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Abstract  

Important questions remain about the profile of cognitive impairment in psychotic disorders across 

adulthood and illness stages. The age-associated profile of familial impairments also remains unclear, as 

well as the effect of factors, such as symptoms, functioning, and medication. Using cross-sectional data 

from the EU-GEI and GROUP studies, comprising 8,455 participants aged 18 to 65, we examined 

cognitive functioning across adulthood in patients with psychotic disorders (n=2,883), and their 

unaffected siblings (n=2,271), compared to controls (n=3,301). An abbreviated WAIS-III measured 

verbal knowledge, working memory, visuospatial processing, processing speed, and IQ. Patients showed 

medium to large deficits across all functions (ES range = –0.45 to –0.73, p<0.001), while siblings showed 

small deficits on IQ, verbal knowledge, and working memory (ES = –0.14 to –0.33, p<0.001). Magnitude 

of impairment was not associated with participant age, such that the size of impairment in older and 

younger patients did not significantly differ. However, first-episode patients performed worse than 

prodromal patients (ES range = –0.88 to –0.60, p<0.001). Adjusting for cannabis use, symptom severity, 

and global functioning attenuated impairments in siblings, while deficits in patients remained statistically 

significant, albeit reduced by half (ES range = –0.13 to –0.38, p<0.01). Antipsychotic medication also 

accounted for around half of the impairment in patients (ES range = –0.21 to –0.43, p<0.01). Deficits in 

verbal knowledge, and working memory may specifically index familial, i.e. shared genetic and/or shared 

environmental, liability for psychotic disorders. Nevertheless, potentially modifiable illness-related 

factors account for a significant portion of the cognitive impairment in psychotic disorders.



Introduction 

Cognitive impairment is a common feature of schizophrenia and related psychotic disorders. Some even 

argue that schizophrenia should be conceptualized as a cognitive rather than psychotic illness, with 

cognitive dysfunction representing the core component of the disorder 1, 2. Indeed, the DSM-V 

emphasizes the importance of assessing cognitive functioning alongside the five symptom domains 

(delusions, hallucinations, disorganized speech, disorganized, behavior, negative symptoms)3, and in 

ICD-11, cognitive symptoms are listed alongside positive, negative, depressive, manic, and psychomotor 

symptoms 4. However, despite more than a century of research on cognitive functioning in schizophrenia-

related disorders, important knowledge gaps remain.  

First, the profile of cognitive impairment across the lifespan remains poorly characterized, and its 

relationship with illness stages is unclear. Evidence suggests that patients with schizophrenia-related 

disorders experience some degree of cognitive decline over their lifetime, with the largest decline 

occurring during the years prior and up to the first few years after onset 5. After illness onset, both cross-

sectional 6 and longitudinal 7 evidence suggests at least some stabilization of impairment. However, there 

is also evidence for decline after onset 8, a second ‘peak’ in decline during later, chronic illness stages 9, 

and increased risk of dementia in very-late onset schizophrenia 10. Efforts to examine the profile of 

specific cognitive functions across adulthood have also yielded mixed findings 6, 8. Delineating the profile 

of these functions across adulthood and illness stages may reveal critical functions and periods for 

detection and intervention.   

Second, cognitive decline has not been fully considered as an age-associated process, rather than in 

relation to stage of illness (i.e. premorbid, first-episode, chronic)5. Similarly, most studies have examined 

early 7 or late adulthood 9, without being able to trace cognitive functioning across the entirety of 

adulthood. While evidence suggests that cognitive decline during the first two decades of life reflects a 

failure to keep up with developmental norms rather than loss of cognitive capacity 11, 12, studies have not 



yet delineated the nature of age-associated processes throughout adulthood. The importance of 

considering cognitive functioning beyond adolescence is highlighted by the fact that brain and cognitive 

development continue well into the third decade of life 13. 

Third, studies have yet to examine the full age-associated profile of familial deficits. Substantial evidence 

suggests that relatives of patients with schizophrenia-related disorders also show some degree of 

cognitive impairment 14, 15, at least in part due to shared heritable genetic mechanisms. The genetic 

underpinnings of cognitive impairments in schizophrenia-related disorders have been demonstrated by 

studies showing overlap between schizophrenia polygenic risk scores (PRS) and cognitive performance 16, 

as well as educational attainment 17. However, despite continued evidence for familial cognitive 

impairments, it remains unclear whether siblings show greater impairments in certain domains and 

whether the age-associated pattern of cognitive impairments resembles that of patients. A detailed 

evaluation of the familiality of cognitive deficits across adulthood and cognitive domains may provide 

important additional etiological clues about the genetic and neurobiological underpinnings of cognitive 

impairments in schizophrenia-related disorders. 

Lastly, it remains unknown whether illness-related factors such as symptom severity, global functioning, 

and antipsychotic medication influence cognitive impairments differentially throughout adulthood. The 

age-associated influence of cannabis use on cognitive impairments is similarly unclear, despite the role 

cannabis may play in the emergence of psychotic symptoms 18. The potentially moderating effect of sex 

on age-associated cognitive processes in psychotic disorders also remains largely unexplored. Examining 

these factors across adulthood may advance understanding of the etiology of cognitive impairment, as 

well as its clinical significance.  

Using the largest sample of patients with schizophrenia-related disorders, non-psychotic siblings and 

controls to date, we examined cognitive impairments across adulthood. We used cross-sectional data on 

general and specific functions from 8,455 individuals aged 18 to 65 from the Genetic Risk and Outcome 



of Psychosis (GROUP) and EUropean network of national schizophrenia networks studying Gene-

Environment Interactions (EU-GEI) studies, which comprise prodromal (i.e. converted to a 

schizophrenia-related disorder during the study), first-episode and established illness stages. We 

examined whether: 1) cognitive impairments in patients differ by age category (i.e. very early-, early- and 

mid-adulthood) and/or stage of illness (i.e. prodromal stage, first-episode, established stage), 2) siblings 

of these patients show a similar pattern of impairment, and 3) this impairment is influenced by 

socioeconomic status, education, sex, symptom severity, global functioning, antipsychotic medication, 

and cannabis use.  

 

Methods  

Sample 

Data were collected in 30 centers across 13 countries (UK, Netherlands, Spain, France, Italy, Serbia, 

Turkey, Austria, Switzerland, Germany, Australia, Denmark, Brazil), and were part of the baseline 

assessment for the EU-GEI study, which ran from May 1st 2010 to April 30th 2015 19, 20, or the GROUP 

study, which ran from April 2004 to December 2013 21. Ethical approval was granted in each center and 

all participants provided written informed consent. Of the combined dataset of 10,136 individuals, 685 

(21.6%) patients, 259 (11.0%) siblings and 334 (10.0%) controls did not complete cognitive testing, 

leaving a total of 8,858 individuals (3,341 controls, 2,347 siblings, 3,170 patients). Patients were either in 

the prodromal (i.e. had converted to a schizophrenia-related disorder during the study period), first-

episode or established stage of illness, and were excluded if an organic cause was the primary reason for 

their psychotic symptoms. Control participants were excluded if they had a past or current diagnosis of 

any schizophrenia-related disorder. All participants had to have adequate language skills local to each 



center in order to undergo cognitive testing. Other exclusion and inclusion criteria for individual 

studies/work packages covering the different illness stages are described in the supplement. 

Measures 

Cognition 

An abbreviated WAIS-III 22, comprising the information, arithmetic, block design, and digit symbol 

coding subtests, was used to measure performance in the domains of verbal knowledge, working memory 

visuospatial processing, and processing speed, respectively. Each WAIS subtest taps into many different 

abilities and the domains mentioned herein are simplified. In GROUP, all items of each subtest were 

administered. In EU-GEI, the digit symbol coding was administered for the standard time, along with 

every second item of the block design and arithmetic subtests, and every third item of the information 

subtest 23. Raw scores were then multiplied by two (arithmetic and block design) or three (information). 

This abbreviated WAIS-III version was developed for EU-GEI and provides a reliable approximation of 

IQ and the four subtests 23.  

Sociodemographic characteristics  

Age, sex, ethnicity, years of education, and parental socioeconomic status (SES) were obtained (Table 1). 

In EU-GEI, parental SES (i.e. occupation level) was obtained using an amended version of the Medical 

Research Council Socioeconomic Schedule (MRC SDS)24, and in GROUP using a comparable scale. 

Current cannabis use was ascertained in GROUP using the Composite International Diagnostic Interview 

(CIDI) 25 and in EUGEI using the Cannabis Experiences Questionnaire (CEQ)26.  

Clinical characteristics 

Diagnoses were obtained using the Operational Criteria Checklist algorithm (OPCRIT)27. OPCRIT shows 

high interrater reliability generally 28 and in our study, after training (κ = 0.7). Illness duration and current 

antipsychotic medication use (yes/no) were assessed using the abbreviated Nottingham Onset Schedule 



(NOS)29. Symptom severity and general functioning were measured using the Global Assessment of 

Functioning (GAF) symptom and disability scales 30, respectively. 

Statistical analyses 

Group differences in sample characteristics were examined using χ2, t- and Mann-Whitney-U-tests. Raw 

scores on the digit symbol coding, block design, information and arithmetic subtests, and the sum of these 

subtests (i.e. raw IQ) were z transformed. Thus, β values throughout represent standardized effect sizes 

(ES), with values 0.2, 0.5 and 0.8 indicating small, medium and large ESs, respectively. These z scores 

were used in all statistical analyses, and are plotted by age separately for each country in sFigures 1-5.  

Age-associated group differences in cognitive functioning 

Multilevel linear models (MLMs) were fitted to account for the hierarchical structure of the data (i.e. with 

random intercepts for country, center and family). Based on age distributions (sFigure 6) and nonlinear 

relationships between age and cognitive functioning (Figure 1), we categorized individuals into 

approximately equal-sized age groups: 18-25, 26-39, and 40-65 years, representing very early-, early- and 

mid-adulthood, respectively (Table 1). Effects of interest were group main effects and the interaction 

between group and age category. A statistically significant group main effect would indicate a difference 

in cognitive performance between patients and/or siblings compared to controls. A statistically significant 

group-by-age interaction would indicate that group differences in cognitive performance differ by 

participants’ age. Sex and ethnicity were entered as covariates in all models.  

Illness stage and duration  

The effect of illness stage was examined using MLMs as described above, but with prodromal patients set 

as the reference. Illness stage was based on study (i.e. prodrome study = prodromal stage, first-episode 

study = first-episode, course studies = established stage), except for individuals in the course studies with 



an illness duration of less than two years (n = 314), who were considered first-episode. Illness duration 

(measured in years from illness onset) was entered into MLMs as a continuous effect of interest.  

Sociodemographic and illness-related factors 

We entered sociodemographic and illness-related factors (current cannabis use; symptom severity i.e. 

GAF symptoms; global functioning i.e. GAF disability; illness duration; parental SES; years of education; 

antipsychotic medication) as covariates into separate MLMs to examine whether each of these factors 

influenced group and group-by-age effects.  

Sex-related differences 

We fitted MLMs separately in males and females to examine potential sex differences in group and 

group-by-age effects. In order to formally test for sex-related differences, we also entered sex-by-group, 

and three-way interactions between sex, group and age into MLMs on the whole sample.  

Sensitivity analyses 

Sensitivity analyses were conducted to determine whether cognitive patterns were similar in patients with 

non-affective and affective psychosis. To rule out any potential bias due to the inclusion of patients 

without a participating sibling (37.4% of sample), we repeated the main analyses including only patients 

with a participating sibling. We also analyzed controls and siblings with high GAF disability scores (80+, 

controls: n=2,193; siblings: n=834) and low GAF disability scores (<80, controls: n=400; siblings: 

n=405) separately to examine potential bias from missing GAF data.  

An adjusted p-value threshold of 0.005 (0.05 ÷ 10 (5 cognitive subtests × 2 statistical models for 1) main 

effects and 2) interaction effects)) was used in all models to account for multiple comparisons.  Statistical 

analyses were performed in Stata 15.1 31. The R 32 package ggplot233 was used to create graphics. 

 



Results 

Sample characteristics 

Table 1 shows sample characteristics. The small number of participants below the age of 18 were 

excluded (n = 179). Thus, the final sample comprised 2,883 patients, 2,271 siblings and 3,301 controls. 

Of this sample, 1,805 (62.6%) patients had at least one participating sibling (range=1-5; median=1).  

Older participants showed lower scores than younger participants  

Across all groups, IQ (β=–0.42, z=–12.01, SE= 0.04, p<0.001), block design (β=–0.45,  z=–11.39,  

SE=0.04, p<0.001), and digit symbol coding (β=–0.42,  z=–12.15, SE=0.04, p<0.001) was significantly 

associated with participant age, such that participants in mid-adulthood performed worse than participants 

in very-early-adulthood (Figure 2, Table 2).  

Patients showed substantial cognitive impairments that were not associated with participant age 

Patients showed medium to large deficits across all cognitive measures (Figure 2, Table 2). Large 

deficits were seen on IQ (β=–0.73,  z=–20.39, SE= 0.04, p<0.001), and digit symbol coding (β=–0.71, 

z=–20.30, SE=0.03, p<0.001). Medium deficits were observed on information (β=–0.45, z=–11.05, 

SE=0.04, p<0.001), arithmetic (β=–0.66, z=–15.87, SE=0.04, p<0.001), and block design (β=–0.45, z=–

11.05, SE=0.04, p<0.001). No group-by-age interactions reached statistical significance, suggesting no 

differential association between cognitive performance and participant age in patients and controls. 

Namely, older participants scored worse than younger participants in both groups, and the magnitude of 

difference between older and younger participants was not significantly different between groups (Table 

2).  

 



First-episode patients performed worse than patients in other illness-stages 

First-episode patients performed worse than prodromal patients on IQ (β= –0.88, z=–4.75, SE=0.19, 

p<0.001), information (β=–0.60, z=–3.06, SE=0.19, p=0.002), arithmetic (β=–0.61, z=–3.11, SE=0.20, 

p=0.002), block design (β=–0.82, z=–4.07, SE=0.20, p<0.001), and slightly worse than established stage 

patients on information (β=–0.16, z=–3.72, SE= 0.04, p<0.001). Established stage patients performed 

worse than prodromal patients on IQ (β=–0.80, z=–4.26, SE= 0.19,  p<0.001), arithmetic (β=–0.58, z=–

2.89, SE= 0.20, p=0.004), block design (β=–0.70, z=–3.42, SE= 0.20, p=0.001), and digit symbol coding 

(β=–0.66, z=3.65, SE=0.18, p<0.001). All differences remained after adjusting for age. Illness duration 

showed no statistically significant effects on cognition.  

Siblings showed small cognitive impairments that were smaller in older than younger participants  

Compared to controls, siblings showed small deficits on IQ (β=–0.14, z=–3.65, SE=0.04, p<0.001), 

information (β=–0.33, z=–7.64, SE=0.04, p<0.001) and arithmetic (β=–0.23, z=–4.97, SE=0.05, 

p<0.001)(Figure 2, Table 2). These deficits were smaller in mid-adulthood than in early-adulthood, 

reflected by significant group-by-age interactions on IQ (β=0.16, z=2.88, SE=0.06, p=0.004), information 

(β=0.22, z=3.47, SE=0.06, p=0.001) and block design (β=0.20, z= 3.15, SE=0.06, p=0.002)(Table 2). 

Thus, while older participants scored worse than younger participants in both groups, the magnitude of 

difference between older and younger participants was smaller in siblings than controls.  

Sociodemographic and illness-related factors influenced cognitive impairments 

Figure 3 shows differences in effect sizes of group main effects for models adjusting for each covariate, 

compared to the unadjusted model. Adjusting for parental SES statistically attenuated deficits in verbal 

knowledge, and working memory in siblings, but effect sizes remained small (sTable 1). Adjusting for 

current cannabis use (sTables 2) and years of education (sTables 3) attenuated the small IQ deficit in 



siblings. Adjusting for symptom severity (GAF symptoms)(sTable 4) and global functioning (GAF 

disability) (sTable 5) attenuated the IQ and arithmetic deficits in siblings, and the block design 

impairment in patients. Information, arithmetic and symbol coding deficits in patients remained 

statistically significant, but were reduced by more than half when adjusting for these factors (sTables 4 

and 5). Interestingly, when entering both global functioning and symptom severity into the same model, 

only functioning remained statistically associated with cognition (z=9.84, SE=0.001, p<0.001), while 

symptoms were not (z=1.59, SE=0.001, p=0.11). This finding suggests that the association between 

functioning and cognition may account for most of the association between symptoms and cognition. 

Finally, adjusting for antipsychotic medication attenuated the information and block design impairments 

in patients, and reduced the magnitude of deficits in IQ, arithmetic, and digit symbol coding by about half 

(sTable 6). sTable 7 shows correlations between sociodemographic and illness-related factors and all 

cognitive measures.  

Cognitive impairments were comparable in male and female patients but not male and female siblings 

Compared to controls, both male and female patients showed medium to large impairments across all 

cognitive measures (sTables 8 and 9). Accordingly, sex-by-group interactions did not reveal any sex-

related differences in patients on any cognitive measure, such that cognitive impairments were 

comparable in male and female patients. On the other hand, male siblings showed a smaller deficit on 

information (β=–0.21, z=–3.34, SE=0.06, p=0.001), than female siblings (β=–0.40, z=–6.72, SE=0.06, 

p<0.001), and the deficit on arithmetic did not reach significance in male siblings (β=–0.12, z=–1.83, 

SE=0.07, p=0.07), but did in female siblings (β=–0.30, z=–4.94, SE=0.06, p<0.001)(sTables 8 and 9). 

Accordingly, significant sex-by-group interactions on information (β=–0.11, z=–2.46, SE=0.05, p=0.014) 

and arithmetic (β=–0.13, z=–0.05, SE=2.66, p=0.008), confirmed that female siblings showed greater 

deficits on these domains than male siblings. 



Group-by-age interactions no longer reached significance in male siblings, but female siblings showed a 

significant group-by-age interaction on information between early- and mid-adulthood (β=0.27, z=3.25, 

SE=0.08, p=0.001), suggesting a differential association between cognitive performance and participant 

age in female siblings and controls (sTables 8 and 9). Namely, while older participants scored worse than 

younger participants across groups, the magnitude of difference between older and younger participants 

was smaller in female siblings than controls. However, none of the sex-by-group-by-age interactions 

reached statistical significance, suggesting negligible sex-related differences in age-associated effects on 

cognitive functioning. 

Sensitivity analyses  

Sensitivity analyses comparing patients with non-affective and affective psychosis, patients with and 

without participating siblings, and participants with high and low GAF scores revealed similar patterns 

overall (sResults).  

 

Discussion 

In this large, cross-sectional patient-sibling-control study, patients with psychotic disorders showed large, 

widespread cognitive impairments, which were not associated with participant age. However, first-

episode patients showed larger deficits than prodromal patients, and a slightly larger verbal knowledge 

deficit compared to established stage patients. Siblings showed small deficits on IQ, and measures of 

verbal knowledge and working memory, which were attenuated when adjusting for cannabis use, 

symptom severity, global functioning, and education. These findings add to current knowledge in several 

important ways. 



First, effects of participant age on the magnitude of cognitive impairments were minimal. Examining 

cognitive raw scores throughout adulthood revealed that older patients showed lower scores than younger 

patients, but also that the same was true of controls, such that the magnitude of impairment remained 

stable. However, magnitude of impairment did differ by illness stage, with first-episode patients showing 

much larger deficits than prodromal patients. In line with previous evidence 34, impairments in the oldest 

siblings were smaller than impairments in the youngest siblings, which may be because older siblings 

have passed the critical period for psychosis-onset, while younger siblings have not and may still be at 

risk for psychotic disorders. Alternatively, controls may experience greater age-associated cognitive 

decline later in adulthood, while siblings and patients, who already experienced decline earlier in 

adulthood, may show relative stabilization or even normalization6. Our results should also be considered 

in the context of the well-documented Flynn effect35, whereby cognitive performance and IQ in any fixed 

age group improves over time due to improvements in education, nutrition, etc. Thus, while our finding of 

lower cognitive scores in older participants compared to younger participants may reflect age-associated 

cognitive decline36, 37, the Flynn effect may also account for this finding. Conversely, recent data suggest 

a reversal of the Flynn effect38-40, which may partly explain our finding of smaller impairments in older 

siblings compared to younger siblings. Moreover, while we made considerable efforts to recruit a well-

matched representative sample using quota sampling methods, we cannot rule out selection bias. For 

example, participation in research studies is associated with better cognitive functioning and this bias may 

be more pronounced in later adulthood. Similarly, since lower IQ is associated with earlier mortality41, 

older individuals with more pronounced cognitive impairment may be less likely to participate. Future 

longitudinal studies that are able to prospectively follow individuals throughout adulthood are needed to 

determine the profile and underlying mechanisms of age-associated cognitive processes in psychotic 

disorders. Overall, our findings support previous evidence that most of the cognitive deficit associated 

with psychotic disorders is already apparent at illness onset 7.   



Second, including a large sample of siblings with similar genetic and environmental predispositions as 

patients, but without the potentially confounding effects of illness-related factors, provides important 

insights into the familiality of cognitive impairments14. Specifically, while patients showed medium to 

large deficits across all measures, siblings showed small deficits on IQ, verbal knowledge and working 

memory, but not on processing speed and visuospatial processing. This latter finding contrasts with a 

meta-analytic finding of large processing speed deficits in first-degree relatives 42, likely because most 

studies in this meta-analysis combined data from parents and siblings, while we only examined siblings, 

who are younger. Nevertheless, our findings suggest that verbal knowledge and working memory deficits 

may specifically index familial, i.e. shared genetic and/or environmental, liability for psychotic disorders. 

Accordingly, a recent meta-analysis of cognition in first-degree relatives of patients with schizophrenia 

also reported the largest deficits in IQ and verbal measures 15. The notion of verbal impairments as a 

familial marker for psychotic illness is in line with evidence that verbal deficits emerge early 11, 12. 

Nonverbal impairments, on the other hand, emerge over time 12, increase throughout the early illness 

stage 11, but remain stable thereafter 8. Thus, shared genetic and/or environmental factors may lead to 

deficits in verbal abilities in individuals at familial risk for psychosis, while additional risk factors, 

possibly interacting with these verbal deficits, may lead to emerging nonverbal deficits and psychotic 

illness. It is important to note that we examined only two cognitive tests requiring verbal skills, and 

shared genetic liability may depend on the subtest measured. For example, genomic loci that jointly 

influence schizophrenia and verbal-numerical reasoning have been identified 43, but a recent study 

showed no association between schizophrenia PRSs and a verbal reading test 44. 

Third, adjusting for both symptom severity and global functioning attenuated the IQ and working memory 

deficits in siblings, reduced cognitive deficits in patients by half. Yet our findings also suggest that the 

association between symptoms and cognition is confounded by functioning. Thus, while the two GAF 

subscales are highly correlated (r=0.69) and adjusting for each subscale reduced deficits by similar 

magnitudes, it maybe be important to disentangle the effects of these factors. These findings are line with 



evidence of the significant impact of cognition on functional outcomes45, as well as the lack of a strong 

association between cognition and symptom severity46. Interestingly, siblings outperformed controls in 

visuospatial ability and processing speed after adjustment for symptoms and functioning, suggesting a 

potentially protective mechanism. Deficits in working memory, visuospatial, and processing speed 

abilities may therefore be ameliorated by improving functioning levels. Impairments in both patients and 

siblings were also reduced, albeit to a lesser extent, when adjusting for education. Interestingly, this 

reduction was slightly more pronounced on the verbal knowledge and working memory tests, suggesting 

that these deficits may partly reflect an impairment in the ability to learn in standard educational settings. 

While the relationship between cognitive impairment and factors such as educational attainment and 

functioning are difficult to discern due to reverse causality, future studies that are able to disentangle 

whether they act as mediators, moderators, or lie on the causal pathway between cognition and psychosis 

will provide important insights. The finding that female siblings showed larger deficits than male siblings 

is also intriguing, and highlights the need for further examination of sex-specific genetic risk factors 47. 

Finally, adjusting for current cannabis use had a negligible impact on patient impairments, but attenuated 

IQ deficits in siblings. These findings are in line with evidence of a minimal association between cannabis 

use and cognitive functioning in psychotic disorders48, as well as more severe symptomatology in sibling 

cannabis users49.  

This study has some limitations. First, our findings require replication in longitudinal samples since we 

used cross-sectional data. We also cannot rule out age-associated effects on cognition  in early life or late 

adulthood since our youngest and oldest participants were 18 and 65, respectively. Moreover, while the 

large age range is a strength, cohort effects should be considered. Nevertheless, the current findings are in 

line with longitudinal results from the same sample 50. Second, one limitation inherent to large cohorts is 

the tradeoff between breadth and depth. While we examined a number of covariates, future studies that 

are able to examine antipsychotic dosage, type and adherence, comorbidities, such as anxiety and 

depression, and positive and negative psychotic symptoms are needed. Comorbidity is the rule rather than 



the exception in psychotic disorders 51, making it difficult to disentangle the effects of psychotic versus 

other psychiatric symptoms. The reduction in power due to missing data when adjusting for covariates 

also warrants consideration, and effect sizes should be considered alongside statistical significance. Third, 

while our sensitivity analyses eliminate certain sources of bias, others cannot be ruled out. Individuals 

with better functioning may be more likely to participate in research studies, although the reverse is also 

possible. Fourth, our findings regarding specific cognitive domains require replication using larger test 

batteries that are able to cover each domain in greater detail. Relatedly, abbreviated tests, such as those 

administered in EUGEI, may both over-estimate (reduced fatigue) and underestimate (less attenuated 

learning) cognitive functioning, especially in individuals of low ability 23. However, our data show normal 

distribution of IQ and subtest scaled scores across all groups (see sTable 10).   

In conclusion, using a large, cross-sectional sample of patients with psychotic disorders, their siblings and 

controls, we found that patients showed substantial and widespread cognitive impairments, while siblings 

showed smaller verbal knowledge and working memory impairments. Moreover, effects of age and 

illness stage (beyond the first episode) on these impairments were minimal, while illness-related factors 

accounted for much of the impairment in siblings, and around half of the patient deficit. Thus, our 

findings suggest that most of the cognitive impairment associated with psychotic disorders is already 

apparent at illness onset, highlighting the importance of early cognitive remediation intervention efforts. 

Therapeutic efforts targeting illness-related factors, such as symptoms and functioning, which account for 

a significant portion of the cognitive impairment, could also have substantial benefits. Finally, deficits in 

verbal knowledge and working memory may specifically index familial liability and could be useful 

targets for studies aimed at elucidating the heritable neurobiological mechanisms underlying psychotic 

disorders. 
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