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Abstract

Risk for psychosis begins to accumulate as early as the fetal period through exposure to obstetric 

complications like fetal hypoxia, maternal stress, and prenatal infection. Stressors in the postnatal 

period, such as childhood trauma, peer victimization, and neighborhood-level adversity, further 

increase susceptibility for psychosis. Cognitive difficulties are among the first symptoms to 

emerge in individuals who go on to develop a psychotic disorder. We review the relationship 

between pre-, perinatal, and early childhood adversities and cognitive outcomes in individuals 

with psychosis. Current evidence shows that the aforementioned environmental risk factors may 

be linked to lower overall intelligence and executive dysfunction, beginning in the premorbid 

period and persisting into adulthood in individuals with psychosis. It is likely that early life stress 

contributes to cognitive difficulties in psychosis through dysregulation of the body’s response to 

stress, causing changes such as increased cortisol levels and chronic immune activation, which 

can negatively impact neurodevelopment. Intersectional aspects of identity (e.g., sex/gender, race/

ethnicity), as well as gene–environment interactions, likely inform the developmental cascade 

to cognitive difficulties throughout the course of psychotic disorders and are reviewed below. 

Prospective studies of birth cohorts will serve to further clarify the relationship between early-life 

environmental risk factors and cognitive outcomes in the developmental course of psychotic 

disorders. Specific methodological recommendations are provided for future research.
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1 Introduction

Although psychotic disorders, such as schizophrenia, tend to emerge during later 

adolescence/early adulthood, substantial evidence points to its neurodevelopmental origins 

beginning as early as the fetal period. Specifically, repeated studies have linked pre- and 
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perinatal complications (Davies et al. 2020) and postnatal childhood adversity (Varese 

et al. 2012) to increased risk of psychosis (Brown 2011), and worsened course (Walker 

et al. 2008), and earlier onset of illness (Verdoux et al. 1997; Cannon et al. 2002a; 

Neill et al. 2020). Furthermore, signs of brain compromise in a large subgroup of 

patients with psychosis have been observed well before the onset of the disorder, with 

premorbid cognitive difficulties in approximately 40–50% of cases (Khandaker et al. 

2011; Mollon and Reichenberg 2018). Cumulatively, these findings suggest that disruptions 

in neurodevelopment, particularly from pre- and postnatal adverse events, can lead to 

observable changes in behavior before any symptoms of the disorder emerge.

This review summarizes human literature linking prenatal, perinatal, and early childhood 

risk factors for cognitive outcomes across the developmental course of psychosis 

spectrum disorders. Furthermore, this review examines the relationship between these 

early environmental risk factors, cognition, and intermediate phenotypes of these disorders. 

Various mechanistic underpinnings of these relationships, including dysregulation of the 

hypothalamic-pituitary adrenal (HPA) axis, inflammation, and structural and functional brain 

changes, are explored. Specificity of these relationships to psychosis spectrum disorders is 

also considered.

2 Obstetric Complications and Cognition in Psychosis

Obstetric complications (OCs) refer to a broad range of difficulties during pregnancy and 

at birth and are among the most well-replicated environmental risk factors for psychosis 

(Cannon et al. 2002a; Ellman and Cannon 2008; Mittal et al. 2008). Namely, prenatal 

infection (Brown and Derkits 2010), maternal stress (Lipner et al. 2019), and fetal hypoxia 

(Mittal et al. 2008) are among the most well-studied OCs associated with psychosis 

risk. Maternal health behaviors (e.g., nutrition, nicotine use) have also been linked with 

psychosis outcomes (Brown and Susser 2008; Scott et al. 2018), and act transactionally with 

other co-occurring OCs linked to psychosis, including stress (Lipner et al. 2019). Subtle 

neurodevelopmental changes conferred by these prenatal adversities can prime offspring to 

be more susceptible to postnatal challenges and/or lead to a cascade of other cognitive, 

social, and behavioral outcomes. This paper will discuss the aforementioned OCs and their 

relationship to cognitive functioning in the course of psychotic disorders. Given recall 

bias evident in retrospective reporting of OCs (McIntosh et al. 2002), only studies that 

prospectively collected information about OCs were included.

2.1 Prenatal Infection

Exposure to infections during pregnancy (e.g., influenza, rubella, genital/reproductive 

infections) has been associated with an increased risk for psychotic disorders in offspring 

(Brown and Derkits 2010; Karlsson and Dalman 2020). Ecologic studies were among the 

first to establish this relationship. In one such study, offspring of women pregnant during 

the 1957 influenza epidemic were more likely to develop schizophrenia than those who 

were pregnant in a different time (Mednick et al. 1988). Although useful in preliminarily 

understanding the link between prenatal infection and psychosis risk, ecologic studies 

include mothers who did not actually incur the infection themselves and may not adequately 
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demonstrate the strength of the relationship between exposure and psychosis outcomes 

(Brown 2011). Individual-level evidence from birth cohort studies or population-based 

studies from countries with national health registries provide more specific evidence about 

the relationship between prenatal infection and offspring outcomes utilizing prospectively 

collected measures of infection, such as serologic determination or physician diagnoses from 

medical records. Often using a nested case–control design, birth cohort studies have also 

compared outcomes between psychosis cases and controls, with or without exposure to 

various types of infections (Ellman and Susser 2009).

A handful of birth cohort studies examine the relationship between prenatal infection 

exposure and premorbid cognition within offspring who did and did not go on to 

develop a psychotic disorder. One such cohort, the Collaborative Perinatal Project (CPP), 

provided evidence of associations between serologically determined prenatal infection 

and impairments in cognitive function at age 7 (Ellman et al. 2009). Maternal influenza 

B infections during the third trimester, but not influenza A infections, were associated 

with significant decreases in verbal IQ and performance on the Information subtest of 

the Wechsler Intelligence Scale for Children (WISC) in those who went on to develop 

schizophrenia, but not controls (Ellman et al. 2009). Findings from the Rubella Birth Defects 

Evaluation Project also demonstrated a relationship between serologically determined 

prenatal rubella exposure and diminished IQ among those who went on to develop a 

schizophrenia spectrum disorder (Brown et al. 2001). Exposed offspring who developed 

schizophrenia spectrum disorders, but not rubella-exposed controls, also demonstrated a 

significant decline in IQ from childhood to adolescence. These studies demonstrate that 

prenatal infection may account for poorer cognitive performance prior to the onset of 

psychotic disorders and highlight that the type, and even strain, of infection may impact the 

cognitive difficulties that arise following infection exposure.

To our knowledge, only two additional studies examine the relationship between prenatal 

infection and cognitive deficits in adults with psychosis. In the Developmental Insult and 

Brain Anomaly in Schizophrenia (DIBS) cohort, prenatal exposure to genital/reproductive 

infections, confirmed by either medical records or seropositivity to immunoglobulin 

antibody for herpes simplex virus-2, was examined with respect to cognitive outcomes in 

adulthood (Brown et al. 2011). Significantly poorer verbal memory performance, measured 

by the California Verbal Learning Test (CVLT), was observed in exposed, compared to 

unexposed, offspring with schizophrenia. Verbal memory findings were only significant 

in offspring born to Black mothers (Brown et al. 2011). In the same cohort, cases 

with serologically documented exposure to influenza and toxoplasmosis showed impaired 

performance on the Wisconsin Card Sorting Test (WCST) and Trails B assessments in 

adulthood, indicating poorer executive functioning, specifically in cognitive set shifting 

(Brown et al. 2009). In sum, these findings suggest that prenatal infection is associated with 

both general and specific (e.g., verbal memory, executive function) cognitive difficulties 

beginning as early as age 7 that persist into the full disorder. Maternal and offspring 

demographics, and qualities of the infection, are also likely meaningful moderators of these 

relationships.
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The mechanisms by which infection confers risk to the fetus vary by infection type 

and gestational timing. Some infections, like rubella, can cross the placenta and fetal 

blood-brain barrier, directly impacting neurodevelopment (Brown et al. 2001). Genital and 

reproductive infections may impact the fetus by way of microbes present in the placenta or 

vagina, proximal to the fetus itself (Engman et al. 2008; Brown 2011). Alternatively, most 

prenatal infections (e.g., influenza) do not appear to cross the placenta and likely impact 

the developing fetus by mechanisms co-occurring with infections, such as the maternal 

proinflammatory response (Fineberg and Ellman 2013). Human studies have identified that 

elevations in specific inflammatory biomarkers, such as interleukin (IL)-8, during pregnancy 

are associated with increased risk for psychotic disorders, moderated by both timing of the 

elevation and fetal sex (Buka et al. 2001; Brown et al. 2004; Goldstein et al. 2014). A study 

from the New England Family Study (NEFS) examined the relationship between prenatal 

maternal cytokine levels and cognitive and academic outcomes across all offspring, finding 

that higher levels of tumor necrosis factor-alpha (TNF-α) in the second and third trimesters 

were associated with lower IQ at age 7 (Ghassabian et al. 2018). Higher maternal C-reactive 

protein has also been associated with poorer teacher-judged academic achievement in 

adolescence, a risk factor for psychosis, in a recent study of the Northern Finland Birth 

Cohort (Ramsay et al. 2021). No studies to date examine the relationship between prenatal 

inflammation and cognition in individuals with psychosis.

Methodological hurdles exist in examining immune markers and specific offspring 

outcomes. As such, animal models of maternal immune activation provide an opportunity 

to experimentally induce timing-specific changes in prenatal inflammation via bacterial 

(polyinosinic:polycytidylic acid) and viral (lipopolysaccharide; LPS) agents (Meyer 2014) to 

explore cognitive outcomes in offspring (Estes and McAllister 2016). For example, rodent 

models show that higher IL-10 and IL-6 at mid-gestation are associated with deficits in 

spatial exploration, associative learning, and prepulse and latent inhibition in adult offspring 

(Smith et al. 2007; Meyer et al. 2008). Furthermore, LPS-induction has been associated 

with changes in the hippocampus and alterations in learning and memory in rodents (Golan 

et al. 2005). These findings suggest that fetal exposure to maternal inflammation during 

pregnancy can result in cognitive changes similar to those observed in schizophrenia.

Overall, prenatal infection is associated with poorer general and verbal intellectual 

functioning in the premorbid period and in adults with psychotic disorders. There is also 

evidence that infection may impact verbal memory and executive functioning in adults 

with schizophrenia. These findings should be taken with caution given small sample 

sizes in nested case–control designs. Additional studies examining the link between 

proinflammatory markers and cognitive outcomes in individuals with psychosis are needed. 

Importantly, exposure to maternal prenatal infection has been linked to a greater incidence 

of infections in childhood, an additional risk factor for the onset of psychotic disorders 

(Blomström et al. 2016). Furthermore, serious early childhood infections have been linked 

with poorer cognitive performance (e.g., lower IQ) in individuals who develop a psychotic 

disorder, independent of genetic risk (Karlsson and Dalman 2020).

As such, prenatal infection is associated with poorer neurocognitive development in 

individuals prior to the onset of, and within the course of, psychotic disorders. Prenatal 
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adversity may also increase risk for additional “hits” later in development, conferring added 

risk to offspring. Because there is evidence that prenatal infection and inflammation, and 

childhood infection, are linked to a range of psychiatric outcomes, including autism and 

depression (Jiang et al. 2016; Murphy et al. 2017), the effects of prenatal infection on 

premorbid cognitive changes may be shared amongst psychological disorders. Although 

prenatal infection has been more extensively studied in the context of schizophrenia risk 

compared to other psychopathologies (Ellman et al. 2018), studies examining the link 

between prenatal infection and other diagnostic outcomes are growing (e.g., Simanek and 

Meier 2015). Preliminary findings from rodent and non-human primate models may provide 

insight into transdiagnostic premorbid neurological and cognitive outcomes following 

maternal immune activation that contribute to the course of neurodevelopmental disorders 

(Giovanoli et al. 2015; Vlasova et al. 2021).

2.2 Prenatal Maternal Stress

Prenatal maternal stress (PNMS) has been associated with risk for psychosis spectrum 

disorders, as well as several other adverse psychological (e.g., depression, attention deficit 

disorder, autism) and physical health outcomes (e.g., cardiovascular disease, obesity, 

asthma) in offspring (Van den Bergh et al. 2020). Ecologic (e.g., war, natural disaster) and 

individual level (e.g., traumatic life events, perceived stress) studies have linked PNMS to 

psychosis outcomes, in particular (Lipner et al. 2019). Operationalization of PNMS varies, 

sometimes including both objective and subjective measures of PMNS (Sutherland and 

Brunwasser 2018). Timing of PNMS and fetal sex are shown to impact vulnerability to 

the effects of PNMS on neurodevelopment (Lipner et al. 2019; Eyles 2021). Although the 

association between psychotic disorders and PNMS is well-replicated, to our knowledge, 

no study has examined the impact of PNMS on cognitive difficulties in the developmental 

course of psychotic disorders. As such, we can only hypothesize about how PNMS may 

impact cognitive development in individuals with psychotic disorders in both the premorbid 

period and in adulthood.

Studies from non-psychiatric, community samples provide insight into how PNMS may 

contribute to cognitive deficits in psychosis. PNMS is associated with several early cognitive 

outcomes typical of individuals who develop psychotic disorders (Beydoun and Saftlas 

2008; Kingston et al. 2015; Lafortune et al. 2021). Researchers have demonstrated that 

4.5-month-old infants exposed to high levels of PNMS had lower physical reasoning 

performance (e.g., ability to deduce physical causality; Merced-Nieves et al. 2020). As 

physical reasoning can be impaired in those with psychosis (Brunet et al. 2003), PNMS 

may contribute to this outcome. Cognitive delays associated with PNMS may become more 

pronounced with development, with one study documenting cognitive delays on both the 

mental and motor scales of the Bayley Scales of Infant Development upwards of three 

times greater in toddlers exposed to high levels of prenatal maternal anxiety than their 

non-affected counterparts (Brouwers et al. 2001). Several studies have documented an 

association between PNMS and decreased performance on cognitive tasks measuring: (1) 

regulating and shifting attention (Huizink et al. 2004), (2) language abilities (Laplante 

et al. 2008, 2018), (3) executive functioning (Buss et al. 2011), and (4) learning and 

memory (Gutteling et al. 2006). Each of these cognitive domains has been shown to be 
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impaired during the premorbid period for psychotic disorders (Mollon and Reichenberg 

2018). Notably, there are mixed findings on the relationship between PNMS and child IQ 

(Grizenko et al. 2015; Cortes Hidalgo et al. 2020), a documented intermediate phenotype 

for multiple psychological disorders (Koenen et al. 2009; Kremen et al. 1998, 2010; Lewis 

2004).

PNMS may also exacerbate risk for other OCs associated with poorer cognitive performance 

in psychotic disorders, including infection, fetal hypoxia, and low birth weight (Lipner et 

al. 2019). PNMS can also elevate maternal glucocorticoids and inflammatory levels, altering 

the fetal environment during pregnancy and consequentially the fetal HPA axis (Coussons-

Read 2013). Higher maternal cortisol levels during pregnancy have been associated with 

low birth weight in males who developed schizophrenia (Ellman et al. 2019). Male fetuses 

appear to be particularly vulnerable to the deleterious effects of PNMS and may be more 

likely to suffer from cognitive difficulties following PNMS exposure (Sandman et al. 

2013; Sutherland and Brunwasser 2018). From research using community samples, higher 

maternal cortisol in late gestation has been associated with lower childhood IQ (LeWinn 

et al. 2009), poorer mental functioning, and delayed psychomotor development (Zijlmans 

et al. 2015), which are also associated with risk for multiple psychological disorders. 

Further evidence from both rodent and human studies demonstrates that higher levels of 

glucocorticoids are linked to brain abnormalities associated with cognitive deficits found in 

psychotic disorders, including increases in dopamine D2-like receptors in the striatum of 

rodents (Vidal and Pacheco 2020), higher incidence of dermatoglyphic asymmetry (Newell-

Morris et al. 1989), and overall structural and cerebral asymmetry (Weinstock 2001).

Exposure to PNMS can have long-term implications on brain development and adult 

cognition (Charil et al. 2010). High levels of PNMS have been linked to smaller accessory 

basal and cortical nuclei volumes in the amygdala as well as larger bilateral amygdala 

volumes to total brain volume ratios (Jones et al. 2019; Mareckova et al. 2021), similar to 

changes observed in schizophrenia patients (Rasetti et al. 2009). Similarly, PNMS is shown 

to alter prefrontal cortex (PFC) and hippocampal-dependent cognitive functions in humans, 

including consolidation of memory and passive avoidance, which may contribute to the 

pathogenesis of schizophrenia (Negrón-Oyarzo et al. 2016). Human studies examining the 

consequences of PNMS on cognitive outcomes beyond childhood/adolescence are scarce; 

instead, current PNMS longitudinal literature favors rodent models (Beydoun and Saftlas 

2008; Paquin et al. 2021). Animal studies demonstrate that early cognitive delays pave 

the way for more profound cognitive deficits related to psychosis risk in adulthood. For 

example, adult male rodents exposed to PNMS exhibit deficits in memory, including novel 

object recognition memory, spatial memory, and working memory (Markham et al. 2010). 

Male vulnerability to these worse cognitive outcomes may contribute to heightened male 

vulnerability to psychosis risk. As such, additional longitudinal research in humans is 

needed to clarify the relationships between PNMS and cognitive outcomes in individuals 

on the psychosis spectrum, with particular attention to both premorbid and adult outcomes 

and how fetal sex may moderate these relationships.
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2.3 Hypoxia-Associated Obstetric Complications

Hypoxia-associated OCs, OCs related to decreased oxygen to the fetus, are found in the 

histories of about 20–30% of cases of schizophrenia (Mittal et al. 2008). Hypoxia-related 

OCs are often categorized as chronic placental hypoxia, occurring during the prenatal 

period, and acute perinatal hypoxia, occurring around delivery. Often, studies examine 

probable hypoxia-ischemic exposures, given that they utilize medical records to identify 

OCs that may have hypoxic effects. Fewer studies utilize biomarkers of hypoxic events, such 

as erythropoietin from umbilical cord serum, to define hypoxia exposure (Fineberg et al. 

2013).

Low birth weight is also often a consequence of OCs and has been associated with an 

increased risk of psychosis, although some findings suggest that these associations are more 

prevalent among male offspring (Cannon et al. 2002a; Eide et al. 2013; Ellman et al. 2019). 

It is important to consider that low birth weight itself may not be a causal factor that leads 

to the onset of psychosis, but rather an observable and reliably measurable proxy for other 

perinatal adversity like fetal hypoxia, preterm birth, or placental dysfunction (Brown 2011). 

A study examining the CPP cohort provided evidence to further clarify these relationships, 

utilizing serologic determination for both influenza and hypoxia (Fineberg et al. 2013). 

Individuals with schizophrenia or affective psychoses with exposure to fetal hypoxia and/or 

influenza had lower birth weight compared to controls and unexposed cases (Fineberg et 

al. 2013). These findings suggest that exposure to these OCs associated with psychosis 

outcomes is linked to lower birth weight, particularly in individuals with vulnerability 

for psychosis. OC type may also impact vulnerability to particular types of psychotic 

disorders. While fetal hypoxia was associated with lower birth weight among individuals 

with schizophrenia, influenza B exposure was associated with lower birth weight among 

individuals with affective psychoses (Fineberg et al. 2013). Recent evidence demonstrates 

that other early life environmental risk factors (e.g., physical abuse, bullying, sleep quality) 

are differentially associated with dimensionally-assessed psychotic experiences (Cosgrave et 

al. 2021); as such, future prenatal research may unveil if/how certain OCs may differentially 

contribute to specific psychosis diagnoses and symptoms, as well as shared phenotypes with 

other mental disorders.

Birth cohort and population-based studies have examined the relationship between hypoxia-

related OCs and premorbid cognitive outcomes generally. Studies from the CPP examining 

the entire cohort identified an association between antenatal hypoxia-related OCs and 

poorer IQ, verbal-perceptual abilities, achievement, and perceptual-motor abilities at age 

7 (Naeye and Peters 1987; Seidman et al. 2000). An additional study from the CPP 

identified sex differences in these relationships, showing that chronic placental hypoxia was 

associated with lower verbal IQ and increased inhibition in female offspring only, whereas 

acute perinatal hypoxia was associated with diminished cognitive outcomes across sexes 

(Anastario et al. 2012).

Relationships between fetal hypoxia and premorbid cognitive outcomes vary slightly 

when examining offspring who go on to develop a schizophrenia spectrum disorder. 

Particularly, genetic risk appears to interact with hypoxia-related OCs in the pathway to 

neurodevelopmental changes. High-risk studies, utilizing at least one parent with psychotic 
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disorder history as a marker of genetic risk, provide further insight into these pathways. 

An additional study of the CPP examined cases, siblings, and matched controls and IQ 

outcomes at ages 4 and 7 (measured by the Stanford-Binet Intelligence Scale and WISC, 

respectively; Cannon et al. 2000). Findings demonstrated that there was no significant 

relationship between hypoxia-related OCs or birth weight and IQ in individuals who went 

on to develop schizophrenia spectrum disorders. Given that there were also no differences 

between IQ outcomes between cases and their unaffected siblings, it is likely that genetic 

vulnerability drives this relationship. Relatedly, in a study of offspring of parents with 

schizophrenia spectrum disorders and controls also from the CPP, hypoxia exposure was not 

associated with lower IQ at age 7 in high-risk offspring (Goldstein et al. 2000). Although 

it is possible that these analyses were not sufficiently powered to identify significance 

in this subgroup, these data highlight the importance of examining gene-OC interactions 

in relationship to cognitive outcomes in offspring with diagnoses across the psychosis 

spectrum.

Mechanisms by which genetic risk may interact with OC exposure to result in cognitive 

outcomes have been explored. Firstly, evidence from high-risk studies demonstrate that 

genetic vulnerability-fetal hypoxia interactions may account for various neurological 

sequelae in individuals with schizophrenia also associated with cognitive differences, 

including smaller hippocampal volumes, reductions in gray matter, and periventricular 

damage (Cannon et al. 1989, 2002b; van Erp et al. 2002). Furthermore, a study of the 

CPP examined the expression of brain-derived neurotrophic factor (BDNF) in maternal cord 

blood in cases with psychotic disorders and controls exposed to hypoxia (Cannon et al. 

2008). In cases with psychotic disorders, hypoxia exposure was associated with decreases 

in BDNF in cord serum, whereas in controls, BDNF increased after exposure. Finally, 

a recent study examined the interaction between OCs and expression of schizophrenia 

risk genes derived from genome-wide association studies (Ursini et al. 2018). Their 

findings corroborate and expand upon the aforementioned CPP studies, identifying that 

genetic risk moderates the relationship between OCs and schizophrenia outcomes, such that 

schizophrenia-related genes are upregulated in placental samples exposed to hypoxia-related 

OCs (pre-eclampsia and intrauterine growth restriction), particularly in male placentae. 

Furthermore, a follow-up study demonstrated schizophrenia risk genes were associated with 

smaller intracranial volumes in neonates, and poorer cognitive outcomes per the Mullen 

Scales of Early learning at ages 1 and 2, but these cognitive outcomes were only apparent 

in singleton pregnancies (Ursini et al. 2021). These associations were also stronger in 

males. Although these studies utilize a more sophisticated measurement of genetic risk, 

it is of note that these studies do measure OC severity via the McNeil–Sjöström Scale 

and assess OCs using a combination of maternal recall and medical records. As such, 

genetic vulnerability, perhaps differentially expressed in the placenta, and OC exposure may 

additively and/or interactively increase risk for cognitive outcomes in offspring who go on to 

develop psychosis, with increased vulnerability for males.

Moreover, individuals born with low birth weight or small for gestational age have been 

shown to have poorer cognitive outcomes in childhood and adolescence in the general 

population (Sacchi et al. 2020). A study from the CPP, examining all cohort members, 

demonstrated that the relationship between low birth weight and poorer performance across 
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all cognitive domains assessed (verbal-perceptual abilities, achievement, and perceptual-

motor abilities) in children was strongest in effect size compared to other OC categories 

examined, including probable hypoxic-ischemic events and chronic hypoxia (Seidman et al. 

2000). In individuals with psychosis, low birth weight has been associated with differences 

in intelligence and executive functioning. In the DIBS cohort, low birth weight was 

associated with impairments in performance on executive function tasks (WCST and Trails) 

as well as lower IQ as measured by the Wechsler Adult Intelligence Scale (WAIS) in adult 

cases with schizophrenia spectrum disorders and not controls (Freedman et al. 2013). A 

population-based study of schizophrenia cases and their unaffected siblings showed that both 

low birth weight and high birth weight were associated with poorer visuospatial reasoning, 

processing speed, set-shifting, and verbal and visual memory in adulthood, compared to 

cases born at normative birth weight (Torniainen et al. 2013). Of note, high birth weight 

has been identified as a protective factor against schizophrenia risk (Davies et al. 2020). 

Finally, changes in cognitive performance associated with low birth weight, particularly in 

individuals with psychosis, may not be reflected in studies examining neurological changes, 

as one study found that low birth weight was associated with reduced cortical surface area in 

adulthood across both cases and controls (Haukvik et al. 2014).

Additional studies have examined the relationship between various other OCs and cognitive 

deficits in adults with psychosis. A study of the Thematically Organized Psychosis cohort 

examined OC incidence broadly by examining records from the Norwegian birth registry 

and creating OC severity ratings using the McNeil-Sjöström Scale (Wortinger et al. 2020). 

Schizophrenia cases with exposure to severe OCs demonstrated lower premorbid and adult 

IQ, compared to unexposed cases. Another Norwegian study examined the impact of OCs 

on executive outcomes (measured by the WCST and D-KEFS Color Word Interference Test) 

in early onset schizophrenia cases and controls (Teigset et al. 2020). Exposure to various 

specific OCs (e.g., emergency cesarean, higher birth length, lower 5-min Apgar scores) was 

associated with executive dysfunction in schizophrenia cases. Shortened gestational length, 

not necessarily at threshold of preterm birth, was associated with poorer performance on 

the WCST only in adults with schizophrenia but no associations were identified between 

birth weight and executive functioning in this sample. It is of note that some OCs associated 

with executive dysfunction in schizophrenia patients in this study have not been reliably 

associated with psychosis risk in other studies (e.g., cesarean delivery), but may be 

associated with earlier age at onset (Verdoux et al. 1997).

A number of methodological limitations should be considered when assessing studies 

that examine OCs and psychosis outcomes. First, many studies examining OCs suffer 

from small sample sizes and, consequently, insufficient statistical power, to identify small 

effects (Cannon et al. 2002a). Second, given that OCs are a broad category of various 

pre- and perinatal adversities, there is substantial variability in the way these adversities 

are measured, operationalized, and analyzed. As previously mentioned, maternal recall of 

incidence and timing of OCs is likely biased (McIntosh et al. 2002), highlighting the 

importance of prospective designs. Additionally, many studies conflate OCs, examining 

them broadly as a combination of adversities or creating an overall severity rating, 

using scales like the McNeil–Sjöström Scale. Utilizing broad categories of OCs may 

be problematic, given that specific OCs may differentially impact fetal development and 
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because dimensions of OCs (e.g., severity, duration, timing) may moderate the relationship 

between OCs and offspring outcomes. As such, studies that prospectively assess prenatal 

adversity using medical record data and or serologic determination provide more specific 

accounts of these OCs.

2.4 Maternal Health Behaviors

Maternal health behaviors during pregnancy, including substance use and nutritional intake, 

can have direct and indirect impacts on fetal neurodevelopment. Maternal malnutrition has 

been associated with an increased risk for offspring psychotic disorders in ecologic studies 

of famine (Brown and Susser 2008). Lower levels of specific micronutrients (e.g., folic 

acid, iron, vitamin D) during pregnancy have also been associated with increased risk for 

schizophrenia among offspring (McGrath et al. 2011) A study of the DIBS cohort identified 

that, in adult offspring with schizophrenia, compared to controls, lower serum hemoglobin 

levels were associated with lower scores on the Information subtest of the WAIS-III and 

poorer neuromotor performance (Ellman et al. 2012). Higher levels of homocysteine, a 

reliable proxy used to measure folic acid levels in sera, are associated with an increased 

risk for psychosis among offspring (Brown et al. 2007). In a rodent model of schizophrenia, 

Canever et al. (2018) examined the impact of folic acid supplementation on cognition, 

in addition to other OCs related to cognitive dysregulation in psychosis patients, such as 

inflammation. Folic acid supplementation was associated with an anti-inflammatory effect 

in rodents and buffered against spatial memory deficits associated with a folic acid-deficient 

diet (Canever et al. 2018). Given that higher pre-pregnancy BMI also has been associated 

with increased risk for psychosis outcomes in offspring (Schaefer et al. 2000), inflammatory 

dysregulation may be one pathway by which nutritional deficits during pregnancy incur 

risk for neurocognitive changes in offspring who go on to develop psychotic disorders 

(Bordeleau et al. 2020).

Maternal smoking has also been linked to offspring outcomes of psychosis (Hunter et al. 

2020). Although there is no research to date examining the relationship between prenatal 

nicotine use and cognitive outcomes in offspring with psychotic disorders, there is evidence 

that smoking during pregnancy is associated with other OCs linked to cognitive outcomes, 

such as low birth weight, prenatal hypoxia, and exposure to toxins like lead (Huizink and 

Mulder 2006; Ellman et al. 2007; Ko et al. 2014). PNMS (e.g., pregnancy-specific stress) 

may also increase engagement in adverse health behaviors like smoking (Lobel et al. 2008). 

Of note, a recent study utilizing sibling comparisons demonstrated that the link between 

smoking exposure and psychosis outcomes became insignificant when controlling for shared 

genetic and environmental factors (Quinn et al. 2017), highlighting the importance of 

examining gene–environment interactions in studies of OCs. Nonetheless, examinations of 

maternal health behaviors emphasize the transactional nature of possible insults to the fetus 

during the perinatal period and the utility of examining them in concert with one another.

2.5 Obstetric Complications and Cognition in Psychosis: Summary

There is preliminary evidence that demonstrates a relationship between prenatal infection, 

hypoxia-related OCs, and maternal nutrition on premorbid and adult cognitive outcomes 

in individuals with psychosis. Generally, these OCs are associated with declines in overall 
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IQ and in verbal IQ in the premorbid period, and difficulties in overall intelligence persist 

into adulthood, alongside poorer verbal memory and executive functioning (particularly, set 

shifting). Although there is evidence that PNMS is associated with alterations in cognition 

in population-based samples, and with intermediate phenotypes linked to poorer cognitive 

performance in individuals with psychosis (e.g., low birth weight), no study to date has 

examined the impact of PNMS on cognitive function in the course of psychosis. Given 

that many birth cohort studies employ nested case–control designs to examine differences 

in cognitive function based on OC exposure and diagnostic outcome (psychosis versus 

control), it is difficult to discern the specificity of these risk factors to cognitive outcomes 

in psychosis compared with other disorders. These comparisons are necessary, given that 

many of these OCs have been linked to a variety of mental health outcomes (Pugliese 

et al. 2019; Mathewson et al. 2017; Han et al. 2021). Nevertheless, all of these OCs 

likely confer risk for shared phenotypes between mental disorders, such as cognitive 

outcomes, which future studies will need to parse apart. A dimensional approach examining 

transdiagnostic symptom clusters (e.g., anhedonia), and/or examining multiple mental 

disorders simultaneously, may clarify the specificity of OCs to alterations in cognitive 

functioning in offspring with psychiatric symptoms and a range of mental disorders, more 

generally.

With the exception of research on prenatal infection, most studies examining OCs conflate 

exposures to various prenatal adversities in analyses, further stymieing our understanding 

of their unique effects on cognitive outcomes in psychosis. With greater specificity in the 

measurement of prenatal risk factors, we may also be able to more effectively examine the 

interactive influences of various OCs on cognitive outcomes (e.g., infection x fetal hypoxia). 

Existing literature examining the role of genetic risk in the relationship between hypoxia-

related OCs and cognitive and psychosis outcomes (Ursini et al. 2021) emphasizes the 

need to examine how genetic vulnerability (and other early vulnerabilities) factor in concert 

with other OCs. Furthermore, our research on outcomes of depressive symptomatology 

in offspring demonstrates that second trimester daily life stress, only in the presence of 

infection, is associated with greater depressive symptoms in adolescent offspring (Murphy et 

al. 2017). Perhaps unique combinations of pre- and perinatal adversities contribute to earlier 

deficits in cognitive functioning in individuals who go on to develop psychotic disorders. 

Given high rates of comorbidity between mood disorders and psychosis, it is also possible 

that these unique combinations of pre- and perinatal risk factors may be related to cognitive 

outcomes evident across disorders or shared symptom clusters.

3 Early Life Stress and Cognition in Psychosis

Notably, not all fetuses exposed to OCs will go on to develop psychosis; therefore, it 

has been suggested that OCs may act as a “primer,” increasing susceptibility to the 

negative effects of other postnatal stressors (Estes and McAllister 2016). Furthermore, 

adversity occurring in childhood and early adolescence is, in itself, a significant contributing 

factor to the development of both psychosis and cognitive impairments found in those 

experiencing psychosis, as these are important periods for brain development (McCabe et al. 

2012). In a sample of individuals with recent-onset psychosis, individuals who experienced 

childhood trauma had more severe symptoms and worse functional outcomes (Rosenthal 
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et al. 2020). The impact of early trauma on individuals’ neurocognitive and psychosocial 

development highlights the importance of understanding links between early life stress, 

cognitive impairments, and psychosis.

Several forms of early adversity, including childhood trauma, peer victimization, and 

neighborhood-level stressors, likely contribute to the development of cognitive difficulties 

in schizophrenia by dysregulating the body’s response to stress and increasing risk for 

neurobiological changes that impact cognition (Raymond et al. 2018). For example, chronic 

activation of the immune system in response to stress can lead to increased microglial 

activation, a key component of neuroinflammation, which may be associated with structural 

(e.g., impaired white matter integrity, volume loss; Müller et al. 2015; Poletti et al. 2015) 

and functional (e.g., changes to dopaminergic systems; Müller et al. 2015) changes that 

contribute to both cognitive difficulties and risk for psychosis (Nettis et al. 2020). Therefore, 

the relationship between early life stress and cognitive functioning among individuals with 

psychosis, and the mechanisms underlying these relationships, will be explored here.

3.1 Childhood Trauma

Childhood trauma is linked to cognitive difficulties in individuals across the psychosis 

spectrum. A meta-analysis of 23 studies found childhood trauma was associated with poorer 

overall neurocognitive function, measured as a single composite score averaged across 

multiple neuropsychological batteries, in individuals diagnosed with psychosis (Vargas et 

al. 2019). These findings contrast with earlier studies which reported no association (Sideli 

et al. 2014; van Os et al. 2017) or linked childhood trauma to better cognitive functioning 

in psychosis patients (Campbell et al. 2013). Among individuals at clinical high risk for 

psychosis (CHR), those with a history of childhood trauma show better overall cognitive 

functioning than those without childhood trauma (Velikonja et al. 2021). These discrepant 

findings may be because the link between childhood trauma and poorer cognition is stronger 

for non-psychiatric controls compared to patients (Vargas et al. 2019). It is also possible 

that specific cognitive domains are more likely to be affected by trauma in psychosis 

populations, or that these associations vary depending on the stage of the disorder examined 

(e.g., CHR versus chronic psychosis).

Childhood trauma may be particularly deleterious to higher order cognitive processes, 

such as executive functioning (Johnson et al. 2021). In the aforementioned meta-analysis, 

childhood trauma was associated with lower scores on a range of executive functioning tasks 

among individuals with psychosis, even prior to psychosis onset (Vargas et al. 2019; see 

review for specific tasks examined). In a study of individuals at CHR, childhood trauma 

was associated with worse performance on tasks involving cognitive control and executive 

functioning, such as the Stroop Test and WCST (Üçok et al. 2015). Among individuals 

with a family history of psychosis, those exposed to any childhood abuse or neglect (as 

identified by a clinician, rather than self-report) showed poorer performance in executive 

functions of initiation, as well as more combinations of cognitive deficits associated with 

lower overall functioning (Berthelot et al. 2015). However, in a large non-clinical sample, it 

was found that traumatic life events, but not psychotic-like experiences (PLEs; subclinical, 

attenuated forms of positive symptoms), contributed to attentional biases (demonstrated by 
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slower reaction time) on an emotional Stroop task (Gibson et al. 2019). Finally, in another 

non-clinical sample, childhood trauma fully explained the association between reduced 

inhibition on a Stroop task and higher levels of PLEs, suggesting that impairments in 

executive functions may constitute a causal mechanism through which childhood trauma 

leads to the later development of psychotic symptoms (Begemann et al. 2016). This may 

also explain why psychotic symptoms are directly related to poorer executive functioning 

later in the course of psychosis, but this relationship is accounted for by childhood trauma 

in earlier phases of the disorder. Evidence among non-clinical populations indicates that 

childhood trauma impacts executive functioning through dysregulation of the HPA-axis, 

which drives changes in cortisol levels that can affect the development of brain regions 

integral to executive functioning, such as the PFC (Feola et al. 2020); however, this has 

yet to be explored in individuals on the psychosis spectrum. Although childhood trauma 

has been associated with poorer executive functioning across the psychosis spectrum, future 

research is needed to determine if similar mechanisms (e.g., dysregulation of the HPA axis 

leading to structural changes in the PFC) are associated with these deficits across phases of 

illness.

Childhood trauma has also been associated with poorer working memory for individuals 

with psychosis. Of the domains examined by Vargas et al. (2019), working memory 

(including letter-number sequencing, digit span, N-back, and spatial working memory tasks) 

showed the largest negative association with childhood trauma. Childhood trauma also 

remains associated with scores on letter-number sequencing and digit span tests, even after 

controlling for premorbid IQ (Shannon et al. 2011; Campbell et al. 2013) and depressive 

symptoms (Shannon et al. 2011). Alternatively, some studies do not provide evidence of 

this relationship. One study of first-episode psychosis (FEP) patients and controls found 

no differences in performance on the MATRICS Consensus Cognitive Battery (MCCB) 

working memory subscale between the groups with comparable levels of childhood trauma 

(Kilian et al. 2018). Likewise, in a recent study of patients with schizophrenia and bipolar 

disorder (with and without psychotic features), verbal N-back scores did not mediate the 

relationship between early life stress and severity of psychotic symptoms (Corcoran et 

al. 2020). While it is possible this study was underpowered to detect a mediation effect, 

the findings are consistent with research reporting that the association between childhood 

trauma and cognition is stronger for non-clinical controls than for individuals with psychosis 

(Vargas et al. 2019). Therefore, it is possible discrepant findings may be due to a floor effect, 

in which individuals with psychosis already show poorer working memory performance 

compared to controls.

Poorer performance in additional cognitive domains has been associated with childhood 

trauma. Among individuals with psychosis, childhood trauma was associated with poor 

attentional functioning, measured by RBANS digit span and coding subtests (Kasznia et 

al. 2021) and MCCB attention domain (Schalinski et al. 2018). Furthermore, Ayesa-Arriola 

et al. (2020) reported that childhood trauma, particularly when combined with recent life 

stress, was associated with decreases in processing speed on the WAIS-III Digit-Symbol 

subtest. Similarly, for individuals at CHR, total childhood trauma exposure was associated 

with poorer performance on tasks involving attention and processing speed (Üçok et al. 

2015; Velikonja et al. 2021). In a study of adult psychosis patients, childhood trauma 
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was associated with increased activation of the inferior frontal gyrus (IFG), a region 

involved in attentional processing, during a response-inhibition task (Go/No Go; Quidé et 

al. 2018). Decreased gray matter in the IFG has been associated with exposure to childhood 

trauma (Lim et al. 2014). Therefore, over-activation of the IFG may represent a possible 

compensatory mechanism in which individuals with childhood trauma require stronger 

salience signals from the IFG to maintain inhibitory control (Quidé et al. 2018). Regardless, 

childhood trauma appears to be associated with attentional functioning difficulties across the 

psychosis spectrum.

Childhood trauma is also associated with deficits in various memory processes for 

individuals with psychosis. For example, childhood trauma is associated with poorer scores 

on the Rey Auditory Verbal Learning Test, a test of verbal memory, in individuals in the 

early course of schizophrenia (Ayesa-Arriola et al. 2020). Similarly, in a study of FEP 

patients, lower cortisol awakening response, an indicator of blunted HPA-axis functioning, 

was also associated with deficits in verbal memory, measured by the Wechsler Memory 

Scale (Aas et al. 2011). Additionally, blunted HPA-axis functioning has been associated 

with early trauma in psychosis patients (Mondelli et al. 2010). Furthermore, for individuals 

with psychosis, childhood trauma was associated with poorer episodic narrative memory, 

measured by the WAIS-III logical memory test (Shannon et al. 2011), as well as lower 

scores on a visual facial memory task (Carrilho et al. 2019). Childhood trauma was also 

associated with lower scores on a range of tasks assessing delayed memory, such as list 

recall, list recognition, story memory, and figure recall among patients with psychosis 

(Kasznia et al. 2021). Among non-clinical individuals, childhood trauma is associated 

with deficits in short-term memory continuing throughout adulthood and these deficits are 

associated with severity of abuse (Bremner et al. 1995). Childhood trauma and subsequent 

HPA-axis dysregulation have been associated with reductions in hippocampal volume 

(Bremner et al. 1997, 2003; Stein et al. 1997), which are also evident in individuals with 

psychosis (Read et al. 2001), indicating a potential mechanistic pathway. Because memory 

impacts multiple cognitive domains, it is possible these deficits play a role in the dysfunction 

of higher-order cognitive processes among individuals with psychosis and a history of 

childhood trauma.

It is crucial to note that measurements of childhood trauma often rely on retrospective 

reporting. One such assessment, the Childhood Trauma Questionnaire, assesses frequency 

of five domains of childhood trauma, as well as if the individual may be minimizing their 

experiences (Bernstein et al. 1994). While measures like this one are well-validated, studies 

have shown that only 52% of individuals who reported traumatic events in prospective 

studies reported having experienced trauma when asked retrospectively (Baldwin et al. 

2019). Retrospective reporting of trauma also fails to thoroughly capture the timing of 

such adversities. Timing and chronicity of childhood adversity, relative to developmental 

milestones, may be meaningful in understanding the impact on resulting cognitive deficits 

and its related functioning. Prospective reporting of childhood trauma may serve to improve 

the validity and timing-specificity of reporting.

Examining specific types of childhood trauma, such as abuse or neglect, may also 

shed light on the heterogeneity in cognitive difficulties observable in individuals with 
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psychosis. For example, in a study of patients with psychosis spectrum disorders, physical 

and emotional neglect significantly predicted poorer MCCB verbal learning and overall 

cognition composite score, whereas physical, sexual, and emotional abuse did not (Kilian 

et al. 2018). Similarly, neglect, but not abuse, was associated with poorer scores on a 

working memory composite for individuals with psychosis spectrum disorders (Mørkved 

et al. 2020) see paper for specific tasks). Consequently, while many studies report 

overall trauma exposure, evidence shows that trauma type differentially impacts individual 

outcomes (Dauvermann and Donohoe 2019). Findings in non-psychiatric controls also 

show differential outcomes following physical abuse versus neglect, such as atypical fear 

learning associated with abusive or threatening experiences and reduced executive function 

associated with neglect (McLaughlin and Sheridan 2016). Given the unique effect of 

different types of trauma and the fact that abuse and neglect typically co-occur, future 

studies should control for the effect of co-occurring traumas in statistical models to better 

understand the impact of trauma specificity on cognitive outcomes (Ered and Ellman 2019).

3.2 Neighborhood-Level Adversity

Neighborhood-level factors, such as urbanicity, have been identified as risk factors for the 

development of psychosis (Krabbendam and van Os 2005; Fett et al. 2011); however, it 

remains unclear which aspects of urban living (e.g., social/economic stress, environmental 

toxins/pollution, lack of green space) drive this relationship (Fett et al. 2011). For example, 

perception of the neighborhood’s condition, including crime and physical or social disorder, 

was associated with longer duration of untreated psychosis, even after controlling for 

participant’s socioeconomic status (SES; Ku et al. 2020). To our knowledge, only one study 

to date has examined the relationship between neighborhood-level factors and cognition in 

individuals on the psychosis spectrum. In a large prospective cohort of Swedish men at CHR 

or diagnosed with nonaffective psychosis, 23% of the association between neighborhood 

deprivation (measured by crime rates, unemployment, low income, and receipt of social 

benefits) and psychosis was accounted for by IQ (Lewis et al. 2020).

Notably, many adverse neighborhood-level factors disproportionately impact individuals 

from low SES. Individuals who develop psychosis may also be more susceptible to the 

negative effects of low SES (Yeo et al. 2014; Czepielewski et al. 2021). A study examining 

cognitive functioning in schizophrenia patients across five Latin American countries found 

patients performed worse on all MCCB domains compared to controls, and that SES 

was more strongly related to MCCB scores in patients than controls (Czepielewski et al. 

2021). Similarly, a U.S. study reported an association between lower parental SES and 

poorer scores on tests of planning and inhibition in schizophrenia patients, but not non-

psychiatric controls (Yeo et al. 2014). These findings also showed that lower parental SES 

was associated with reduced gray matter volume of the superior frontal gyrus in patients, 

but not controls, suggesting a potential mechanism through which SES can influence 

cognitive functioning in individuals with psychosis. However, further research is needed to 

elucidate which aspects of these environmental factors are driving the relationship between 

neighborhood-level adversity and cognitive difficulties, and why individuals with psychosis 

may be particularly susceptible.

Lipner et al. Page 15

Curr Top Behav Neurosci. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Moreover, experiences of discrimination, particularly among racial/ethnic minority groups 

and individuals from low SES backgrounds, are associated with increased risk for psychosis 

(Oh et al. 2014; Anglin et al. 2021) and greater severity of psychotic symptoms (Anglin et 

al. 2014; Shaikh et al. 2016) While the relationship between discrimination and cognitive 

function in psychosis has yet to be examined, a recent longitudinal study reported that 

discriminatory experiences are associated with thinning of several cortical regions over time 

in CHR individuals (Collins et al. 2021). These findings were moderated by gender and 

race/ethnicity, indicating females and racial/ethnic minorities show steeper rates of cortical 

thinning associated with discrimination. Several of the cortical regions examined, such as the 

PFC, are integral to cognitive functioning. Therefore, future research should examine how 

experiences of discrimination, moderated by intersectional aspects of identity (e.g., gendered 

racism), may contribute to cognitive difficulties among individuals with psychosis.

3.3 Peer Victimization

Bullying and peer victimization have been linked to increased risk for both psychosis 

(Schreier et al. 2009; Varese et al. 2012) and impairments in cognitive flexibility, 

demonstrated by longer times on the Trail Making Test (Medeiros et al. 2016). Peer 

victimization may lead to cognitive impairments through dysfunction of the HPA-axis, as 

discussed previously (Lataster et al. 2006). This theory is supported by a study which found 

help-seeking youths who experienced high levels of bullying showed more intense negative 

affect and psychotic experiences in response to stress compared to non-help-seeking controls 

(Rauschenberg et al. 2021). These findings are consistent with the theory that stress 

reactivity, a key aspect of HPA-axis dysregulation, may constitute a marker of psychosis 

risk (Myin-Germeys et al. 2001), and a contributing factor to cognitive difficulties (Lataster 

et al. 2006).

Cognitive impairments associated with genetic and environmental (e.g., OCs) risk factors 

may precede experiences of victimization and precipitate increased risk of victimization 

(Danese et al. 2017). A large-scale longitudinal study reported that peer victimization 

mediated the relationship between developmental impairments (including OCs, low IQ, and 

motor impairments) and PLEs, suggesting that individuals with developmental impairments 

are more likely to be bullied, thereby increasing the risk for developing psychosis (Liu et 

al. 2020). Existing cognitive impairments may increase risk for peer victimization, further 

exacerbating the impairment; however, these transactional relationships require further 

investigation.

3.4 Early Life Stress and Cognition in Psychosis: Summary

Early life stress impacts a range of cognitive domains among individuals with psychosis, 

with pronounced effects on executive functions, including working memory, potentially 

underlying deficits in overall cognition (Vargas et al. 2019). Early life stress likely 

contributes to cognitive difficulties in psychosis by dysregulating the body’s response to 

stress (e.g., increased cortisol levels, chronic immune activation) which can negatively 

impact the neurodevelopment of regions involved in cognitive functioning, such as the PFC 

and hippocampus. Given that early life stress increases risk for a range of psychological 

sequelae, it is difficult to discern the extent to which early life stress impacts cognition in 
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psychotic disorders, specifically. Nonetheless, there is preliminary evidence that traumatic 

events are more strongly associated with PLEs, as well as PTSD and borderline personality 

disorder symptoms, than other symptom domains (Gibson et al. 2017). Importantly, when 

adjusting for these co-occurring symptoms, traumatic life events were no longer associated 

with depressive symptoms, anxiety, or substance use, which previously had been well-

documented relationships (Green et al. 2010; van Nierop et al. 2015). Therefore, early 

life stress may be linked to specific symptom clusters, including psychotic symptoms, 

further exacerbating cognitive difficulties which are characteristic of psychotic disorders. 

Inconsistencies in findings may be due to variability in the methodologies used to measure 

trauma, lack of specificity of trauma type, timing, and chronicity, and failure to account for 

co-occurring symptoms.

4 Discussion

Overall, there is evidence that prenatal and early childhood environmental risk factors 

impact general intelligence, verbal intelligence, and executive functioning, often beginning 

in the premorbid period and continuing into adulthood, in individuals with psychosis. These 

risk factors align with the conceptualization of schizophrenia as a neurodevelopmental 

disorder in which cognitive deficits arise prior to illness onset and remain relatively 

stable (Reichenberg et al. 2010). However, it has been suggested that some individuals 

with psychosis exhibit average premorbid cognitive function which declines as the 

illness progresses (Weickert et al. 2000; Badcock et al. 2005). These cognitive subtypes, 

often referred to as “compromised” and “deteriorated,” respectively, show differing 

neurodevelopmental profiles (Woodward and Heckers 2015) and may account for variability 

in findings. The principle of multifinality (i.e., one risk factor may contribute to various 

outcomes) complicates our understanding of findings related to the pre-, perinatal, and 

childhood origins of psychosis risk. OCs and early childhood trauma have been associated 

with a number of psychopathological outcomes in offspring; as such, it is challenging to 

clarify the extent to which certain risk factors are specific to a particular diagnostic outcome 

(Huizink and de Rooij 2018). Few prenatal studies have attempted to answer questions 

of multifinality; however, investigations into early cognitive deficits may provide insight 

into potential mechanisms. Utilizing a developmental framework to understand issues of 

multifinality may be crucial to future analyses. For example, individuals who go on to 

develop schizophrenia, in particular, show lower premorbid cognitive performance (e.g., 

global IQ) compared to those that develop bipolar disorder (Bortolato et al. 2015). Prenatal 

and childhood stress are likely involved in the cascade of risk to neuropsychological deficits 

across disorders, but perhaps at different stages of neurodevelopment. Nonetheless, the 

high level of comorbidity of psychosis with other psychological disorders (e.g., affective 

disorders) adds to the challenge of identifying the specificity of early life risk factors to the 

emergence of psychosis and its related cognitive profile.

We have highlighted the myriad limitations of the existing research on these early life 

risk factors, including variability in measurement, issues with retrospective reporting, 

small sample sizes, and challenges in examining the specificity of various adversities on 

cognitive outcomes. Moreover, literature that integrates the impact of pre- and perinatal 

adversity and early life stress on cognitive outcomes in individuals with psychosis is scarce. 
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Figure 1 illustrates how environmental risk factors may work additively/interactively across 

development toward specific cognitive difficulties in psychotic disorders, underscoring the 

need for future studies integrating the impact of various pre- and postnatal adversities on 

cognitive outcomes in psychosis. It is likely that specific risk factors do not lead to cognitive 

difficulties in psychotic disorders, but that there may be myriad unique developmental 

cascades associated with such outcomes (Lipner et al. 2019; Ellman et al. 2018). As such, 

this underscores the importance of measuring the unique risk factors so more specific, 

longitudinal, and transactional analyses can be conducted.

Early intervention proximal to these perinatal and childhood risk factors may aid in 

preventing some of these cognitive difficulties from cascading into difficulties resulting 

in a psychotic disorder. As early as the prenatal period, there is preliminary evidence 

that micronutrient supplementation (e.g., folic acid, choline, and possibly Vitamin D) may 

buffer the effects of maternal nutritional deficiencies and other related OCs to decrease 

the risk for psychotic disorders (Freedman et al. 2021). Interestingly, there is evidence that 

fetal sex may moderate the relationship between Vitamin D supplementation and decreased 

risk for psychosis, such that this intervention was only associated with decreased risk 

for schizophrenia in male offspring in a Finnish study (McGrath et al. 2004). Physician 

monitoring of maternal mental well-being at prenatal visits may also allow for early 

identification of antenatal anxiety and depression, facilitating early intervention to decrease 

fetal exposure to PNMS (Bhat et al. 2017).

Postnatally, positive parenting may buffer the association between earlier adversities 

and cognitive difficulties. Previous work in a non-psychiatric sample demonstrated that 

sensitive parenting (defined as greater supportive scaffolding during play and challenging 

puzzle tasks), measured via clinician rating of maternal-child interactions, moderated 

the relationship between low birth weight and poorer executive functioning in children 

at ages 3 and 5 (Camerota et al. 2015). School-based interventions, such as adaptive 

training programs, have been shown to improve and sustain the enhancement of poor 

working memory in children (Holmes et al. 2009). An experimental early childhood 

intervention aimed to provide quality education to children from disadvantaged backgrounds 

was associated with significant improvements in both cognitive and non-cognitive skills, 

especially in children from the most disadvantaged backgrounds (Xie et al. 2020). 

Minimizing exposures to environmental contaminants (e.g., manganese, lead, plastics with 

BPAs, and air pollution) may also improve cognitive functioning across development 

(Clifford et al. 2016; Mhaouty-Kodja et al. 2018; Martin et al. 2021). Therefore, 

environmental stressors may have long-term effects on cognitive outcomes in psychotic 

disorders, but they are also identifiable and therefore treatable. Programs may aim to pay 

particular attention to the confluence of OCs and early life stressors as early cognitive 

complaints emerge and as an avenue for early intervention. Additional research on the utility 

of these various interventions on cognitive outcomes, specifically in those with psychotic 

disorders, is needed.
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4.1 Considerations Pertaining to Intersectionality

Intersectional aspects of identity (e.g., sex/gender, race/ethnicity) likely also inform the 

developmental cascade to cognitive difficulties in the course of psychotic disorders. Firstly, 

males have demonstrated greater deficits in cognition and attention, specifically in verbal 

tasks, during the premorbid period (Goldstein et al. 1994) and sexual dimorphism persists 

into chronic schizophrenia (Goldstein et al. 1998). Pre- and perinatal risk factors likely set 

the stage for sex differences in cognitive performance, as studies have shown an increased 

risk for psychosis for male offspring after exposure to various OCs, including PNMS 

(Fineberg et al. 2016), and increased risk for intermediate phenotypes of psychosis, like 

low birth weight (Ellman et al. 2019). Increased psychosis risk for male offspring is likely 

regulated by the sex-moderated placenta (Bronson and Bale 2016), and recent findings 

demonstrate that males have higher placental expression of genetic risk factors for psychosis 

with stronger associations to poorer cognitive functioning in early life (Ursini et al. 2021). 

Sex differences in the inflammatory profile of the in-utero environment for male fetuses may 

also contribute to these differences, given that higher levels of proinflammatory cytokines 

are evident in males during the prenatal period, and male fetuses may be more sensitive to 

the impact of this inflammation (Kim-Fine et al. 2012; Hunter et al. 2021). Such findings 

support the theory that male and female fetuses are armed with different evolutionary 

strategies for survival, such that female fetuses are more equipped to adapt to environmental 

adversity whereas the male fetus more heavily invests resources in growth during adverse 

conditions (Sandman et al. 2013). These differences leave males at higher risk of prenatal 

environmental stressors and, consequentially, fetal neurodevelopmental deficits (Sutherland 

and Brunwasser 2018).

Sex differences also have been found in studies examining childhood trauma and cognitive 

deficits, such that females are more likely to be protected from the cognitive and 

neurological effects of childhood trauma, both for individuals with schizophrenia (Ruby 

et al. 2017) and in the general population (Samplin et al. 2013). Conversely, women 

with childhood trauma exhibit more positive and mood symptoms, as well as earlier age 

of onset of psychosis, compared to women without a history of childhood trauma, and 

this association is not present in men (Comacchio et al. 2019). As such, women may 

be protected from neurological effects (e.g., smaller hippocampi), but not the psychiatric 

effects, of childhood trauma exposure (Samplin et al. 2013). Examining sex differences in 

the trajectory from OCs to childhood trauma may serve to further clarify these trends in 

related cognitive difficulties.

Important to the discussion of the impact of environmental stressors on cognition is the 

disproportionate impact of these stressors on individuals of marginalized racial and ethnic 

groups due to systemic oppression. Mothers from marginalized racial groups in the US 

experience greater incidence of OCs overall, and perceived discrimination during pregnancy 

may account for increased risk for OCs, like low birth weight (Giscombé and Lobel 2005; 

Dominguez et al. 2008). In the postnatal period, individuals from marginalized racial groups 

are more likely to be exposed to childhood adversity such as physical abuse, sexual abuse, 

domestic violence, and low SES (Anglin et al. 2021). These stressors lead to HPA axis 

dysregulation and neural inflammation as early as the prenatal period (Glynn et al. 2007; 
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Gillespie et al. 2016) and may lead to damage in stress-sensitive brain regions including the 

PFC and hippocampus, resulting in cognitive difficulties (Howes and McCutcheon 2017). 

The disproportionate impact of these stressors on individuals from marginalized racial 

groups, as well as the differential exposure to stressors based on an individual’s racial/ethnic 

group and gender identity (e.g., police victimization of Black males), must be considered in 

studies of early life adversity and cognition on the psychosis spectrum.

4.2 Gene × Environment Interactions

Examination of OCs and genetic vulnerability for psychosis together will facilitate a clearer 

understanding of their relative contributions to cognitive sequelae. Findings suggest that 

fetal hypoxia exposure on its own is unlikely to result in cognitive changes; however, it 

likely interacts with genetic risk factors associated with psychosis, particularly expressed 

in the placenta of male fetuses, to incur damage to the developing brain (Cannon et 

al. 2000; Ursini et al. 2021). It is likely that this gene x environment interaction exists 

with other types of OCs. For example, genetic vulnerability to the teratogenic effects of 

particular infections during pregnancy may be of importance. Multiple immune-related 

genetic polymorphisms (e.g., genes from the IL-1 complex) have been associated with 

brain changes found in schizophrenia and polymorphisms in both the IL-1 complex and 

TNF-α have been shown to heighten inflammatory response to infection (Fineberg and 

Ellman 2013). Consequentially, carriers of these polymorphisms may exhibit an exaggerated 

inflammatory response, with the potential to hinder brain development, increase risk for 

other OCs associated with psychosis risk, and/or render the fetus more vulnerable to the 

adverse effects of maternal infection (Ellman and Cannon 2008; Mittal et al. 2008; Fineberg 

and Ellman 2013). Additional research examining the interaction between various OCs and 

genetic vulnerability for psychosis on cognitive outcomes in these disorders is needed.

Polymorphisms linked to schizophrenia risk have also been shown to interact with childhood 

stress to impact cognitive performance. Catechol-O-methyltransferase (COMT) Val(158)Met 

polymorphism is a common genetic variant that has been shown to influence executive 

functioning, as well as prefrontal physiology and dopamine levels (Egan et al. 2001; 

Meyer-Lindenberg et al. 2006). Interestingly, a case–control study of participants from the 

Australian Schizophrenia Research Bank found that the COMT Val(158)Met polymorphism 

interacted with physical abuse to predict better executive functioning, despite a significant 

main effect of Val/Val homozygotes performing worse on tasks involving attention and 

immediate memory (Green et al. 2014). This suggests a pathway through which childhood 

trauma, namely physical abuse, downregulates Val/Val genotype expression and increases 

dopamine activity. Genetic variations implicated in stress response and glucocorticoid 

function (e.g., FKBP5, 5-HTTPLR) have also been shown to interact with childhood trauma 

to impart cognitive outcomes in patients with psychosis (Aas et al. 2012; Green et al. 

2015). These findings highlight gene x environment interactions as potential mechanisms 

underlying the development of cognitive impairments associated with psychosis.
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5 Conclusions and Recommendations

Further clarification of the role of early life adversity, beginning in the prenatal period, on 

cognition in disorders on the psychosis spectrum is needed. Methodological considerations 

for the future study of pre-, perinatal, and early childhood risk factors are outlined in 

Fig. 2. Comprehensive, prospective assessment of birth cohorts will serve to further our 

developmental understanding of individual and contextual factors that impact cognitive 

outcomes. Further understanding of these risk factors earlier in development provides earlier 

opportunities for intervention. Additionally, greater understanding of the specificity of these 

cognitive difficulties associated with perinatal and early childhood stress to schizophrenia 

spectrum disorders, versus other neurodevelopmental disorders like autism, may be of 

interest.
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Fig. 1. 
Proposed developmental trajectory for the onset of cognitive difficulties from pre-, perinatal, 

and early childhood environmental risk factors in individuals with psychotic disorders. 

OCs confer changes on the brain beginning in-utero, which can persist into the postnatal 

period. These changes are evidenced in cognitive changes apparent as early as infancy 

that may extend through adulthood. While many women experience OCs over the course 

of their pregnancy, most offspring do not go on to develop neurodevelopmental disorders 

like schizophrenia; therefore, understanding the additional risk factors that combine with 

OCs to portend risk for schizophrenia is needed (Ellman et al. 2018). For example, there 

is evidence OCs can impact one another. PNMS has been associated with greater risk 

of infection, increased engagement in adverse health behaviors, and increased risk for 

gestational complications (Lipner et al. 2019). Individuals with a history of OCs are also 

more likely to experience stressful events during childhood, such as peer victimization, 

which may subsequently increase the risk for psychotic experiences in adulthood (Liu et 

al. 2020). Poorer cognitive functioning also likely impacts the way that individuals are 

treated within their childhood environment by parents, peers, and teachers (McIntosh et 

al. 1993; Haager and Vaughn 1995). As we strive to understand early environmental and 

genetic risk factors for cognitive impairments, we must consider transactional ways in which 

early “hits” or “primers” can work synergistically or additively with postnatal environmental 

factors (Estes and McAllister 2016). Sequelae resulting from perinatal adversities may be 

compounded by environmental risk factors in the postnatal period, including chronic stress 

and trauma during childhood. Figure adapted from Lipner et al. (2019)
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Fig. 2. 
Methodological considerations for future studies examining early life environmental risk 

factors and cognitive outcomes in individuals on the psychosis spectrum
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