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eMethods. Summary of meta-analysis 

Literature search 

The meta-analysis was conducted according to the PRISMA guidelines. Studies were identified by searching 

electronic databases PubMed and PsycInfo using the following search terms: ‘psychotic symptoms’ or 

‘attenuated psychotic symptoms’ or ‘psychotic like experiences’ or ‘psychotic experiences’ and ‘cognition’ 

or ‘neuropsychology’ or ‘IQ’ or ‘neurocognition’. Papers published between 1980 and 1st December 2014, 

when the search was run, in the English language and using human subjects were included. The aim was to 

identify population based epidemiological studies in order to minimise bias and increase generalizability. A 

total of 2487 papers were identified initially through the literature search and after reviewing all titles and 

abstracts 14 were identified as potentially relevant. The reference lists of these 14 studies were hand 

searched for potentially relevant studies and two further articles were identified: giving a total of 16 

potentially relevant studies.  

Eligibility Criteria 

Inclusion criteria comprised: population based sample of subjects with subclinical psychotic symptoms; 

comparison subjects drawn from the same population; valid and reliable measure of subclinical psychotic 

symptoms; valid neuropsychological measure(s); sample of at least 100 participants. Exclusion criteria were: 

patients with psychotic illness or with an at risk mental state (ARMS). The inclusion and exclusion criteria 

were used in order to ensure that all included studies were relevant, valid and produced reliable results. All 

16 studies identified through the literature search were reviewed using the eligibility criteria. eFigure 1 

represents the number of published papers selected and excluded from the database searches through to the 

publications included in the review.  

 

Data Extraction 

Key data elements extracted were author and year of publication, sample size, measures used and outcomes 

of interest. 

Primary outcomes 
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Neuropsychological functioning outcomes measured using various scales, for example: the Stanford Binet 

test of IQ, subtests of the Wechsler Intelligence Scale for Chidren (WISC) and the National Adult Reading 

Test (NART). The cognitive domains of interest were: general cognitive ability, IQ, processing speed, 

working memory and memory.  

Statistical analysis 

All analyses were conducted in STATA 13 and the Comprehensive Meta-Analysis Software Version 3. 

Effect sizes for each study were calculated using Cohen’s d standardized mean differences. A single mean 

effect size was calculated for studies with multiple measures of the same cognitive domain. Sample 

weighted mean effect sizes were then calculated for each cognitive domain: IQ, general cognition, 

processing speed, working memory and memory.  

Results  

In our literature search, we identified 14 studies that reported neuropsychological performance in subjects 

with and without psychotic experiences. Of these, two were excluded because of small (N<100) sample size, 

two because they did not use a valid neuropsychological measure and one because it did not use a valid 

measure of psychotic experiences. eTable 1 details basic study characteristics and mean effect sizes for the 

11 studies included in our analyses. eTable 2 details the neuropsychological battery used.1-6  

Mean effect sizes by neuropsychological domain  

The pooled effect size for studies measuring IQ included in our analyses was: Cohen’s d=−0.40, suggesting 

a medium-sized deficit in IQ in those with subclinical psychotic experiences. Effect sizes for the specific 

domains included in our analyses were smaller, with memory being the most impaired (Cohen’s d=−0.31), 

followed by processing speed (Cohen’s d=−0.20), general cognition (Cohen’s d=−0.19) and working 

memory (Cohen’s d=−0.18). 

Discussion 

To our knowledge, this is the first quantitative review of the literature on neuropsychological functioning 

(IQ, general cognition, working memory, processing speed and memory) in people with subclinical 
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psychotic experiences. Our findings suggest a medium IQ deficit and small general cognition, working 

memory, memory and processing speed impairments in those reporting psychotic experiences. Psychotic 

experiences may therefore be a subclinical phenotype of schizophrenia, with a similar, but milder profile of 

neuropsychological impairment. Our findings also highlight the need for further investigation into the 

neuropsychological correlates of psychotic experiences since the studies to date have mostly focussed on 

child/adolescent samples and were unable to control for important demographic and psychosocial 

confounders. 
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eTable 1. Psychosis Screening Questionnaire (PSQ) Items and Responses  

PSQ items 
Initial probe 
Secondary question 
Secondary question (highest level) 

Yes responses 
  

n (weighted %) 

Thought insertion   
Over the past year, have you ever felt that your thoughts were directly 
interfered with or controlled by some outside force or person? 

125 7.2 

Did this come about in a way that many people would find hard to 
believe, for instance, through telepathy? 

19 1.1 

Paranoia   

Over the past year, have there been times when you felt that people were 
against you? 

369 20.9 

Have there been times when you felt that people were deliberately 
acting to harm you or your interests? 

218 12.3 

Have there been times when you felt that a group of people were 
plotting to cause you serious harm or injury? 

53 2.9 

Strange experiences   
Over the past year, have there been times when you felt that something 
strange was going on? 

264 14.9 

Did you feel it was so strange that other people would find it very 
hard to believe? 

96 5.5 

Hallucinations   
Over the past year, have there been times when you heard or saw things 
that other people couldn’t? 

123 7.2 

Did you at any time hear voices saying quite a few words or 
sentences when there was no one around that might account for it? 

62 3.8 

Any psychotic symptom   
Yes to one or more probe questions 552 68.5
Yes to one or more secondary questions 313 17.8 
Yes to one or more secondary questions at the highest level 171 9.7 
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eTable 2. Neuropsychological Battery 

General cognitive 
ability composite 
score (IQ) 

The first principal-component of a factor-analysis utilizing all the 
neuropsychological tests listed below. Scores were transformed to an IQ-like score 
with mean 100 and standard deviation 15. 

Wechsler Test of 
Adult Reading 
(WTAR)1 

Used as a measure of general verbal knowledge and is a word reading test that 
involves pronouncing 50 irregularly spelled words. The 50 words were presented on 
a page and subjects were asked to read each word aloud. The test was untimed and 
the dependent variable presented here was the number of correctly pronounced 
words. 

Spatial Delayed-
Response Task 
(SDRT)2 

Used to measure spatial working memory. During the SDRT, subjects were shown a 
target array of 3 or 5 yellow circles positioned around a central fixation. After a 
fixed delay, subjects were shown a single green circle and required to indicate 
whether that circle was in the same position as one of the target circles. Trial events 
included a 2 second target-array presentation, a 3 second delay period, and a 3 
second fixed response interval. A central fixation was visible throughout each of the 
24 trials (12 per memory set size).  

Visual Object 
Learning Task 
(VOLT)3 

Used to measure visual memory and comprised four trials. The first 3 were learning 
trials, in which participants were presented with a set of 10 visual objects and then, 
in a forced-choice paradigm, required to recognize those stimuli within a group of 
20 shapes (10 targets and 10 foils). Each stimulus in the learning set was presented 
for 5 seconds and recognition trials were self-paced. The composition and order of 
presentation of the learning set was identical in the three learning trials, but the foils 
were novel in each trial. The forth trial was about 20 minutes later and was a long-
delay recognition condition. Test stimuli were computer-generated three-
dimensional Euclidean shapes that were judged to be difficult to verbalize. Number 
correct during Learning and Delayed recognition were used as the primary 
dependent measures.  

Computerised Digit 
Symbol Coding Task 
(DSCT)4,5,6   

Used to measure processing speed. Similar to paper versions of the task, subjects 
were required to indicate, by pressing a button, if a centrally presented digit-symbol 
pair was identical to one of the nine digit-symbol pairs in the reference list at the top 
of the screen6. Trials were self-paced, but participants were encouraged to work as 
quickly as possible. The test took four minutes on average to complete and feedback 
was not provided. The number of correctly identified pairs in 90 seconds was used 
as the dependent measure in order to obtain scores similar to those from time limited 
paper versions of the task. Performance on this computerized version of the digit 
symbol task is highly correlated with pen and paper versions4.  The between task 
correlation was r2=0.87 in 30 healthy comparison subjects and r2=0.95 in 85 
individuals with schizophrenia6. While there are differences between the paper and 
computerized versions of the digit symbol coding, the reduction of the praxic 
response makes performance on the computerized version putatively more sensitive 
to processing speed rather than motor ability. 
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eTable 3: Correlation matrix of all variables 
 PEs IQ WTAR SDRT VOLT VOLTd DSCT Age Ethnicity Occupation Cannabis

IQ 0.10*    
WTAR 0.16* 0.48*   
SDRT 0.12* 0.59* 0.23*  
VOLT 0.11* 0.87* 0.31* 0.38*  
VOLTd 0.09* 0.79* 0.25* 0.34* 0.61*  
DSCT 0.04* 0.69* 0.32* 0.31* 0.45* 0.38*  
Age 0.04* 0.34* 0.02* 0.11* 0.28* 0.24* 0.52*  
Ethnicity 0.08* 0.19* 0.32* 0.09* 0.14* 0.13* 0.14* 0.16*  
Occupation 0.17* 0.23* 0.33* 0.14* 0.20* 0.12* 0.18* 0.08* 0.13* 
Cannabis 0.10* 0.13* 0.06* 0.03* 0.10* 0.09* 0.17* 0.25* 0.07* 0.01*
CMD 0.29* 0.10* 0.15* 0.10* 0.08* 0.05* 0.07* 0.01* 0.01* 0.12* .05*
Abbreviations: PEs, psychotic experiences; IQ, intelligence quotient (general composite score); WTAR, Wechsler Test of Adult 
Reading; SDRT, Spatial Delayed-Response Task; VOLT, Visual Object Learning Task; VOLTd, Visual Object Learning Task delayed; 
DSCT, Digit Symbol Coding Task; CMD, common mental disorders. 
*p<.001 
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eTable 4. Characteristics of Participants by Psychotic Experiences Group* 
 Psychotic experiences 

n=171 
Comparison group 

n=1506 
  

 n % n % χ2 p

Age (years)    
   16 to 24 47 13.3 305 86.7  
   25 to 34 35 8 368 92.0   
   35 to 49  46 9.7 426 90.3   
   50 and above 43 8.9 406 91.1 5.12 .163
Ethnicity    
   White British  86 7.7 957 92.3  
   Other 84 13.2 549 86.8 10.91 .001
Occupational class    
   I and II 21 3.8 484 96.2  
   III-NM and III-M 21 6.9 254 93.1   
   IV and V 18 10.9 146 89.1   
   Unclassified 67 11.6 468 88.4   
   Unemployed 38 22.1 124 77.9 57.12 <.001
Cannabis use in last year    
   No 121 8.4 1258 91.6  
   Yes 50 17.1 248 82.9 17.14 <.001
CIS-R score    
   0 to 17  104 6.5 1372 93.5  
   18 and above 66 33.1 129 66.9 135.38 <.001
Abbreviations:  I, professional; II managerial/technical; III-NM, skilled non-manual; III-M, skilled manual; 
IV, semi-skilled; V, unskilled; CIS-R, Revised Clinical Interview Schedule. 
*All percentages are weighted. Results in bold signify p<.05. 
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eTable 5. Group Means and Cohen d Effect Sizes by Psychotic Experience* 

 Comparison 
group 
n= 1,506 

Thought insertion 
n= 19 

Paranoia 
n=53 

Strange experiences 
n=96 

Hallucinations 
n=62 

 Mean SD Mean SD Effect 
size1 

p1 Mean SD Effect 
size1 

p1 Mean  SD Effect 
size1 

p1 Mean SD Effect 
size1 

p1 

IQ 100.45 14.77 91.26 12.35 −.28 .208 97.98 17.37 −.07 .701 94.90 16.48 −.25 .130 91.77 16.89 −.29 <.146 
WTAR 
total 

39.06 10.39 26.42 12.78 −.78 .004 35.08 13.65 −.25 .203 33.14 13.21 −.37 .020 28.18 14.87 −.82 <.001 

SDRT 
total 

22.63 2.88 20.69 4.47 −.43 .223 22.58 2.71 −.11 .497 21.53 3.51 −.30 .059 20.95 3.67 −.45 <.031 

SDRT 
low 
load 

12.09 1.70 11.50 2.63 −.15 .654 12.31 1.72 −.23 .158 11.56 2.18 −.25 .106 11.37 2.19 −.34 <.113 

SDRT 
high 
load 

10.53 1.67 9.19 1.94 −.60 .033 10.28 1.47 −.06 .691 9.97 1.79 −.27 .074 9.58 1.85 −.44 <.019 

VOLT 
total 

47.03 6.02 43.06 6.65 −.42 .129 44.05 8.11 −.31 .123 45.16 7.36 −.23 .117 43.47 6.97 −.37 <.028 

     
VOLT 
delay 

15.29 2.50 13.75 2.57 −.36 .161 14.95 2.55 −.03 .845 14.51 2.50 −.27 .034 14.45 2.62 −.21 <.187 

DSCT  43.46 11.55 39.60 12.49 −.11 .598 45.19 12.36 −.28 .051 39.83 11.53 −.19 .119 41.20 11.87 −.01 <.935 
Abbreviations: WTAR, Wechsler Test of Adult Reading; SDRT, Spatial Delayed Response Task; VOLT, Visual Object Learning Task; DSCT, Digit Symbol 
Coding Task. 
1Adjusted for ethnicity, occupational status, cannabis use in last year and common mental disorders 
*Results in bold signify p<.05 
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eTable 6. Cohen d Effect Sizes After Controlling for Confounders Plus Educational Level* 

Neuropsychological test Effect size 95% CIs 
IQ −.11 −.31 −.09
WTAR −.24 −.43 −.05
SDRT total −.29 −.48 −.10
   SDRT low load −.22 −.41 −.03
   SDRT high load −.28 −.47 −.09
VOLT total −.21 −.38 −.03
   VOLT delay −.18 −.36 −.01
DSCT −.02 −.16 −.21
Abbreviations: WTAR, Wechsler Test of Adult Reading; SDRT, Spatial Delayed Response Task; VOLT, 
Visual Object Learning Task; DSCT, Digit Symbol Coding Task. 
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eTable 7. Sample Characteristics by Group 
 
 Comparison group 

 n = 1384 
Non-genetically 

related 
n = 60 

First degree 
relatives 
n = 62 

Psychotic 
experiences 

n = 171 
 n % n % n % n % 
         
Age (mean, SD) 40.5 17.0 38.5 15.8 33.6 16.6 37.8 16.4 
         
         
White British 891 64.4 38 63.3 28 45.2 86 50.6 
Other 493 35.6 22 36.7 34 54.8 84 49.4 
         
Occupational class         
  I & II 459 33.8 15 25.4 10 16.4 21 12.7 
  III  230 17.0 14 23.7 10 16.4 21 12.7 
  IV & V 130 9.6 8 13.6 8 13.1 18 10.9 
  Unclassified 430 31.7 17 28.8 21 34.4 67 40.6 
  Unemployed 107 7.9 5 8.5 12 19.7 38 23.0
         
Cannabis use         
  No 1160 83.8 48 80 50 80.6 121 70.8 
  Yes 224 16.2 12 20 12 19.4 50 29.2 
         
CIS-R score         
   0 to 17  1260 91.3 58 98.3 54 87.1 104 61.2 
   18 and above 120 8.7 1 1.7 8 12.9 66 38.8 
Abbreviations:  I, professional; II managerial/technical; III-NM, skilled non-manual; III-M, skilled manual; 
IV, semi-skilled; V, unskilled; CIS-R, Revised Clinical Interview Schedule. 
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eFigure 1. PRISMA Diagram 

Flow chart representing the number of published papers selected and excluded from the database searches 

through to the publications included in the review 
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eFigure 2. Effect Sizes for Each Neuropsychological Test Before (Left) and After (Right) Adjusting for Confounders 
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eFigure 3. Effect Sizes for Each Neuropsychological Test After Adjusting for Confounders Plus 
Educational Level 
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eFigure 4. Local Regression Curves of Neuropsychological Tests on Age-by-Group Interaction 
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eFigure 5. Hypothesized Model of the Etiology of Neuropsychological Impairments Associated With Psychotic Experiences Throughout Adulthood  

 

 

 

 

 

 

 

 

 

In early adulthood the association is confounded by child abuse, stressful life events, substance use and psychiatric morbidity. In mid adulthood the association 
is partly, but not entirely, confounded by these factors. In late adulthood the large memory deficits associated with psychotic experiences are not attenuated by 
the confounders we measured and may be due to other factors such as brain pathology. 
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