies lend further support to this hypothesis, revealing structural brain 

changes in LBW individuals in areas involved in executive function and emotion 

regulation (Peterson et al., 2000), which are also implicated in the formation and 

maintenance of cognitive biases (Krebs et al., 2009). Altogether, this body of evidence 

delineates a developmental trajectory wherein LBW serves as both a biological and 

environmental risk factor that contributes to broad cognitive impairments and potentially 

to maladaptive cognitive styles, thereby increasing vulnerability to psychosis. 

PLEs often present in children, with prevalence of around 17% between ages 9-

12 and 7% during adolescence and adulthood (Kelleher et al., 2013; Rimvall et al., 2020). 

PLEs are usually transitory and not associated with clinical impairment but in some 

instances may become persistent and developed a clinical psychotic state. 

Nevertheless, the risk of psychotic disorder during adulthood is higher in adolescents 

presenting with PLEs (Radua et al., 2018).  Among non-help seeking children, 25 % of 

those presenting with low-grade PLEs at age 11-12, would develop clinical psychotic 

disorder by the age of 26 years old (Dominguez et al., 2011; Poulton et al., 2000), 

supporting the phenomenological and temporal continuity between PLEs and psychotic 

disorder (Linscott and Van Os, 2013). Again, the extent to which genetic factors 

contribute to PLEs has been shown to be influenced by exposure to environmental risk 

factors, including LBW (Taylor et al., 2022).  

Cognitive biases are recognized as well to play a crucial role in psychosis, 

particularly in the development and maintenance of delusions (Livet et al., 2020; Moritz 

et al., 2010; Van Dael et al., 2006). The strongest evidence base relates to the “jumping 

to conclusions” (JTC) and attributional biases, that were correlated with relapse rates 
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(Moritz et al., 2010; Van Dael et al., 2006). The JTC bias was defined as “the tendency 

to collect very little information before reaching a conclusion or making a decision thereby 

increasing the likelihood of inaccurate beliefs being formed hastily”. It is present in 

schizotypal, at-risk, symptomatic, and remitted psychotic populations and it has been 

described as stable over time (Peters et al., 2014). In line with this, recent systematic 

review and meta-analyses suggest that cognitive biases could be present in the early 

stages of the illness, as well as potential markers for psychosis (Eisenacher and Zink, 

2017; Sauvé et al., 2020). In a recent general population study, it was shown that 

paranoia-like ideations were the most central in the PLEs network and have found that 

different dysfunctional cognitive biases are significant mediators in the relationship 

between exposures to traumatic life events and the risk for psychosis in clinical and non-

clinical populations (Gawȩda et al., 2021). 

In addition, evidence suggests that the neurodevelopmental consequences of 

LBW, as well as cognitive and emotional processing styles, may differ by sex. Male 

infants appear to be more vulnerable to adverse perinatal events and 

neurodevelopmental impairments (Johnson & Breslau, 1999; Christians et al., 2023), 

whereas female adolescents may show greater susceptibility to certain maladaptive 

cognitive and emotional patterns, including negative cognitive biases and PLEs (Gluck 

et al., 2014; Gaweda et al., 2015). Recent large-scale register studies have also 

highlighted sex differences in the developmental trajectories leading to psychosis, with 

female sex being associated with an increased risk of early-onset schizophrenia and 

differential patterns of risk factor impact, including birthweight (Lemvigh et al., 2024). 

These findings support the inclusion of sex as a moderator in our analyses. 

The aim of this study was to investigate the associations between birthweight and 

cognitive biases, as well as PLEs, in a community sample of adolescents. Specifically, 

we hypothesized that LBW would be associated with increased cognitive biases and 

PLEs, and that sex would moderate these associations. In addition, we explored whether 
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the relationship between cognitive biases and PLEs differed between adolescents with 

low birthweight and those with normal birthweight.  

 

2. Methods 

2.1. Sample 

The sample consisted of 240 adolescents (147 girls, 93 boys, 1 transgender) born in 

2004, aged between 14 and 15 years, who were attending secondary schools in 

Sabadell, Spain. Prior to participation, all adolescents and their parents provided written 

informed consent. The exclusion criteria were: (1) lack of parental consent, (2) personal 

history of psychosis, and (3) missing birth weight information. Recruitment aimed to 

include adolescents from all secondary schools in Sabadell (n = 33), with schools being 

contacted via email and introduced to the study through a video summary. Recruitment 

occurred between April 2019 and February 2020 but was halted due to the COVID-19 

pandemic, resulting in 11 secondary schools participating in the study. Given the potential 

mental health impacts of the pandemic, recruitment was not resumed post-lockdown. 

Out of the initial 240 participants, birth weight data was available for 186 adolescents, 

forming the final sample for statistical analyses. Although all participants completed the 

questionnaires, only those with birthweight data (n = 186) were included in the present 

study. Sex was treated as a dichotomous variable in the statistical analysis, meaning that 

the transgender participant was excluded from these analyses. Participants were 

recruited from 11 secondary schools. The number of participants per school ranged from 

10 to 30: School 1 (30), School 2 (25), School 3 (26), School 4 (12), School 5 (15), School 

6 (10), School 7 (22), School 8 (11), School 9 (16), School 10 (13), and School 11 (10). 

Ethical approval was granted by the Parc Taulí Drug Research Ethics Committee (CEIm), 

and permission to conduct the study was obtained from the Education Department of the 

Generalitat de Catalunya. 
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2.2. Clinical Assessment 

Parents indicated the birthweight of their offspring when providing consent for the study. 

They were advised to consult the Childhood Booklet, a standardized document that 

forms part of the National Infant and Adolescent Health Program in Spain, provided to 

parents or legal guardians upon the initial registration of a newborn at a public health 

centre. This booklet includes essential perinatal data (such as date of birth, birthweight, 

length, and Apgar score) and serves as an official record of the child’s health trajectory. 

The document remains in the custody of the parents. 

In each participating secondary school, students first completed anonymous self-

administered online questionnaires via Google Forms to collect sociodemographic and 

clinical information regarding PLEs and cognitive biases. Subsequently, all students in 

the class, regardless of study participation, attended a psychoeducation session on 

psychosis risk and early signs of psychosis. This session took place after the completion 

of all study assessments and therefore could not have influenced participants' 

responses. The psychoeducation session provided general information about psychosis 

risk factors, the prevalence and meaning of PLEs in the general population, common 

cognitive biases, and the importance of early intervention. The session was designed to 

promote awareness and reduce stigma, and did not involve any form of symptom 

induction or personal disclosure. The following questionnaires were then administered 

via Google Forms: 

Community Assessment of Psychic Experiences – Positive Scale (CAPE-P15): This 15-

item self-report questionnaire assesses PLEs, specifically persecutory ideation (PI), 

bizarre experiences (BE), and perceptual abnormalities (PA). CAPE-P15 is a shortened 

version of the original CAPE-42 and is used to identify individuals at risk of psychosis 

(Capra et al., 2013). Each item is rated on a 4-point Likert scale (1 = never, 2 = 

sometimes, 3 = often, 4 = nearly always). A total frequency score was computed as the 

sum of item scores, with higher scores indicating greater frequency of positive PLEs. The 
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Spanish version of the CAPE-P15 has demonstrated strong psychometric properties, 

including high internal consistency (Cronbach’s α = 0.85–0.86) and a valid bifactor 

structure (Fonseca-Pedrero et al., 2012). 

Cognitive Biases Questionnaire for Psychosis (CBQp): Adapted for adolescents, this 

self-report questionnaire measures cognitive biases relevant to psychosis, including 

internalizing (I), catastrophizing (C), dichotomous thinking (DT), jumping to conclusions 

(JTC), and emotional reasoning (ER) (Peters et al., 2014). Participants rated each item 

on a three-point scale, with higher scores indicating greater cognitive bias intensity. The 

total score ranges from 30 to 90 points, and subscale scores range from 5 to 18 points. 

Three items (4, 9, and 27) were adapted from professional to academic contexts to suit 

the adolescent population. In the Spanish validation study, the CBQp demonstrated 

excellent internal consistency (Cronbach’s α = 0.87) and strong test–retest reliability (r = 

0.94 in the psychosis group), supporting its reliability and validity for assessing cognitive 

biases relevant to psychosis (Corral et al., 2021). 

2.3. Statistical Analyses 

All statistical analyses were performed using SPSS version 25.0 (IBM Corp, USA). Log 

transformation was applied to variables that did not follow a normal distribution, to reduce 

skewness. Due to positive skewness, the CBQp total score and its subscale scores were 

log-transformed prior to regression analyses. All other variables, including CAPE-P15 

scores and birthweight, were analyzed in their original scales. Chi-square tests were 

used to compare categorical variables, and t-tests were applied to compare continuous 

variables. Pearson correlations were calculated to assess the relationships between 

continuous variables. Correlational analyses stratified by sex are presented for 

descriptive purposes only, while formal tests of sex differences were conducted using 

LBW × sex interaction terms in linear regression models.  
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We also examined the associations between cognitive biases and PLEs separately in 

adolescents with low and normal birthweight. Partial correlation matrices (adjusted for 

sex) were computed within each birthweight group, and visualized using heatmaps. 

Multiple linear regression analyses were used to explore the association between birth 

weight and psychometric scores (CAPE-P15 and CBQp), while adjusting for sex and 

prior mental health history. Sex-birth weight interactions were tested in all models, with 

only significant interactions retained in the final models. Separate regression analyses 

were conducted for each psychometric scale. This included 6 regressions for cognitive 

biases (CBQp total score and 5 subscale scores) and 4 regressions for positive 

psychotic-like experiences (CAPE-P15 total score and 3 subscale scores). A significance 

level of p < 0.05 (two-sided) was used for all analyses. 

Given the exploratory nature of the study and the conceptual and empirical correlations 

among the outcome variables, no formal correction for multiple comparisons was 

applied. Results are interpreted with caution, focusing on patterns of association rather 

than strict significance thresholds. 

3. Results 

3.1. Descriptive Statistics and Sex Differences 

The clinical data of the sample is presented in Table 1. Significant differences in 

birthweight were found between boys and girls, with girls exhibiting a lower average 

birthweight (Figure S1). Specifically, the proportion of LBW (defined as <2500 grams) 

was 4.3% in boys compared to 15.4% in girls (p = 0.022). 

 

In terms of PLEs assessed through CAPE-P15, girls reported significantly more paranoid 

ideation and higher total CAPE scores compared to boys (Table 1). Regarding cognitive 

biases, girls scored higher in the catastrophizing and JTC subscales of the CBQ, though 

no significant difference was found in total CBQ scores between boys and girls (Table 

1). 
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3.2. Correlation Analyses: Birth Weight and Psychometric Scores 

When exploring the relationships between birthweight and psychometric scores, no 

significant associations were found between birthweight and total CAPE or CBQ scores 

for either sex. Similarly, birthweight was not significantly correlated with any of the CAPE 

subscores (persecutory ideation, bizarre experiences, and perceptual abnormalities). 

However, exploratory sex-stratified correlations (Table 2) suggested differential patterns 

in specific cognitive biases. In boys, higher birthweight was positively correlated with 

dichotomous thinking, whereas in girls, lower birthweight showed a positive correlation 

with jumping to conclusions (JTC). These findings are descriptive and should be 

interpreted with caution, as formal tests of within-group associations were not conducted. 

3.3. Correlation analyses: CAPE and CBQ scores. Stratified analyses by birthweight 

(normal birthweight vs. low birthweight). 

In the normal birthweight group, positive partial correlations (adjusted for sex) were 

observed between CAPE total and subscale scores and CBQ total and subscale scores. 

The correlations ranged from r= 0.38 to r= 0.64 (Figure S2). The correlation between 

CBQ total and CAPE total scores was r= 0.64, p < 0.001.  

In the low birthweight group, correlations between CAPE and CBQ scores were 

substantially stronger, ranging from r= 0.29 to r= 0.93 (Figure S3). The correlation 

between CBQ total and CAPE total scores was particularly high (r= 0.924, p< 0.001). 

These exploratory results suggest that low birthweight may be associated with a stronger 

interrelationship between cognitive biases and PLEs. 

3.4. Multiple linear regression analyses 

In the multiple linear regression models, female sex emerged as a significant predictor 

for PLEs, specifically paranoid ideation and total CAPE scores, as well as for three types 

of cognitive biases: catastrophizing, dichotomous thinking, and JTC (Table 3). 

 



10 
 

Neither birthweight nor a significant interaction between birthweight and sex was found 

to predict total CAPE or CBQ scores (Table 3). However, we observed significant 

interactions between birthweight and sex for two specific CBQ subscales: dichotomous 

thinking and JTC (Table 3). These interactions are illustrated in Figure 1 (dichotomous 

thinking) and Figure 2 (JTC). 

As shown in Figure 1, regression slopes indicated that lower birthweight was associated 

with higher dichotomous thinking scores in girls, while boys showed the opposite pattern. 

Similarly, Figure 2 illustrates an inverse regression pattern for JTC across sexes. These 

differences reflect the significant sex-by-birthweight interaction terms in the regression 

models. 

No significant interactions between sex and birthweight were found for CAPE subscores 

(Table 3). 

 

4. Discussion 

In our study, we observed significant sex-by-birthweight interaction effects for two 

cognitive biases: jumping to conclusions (JTC) and dichotomous thinking. These 

interactions indicate that the association between birthweight and these cognitive biases 

differed between sexes. However, sex did not moderate the relationship between 

birthweight and PLEs. Additionally, girls reported more PLEs (particularly paranoid 

ideation), had lower birthweight, and exhibited higher scores in cognitive biases such as 

catastrophizing and JTC.  

This is, to our knowledge, the first study to investigate the relationship between 

birthweight and PLEs or cognitive biases in a non-clinical adolescent population. Our 

findings suggest a sex-specific association between LBW and cognitive biases, 

contributing to an evolving understanding of how early life factors like birthweight may 

influence cognitive processing in adolescence. However, it is important to mention that 

the associations between birthweight and sex were weak, as the variability of the 

explained variance in linear regression models was low. Previous studies have 
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demonstrated similar sex differences in cognitive biases in adolescents (Gluck et al., 

2014) and in the association between LBW and cognitive functioning (Johnson & 

Breslau, 1999). These studies indicate a greater vulnerability in male children to birth-

related complications, though our findings suggest that girls might experience specific 

cognitive consequences, like increased susceptibility to negative cognitive biases, 

associated with LBW. 

 

One potential explanation for these findings lies in sex-related structural brain 

differences, hormonal influences, and differences in maturation rates. Structural brain 

differences, which become more pronounced during puberty, alongside varying effects 

of gonadal steroids and hormones like oxytocin and vasopressin, may explain 

differences in cognitive processing and emotional regulation between boys and girls 

(Franceschini & Fattore, 2021; Kurth et al., 2021). Additionally, earlier maturation in girls 

compared to boys could influence how prenatal and perinatal factors, such as LBW, 

affect neurodevelopmental processes (Laureys et al., 2021). Previous studies have also 

suggested that intrauterine growth patterns are linked to a heightened risk of 

schizophrenia, particularly in females (Hsu, in press). Furthermore, sex differences in 

birthweight are well-documented, with male infants typically being heavier than female 

infants, and fetal coping strategies in response to adverse intrauterine environments may 

differ by sex (Clifton, 2010), potentially contributing to sex-specific neurodevelopmental 

trajectories. In this context, our finding that higher birthweight in boys was associated 

with increased cognitive biases such as dichotomous thinking is particularly intriguing. 

This counter-intuitive pattern suggests that higher birthweight may not be uniformly 

protective, and that different mechanisms may be operating in boys, possibly involving 

hormonal influences or postnatal environmental interactions. Further research is needed 

to better understand these associations. 

Contrary to prior research linking LBW to neurodevelopmental challenges and psychosis 

risk (Morley et al., 2004; Davies et al., 2020), we did not find an association between 
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birthweight and PLEs in our sample. This finding may reflect the characteristics of our 

community sample, where the prevalence of LBW was relatively low, making it more 

difficult to detect such associations. Moreover, our study only assessed birthweight, 

without considering gestational age, a limitation that may have affected our ability to fully 

capture the developmental risks associated with preterm birth. However, exploratory 

analyses suggested that the associations between cognitive biases and PLEs were 

stronger in adolescents with low birthweight compared to those with normal birthweight. 

This finding may point to a pathway whereby early developmental factors influence 

cognitive-affective processes that in turn shape vulnerability to PLEs, a hypothesis that 

warrants further investigation. 

Despite these challenges, cognitive biases are recognized as key contributors to the 

development and maintenance of psychosis, particularly delusions (Gaweda et al., 2015; 

Livet et al., 2020). Jumping to conclusions (JTC), for instance, has been implicated in 

the formation and persistence of positive psychotic symptoms, particularly delusions, in 

both early and established psychosis (Ahuir et al., 2021; Henquet et al., 2022). Meta-

analyses have consistently linked LBW with cognitive difficulties and later psychosis risk 

(Christians et al., 2023; Davies et al., 2020). It is believed that early exposure to perinatal 

stressors during critical neurodevelopmental periods may affect brain regions involved 

in social and cognitive functions, thereby increasing the cumulative risk for psychosis 

(Xenaki et al., 2023). 

It is important to note that LBW represents a heterogeneous marker of early 

developmental adversity, encompassing multiple etiological pathways. LBW may result 

from shorter gestation (i.e., preterm birth) or from intrauterine growth restriction, both of 

which may be influenced by a range of genetic, epigenetic, and environmental factors. 

These distinct mechanisms are likely to have differential impacts on neurodevelopmental 

processes underlying cognitive and emotional functioning (Lemvigh et al., 2024; 

Christians et al., 2023). The absence of gestational age data in our study limits our ability 

to disentangle these pathways. Future studies should consider integrating more refined 
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prenatal indicators (e.g., gestational age, fetal growth parameters, placental function) to 

better characterize the developmental mechanisms linking early adversity to cognitive 

biases and psychosis risk. 

Our study had several limitations. The cross-sectional design precludes any causal 

inferences. PLEs and cognitive biases were measured using self-report questionnaires, 

which may introduce various forms of bias. These include social desirability bias 

(participants responding in a way they perceive as socially acceptable), response style 

bias (such as tendencies toward extreme or neutral responses), and potential variability 

in the subjective interpretation of questionnaire items. Although the use of self-report is 

common and often necessary in adolescent population-based studies, these factors may 

lead to under- or over-reporting of certain experiences and cognitive styles. Additionally, 

recruitment was halted due to the COVID-19 pandemic, limiting our sample size and 

potentially reducing our ability to detect significant associations.  

Furthermore, we did not systematically collect gestational age data, as it was not 

consistently available in the sources used. Birthweight data were reported by parents, 

who were advised to consult the Childhood Booklet, a standardized official document 

containing perinatal data, to ensure accuracy when providing this information. However, 

we did not directly review or systematically collect the full content of the Childhood 

Booklet, nor did we specifically request gestational age or expected due date data. As a 

result, we were unable to adjust birthweight for gestational age, which limits the precision 

of the interpretation of birthweight effects. Finally, given that our sample was community-

based, the prevalence of LBW was low, which may explain why we did not find 

associations between birthweight and PLEs. It is also important to note that the majority 

of the tested sex by birthweight interactions in our study were not significant. Therefore, 

the evidence for broad sex-specific effects remains limited and should be interpreted with 

caution. 
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5. Conclusions 

Our study suggests that the relationship between birthweight, as a proxy for intrauterine 

conditions, and cognitive biases is moderated by sex, with differential patterns observed 

in boys and girls in two cognitive biases related to JTC and dichotomous thinking. These 

findings highlight the importance of considering biological sex when investigating the 

psychosis continuum spectrum and underscore the need for further research into how 

early life factors influence cognitive and emotional development differently in boys and 

girls. 
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Figure 1. Scatterplot of the relationship between dichotomous thinking and birth 

weight, stratified by sex 

 

Insert Figure 1 here 

 

 

Scatterplots provide a descriptive illustration of the interaction pattern between 

birthweight and sex on cognitive biases. Formal inferences regarding these 

associations are based on the adjusted regression models presented in Table 3. 
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Figure 2. Scatterplot of the relationship between jumping to conclusions and 

birth weight, stratified by sex 

 

Insert Figure 2 here 

 

 

Scatterplots provide a descriptive illustration of the interaction pattern between 

birthweight and sex on cognitive biases. Formal inferences regarding these 

associations are based on the adjusted regression models presented in Table 3. 
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Table 1. Clinical data of the sample. 

Abbreviations: CAPE= Community Assessment of Psychotic Experiences; CBQ= Cognitive 

Biases Questionnaire 

Raw data (untransformed) is shown for CAPE-P15 and CBQ scores. However, p values for 

CBQ scores were calculated with a T-test using log transformed measures. 

 Boys 
N=69 

Girls 
N=117 

 

 Mean or 
N 

SD or % 
Mean or 

N 
SD or % p value 

Age 14.6 0.6 14.6 0.5 0.552 
Ethnicity     0.090 

Caucasian 61 88.4% 107 91.5%  
Gypsy 2 2.9% 0 0%  
Maghreb 0 0% 1 0.9%  
Latin-American 6 8.7% 3 2.6%  
Asian 0 0% 1 0.9%  
Mixed race 0 0% 3 2.6%  
Other 0 0% 2 1.7%  

Tobacco use     0.633 
Daily  0 0% 1 0.9%  
Occasional  7 10.1% 15 12.8%  
Never  62 89.9% 101 86.3%  

Cannabis use      0.846 
Daily  0 0% 0 0%  
Occasional  2 2.9% 4 3.4%  
Never  67 97.1% 113 96.6%  

Alcohol use      0.090 
Daily  0 0% 0 0%  
Occasional  16 23.2% 41 35.0%  
Never  53 76.8% 76 65.0%  

Mental health follow-up history     0.339 
Never 50 72.5% 79 67.5%  
Previously  13 18.8% 19 16.2%  
Currently  6 8.7% 19 16.2%  

Current psychopharmacological 
treatment  

10 14.5% 15 12.8% 0.747 

Birthweight (grams) 3353.8 458.2 3144.2 558.1 0.009 
Low birthweight (<2500 g) 3 4.3% 18 15.4% 0.022 
Psychometric scales      
CAPE P15      

CAPE Paranoid ideation 7.9 2.3 9.1 2.5 0.001 
CAPE Bizarre experiences 9.2 2.9 9.6 2.8 0.314 
CAPE Perceptual abnormalities 3.7 1.4 3.6 1.0 0.819 
CAPE Total score 20.8 5.3 22.4 5.2 0.039 

CBQ      
CBQ Intentionalizing 7.6 2.1 7.5 1.3 0.970 
CBQ Catastrophizing 8.8 1.7 9.6 1.9 0.003 
CBQ Dichotomous thinking 9.1 2.3 9.5 2.4 0.212 
CBQ Jumping to conclusions 9.6 1.9 10.3 1.9 0.013 
CBQ Emotional reasoning 8.0 2.2 8.1 2.2 0.067 
CBQ Total score 44.4 8.2 46.3 7.8 0.067 



Table 2. Pearson correlation analyses between birthweight and psychometric scales. Stratified 

analysis by sex. 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: CAPE= Community Assessment of Psychotic Experiences; CBQ= Cognitive 

Biases Questionnaire 

CBQp scores were log-transformed (natural logarithm, ln). 

*p<0.05 

 

 Birthweight 

  Boys Girls 

CBQ Intentionalizing 0.008 -0.029 

CBQ Catastrophizing 0.109 -0.029 

CBQ Dichotomous thinking 0.265* -0.104 

CBQ Jumping to conclusions 0.209 -0.209* 

CBQ Emotional reasoning 0.046 -0.038 

CBQ Total score 0.157 -0.110 

   

CAPE Paranoid ideation 0.217 -0.028 

CAPE Bizarre experiences 0.100 -0.036 

CAPE Perceptual abnormalities -0.064 -0.073 

CAPE Total score 0.133 -0.046 



Table 3. Results of the multiple linear regression analyses exploring associations between birthweight and psychometric scales. 

 

 

Standardized regression coefficients are shown (Beta). CBQ scores were log-transformed (natural logarithm, ln) prior to conducting multiple linear regression 

analyses. Sex × birthweight interactions were tested in all models. Only significant interactions were retained in the final models presented here. 'NS' indicates 

that the interaction term was not retained due to non-significance. 

Abbreviations: CAPE= Community Assessment of Psychotic Experiences; CBQ= Cognitive Biases Questionnaire; NS= Non-significant. 

  
Birthweight Female sex 

Mental health follow-up 
history 

Interaction female sex 
by birthweight 

 R2 Beta p Beta p Beta p Beta p 

CBQ Intentionalizing 0.002 -0.016 0.831 -0.002 0.977 0.036 0.623 NS NS 

CBQ Catastrophizing 0.046 0.008 0.914 0.215 0.004 0.013 0.853 NS NS 

CBQ Dichotomous thinking 0.041 0.302 0.032 1.283 0.011 0.060 0.415 -1.183 0.017 

CBQ Jumping to conclusions 0.076 0.240 0.082 1.460 0.003 0.053 0.464 -1.283 0.009 

CBQ Emotional reasoning 0.011 -0.016 0.828 0.029 0.697 -0.101 0.175 NS NS 

CBQ Total score 0.019 -0.019 0.797 1.742 0.083 0.144 0.885 NS NS 

CAPE Paranoid ideation 0.064 0.049 0.500 0.252 0.001 0.044 0.541 NS NS 

CAPE Bizarre experiences 0.025 0.013 0.857 0.070 0.352 0.138 0.061 NS NS 

CAPE Perceptual abnormalities 0.012 -0.066 0.380 -0.034 0.651 0.087 0.240 NS NS 

CAPE Total score 0.036 0.016 0.829 0.149 0.047 0.114 0.120 NS NS 












