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Abstract (250 words) 

 

Objective: Cognitive Remediation (CR) provides substantial improvements in cognitive 

performance and real-world functioning for people living with schizophrenia, but the durability of 

these benefits needs to be reassessed and better defined.  

Aims were to provide a comprehensive assessment of CR durability benefits for cognition and 

functioning for people living with schizophrenia and evaluating potential moderators of effects. 

Methods:  The systematic search was conducted on three electronic databases (PubMed, Scopus, 

PsycInfo) on August 08, 2023. Reference lists of included articles and Google Scholar were manually 

inspected. Eligible studies were randomized clinical trials of CR in patients diagnosed with 

schizophrenia spectrum disorders including follow-up assessments. Screening and data extraction 

was performed by at least 2 independent reviewers. Cohen’s d was used to measure outcomes. 

Primary outcomes were changes in cognition and functioning from baseline to follow-up conclusion. 

Moderators of effects durability were assessed. 

Results: Of 2840 identified reports, 281 full texts were assessed and 130 reports on 67 studies with 

5334 participants were included. CR produced positive effects that persisted at the end of follow-up 

in global cognition (d=0.23, p<0.001) and in global functioning (d=0.26, p<0.001). Smaller study 

samples and single-center studies positively influenced cognitive outcomes; longer treatment and 

follow-up duration, techniques to transfer cognitive gains to the real-world, integration with 

psychiatric rehabilitation, group format of delivery, and more women participants positively 

influenced functional outcomes. 

Conclusions: CR provides durable improvements in cognition and functioning in schizophrenia. This 

corroborates the notion that CR should be implemented more widely into clinical and rehabilitation 

practice. 

 

Keywords: Cognitive remediation; durability; evidence-based; follow-up; meta-analysis; 

persistence; schizophrenia 

  



Introduction 

Background 

Cognitive deficits are a core feature of schizophrenia and are important determinants of functional 

impairment (1, 2), real-world outcomes (3, 4), quality of life (5–7), and limit recovery in the context 

of psychiatric rehabilitation (8–10). 

 

Cognitive remediation (CR) interventions provide substantial improvements in cognitive 

performance and in functional outcomes (11–15) and have a good acceptability profile, comparable 

to that of other evidence-based interventions (16). Given its well-documented effectiveness, CR is 

currently the psychosocial intervention with the highest level of recommendation in the European 

Psychiatric Association Guidance for the treatment of cognitive impairment in people living with 

schizophrenia (17), and is mentioned as a valid intervention in other relevant guidelines dedicated to 

the global treatment of schizophrenia (18, 19). Despite these recommendations and suggestions, CR 

is still unevenly implemented into rehabilitation services, even in contexts with high levels of 

available resources (20, 21). 

 

One potential barrier is durability of effects. If benefits of CR, particularly on functioning, are durable, 

then this provides further argument for its inclusion in mental health services. Several studies have 

reported that CR treatment has long-lasting positive effects (22–25). However, the most recent and 

comprehensive meta-analyses on CR effectiveness (12, 14) did not directly explore the issue of 

durability, which has only been taken into account in one of the earliest meta-analyses (26). We know 

that the four core ingredients of CR (27), (I) presence of an active and trained therapist, (II) repetition 

of exercises, (III) development of cognitive strategies, and (IV) techniques to transfer cognitive gains 

into the real world affect whether CR has a benefit and how large that benefit is. These ingredients 

may also affect treatment durability. Integration with psychiatric rehabilitation programs and longer 

durations of CR programs also have a positive impact on functioning, and it is also possible that 

demographic and clinical factors of participants affect the outcome. 

 

An understanding of the durability of benefits and factors that contribute to the persistence of CR 

effects could also provide valuable information for clinical practice, especially on how to deliver and 

optimize personalized treatment programs. 

 

 

 



Aims 

This systematic review and meta-analysis complements previous meta-analyses (14, 16) by 

investigating the durability of CR benefits and assesses potential moderators, including treatment 

components and patient characteristics by exploring the results of randomized clinical trials that 

include follow-up assessments. The main hypotheses are that the positive effects of CR can persist 

over time and that factors with an impact on post-treatment effectiveness, such as the implementation 

of core ingredients, integration with psychiatric rehabilitation and longer duration of CR programs, 

may also act as moderators of effect duration.  

 

Materials and Methods 

Search Strategy and Selection Criteria 

The review was conducted in accordance with the Preferred Reported Items for Systematic Review 

and Meta-analysis (PRISMA) guidelines (28, 29). The systematic literature search, completed on 

August 08, 2023, comprised 3 electronic databases (PubMed, Scopus and PsycInfo) using the search 

string [(“cognitive” or “cognit*”) AND (“training” or “remediation” or “rehabilitation” or 

“enhancement”) AND (“schizophrenia” or “psychosis”) AND (“random*” or “randomized control 

trial” or “clinical trial”)], together with a manual search of Google Scholar (progressively updated) 

and of reference lists of emerging reviews and included papers.  

 

Eligible studies were randomized trials recruiting participants with a diagnosis of schizophrenia 

spectrum disorders (at least 70% of the total sample), comparing CR interventions fulfilling the 

standard Experts Workshop definition (2010) to any control condition other than CR. Only studies 

that included a follow-up assessment of cognitive or functional performance were considered and no 

limitation concerning the minimal or maximal length of follow-up was applied. Duration of follow-

up was considered as a continuous variable measured in weeks and as a categorical variable, dividing 

studies in the following length-based groups: (I) ≤ 1 month, (II) 1-3 months, (III) 4-6 months, (IV) 

>6 months, to establish whether a threshold of positive effects expiration or increase could be 

identified.  

CR could be either delivered as a stand-alone treatment or integrated with other adequately controlled 

psychosocial interventions. No restriction was applied either to treatment setting, treatment duration 

or delivery mode.  

As social cognitive training interventions usually show substantially different targets than other CR 

interventions, a subgroup analysis comparing intervention targeting social cognitive outcomes and 

those not considering social cognition as a treatment target was performed. 



Studies investigating the effects Metacognitive Training (MCT) were included in previous meta-

analyses (14, 16) and, in line with these works, have also been considered in the present analyses. 

However, since the classification of MCT as CR raised discussion among reviewers, and trials 

investigating its effectiveness often present only psychotic symptoms severity as main outcome (30), 

sensitivity analyses were conducted excluding these trials. 

Screening was conducted by 2 independent reviewers with disagreements resolved by a third author. 

Only articles published in English in peer-reviewed journals were considered. Data extraction was 

also performed by 2 independent reviewers. 

 

Quality Assessment 

Methodological rigor of included studies was evaluated using the Clinical Trials Assessment Measure 

(CTAM) (31) by at least 2 reviewers. Study authors were not contacted to directly confirm CTAM 

scoring, but quality ratings were compared with those of other review groups reported in available 

publications (26, 32, 33), as in previous meta-analyses (14, 16). A cutoff score of 65 out of 100 total 

points was used to compare studies with adequate and inadequate methodology (34).  

 

Outcomes of interest 

The main outcomes were changes in global cognitive performance and overall psychosocial 

functioning from baseline (T0) to the end of the follow-up period (T2) to estimate the overall 

durability of effect. Changes from the early post-treatment phase (T1) to the end of the follow-up 

period (T2) were assessed as a sensitivity analysis in order to assess “sleeper effects”, i.e. changes 

that might occur after the active intervention phase during the follow-up period. 

 

Outcome measures 

Cognition: Following Vita et al. (2021) we extracted data on all validated cognitive tasks and 

classified them in the 7 categories recognized by National Institute of Mental Health–Measurement 

and Treatment Research to Improve Cognition in Schizophrenia Neurocognition Committee 

(MATRICS)(35) (see Table S1). For each study, domain-specific effect sizes (ES) were calculated 

by averaging available ES of the individual measures referring to that specific domain; then, a 

composite global cognition ES was calculated by averaging the available domain-specific ES, 

following previous recommendations and studies (14, 26, 36). To address the important issue of 

synthesizing the results of studies with more thorough and more limited batteries, a metaregression 

analysis exploring the effect of the number of investigated MATRICS cognitive domains on global 

cognition outcomes was performed. 



Psychosocial functioning: Self-, caregiver- and investigator-rated instruments were all eligible, 

independently from the area of functioning (e.g. daily life, education, work, interpersonal 

relationships). Both direct and indirect measures of functioning, such as functional capacity, and 

living and social skills, were included to obtain a comprehensive picture. Accordingly, quality of life 

measures were also included (see Table S1). To address the heterogeneity resulting from this 

approach, a subgroup analysis comparing studies using measures of real-world outcomes and those 

using performance-based instrument was performed. Another subgroup analysis was performed 

comparing studies including measures of quality of life and those that did not. 

 

Potential moderators: The list of moderator variables explored is available in Appendix 1. We 

included all potential moderators explored in the analyses on early post-treatment effects (14). 

Moderator effects were explored one at a time. 

 

Meta-analytic procedures 

For each outcome, we calculated Cohen’s d with the Carlson & Schimdt formula (37), while Standard 

Errors (SE) were calculated according to Cooper et al. (38). If raw group means, z-scores, and SDs 

were not directly available, the group × time interaction F values were used to derive ES and SE 

according to the suggestions of Thalheimer & Cook (39). If this was also not available, group scores 

and SD were extracted from available figures using WebPlotDigitizer version 4.2 (Rohatgi), which 

is a is a semi-automated tool that allows to extract numerical data form plot and images. Missing data 

were treated using an available-case approach; data resulting from intention-to-treat approaches were 

preferred.  

 

For studies with multiple treatment arms, each eligible comparison was considered separately. 

Sensitivity analyses restricted to one ES per study were performed to rule out the issue of dependent 

ES (40, 41). For each study, outcome data for the longest follow-up assessment were included in the 

meta-analyses. A supplementary analysis was conducted for single categories of follow-up periods 

(≤1, 1-3, 3-6, >6 months), using all available outcome data for the specific timepoints (max 1 ES per 

category for each study).  

 

A random-effects approach was applied considering the expected differences between studies, while 

a fixed-effect approach was adopted in sensitivity analyses. Meta-analyses and sub-group analyses 

were performed using Review Manager version 5.4 (The Cochrane Collaboration), meta-regressions 

were performed using Comprehensive Meta-Analysis version 4.0 (Biostat). Descriptive statistics and 



analyses were performed using SPSS version 22 (SPSS Inc.). P-values < 0.05 (2-tailed) were 

considered significant for all analyses. Corrections for multiple comparison were not applied, and as 

such, only nominal p-values are reported. 

 

Moderator effects and assessment of heterogeneity 

Moderator effects were assessed in the baseline to end of follow-up analyses (T0-T2) using subgroup 

analyses for categorical variables and using metaregressions for continuous variables. Statistical 

heterogeneity was investigated through visual inspection of forest plots and assessment of Q-test and 

I2 statistic. Sensitivity analyses excluding outliers (42) were performed for the main outcomes and 

relevant secondary analyses. Studies were defined as outliers for each outcome if their confidence 

interval did not overlap with the confidence interval of the pooled effect (i.e. their 95% CI lay outside 

the 95% CI of the pooled effect) (43). Sensitivity analyses are listed in Appendix 2. 

 

Certainty of the evidence 

Risk of publication bias was assessed by visual inspection of funnel plots and with the Egger test for 

asymmetry (44). If significant asymmetry emerged, adjustment of effect estimates was investigated 

with the trim-and-fill method, using both a random-random and a fixed-random effects model (45, 

46). Other important determinants of the global quality of the evidence such as consistency, precision, 

and directness were explored according to experts’ recommendations (47). 

 

Results 

The study selection procedure is shown in Figure 1. One hundred and thirty records, reporting data 

on 67 studies for a total of 75 CR-control comparisons and 5334 participants, were included; 4 

ongoing studies were also identified. A complete list of included studies is provided in Appendix 3.  

 

Included studies 

Thirty-two studies were conducted in Europe, 17 in the USA, 14 in Asia, 3 in Canada and 1 in 

Australia. Twenty-five (37.3%) studies had a multicenter design, and 18 (26.9%) were conducted in 

research-oriented centers and not in a real-world clinical context. Most studies (46, 68.7%) included 

outpatients specifically. The mean sample size was 79.6±56.6 participants, with a wide range (10-

377). Methodological quality was, overall, appropriate with an average CTAM score of 68.8±13.3 

with 46 (68.7%) studies with a score ≥65. Included participants were representative of people living 

with schizophrenia and using mental health services, from individuals experiencing first episodes to 

those with a long-standing illness, with different clinical outcomes. Participants were aged 36.9±7.8 



years, with a 23.5±2.3 years mean age of onset and a 13.8±7.3 years mean duration of illness. More 

than a third of the participants (35.8%) were women. These characteristics, computed over studies, 

are summarized in Table 1 and more detail can be found in Table S2. Scores for individual CTAM 

items for each included study are reported in Table S3. 

 

CR interventions had a mean duration of 14.6±15.8 weeks (range 2-104) with a mean of 2.5±1.2 

weekly sessions. Thirty-six (48.0%) interventions were delivered in a group format, and 54 (72.0%) 

included a computer presentation. CR core elements (27) were well represented, but only a limited 

number of programs, 35 (46.7%), included all 4 elements. The mean duration of follow-up was 

24.9±15.2 weeks (range 3-65), with ≤1 month (4 studies), 2-3 months (18 studies), 4-6 months (26 

studies) and ≥7 months (19 studies). The mean drop-out rate at the end of follow-up was 25.4±14.6% 

(range 0-64.4). The CR programs adopted in the included studies are listed in Table S4. 

 

Durability of CR effects   

CR produced a small and durable positive effect on global cognition (d=0.23, 95%CI 0.17-0.29, 

p<0.001; 70 comparisons, Figure S1) and on global functioning (d=0.26, 95%CI 0.15-0.36, p<0.001; 

49 comparisons, Figure S2) compared to controls. Overall heterogeneity was low and non-significant 

for global cognition (Q=71.9, p=0.38; I2=4.1%), while a higher level of heterogeneity was observed 

for global functioning (Q=102.0, p<0.001; I2=52.9%).  

 

In the sensitivity analyses investigating post-treatment to follow-up (T1-T2) effects, no significant 

increase or decrease in benefits for either global cognition (Figure S3) or global functioning emerged 

(Figure S4), with low levels of heterogeneity in both cases. No significant moderator effects were 

observed for T1-T2 analyses apart from a superior effect of pen-and-paper interventions on cognition 

(Table S5). 

 

Moderator effects (see Table 2 and Table 3) 

Quality of evidence: As expected, larger effects on global cognition were found if the study had a 

smaller sample size (p=0.020) and was conducted in a single center (p=0.041). 

The number of included MATRICS domains in each study had no significant impact on global 

cognition (coefficient=0,004, 95%CI -0.023-0.037, p=0.754). 

Study characteristics: Larger effects on functioning were observed in studies with longer follow-up 

duration (p= 0.003). 



No significant moderator effect was observed for global cognition (p=0.730, Figure S5) in the 

subgroup analysis comparing different categories of follow-up duration; no significant effect was also 

observed on functioning, but a trend-level effect was observed suggesting a positive effect of longer 

follow-up observations (p=0.090, Figure S6). 

No significant effect was observed in the subgroup analysis comparing studies using measures of 

real-world outcomes and those using performance-based instruments, but a trend-level difference was 

observed suggesting a greater effect size for real-world functional outcome measures (real world 

outcome measures: d=0.31, 95%CI 0.18-0.44, 33 comparisons; performance-based measures: 

d=0.14, 95%CI -0.01-0.28, 16 comparisons; χ²=3.032, p= 0.082). 

No substantial difference was observed between studies including measures of quality of life and 

those that did not (quality of life measures: d=0.15, 95%CI -0.05-0.34, 14 comparisons; no quality of 

life measures d=0.30, 95%CI -0.16-0.42, 35 comparisons; χ²=1.664, p= 0.197). 

Studies specifically targeting social cognition provided smaller effects as regards global cognition 

outcomes (p= 0.021), but no significant difference was observed on functioning (p=0.268, see Table 

2). 

Treatment components affecting durable benefits: Larger benefits were found for functioning if the 

CR intervention was integrated with psychiatric rehabilitation (p=0.038), included techniques for the 

transfer of cognitive gains to the real-world (p=0.025), had longer treatment duration (p=0.002) and 

group format of delivery (p=0.004). 

Patient characteristics: Having a sample with more women participants (p=0.047) increased 

functioning at follow-up.  

 

Certainty of the evidence 

The main results were robust to sensitivity analyses, including those removing outliers. The results 

of all sensitivity analyses are reported in Table S6. Excluding the 7 studies on MCT interventions did 

not substantially change the main results (global cognition: d=0.25, 95%CI 0.18-0.31, p<0.001, 65 

comparisons; global functioning: d=0.26, 95%CI 0.14-0.37, p<0.001, 45 comparisons). Statistical 

heterogeneity across studies was low, with negligible risk for inconsistency. Potential funnel plot 

asymmetry was observed for cognition (Egger’s test p=0.004, see Figure S7). However, the 

adjustment of effect estimates performed using the trim-and-fill method showed resilience to this 

asymmetry, which was therefore not considered a significant cause for concern. No evidence of 

publication bias or funnel plot asymmetry emerged for functioning (see Figure S8). 

 

 



Discussion  

Durability of CR effects 

The conclusion of our analyses is that CR has durable positive effects on cognition and functioning 

of people living with schizophrenia, with follow-up effect sizes comparable to those observed at post-

treatment assessments (12, 14, 15). Also, no major changes between post-treatment and follow-up 

emerged, further confirming the durability of CR benefits. 

 

The observed effects are slightly smaller than those observed in the previous comprehensive meta-

analysis that also considered follow-up assessments (26). This could be due to the inclusion of several 

more recent and methodologically rigorous articles, and it can be also explained by the wider 

heterogeneity of the included participants and interventions.  

 

Durability of effects represents one of the fundamental aims of CR (27): the results of these analyses 

confirm that CR programs actually fulfil this aim, thus confirming the role of CR as an evidence-

based intervention that, if properly implemented in rehabilitation settings, could consistently help 

people living with schizophrenia in achieving their recovery goals (17). 

 

Moderator effects 

For global cognition, significant moderator effects were mostly related to study quality elements such 

as the sample size and the single- or multi-center organization of the study. Studies investigating 

interventions that specifically targeted social cognition outcomes provided smaller effects on global 

cognition compared to other CR interventions: this is an expected outcome, which in part could also 

be due to the heterogeneous nature of included assessment instruments. However, no difference was 

observed as regards functional outcomes, confirming that both types of interventions can provide 

durable functional benefits for participants. 

Several moderators of effects emerged as significant for durable improvements in global functioning, 

with important clinical implications. The presence of techniques to transfer cognitive gains into the 

real-world and integration with structured psychiatric rehabilitation programs produced a durable 

positive effect on global functioning. Moreover, the observed size of positive effects increased from 

small to moderate if only studies including a psychiatric rehabilitation program were considered. This 

was an expected result, as these elements also increases effectiveness early after active treatment (14) 

and our results suggest they are essential to promote durability of functional gains: considering these 

findings, providing CR interventions that foster the transfer of cognitive gains in real-world contexts 



and are integrated within a structured psychiatric rehabilitation program might represent an important 

step to improve the participants’ recovery process.  

The fact that the durability of CR effects remains robust in the face of differences in sample age and 

symptoms severity is also important and confirms that CR represents a valuable intervention even in 

older subjects and in participants with a more severe clinical condition (14). 

 

Other specific CR core ingredients did not appear to provide superior durability of positive effects 

compared to those that did not include them. These factors have been demonstrated to have great 

importance in CR effectiveness (14, 27). However, the current results could also be due to the 

characteristics of the sub-group analysis, performed on a very limited number of studies, which often 

did not consider each CR core element.  

 

Providing the intervention in a group produced greater effects on functioning which has also been 

found in other recent meta-analytic studies (12) and is expected as these settings are often integrated 

into rehabilitation services. A group setting might also offer more opportunities for peer-based 

learning as well as offering opportunities for supporting implementation of social skills. Independent 

learning here also includes those who receive one-to-one learning as well as independent CR at home. 

In fact, in the included studies, group interventions were delivered by an active and trained therapist 

in almost all cases, so there might be a partial overlap between these two factors. 

 

Functional improvements increased with longer treatment duration, which is also found at post-

treatment (14) and although no threshold for optimal treatment duration has been identified more 

sessions may be important. These positive effects also do not fade over time, but instead they are 

considerably durable.  

The finding that longer follow-up was associated with larger functional improvements, observed both 

considering follow-up duration as a continuous variable in a metaregression and at a trend level 

considering different follow-up lengths as categories in a subgroup analysis, could also better reflect 

the ability to use available opportunities, for instance in community activities and employment. 

Functional improvement might therefore take more time to become evident compared to cognitive 

gains and might require several months for cognitive gains to be transferred to real-life settings. This 

suggests that formal interventions could be implemented after and beside CR programs that could 

further facilitate this transfer process. 



Despite these findings, it must be noted that most of the included studies presented a follow-up of 

relatively short duration: in this regard, little is known about the long-term durability of CR effects 

in schizophrenia, and more studies with longer follow-up observations are currently needed. 

 

The subgroup-analysis comparing studies using measures of real-world outcomes and those using 

performance-based instruments did not yield statistically significant results, suggesting that CR 

interventions provides durable functional benefits regardless of the instrument used to assess 

participants’ functioning. However, a trend-level effect was observed suggesting that measures of 

real-world outcomes provided larger effect sizes: indeed, these measures may better reflect 

participants’ real-world improvements. 

 

Female gender has emerged as a significant element only in a few studies (48), and not consistently 

(32). A substantial body of evidence has described a better course of schizophrenia in women 

compared with men, in terms of better psychosocial functioning, higher achievement of recovery and 

better response to treatment on the whole (49–52), and this could also influence the durability of the 

effects of psychosocial interventions such as CR. These differences could be explained by both 

biological and social factors (53) (54, 55) although as yet there is little agreement on this balance and 

it may depend on the phase of the illness, and on the recovery measures used (56–60). Interest on the 

topic is growing and further investigation could yield promising inputs for the development and 

administration of individualized rehabilitative interventions. 

 

Strength and limitations 

The large number of included studies, the representativeness of included samples and the robustness 

of findings can be considered relevant points of strength of the present work. However, potential 

between-moderators interactions could not be explored. This is of clinical relevance as identifying 

the most impactful moderators could be of great practical use in mental health services to optimize 

and personalize treatment programs. In this regard, a network meta-analysis approach could represent 

an interesting perspective for future research. While including large samples and applying rigorous 

method to conduct the analyses consistently reduce the likelihood of this occurrence, the possibility 

of incurring in Type I errors has to be taken into account in randomized clinical trials as well as in 

meta-analytical studies. Single study Authors were not directly contacted to confirm the CTAM 

scoring used in the present work; however, were available, quality ratings were compared with those 

of other review groups reported in other systematic literature assessments. Finally, direct measures 

of real-world outcomes such as obtaining a job and days worked, which may be considered 



significantly more important than validated scale-based measures, could not be included in the present 

analyses. This is quite regrettable, as indeed these outcomes are of considerable importance, but as 

they were not measured with validated scales, and were measured in very different ways across 

studies, it was not possible to combine results across different studies. Future research conducted with 

a methodological approach that is specifically designed to better analyze the impact of CR 

interventions on direct real-world outcomes could be of considerable clinical and scientific interest. 

 

Conclusions  

The results of this comprehensive systematic review and meta-analysis show that CR interventions 

in schizophrenia not only produce positive effects on cognitive performance and psychosocial 

functioning, but also provide improvements that are small but durable. The most clinically useful 

recommendation is not only to provide CR to help patients reach their recovery goals but to allow 

patients to receive longer treatments as these are more likely to be cost-effective for functional gains. 

The evidence is now overwhelming that CR should be more widely implemented into clinical and 

rehabilitation practice so our patients can receive an effective intervention. 
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Figure 1: Prisma Study Flow Diagram  



Table 1: Descriptive characteristics of 67 included studies reporting data on 75 intervention-control 

comparisons (5334 participants) 

Variable N Mean /n ±SD/% Range, Lower Range, Upper 

Study characteristics 

Study design (N multicentric studies) 67 25  37,31   

Setting 67     

Real-world  49 73,13   

Research-oriented  18 26,87   

Setting 67     

Outpatients  46 68,66   

Inpatients  13 19,40   

Both  8 11,94   

Sample Size (N randomized) 67 79,61  ± 56,56 10 377 

Methodological quality 67     

CTAM total score (score 0-100)  68,79 ± 13,34 27 94 

Studies with adequate quality (score ≥65)  46 68,66   

Blinding of outcome assessments (N blind studies) 67 53 79,10   

Only subjects with schizophrenia included 67 24 35,82   

Comparison categories 75     

TAU  22  29,33   

Active TAU  10 13,34   

Active non-specific interventions  21  28,00   

Active evidence-based interventions  22  29,33   

Follow-up attrition rate (%) 67 25,44  ± 14,60 0 64,44 

Follow-up duration (weeks) 67 24,91  ± 15,23 3 65 

Patient and illness characteristics 

Age (years) 67 36,93  ± 7,80 15,29 50,56 

Gender (% female subjects) 65 35,84  ± 12,86 0 70 

Education (years) 40 11,98  ± 1,64 6,49 14,94 

IQ 30 96,89  ± 6,60 85,23 107,70 

Age of onset (years) 44 23,51  ± 2,28 17,03 27,56 

Duration of illness (years) 44 13,80  ± 7,30 1,17 34,48 

Baseline treatment dose (CPZeq) 37 466,04  ± 196,84 182,50 1067,60 

Baseline symptoms severity (PANSS score) 46 64,34  ± 15,22 39,94 118,40 

Baseline positive symptoms (PANSS positive scale) 34 14,96  ± 4,58 8,41 28,92 

Baseline negative symptoms (PANSS negative scale) 34 17,46  ± 4,50 10,70 32,32 

Treatment characteristics 

Treatment duration (weeks) 75 14,65  ± 15,82 2 104 

Treatment intensity (sessions/week) 72 2,49  ± 1,20 1 6 

Treatment intensity (hours/week) 69 2,47  ± 1,29 0,67 6 

Format of delivery (N group sessions) 75 36 48,00   

Computer presentation (N computerized) 75 54 72,00   

Targeting social cognition (N with target) 75 28 37,33   

Core elements according to Bowie et al. 75     

1. Active and trained therapist  64 85,33   

2. Repetitive practice of cognitive exercises (≥20 hours)  53 70,67   

3. Development of cognitive strategies  61 81,33   

4. Techniques of transfer to real-world  60 80,00   

4bis. Integration with rehabilitation  28 37,33   

Interventions including all core elements  35 46,67   

 

 

 



Table 2: Effects of moderators on cognitive and functional outcomes, metaregressions (T0-T2) 

 

Moderator 

Global Cognition 
Global Functioning 

N Coefficient 
95% CI,  

Lower 

95% CI,  

Upper 
p N Coefficient 

95% CI, 

Lower 

95% CI, 

Upper 
p 

Study characteristics 

Publication year 70 -0,008  -0,019 0,002 0,132 49 -0,009 -0,029 0,011 0,361 

Methodological Quality 

(CTAM score) 
70 -0,004  -0,009 0,001 0,102 49 -0,004 -0,012 0,004 0,338 

Follow-up duration 

(weeks) 
70 -0,001 -0,004 0,004 0,949 49 0,011 0,004 0,019 0,003 

Sample size (N 

randomized) 
70 -0,002  -0,003  -0,001 0,020 49 0,001 -0,002 0,003 0,759 

Treatment characteristics 

Treatment duration 

(weeks) 
70 0,001 -0,003 0,005 0,603 49 0,008 0,003 0,012 0,002 

Treatment intensity 

(sessions/week) 
68 0,015 -0,035 0,065 0,560 47 -0,038 -0,124 0,047 0,380 

Treatment intensity 

(hours/week) 
65 0,013 -0,033 0,059 0,579 47 -0,014 -0,099 0,072 0,751 

Patient and illness characteristics 

Age (years) 70 0,003 -0,005 0,010 0,498 49 0,004 -0,008 0,017 0,513 

Gender (% female 

subjects) 
67 -0,001  -0,007 0,005 0,715 47 0,010  0,001 0,019 0,047 

Education (years) 42 -0,004 -0,059 0,051 0,887 30 -0,063  -0,139 -0,013 0,103 

IQ 31 0,003 -0,009 0,015 0,642 25 0,001 -0,020 0,021 0,966 



Moderator 

Global Cognition 
Global Functioning 

N Coefficient 
95% CI,  

Lower 

95% CI,  

Upper 
p N Coefficient 

95% CI, 

Lower 

95% CI, 

Upper 
p 

Age of onset (years) 44 -0,027 -0,061 0,007 0,124 32 -0,004 -0,058 0,051 0,900 

Duration of illness 

(years) 
44 0,002 -0,007 0,012 0,632 32 -0,003 -0,021 0,014 0,711 

Baseline treatment dose 

(CPZeq) 
38 -0,001 -0,001 0,000 0,189 31 -0,001 -0,001 0,001 0,346 

Baseline symptoms 

severity (PANSS score) 
48 0,003 -0,002 0,008 0,284 35 -0,001 -0,009 0,007 0,790 

Baseline positive 

symptoms (PANSS-P) 
35 -0,002 -0,023 0,020 0,881 26 -0,011 -0,045 0,022 0,503 

Baseline negative 

symptoms (PANSS-N) 
36 0,013 -0,010 0,036 0,281 26 -0,007 -0,047 0,032 0,718 

 

Coefficients values in metaregressions indicate that a one-unit increase in the moderator corresponds to an increase in the effect size by the amount indicated by the corresponding regression coefficient. 

  



Table 3: Effects of moderators on cognitive and functional outcomes, subgroup analyses (T0-T2) 

Moderator 

Global Cognition Global Functioning 

N Effect Size 
95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p N Effect Size  

95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p 

Study characteristics 

Methodological Quality               

Adequate (CTAM ≥ 65) 51 0,25* 0,18 0,32    35 0,21* 0,10 0,33    

Inadequate (CTAM < 65) 19 0,17* 0,05 0,30    14 0,39* 0,17 0,61    

Test for subgroup differences     1,125 1 0,289     1,985 1 0,159 

Blinding               

Open trials 13 0,33* 0,14 0,52    8 0,46* 0,14 0,79    

Blind trials 57 0,21* 0,15 0,28    41 0,22* 0,11 0,32    

Test for subgroup differences     1,363 1 0,243     1,941 1 0,164 

Setting               

Outpatients 50 0,24* 0,16 0,31    34 0,28* 0,15 0,40    

Inpatients 14 0,29* 0,16 0,43    8 0,30 -0,03 0,62    

Both 6 0,12 -0,07 0,30    7 0,14 -0,08 0,36    

Test for subgroup differences     2,329 2 0,312     1,223 2 0,543 

Setting               

Single centre 45 0,29* 0,21 0,37     0,30* 0,13 0,46    

Multi-centre 25 0,17* 0,08 0,25     0,22* 0,09 0,35    



Moderator 

Global Cognition Global Functioning 

N Effect Size 
95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p N Effect Size  

95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p 

Test for subgroup differences     4,191 1 0,041     0,440 1 0,507 

Setting               

Real-world 49 0,24* 0,16 0,33    34 0,28* 0,15 0,41    

Research 21 0,22* 0,13 0,32    15 0,22* 0,05 0,39    

Test for subgroup differences     0,102 1 0,750     0,292 1 0,589 

Comparison category               

TAU 21 0,19* 0,09 0,30    15 0,22* 0,04 0,39    

Active TAU 8 0,17* 0,02 0,33    7 0,33* 0,09 0,57    

Active non-specific interventions 21 0,22* 0,10 0,34    14 0,27* 0,03 0,51    

Active evidence-based interventions 20 0,34* 0,19 0,48    13 0,26* 0,05 0,48    

Test for subgroup differences     3,202 3 0,361     0,572 3 0,903 

Diagnosis for inclusion               

Only subjects with schizophrenia 24 0,30*  0,16  0,44    17 0,26*  0,03 0,48    

Including other diagnoses 46 0,21*  0,14  0,28    32 0,26*  0,15 0,38    

Test for subgroup differences     1,259 1 0,262     0,005 1 0,944 

Treatment characteristics 

Active and trained therapist (Core 

element 1) 
              

Present 59 0,23*  0,17  0,30    44 0,28*  0,17  0,39    



Moderator 

Global Cognition Global Functioning 

N Effect Size 
95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p N Effect Size  

95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p 

Absent 11 0,23*  0,07  0,40    5 0,05  -0,17  0,27    

Test for subgroup differences     0,000 1 0,982     3,364 1 0,067 

Repeated practice of cognitive 

exercises (Core element 2) 
              

Present 52 0,25*  0,18  0,31    38 0,25*  0,13  0,37    

Absent 18 0,17*  0,03  0,31    11 0,27*  0,06  0,48    

Test for subgroup differences     0,989 1 0,320     0,013 1 0,910 

Development of cognitive strategies 

(Core element 3) 
              

Present 56 0,24*  0,17  0,31    42 0,29*  0,17  0,40    

Absent 14 0,20*  0,07  0,33    7 0,08  -0,09  0,26    

Test for subgroup differences     0,307 1 0,580     3,696 1 0,055 

Techniques of transfer to real-

world (Core element 4) 
              

Present 55 0,20*  0,14  0,27    40 0,30* 0,18  0,42    

Absent 15 0,36*  0,20  0,52    9 0,06 -0,11  0,23    

Test for subgroup differences     3,078 1 0,079     5,013 1 0,025 

Integration with rehabilitation 

(Core element 4bis) 
              

Present 24 0,22*  0,13  0,32    16 0,41*  0,23  0,58    



Moderator 

Global Cognition Global Functioning 

N Effect Size 
95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p N Effect Size  

95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p 

Absent 46 0,24*  0,16  0,32    33 0,18*  0,06  0,30    

Test for subgroup differences     0,063 1 0,802     4,305 1 0,038 

Interventions including all core 

elements (1,2,3,4) 
              

All core elements 34 0,24*  0,16  0,32    26 0,34* 0,19  0,49    

Not all core elements 36 0,23*  0,13  0,32    23 0,15* 0,02  0,28    

Test for subgroup differences     0,032 1 0,857     3,754 1 0,053 

Format of delivery               

Individual format 38 0,28* 0,18  0,37    26 0,12  -0,01  0,25    

Group format 32 0,19* 0,11  0,27    23 0,40*  0,26  0,54    

Test for subgroup differences     1,872 1 0,171     8,242 1 0,004 

Computer presentation               

Computerized intervention 52 0,21* 0,15  0,28    35 0,28*  0,15  0,40    

Pencil-and-paper intervention 18 0,33* 0,16  0,49    14 0,20*  0,02  0,38    

Test for subgroup differences     1,593 1 0,207     0,536 1 0,464 

Social cognition among CR targets              
 

 

Target on social cognition 45 0,14* 0,05  0,24    20 0,33* 0,16  0,08     

No target 25 0,29* 0,2 0,37    29 0,21* 0,08  0,34    



Moderator 

Global Cognition Global Functioning 

N Effect Size 
95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p N Effect Size  

95% CI, 

Lower 

95%CI, 

Upper 
χ2 dF p 

Test for subgroup differences     5,309 1 0,021     1,226 1 0,268 

 

*: statistically significant effect (p<0.05) 

 



Figure 1: Prisma Study Flow Diagram 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reports identified through electronic 

database search 
Oct 2018 (n=1451), update Feb 2020 

(n=214), update Dec 2020 (n=274), update 

Dec 2022 (n=566), update Aug 2023 

(n=143) 
 
 
 

Reports identified through other sources 

(manual search, bibliographic references 

inspection) 
(n = 192) 

Reports analyzed on the basis of title and abstract (n=2840) 

Full-text articles inspected 
(original work inclusion criteria) (n = 472) 

Full-text articles inspected again 
(current inclusion criteria) 
(n = 281, on 185 studies) 

Articles included in qualitative and quantitative synthesis 
(meta-analysis) 

(n = 130, on 67 studies) 

Reports excluded (n = 2368) 

(including duplicates) 

Full-text articles excluded 
(n= 187, on 169 studies), 
for the following reasons: 

 
Wrong study design (n= 63 studies) 
Wrong participants (n= 16 studies) 

Wrong interventions (n= 49 studies) 
Wrong comparators (n= 33 studies) 

No usable outcome data (n= 8 studies) 
 

Ongoing studies (n = 4 articles on 4 

studies) 

Full-text articles excluded 
(n = 151, on 118 studies), 
for the following reasons: 

 
No follow-up period (n=101 studies) 

No usable follow-up data (n=17 studies) 
 



 

 

Table S1. List of rating scales and corresponding cognitive domains 
 

Attention/Vigilance 
Continuous 

Performance Tests 

(CPT) 

D2 Letter Cancellation 
Test Sustained Attention 

Test (SAT) 

Test of Sustained and 
Selective Attention 

(TASS) Digit Vigilance 

Test 
Triads Test 
Backward Masking 

Test (BMT) 

Span of Apprehension tests 
 

 

Processing Speed 

Trail Making Test, Part 

A (TMT-A)  

Digit Symbol 

Substitution Test 

Symbol Digit 

Modalities Test 
(SDMT) 

WAIS Digit 

Symbol BACS 
Symbol Coding 

BACS Token 

Motor Controlled 

Oral Word 

Association Test 

(COWAT- FAS) 

Other Verbal Fluency 
tests (Category and 
Letter) 

Stroop Test, Color and 

Word conditions 
Reaction Time tests 

 

 

Working Memory 
Trail Making Test, 

Part B (TMT-B) 
WAIS or WMS 

Letter-Number 

Sequencing WMS 

Visual/Spatial Span 
Sentence Span tests 

WAIS, WISC or WMS 

Digit Span Digit Span 
Distractibility Test 

BACS Digit Sequencing 

Other Digit Span tasks  
RBANS Attention 

CANTAB Spatial 

Working Memory 
WAIS Arithmetic Other 

arithmetic tasks Dual 

Span 
N-back 
Self Ordered Pointing 
Task (SOPT) 

Neurobehavioural 

Cognitive Status 
Examination (NCSE) 

Attention, Calculating 

Verbal Learning and 

Memory 

Hopkins Verbal 
Learning Test 

(HVLT) 

Rey Auditory Verbal 
Learning Test 

(RAVLT) California 

Verbal Learning Test 
(CVLT) 

Complutense Verbal 
Learning Test 

(TAVEC) 

WMS Logical 
Memory WMS 

Memory Passages 

BACS Verbal Memory 
Hong Kong List 

Learning Test 

(HKLLT) 
NCSE Memory 
RBANS Learning 
Other Word List 

recall tests 
 

 

Visual Learning and 

Memory 

Brief Visuospatial 

Memory Test (BVMT) 

Rey Osterrieth 

Complex Figure 
WMS Visual 

Reproduction 

WMS Memory for 

Faces Kimura 

Recurring Figures Test 
 

 

Reasoning and 

Problem Solving 

Behavioral Assessment 
of the Dysexecutive 

Syndrome (BADS) 

Mazes test 

Wisconsin Card Sorting 

Test (WCST) or 

COGLAB 

Card Sorting Test - 

Categories achieved 
and Perseverative 

Errors 

Trail Making Test, Part 
B- A (TMT B- A) 

Stroop Test, 

Interference condition  
Response Inhibition 

Test 
BACS Tower of 

London Delis-Kaplan 

Executive Function 
System (D- KEFS) 

Tower Test 

RBANS Visuospatial 

NCSE Construction 

NCSE Reasoning 

Proverb 
Interpretation tasks 

Six Elements 

Test WAIS 
Picture 

Arrangement 

WAIS Matrix 
Reasoning 

Social Cognition 
Mayer-Salovey-Caruso 

Emotional Intelligence 

Test (MSCEIT) 
Bell Lysaker Emotion 

Recognition Task 

(BLERT) Facial Emotion 
Identification Test (FEIT) 

Face Emotion 

Discrimination Task 

(FEDT) 

Penn Emotion 
Recognition Test (ER 
40) 
Elkman 60 Faces test 

Emotion Recognition 
Questionnaire 

(EMOREC) 

Emotion Recognition Test 
Faces (ERTF) 

Pictures of Facial Affect 

(PFA)  
Emotion in Biological 

Motion (EmoBio) 

The Awareness of Social 
Inference Task (TASIT) 

Reading the Mind in the 

Eyes Test (RMET) 
Reading the Mind in the 

Voices (RMVT) 

Hinting Task 
Movie for the 

Assessment of Social 
Cognition (MASC) 

Metaphor and Irony test 

Cartoon test 
TOM Picture Stories 

Social Cognition 

Screening Questionnaire 
– Theory of Mind and 

Attributional Style 

Profile of Non-Verbal 
Sensitivity (PONS) 

Schema Component 

Sequencing Task 
(SCST) Script Test 

Relationships Across 

Domains (RAD) Faux 
Pas Detection Test 

Davos Assessment of 

Cognitive Biases 

(DACOBS) Social 

Cognition Problems 

Ambiguous Intentions 

Hostility Questionnaire 

(AIHQ) 

Internal Personal and 

Situational 

Attribution 

Questionnaire 

(IPSAQ) 

Attributional Style 

Questionnaire (ASQ) 

Empathic Accuracy 

Test 

 

Psychosocial Functioning 

UCSD Performance-Based 

Skills Assessment (UPSA) 
Medication Management 

Ability Assessment (MMAA) 

Social Skills 

Performance 

Assessment (SSPA) 
Independent Living Skills 
Survey (ILSS) 

Life Skills Profile (LSP) 
Maryland Assessment of 

Social Competence 

Work Behavior Inventory 
(WBI) Assessment of 

Interpersonal Problem Solving 

Skills (AIPSS) Global 
Assessment of Functioning 

(GAF; GAF-f) 

Global Assessment Scale 
(GAS) Global Functioning 

Role/Social Goal Attainment 

Scale (GAS) Social 
Functioning Scale (SFS) 

Personal and Social 

Performance (PSP) 

Specific Levels of 

Functioning (SLOF) 

Role Functioning Scale (RFS) 

WHO Disability Assessment 

Scale (WHO-DAS) 
Social and Occupational 

Functioning Assessment 
Scale (SOFAS) 

Health of the Nation 

Outcome Scale (HoNOS) 
Social Adjustment Scale 

(SAS) Social Behavior Scale 

(SBS) Major Role Adjustment 
Inventory (MRAI) 

Multnomah Community 

Ability Scale (MCAS) 
Time use survey 
Heinrichs Carpenter Quality of 

Life Scale (QLS) 
WHO Quality of Life 

(WHOQOL; WHOQOL-

BREF) 
EUROHIS Quality of 

Life (EUROHIS- 
QOL) 

Personal Well-Being Index 

(PWI) Quality of Life 

Interview (QoLI) 

Lancashire Quality of Life 

Profile (LQoLP) 

Satisfaction Life Domains 

Scale (SLDS) 



 

 

Appendix 1. List of moderators investigated (metaregressions and subgroup analyses) 

 

Study 

characteristics 

Publication year, Methodological quality (CTAM total score, CTAM >< 65 

points), Blinding of outcome assessment (blind/open), Setting 

(outpatients/inpatients/both), Setting (real-world/research-oriented), Duration 

of follow-up (weeks, categories based on time intervals), Sample size (N 

randomized), Comparison category (as specified in the Methods), Diagnostic 

composition of included sample (Only subjects with schizophrenia/Including 

other diagnoses), Number of cognitive domains assessed*, Psychosocial 

functioning measures assessed (real-world/performance-based outcomes)*, 

Evaluation of quality of life (yes/no)*. 

 

Treatment 

characteristics 

 

Presence of single active ingredients (yes/no), Integration with rehabilitation 

(yes/no), Presence of all active ingredients (yes/no), Treatment duration 

(weeks), Treatment intensity (sessions/week, hours/week), Format of delivery 

(individual/group), Computer presentation (computerized/pencil-and-paper), 

Target on social cognition (yes/no)*. 

 

Patient and 

illness 

characteristics 

 

Age (years), Gender (% female subjects), Education (years), Premorbid IQ, 

Age at onset (years), Duration of illness (years), Baseline treatment dose 

(CPZeq), Baseline symptoms severity (PANSS total score, PANSS positive 

scale, PANSS negative scale).  

 

 

*Analyses added post-hoc according to suggestions from Reviewers. 

 

 

  



 

 

Appendix 2. List of sensitivity analyses 

 

 

Fixed effects model 

Only one effect size per study (both randomly and choosing the most substantial comparison) 

Removing outliers 

Removing studies with insufficient details on allocation 

Removing studies providing only completers data 

Removing studies with attrition rate >50% at follow-up* 

Removing studies evaluating interventions designed for trial purpose 

Removing studies evaluating Metacognitive Training (MCT) 

 

 

*Analyses added post-hoc according to suggestions from Reviewers. 
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Table S2. Summary of individual characteristics of included studies 

 
Study Country, 

Design and 

Setting 

Characteristics 

of included 

sample 

Sample and 

attrition rate 

Treatment 

Program, 

Duration, 

Format and 

Schedule 

Comparison Follow-up 

duration 

(weeks) 

Quality 

Rating 

(CTAM) 

Outcome 

measures 

(included in 

the analyses) 

Au 2015 Hong Kong, 

single center 

 

Outpatients 

 

Gender: 36.7% F 

Age: 36.1 years 

Illness duration: 

11.2 years  

Onset: 24.9 years  

Education: 14.9 

years  

QI: n.i.  

Diagnosis: 

schizophrenia 

(58%), 

schizoaffective 

Baseline PANSS: 

41.9  

Daily drug dose 

(CPZeq): n.i.  

N=90, 10% 

dropouts 

(global)  

 

Captain‘s Log, 

3 sessions/week 

2h each + 

Integrated 

Supported 

Employment,  

12 weeks,  

N=45  

 

Group sessions 

 

Watching TV 

+ Integrated 

Supported 

Employment, 

N=45  

 

48 73 Cognition 

Functioning 

Bell 

2001 

USA, 

multicenter 

 

Outpatients 

Gender: 22.4% F 

Age: 42.8 years 

Illness duration: 

20.7 years  

Onset: 22 years 

Education:13.3 

years  

QI: 87.6 

Diagnosis: 

schizophrenia 

(69%), 

schizoaffective 

Baseline PANSS: 

n.i.  

Daily drug dose 

(CPZeq): 698.4 

mg/day  

N=151, 23% 

dropouts at 

follow-up  

 

Neurocognitive 

Enhancement 

Therapy (NET), 

3-4 

sessions/week, 

+ work therapy, 

22 weeks, 

 N=53  

 

Group sessions 

Work 

therapy, 

N=63  

 

26 60 Cognition 

Bowie 

2012 

USA, 

multicenter 

 

Outpatients 

Gender: n.i. 

Age: 40,6 years 

Illness duration: 

20.2 years 

Onset: 20.4 years 

Education:13.1 

years 

QI: n.i. Diagnosis: 

schizophrenia, 

schizoaffective 

Baseline PANSS: 

N=114, 27% 

dropouts  

 

Thinking Skills 

for Work, 2 

hours/week 12 

weeks, N=36 

Thinking Skills 

for Work + 

Functional 

Adaptation 

Skills Training, 

N=36  

 

Functional 

Adaptation 

Skills 

Training, 

N=38  

 

12 75 Cognition 

Functioning  

 

 

 

 

 

 

 

 

 



 

 

n.i. Daily drug 

dose (CPZeq): n.i.  

Individual 

sessions 

 

Bryce 

2018 

 

 

Australia, 

Single center 

 

Inpatients and 

outpatients 

Gender: 30% F 

Age: 41 years 

Illness duration: 

14.1 years  

Onset: 26.9 years 

Education:13.1 

years  

QI: 98.1 

Diagnosis: 

schizophrenia 

(71%), 

schizoaffective 

Baseline PANSS: 

61.1  

Daily drug dose 

(CPZeq): 703.8 

mg/day  

N=56, 23% 

dropouts at 

end of 

treatment, 

41% at 

follow-up  

 

Cogpack, 2 

sessions/week 

1h each,  

10 weeks,  

N=29  

 

Individual 

sessions 

 

Computer 

games,  

N=27  

 

12 72 Cognition 

Functioning  

 

Cavallar

o 2009- 

Poletti 

2010 

Italy, 

multicenter 

 

Inpatients 

Gender: 40% F 

Age: 34.3 years 

Illness duration: 

10 years  

Onset: 24.2 years 

Education:11.7 

years  

QI: n.i.  

Diagnosis: 

schizophrenia 

Baseline PANSS: 

67.7  

Daily drug dose 

(CPZeq): n.i.  

N=100, 14% 

at end of 

treatment, 

46% at 

follow-up  

 

Cogpack, 12 

weeks, 3 

sessions/week 

1h each, + 

Standard 

Psychiatric 

Rehabilitation, 

12 weeks, N=32 

 

Individual 

sessions  

 

Computer 

activities + 

Standard 

Psychiatric 

Rehabilitatio

n, N=22  

 

38 51 Cognition  

Functioning 

Choi 

2019 

USA, 

single center 

 

Outpatients 

Gender: 44.9% F 

Age: 34.8 years 

Illness duration: 

12.5 years 

Onset: 22.4 years 

Education: 11.4 

years 

QI: n.i. 

Diagnosis: 

schizophrenia 

(56.3%), 

schizoaffective 

Baseline PANSS: 

n.i. 

Daily drug dose 

(CPZeq): n.i. 

N=85, 2.4% 

dropouts at 

end of 

treatment, 

4.7% at 

follow-up 

Computerized 

training OR 

Computerised 

training + 

Physical 

exercise, 13 

weeks, 3 

sessions/week,  

2.5 hours/week, 

N=27+29 

 

Group sessions 

 

Physical 

exercise, 

N=29 

10 69 Cognition 

Dai 2022 China, 

Single center 

Gender: 17,65% F 

Age: 41.4 years 

N=96, 

unknown 

Computerized 

cognitive 

Physical 

exercise, 

4 77 Cognition 



 

 

Outpatients Illness duration: 

18,3 years 

Onset: 23,1 years 

Education: 9,5 

years 

QI: n.i. 

Diagnosis: 

schizophrenia 

Baseline 

PANSS:64,8 

Daily drug use 

(CPZeq): 343,14 

dropout rate remediation 

therapy 

(CCRT)+Aerob

ic Exercise, 2 

sessions/week 

in 8 weeks, 

N=26 

 

Group sessions 

N=25 

D’Souza 

2013 

USA, 

multicenter 

 

Outpatients 

Gender: 25% F 

Age: 37.2 years 

Illness duration: 

10.7 years  

Onset: 26.5 years 

Education:12.7 

years  

QI: 91.2 

Diagnosis: 

schizophrenia, 

schizoaffective 

Baseline PANSS: 

56.9  

Daily drug dose 

(CPZeq): 272.5 

mg/day  

N=53, 15% 

dropouts at 

end of 

treatment, 

36% at 

follow-up  

 

PSS CogRehab, 

5 hours/week, 

12 weeks, N=22  

 * Only the arm 

taking serine-

placebo was 

included in the 

analysis 

 

Individual 

sessions 

Watching 

TV, N=23 

  

* Only the 

arm taking 

serine-

placebo was 

included in 

the analysis 

 

24 62 Cognition 

Functioning 

De Pinho 

2020 

Portugal, 

multicenter, 

 

Inpatients and 

outpatients 

Gender: 46.4 % F 

Age: 50.6 years 

Illness duration 

and Onset: n.i. 

Education: 7.7 

years 

QI: n.i. 

Diagnosis: 

schizophrenia 

Baseline PANSS: 

n.i. 

Daily drug dose 

(CPZeq):n.i. 

N=56, 7.1% 

dropouts 

(global) 

Metacognitive 

Training 

(MCT), 2 

sessions/week 

1h each, 4 

weeks, N=27 

 

Group sessions 

 

Treatment as 

usual, N=29 

12 73 Functioning 

Dickinso

n 2010 

USA, 

multicenter 

 

Outpatients 

Gender: 35% F 

Age: 47.6 years 

Illness duration 

and Onset: n.i. 

Education:12.5 

years  

QI: n.i.  

Diagnosis: 

schizophrenia 

(78%), 

N=69, 9% 

dropouts at 

end of 

treatment, 

30% at 

follow-up  

 

Computerised 

training, 3 

sessions/week 

1h each, 15 

weeks, N=28  

 

Individual 

sessions 

 

Computer 

games, N=20  

 

12 82 Cognition 

Functioning 



 

 

schizoaffective 

Baseline PANSS: 

66.5  

Daily drug dose 

(CPZeq): n.i.  

Donohoe 

2018 

Ireland, 

multicenter 

 

Outpatients 

Gender: 60% F 

Age: 43.3 years 

Illness duration: 

17.1 years, Onset: 

26.2 years 

Education:14 

years  

QI: n.i.  

Diagnosis: SSD 

Baseline PANSS: 

n.i. 

Daily drug dose 

(CPZeq): 490.4 

mg/day 

N=90,  64% 

dropouts at 

follow-up  

 

Computerised, 

low-support 

Working 

memory 

training, 6 

sessions/week, 

8 weeks, N=15  

 

Individual 

sessions 

 

Sham 

intervention, 

N=17 

 

20 79 Cognition 

Functioning 

Drake 

2014 

Great Britain, 

multicenter 

 

Outpatients 

Gender: 39.3 % F 

Age: 24.1 years 

Illness duration 

and Onset: n.i. 

Education: 17.7 

years 

QI: 104.4 

Diagnosis: 

schizophrenia 

(85%), other from 

schizophrenia 

spectrum 

disorders 

Baseline PANSS: 

70.4 

Daily drug dose 

(CPZeq): n.i. 

N=62, 48.4% 

dropouts at 

end of 

treatment, 

43.6% at 

follow-up 

CIRCuiTS, 4 

sessions/week, 

3 hours/week, 

12 weeks, N=31 

 

Individual 

sessions 

 

Time-

matched 

social contact 

(SC), N=30 

30 83 Cognition 

Functioning 

Eack 

2009-

2010 

USA, single 

center 

  

Outpatients  

 

Recent onset 

(<5 years)  

 

Gender: 31% F 

Age: 28.9 years 

Illness duration: 

3.2 years  

Onset: 22.7 years 

Education:n.i.  

QI: 98.1 

Diagnosis: 

schizophrenia 

(66%), 

schizoaffective 

Baseline PANSS: 

n.i.  

Daily drug dose 

(CPZeq): 418.2 

N=58, 27% 

dropouts at 

follow-up  

 

Cognitive 

Enhancement 

Therapy (CET) 

+ Enriched 

Supportive 

Therapy, 104 

weeks, N=31  

 

Group sessions 

 

Enriched 

Supportive 

Therapy, 

N=27  

 

52 56 Functioning 



 

 

mg/day  

Farreny 

2012 

Spain, single 

center  

 

Outpatients 

 

Gender: 32% F 

Age: 40,6 years 

Illness duration: 

17.5 years  

Onset: 23.1 years 

Education:n.i.  

QI: n.i.  

Diagnosis: 

schizophrenia 

(89%), 

schizoaffective 

Baseline PANSS: 

65.0  

Daily drug dose 

(CPZeq): 475 

mg/day  

N=62, 14,5% 

dropouts at 

end of 

treatment, 

24% at 

follow-up  

 

Problem 

Solving and 

Cognitive 

Flexibility 

Training 

(REPYFLEC), 

2 sessions/week 

1h each, 17 

weeks, N=29  

 

Group sessions 

 

Leisure 

activities, 

N=24  

 

26 76 Cognition 

Functioning 

Fekete 

2022 

Hungary, 

multicenter 

Outpatients 

Gender: 46% F 

Age: 41,3 years 

Illness duration: 

13,7 years 

Onset: 27,6 years 

Education: n. i. 

QI: 105,65 

Diagnosis: 

schizophrenia 

Baseline PANSS: 

80.2 

Daily drug use 

(CPZeq): 388,79 

mg/day 

N=46, 

dropout 

21,7% 

dropout at 

follow-up 

Metacognitive 

Training 

(MCT), 1 

session/week, 

16 weeks. 

N=23 

 

Group sessions 

Treatment as 

usual, N=13 

26 58 Cognition 

Fisher 

2009-

2010 

USA, single 

center  

 

Outpatients 

 

Gender: 21.9% F 

Age: 46.2 years 

Illness duration 

and Onset: n.i. 

Education:13.1 

years  

QI: n.i.  

Diagnosis: 

schizophrenia 

Baseline PANSS: 

n.i.  

Daily drug dose 

(CPZeq): 495.5 

mg/day  

N=32 

(completers), 

dropouts n.i.  

 

Posit Science 

(Auditory 

training), 5 

sessions/week 

1h/week, 10 

weeks 

50 hours tot, 

N=12 

100 hours tot, 

N=10  

 

Individual 

sessions 

Computer 

games, N=10  

 

26 70 Cognition 

Functioning 

Fisher 

2015-

2021 

USA, 

multicenter 

 

Outpatients 

Gender: 25.5% F 

Age: 21.2 years 

Illness duration: 

1. 9 years 

Onset: 19.3 years 

Education: 12.7 

N=147, 

29.3% 

dropouts at 

end of 

treatment, 

47.6% at 

Posit Science, 

Auditory 

training, 5 

sessions/week 

1h each, 8 

weeks, N=80 

Computer 

games, N=65 

26 68 Cognition 

Functioning 

 

 



 

 

years 

QI: 102.8 

Diagnosis: 

schizophrenia, 

schizophreniform 

or schizoaffective. 

Baseline PANSS: 

59.6 

Daily drug dose 

(CPZeq): 328.1 

mg/day 

follow-up  

Individual 

sessions 

Fiszdon 

2016 

USA, single 

center 

  

Outpatients 

 

Gender: 26.7% F 

Age: 47.8 years 

Illness duration 

and Onset: n.i. 

Education:12.4 

years  

QI: 93.6 

Diagnosis: 

psychotic 

disorder, 

including 

affective (81% 

schizophrenia) 

Baseline PANSS: 

52.7  

Daily drug dose 

(CPZeq): n.i.  

N=75, 17% 

dropouts at 

end of 

treatment, 

28% at 

follow-up  

 

PSS CogRehab, 

5 sessions/week 

1h each, 9 

weeks, N=50  

 

Individual 

sessions 

 

Treatment as 

usual, N=25  

 

9 39 Cognition 

Functioning 

Garcia 

2003- 

Fuentes 

2007 

Spain, single 

center 

  

Outpatients 

 

Gender: 33% F 

Age: 39.2 years 

Illness duration: 

18.7 years  

Onset: 20.5 years 

Education:n.i. QI: 

n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): n.i.  

N=23, 13% 

dropouts at 

end of 

treatment, 

22% at 

follow-up  

 

Integrated 

Psychological 

Therapy (IPT), 

Social 

perception 

module, 2 

sessions/week 

30-60min each, 

12 weeks, N=10 

 

Group sessions  

 

Treatment as 

usual, N=8  

 

26 27 Cognition 

Functioning 

Garcia-

Fernande

z 2019 

Spain, single 

center 

  

Outpatients  

 

Recent onset 

(<1 year)  

 

Gender: 31.4% F 

Age: 25.5 years 

Illness duration 

and Onset: n.i. 

Education:13.4 

years  

QI: n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

108.8  

Daily drug dose 

N=110, 22% 

dropouts 

(global)  

 

Rehacom, 2 

sessions/week 

1h each, 12 

weeks, N=36  

 

Individual 

sessions 

 

Computer 

activities, 

N=50  

 

26 73 Cognition  

Functioning 



 

 

(CPZeq): 1067.6 

mg/day  

Garrido 

2013-

2017 

Spain, single 

center 

  

Outpatients  

 

 

 

Gender: 26.8% F 

Age: 33.3 years 

Illness duration: 

11.4 years, Onset: 

21.9 years, 

Education: 9.9 

years  

QI: n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

55.9 

Daily drug dose 

(CPZeq): 317 

mg/day  

N=67, 51% 

dropouts at 

follow-up 

 

Computer 

assisted 

cognitive 

remediation 

(various tools), 

2 sessions/week 

1h each, 26 

weeks, N=20  

 

Individual 

sessions 

 

Watching 

videos, N=13 

 

20 70 Cognition  

Functioning 

Hegde 

2012 

India, single 

center 

  

Outpatients  

 

Recent onset 

(<2 years) or 

first episode 

 

Gender: 17% F 

Age: 29.3 years 

Illness duration 

and Onset: n.i. 

Education:12.8 

years  

QI: n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

89.7 Daily drug 

dose (CPZeq): 

204 mg/day  

N=45, 31% 

dropouts at 

end of 

treatment, 

49% at 

follow-up  

 

Home-based 

training with 

flexible 

schedule, 9 

weeks, N=13  

 

Individual 

sessions 

 

Treatment as 

usual 

including 

psychoeducat

ion, N=18  

 

17 35 Cognition 

 

 

 

 

 

 

 

 

 

 

Hogarty 

2004-

2006 

USA, single 

center 

  

Outpatients 

 

Gender: 41% F 

Age: 37.2 years 

Illness duration: 

15.7 years  

Onset: 21.5 years 

Education:n.i. QI: 

97.2 Diagnosis: 

schizophrenia 

(70%), 

schizoaffective 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): n.i.  

N=121, 

11,5% 

dropouts at 

end of 

treatment, 

12% at follow 

up  

 

Cognitive 

Enhancement 

Therapy (CET) 

2,5 hours/week, 

+ Enriched 

supportive 

therapy, 104 

weeks, N=60  

 

Group sessions 

 

Enriched 

Supportive 

Therapy, 

N=46  

 

52 63 Cognition 

Functioning  

 

Horan 

2018 

USA, single 

center  

 

Outpatients  

 

Gender: 30.4% F 

Age: 47.3 years 

Illness duration: 

25.6 years  

Onset: 21.7 years 

Education:12.4 

years  

QI: n.i. Diagnosis: 

non affective 

psychosis 

N=139, 6.5% 

dropouts  

 

Social 

Cognitive Skills 

Training 

(SCST), 

flexible 

schedule,  2-3 

sessions/week 

1h each, 12 

weeks, in vivo 

N=41, in clinic 

UCLA Illness 

Management 

Skills 

Training, 

N=49  

 

12 85 Cognition 

Functioning 



 

 

Baseline PANSS: 

50.9 Daily drug 

dose (CPZeq): n.i.  

N=49  

 

Group sessions 

 

Ishikawa 

2020 

Japan, 

multicenter 

 

Inpatients and 

outpatients 

Gender: 70% F 

Age: 47.6 years 

Illness duration: 

21.1 years 

Onset:26.5 years 

Education: n.i. 

QI: n.i. 

Diagnosis: 

schizophrenia, 

schizotypal, 

psychosis NOS 

Baseline PANSS: 

n.i. 

Daily drug dose 

(CPZeq): 764.6 

mg/day 

N=50, 10% 

dropouts 

MCT-10 

modules, 10 

weeks, 1 weekly 

session lasting 

1h, N=24 

 

Group sessions 

 

Treatment as 

usual, N=26 

4 76 Functioning 

Katsumi 

2019 

Japan, single 

center 

  

Outpatients 

 

Gender: 40.9% F 

Age: 37.8 years 

Illness duration: 

13.9 years  

Onset: 23.9 years 

Education:12 

years  

QI: 90.7 

Diagnosis: 

schizophrenia, 

schizoaffective 

Baseline PANSS: 

56.3 Daily drug 

dose (CPZeq): 

664.4 mg/day  

N=44, no 

dropout  

 

Neuropsychol 

ogical e 

Educational 

Approach to 

Remediation 

(NEAR), 4 

sessions/week, 

40-60min each, 

5 weeks, N=22  

 

Group sessions 

 

Treatment as 

usual with 

multidisciplin

ary 

rehabilitation, 

N=22  

 

34 42 Functioning 

Kern 

2009 

USA, single 

center 

 

Inpatients 

Gender: 70% F 

Age: 47.6 years 

Illness duration: 

25.2 years  

Onset: 22.4 years 

Education:12.4 

years  

QI: n.i. Diagnosis: 

schizophrenia, 

schizoaffective 

Baseline PANSS: 

77.6 Daily drug 

dose (CPZeq): n.i.  

N=40, 

dropouts 

47.5% at 

follow-up  

 

Errorless 

Learning, 15-

20min sessions, 

2 weeks, N=20 

 

Individual 

sessions  

 

UCLA Illness 

Management 

Skills 

Training, 

N=20  

 

10 55 Functioning 

Kidd 

2014 

Canada, 

single center 

  

Gender: 54% F 

Age: 34.2 years 

Illness duration: 

N=37, 16% 

dropouts , at 

end of 

Cogpack, 2 

sessions/week 

50min each + 

Supported 

education, 

N=9  

17 65 Cognition 



 

 

Students 

 

6.9 years  

Onset: 27.3 years 

Education:12.5 

years  

QI: n.i. Diagnosis: 

psychosis 

including 

affective (56% 

schizophrenia) 

Baseline PANSS: 

65.1 Daily drug 

dose (CPZeq): n.i.  

treatment, 

35% at 

follow-up  

 

Group 

discussions 

50min/week + 

Supported 

education, 20 

weeks, N=15  

 

Group sessions 

 

Kidd 

2020 

Canada, 

single center 

 

Inpatients and 

outpatients 

Gender: 37.7% F 

Age: 27.1 years 

Illness duration: 

5.5 years 

Onset: 21.6 years 

Education: n.i. 

QI: n.i. 

Diagnosis: 

schizophrenia 

(77%), 

Baseline PANSS: 

n.i. 

Daily drug dose 

(CPZeq): n.i. 

N=56, 30.4% 

at end of 

treatment, 

44.6% at 

follow-up 

Action Based 

Cognitive 

Remediation 

(ABCR) with 

Scientific Brain 

Traiing Pro, 16 

weeks, 1 

session/week 

lasting 1,5h, 

N=24 

 

Group sessions 

 

Cognitive 

Adaptation 

Training 

(CAT), N=32 

22 72 Cognition 

Functioning 

Kukla 

2018 

USA, single 

center 

  

Outpatients  

 

Gender: 8% F 

Age: 48.5 years 

Illness duration 

and Onset: n.i. 

Education:12.9 

years  

QI: n.i. Diagnosis: 

schizophrenia 

(70%), 

schizoaffective 

Baseline PANSS: 

75.1 Daily drug 

dose (CPZeq): n.i.  

N=50, 14% 

dropouts at 

end of 

treatment, 

50% at 

follow-up  

 

Posit Science 

(Fitness e 

Insight), 1 

session/week + 

Cognitive 

Behavioral 

Therapy (CBT), 

26 weeks, N=23  

 

Individual 

sessions 

Cognitive 

Behavioral 

Therapy 

(CBT), N=22  

 

26 67 Cognition 

Lado-

Codesido 

2021 

Spain, 

multicenter 

Outpatients 

Gender: 39% F 

Age: 43,2 years 

Illness 

duration:19,4 

years 

Onset: 23,9 years 

Education: n.i. 

QI: 98.12 

Diagnosis: 

schizophrenia and 

schizoaffective 

disorder. 

N= 44, 6,81% 

dropout at 

follow-up 

Lyrics Training 

music program - 

Voices 2, 2 

sessions/week 

in 8 weeks. 

N=22 

 

Individual 

sessions 

Auditory 

Training, 

N=19 

4 53 Cognition 



 

 

Baseline PANSS: 

73.82 

Daily drug dose 

(CPZeq): 971.36 

mg/day 

Lo 2023 China, single 

center 

  

Outpatients 

 

First-episode 

 

Gender: 55.8% F 

Age: 25.8 years 

Illness duration: 

1.7 years  

Onset: 24.1 years, 

Education: n.i. 

QI: 95.3 

Diagnosis:SSD 

Baseline PANSS: 

39.9 

Daily drug dose 

(CPZeq): 444.0 

mg/day  

N=72, 14% 

dropouts at 

end of 

treatment, 

25% at 

follow-up  

 

Social 

Cognition and 

Interaction 

Training, 2 

sessions/week, 

10 weeks, N=39 

 

Group sessions 

 

Treatment as 

usual, 

including 

active 

rehabilitative 

components, 

N=33  

 

12 73 Cognition 

Lopez- 

Morinigo 

2023 

Spain, single 

center 

  

Outpatients 

Gender: 47.2% F 

Age: 47.7 years 

Illness duration: 

34.5 years 

Onset: 24 years. 

Education: 6.5 

years  

QI: 104.6 

Diagnosis: SSD 

Baseline PANSS: 

41.9 Daily drug 

dose (CPZeq): 

451.6 mg/day  

N=77, 56% 

dropouts at 

end of 

treatment, 

64% at 

follow-up  

 

Metacognitive 

Training, 3 

sessions/week,, 

8 weeks,  N=39 

 

Group sessions 

 

Psychoeducat

ion, N=38  

 

52 74 Cognition 

Functioning 

Man 

2012 

Hong Kong, 

single center 

  

Inpatients  

 

Gender: 37.5% F 

Age: 36.9 years 

Illness duration, 

Onset and 

Education:n.i. QI: 

89.7 Diagnosis: 

schizophrenia 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): n.i.  

N=90, 11% 

dropouts at 

end of 

treatment, 

34% at 

follow-up  

 

Errorless 

learning 

training, 12 

sessions, 4 

weeks, 

computer-

assisted N=18, 

therapist-

assisted N=15  

 

Individual 

sessions 

 

Treatment as 

usual, N=24  

 

12 57 Cognition 

Matsui 

2009 

Japan, single 

center  

 

Outpatients 

 

Gender: n.i. 

Age: 32.3 years 

Illness duration: 

8.3 years 

Onset: 24 years 

Education:12.7 

years 

N=20, no 

dropouts at 

end of 

treatment, 

25% at 

follow-up  

 

Social 

Perception 

Training, 40 

minutes/week, 

12 weeks, N=11 

 

Individual 

Treatment as 

usual (drugs 

only), N=9  

 

12 47 Cognition 



 

 

QI: 99.9 

Diagnosis: 

schizophrenia 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): 

182.5 mg/day  

sessions  

 

McGurk 

2016 

USA, single 

center 

  

Outpatients, 

refractory to 

previous 

rehabilitation 

 

Gender: 30% F 

Age: 37.7 years 

Illness duration, 

Onset and 

Education:n.i. QI: 

n.i. Diagnosis: 

psychosis 

including 

affective (81% 

schizophrenia) 

Baseline PANSS: 

70.3 Daily drug 

dose (CPZeq): n.i.  

N=54, 5.5% 

dropouts at 

end of 

treatment, 

35% at 

follow-up  

 

Thinking Skills 

for Work + 

Vocational 

Rehabilitation, 

1-2 

sessions/week 

45-60min each, 

12 weeks, N=28  

 

Individual 

sessions 

 

Enhanced 

Vocational 

Rehabilitatio

n , N=23  

 

35 79 Cognition 

Meichen

baum 

1973 

Canada, 

single center 

  

Outpatients  

 

50% acute 

phase  

 

Gender: 100% M 

Age: 36 years 

Illness duration, 

Onset and 

Education:n.i. QI: 

n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): n.i.  

N=10, no 

dropout  

 

Self- 

instructional 

training group, 

8 sessions 45 

min each, 3 

weeks, N=5  

 

Individual 

sessions 

 

Yoked 

practice 

group, N=5  

 

3 65 Cognition 

Müller 

2015  

 

Germany, 

Austria and 

Switzerland, 

multicenter 

  

Outpatients  

 

Gender: 31% F 

Age: 34.2 years 

Illness duration: 

10.6 years  

Onset: 24.2 years 

Education:11 

years  

QI: 104 

Diagnosis: 

schizophrenia, 

schizoaffective 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): 

438.5 mg/day  

N=156, 10% 

dropouts at 

end of 

treatment, 

22% at 

follow-up  

 

Integrated 

Neurocognitive 

Therapy (INT), 

2 sessions/week 

90 min each, 15 

weeks, N=81  

 

Group sessions 

 

Treatment as 

usual, N=75  

 

37 87 Cognition 

Functioning 

Müller 

2017 

 

Switzerland, 

single center 

  

Outpatients, 

predominant 

negative 

Gender: 22.9% F 

Age: 35.5 years 

Illness duration: 

10.8 years Onset: 

24.7 years 

Education:10.8 

N=61, 20% 

dropouts at 

follow-up  

 

Integrated 

Neurocognitio n 

Therapy (INT), 

2 sessions/week 

90 minuti each, 

15 weeks, N=28 

Treatment as 

usual, N=33  

 

37 71 Cognition 

Functioning 



 

 

symptoms 

 

years QI: 101.4 

Diagnosis: 

schizophrenia, 

schizoaffective 

Baseline PANSS: 

78 Daily drug 

dose (CPZeq): 

405.4 mg/day  

 

Group sessions  

 

Müller 

2020 

Switzerland, 

single center 

  

Outpatients 

 

Gender: 41.4% F 

Age: 31 years 

Illness duration: 8 

years Onset: 23.6 

years 

Education:12.6 

years QI: 107.7 

Diagnosis: 

schizophrenia, 

schizoaffective 

Baseline PANSS: 

54  

Daily drug dose 

(CPZeq): 336 

mg/day  

N=58, 10% 

dropouts at 

follow-up  

 

Integrated 

Neurocognitio n 

Therapy (INT), 

2 sessions/week 

90 minutes 

each, 15 weeks, 

N=32  

 

Group sessions 

 

Treatment as 

usual, N=26  

 

37 78 Cognition 

Functioning 

Nijman 

2022 

Netherlands, 

multicenter 

Inpatients and 

outpatients 

Gender: 30,9% F 

Age: 37.8 years 

Illness duration, 

Onset, Education, 

CPZeq, QI: n.i. 

Diagnosis: 

schizophrenia 

(59,25%), 

schizoaffective 

disorder 

(22,22%), Brief 

psychotic disorder 

(1,23%), 

schizophreniform 

disorder (1,23%), 

delusional 

disorder (1,23%), 

other psychotic 

disorder (4,9%). 

Baseline PANSS: 

65.2 

N=81, 17,3% 

dropout rate 

at follow-up 

DiSCoVR, 2 

sessions/week, 

8 weeks, N=33 

 

Individual 

sessions 

VRrelax, 

N=34. 

12 87 Cognition  

Functioning 

O’Reilly 

2019 

Ireland, 

single center 

  

Forensic  

 

Gender: 15.4% F 

Age: 41 years 

Illness duration, 

Onset and 

Education:n.i. QI: 

n.i. Diagnosis: 

schizophrenia 

N=65, 11% 

dropouts at 

end of 

treatment, 

25% at 

follow-up  

 

Own program, 4 

sessions/week, 

14 weeks, N=32 

 

Group sessions  

 

Treatment as 

usual, waiting 

list, N=33  

 

35 87 Cognition 

Functioning 



 

 

(76%), 

schizoaffective 

Baseline PANSS: 

51.2 Daily drug 

dose (CPZeq): 

488.5 mg/day  

Ochoa 

2017 

Spain, 

multicenter 

  

Outpatients  

 

Recent onset 

(< 5 years)  

 

Gender: 30.3% F 

Age: 27.6 years 

Illness duration: 

2.3 years  

Onset: 25.6 years 

Education:n.i. QI: 

n.i. Diagnosis: 

schizophrenia 

spectrum 

Baseline PANSS: 

54.3 Daily drug 

dose (CPZeq): 

494.3 mg/day  

N=122; 27% 

dropouts at 

end of 

treatment, 

34% at 

follow-up  

 

Metacognitive 

Training 

(MCT), 1 

session/week, 8 

weeks, N=41  

 

Group sessions 

 

Psychoeducat

ion, N=40  

 

26 71 Cognition 

Functioning 

Østergaa 

rd 

Christens 

en 2014  

 

Denmark, 

multicenter  

 

Inpatients  

 

First episode  

 

Gender: 46.2% F 

Age: 24.9 years 

Illness duration, 

Onset and 

Education:n.i. QI: 

n.i. Diagnosis: 

first episode of 

psychosis 

(schizophrenia 

84%)  

Baseline PANSS: 

54.2 Daily drug 

dose (CPZeq): n.i.  

N=117, 16% 

dropouts at 

end of 

treatment, 

21% at 

follow-up  

 

Computerised 

training 

(NEUROCOM)

,2 

sessions/week 

1h each, 

integrated with 

OPUS program, 

16 weeks, N=60 

 

Individual 

sessions  

 

Treatment as 

usual 

consisting in 

multidisciplin

ary 

rehabilitation 

(OPUS), 

N=57  

 

36 84 Cognition  

Functioning 

Penadés 

2006 

Spain, single 

center 

  

Outpatients  

 

Predominant 

negative 

symptoms 

 

Gender: 42.5% F 

Age: 35.1 years 

Illness duration: 

13.8 years  

Onset: 21.3 years 

Education:11.6 

years  

QI: n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

67 Daily drug 

dose (CPZeq): 

361.3 mg/day  

N=40, 17.5% 

dropouts 

 

Frontal/Execut 

ive Program, 2-

3 sessions/week 

1h each, 17 

weeks, N=20  

 

Individual 

sessions 

 

Cognitive 

Behavioral 

Therapy for 

psychosis 

(CBTp), 

N=20  

 

26 67 Cognition 

Functioning 

Pijnenbo

rg 2019 

The 

Nederlands, 

multicenter  

 

Inpatients and 

outpatients 

Gender: 21.5% F 

Age: 39.7 years 

Illness duration: 

12.7 years  

Onset: 27 years 

Education:n.i. QI: 

N=121, 13% 

dropouts at 

end of 

treatment, 

22% at 

follow-up  

Cognitive 

Remediation 

Therapy (CRT), 

2 sessions/week 

1h each, 6 

weeks, N=30  

REFLEX 

program, 

N=55  

 

20 72 Cognition 

Functioning 



 

 

 n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

62.6 Daily drug 

dose (CPZeq): n.i.  

  

Group sessions 

 

Rakitzi 

2016 

Greece, 

single center 

  

Outpatients 

 

Gender: 33% F 

Age: 32.6 years 

Illness duration: 

5.7 years  

Onset: 26.9 years 

Education:n.i. QI: 

89.8 Diagnosis: 

schizophrenia 

Baseline PANSS: 

118.4 Daily drug 

dose (CPZeq): 

527.1 mg/day  

N=48, 25% 

dropouts at 

end of 

treatment, 

31% at 

follow-up  

 

Integrate 

Psychological 

Therapy (IPT), 

cognitive 

subprograms, 2 

sessions/week 

1h each, 10 

weeks, N=18  

 

Group sessions 

 

Treatment as 

usual, N=24  

 

12 65 Cognition 

Functioning 

Rass 

2012 

USA, single 

center 

  

Outpatients 

 

Gender: 38% F 

Age: 41.3 years 

Illness duration: 

20.3 years  

Onset: 21 years 

Education:n.i. QI: 

96.3 Diagnosis: 

schizophrenia 

(41%), 

schizoaffective 

Baseline PANSS: 

57.6 Daily drug 

dose (CPZeq): n.i.  

N=38, 6% 

dropouts at 

end of 

treatment, 8% 

at follow-up  

 

Posit Science, 2 

sessions/week 

2h each, 10 

weeks, N=17  

 

Individual 

sessions 

 

Watching 

TV, N=17  

 

10 65 Cognition 

Reeder 

2017 

Great Britain, 

single center  

 

Inpatients and 

outpatients  

 

Gender: 35.5% F 

Age: 38.3 years 

Illness duration e 

Onset: n.i. 

Education:13.2 

years  

QI: 93.5 

Diagnosis: 

schizophrenia, 

schizoaffective 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): 

333.3 mg/day  

N=93, 6.5% 

dropouts at 

end of 

treatment, 

12% at 

follow-up  

 

CIRCuiTS, 3 

sessions/week 

1h each, 12 

weeks, N=46 

 

Individual 

sessions  

 

Treatment as 

usual, N=47  

 

14 80 Cognition 

Functioning 

Roberts 

2014 

USA, single 

center 

  

Outpatients  

 

Gender: 33% F 

Age: 39.7 years 

Illness duration: 

16.8 years  

Onset: 23 years 

Education:n.i. QI: 

99.2 Diagnosis: 

N=66, 9% 

dropouts 

 

Social 

Cognition and 

Interaction 

Training 

(SCIT), 

1h/week, 26 

weeks, N=30  

Treatment as 

usual, N=30  

 

12 64 Cognition 

Functioning 



 

 

schizophrenia 

spectrum (42% 

schizophrenia) 

Baseline PANSS: 

65.3 Daily drug 

dose (CPZeq): 

632.6 mg/day  

 

Group sessions 

 

Rodrigue

z Pulido 

2021 

Spain, 

single center 

Outpatients 

 

Gender: 32% F 

Age: 33 years 

Illness duration, 

Onset, Education, 

CPZeq, QI: n.i. 

Diagnosis: 

schizophrenia 

(74,46 %), 

Bipolar disorder 

(14,89%), 

Personality 

Disorder (8,51%), 

Depression 

(2,12%). 

Baseline PANSS: 

53,53 

N=57, 

17,54% 

dropout rate 

at follow-up 

Cognitive 

Remediation 

and Individual 

Placement and 

Support, 

Cogpack 

program; 9 

weeks; 1 

session/week; 

1h/week. 

N=21 

 

Individual 

sessions 

Individual 

placement 

and Support, 

N=19 

52 74 Cognition 

Tan 2013 China, single 

center 

  

Outpatients  

 

Gender: 43% F 

Age: 34.7 years 

Illness duration: 

10.6 years  

Onset: 24.1 years 

Education:11.1 

years  

QI: n.i. Diagnosis: 

schizophrenia 

(96%), 

schizoaffective 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): n.i.  

N=70, 34% 

dropouts 

 

Computerised 

training, 3 

sessions/week 

(5 hours/week), 

12 weeks, N=36  

 

Group sessions 

 

Physical 

exercise, 

N=34  

 

52 79 Cognition 

Tan 

2019- 

Zhu 

2022 

China,  

single center 

  

Inpatients 

 

Gender: 27,3% F 

Age: 48,7 years 

Illness duration: 

22,6 years  

Onset: 23,8 years 

Education:10,8 

years  

QI: n.i.  

Diagnosis: 

schizophrenia 

Baseline PANSS: 

61,5  Daily drug 

dose (CPZeq): 

379,3 mg/day  

N=270, 

dropout rate 

32,96% at 

follow-up 

Computerised 

Cognitive 

remediation 

therapy, 4-5 

sessions/week 

45min each, 12 

weeks, N=144; 

Cognitive 

Remediation 

Therapy, 4-5 

sessions/week 

45min each, 12 

weeks, N=72 

 

Leisure 

activities 

(playing easy 

instrument 

and learning 

dancing), 

N=67  

 

65 83 Cognition 



 

 

Group sessions 

 

Twamley 

2008- 

2012  

 

USA, 

multicenter 

  

Outpatients  

 

Gender: 35% F 

Age: 46.3 years 

Illness duration: 

23.3 years  

Onset: 23.1 years 

Education:12.9 

years  

QI: 106.9 

Diagnosis: 

psychosis 

including 

affective (54% 

schizophrenia) 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): 

383.8 mg/day  

N=69, 26% 

dropouts 

 

Compensatory 

Cognitive 

Training (CCT), 

2 hours/week, 

12 weeks, N=38 

 

Group sessions  

 

Treatment as 

usual (drugs 

only), N=31  

 

12 55 Cognition  

Functioning 

Ueland 

2004- 

2005  

 

Norway, 

single center 

  

Inpatients  

 

Adolescents  

 

Gender: 46.2% F 

Age: 15.3 years 

Illness duration, 

Onset and 

Education:n.i. QI: 

88.6 Diagnosis: 

psychosis 

including 

affective (62% 

schizophrenia) 

Baseline PANSS: 

73.2 Daily drug 

dose (CPZeq): n.i.  

N=26, 

dropouts n.i.  

 

Own program 

based on IPT, 

30h tot, + 

Psychoeducatio

n, 12 weeks, 

N=14  

 

Individual 

sessions 

 

Psychoeducat

ion, N=12  

 

52 50 Cognition 

Functioning 

Van 

Oosterho 

ut 2014  

 

The 

Nederlands, 

multicenter 

  

Inpatients and 

outpatients 

 

Active 

positive 

symptoms 

Gender: 28.6% F 

Age: 37.5 years 

Illness duration, 

Onset and 

Education:n.i. QI: 

n.i. Diagnosis: 

psychosis 

including 

affective (64% 

schizophrenia) 

Baseline PANSS: 

n.i. Daily drug 

dose (CPZeq): n.i.  

N=154, 28% 

dropouts 

 

Metacognitive 

Training 

(MCT), 1 

session/week 

lasting 1h, 8 

weeks, N=51  

 

Group sessions 

 

Treatment as 

usual, N=60  

 

16 84 Cognition 

Vaskinn 

2019 

Norway, 

single center 

  

Outpatients 

 

Gender: 33.3% F 

Age: 30.4 years 

Illness duration: 

7.9 years  

Onset: 22.5 years 

Education:12.2 

N=48, 17% 

dropouts at 

end of 

treatment, 

33% at 

follow-up  

Training of 

Affect 

Recognition 

(TAR), 2 

sessions/week, 

8 weeks, N=17  

Treatment as 

usual, N=15  

 

12 62 Cognition 

Functioning 



 

 

years  

QI: 101.9 

Diagnosis: 

schizophrenia 

(81%), 

schizoaffective 

Baseline PANSS: 

43,7 Daily drug 

dose (CPZeq): n.i.  

  

Individual 

sessions 

 

Vass 

2022 

Hungary 

single center 

Outpatients 

Gender: 47,6 F 

Age: 39,6 years 

Illness duration: 

18,5 years 

Onset: 21,1 years 

Education: 14,6 

years 

QI: 101,8 

Diagnosis: 

Schizophrenia and 

schizoaffective 

disorder. 

Baseline PANSS: 

51,93 

Daily drug dose 

(CPZeq): 521,88 

mg/day 

N=43, 6,97% 

dropout rate 

at follow-up 

VR-ToMIS 1-

h/session; 1 

preparative 

session and 8 

virtual sessions, 

9 weeks, N=21 

 

Individual 

sessions.  

VR 

treatment,wit

h only 

exploration of 

the virtual 

environment, 

N=19 

12 65 Cognition 

Functioning 

Vita 

2011 a- 

Deste 

2015  

 

Italy, 

multicenter  

 

Inpatients 

 

Gender: 37% F 

Age: 39.8 years 

Illness duration: 

15.6 years  

Onset: 24.7 years 

Education:10.2 

years  

QI: 85.2 

Diagnosis: 

schizophrenia 

Baseline PANSS: 

85.2 Daily drug 

dose (CPZeq): 

670 mg/day  

N=84, 2% 

dropouts at 

end of 

treatment,  

36% at 

follow-up  

 

Integrated 

Psychological 

Therapy (IPT), 

cognitive 

subprograms, 

OR Cogpack, 2 

sessions/week 

45min each, 24 

weeks, N=37 

 

Group sessions  

 

Treatment as 

usual + 

adjunctive 

rehabilitation, 

N=17  

 

52 72 Cognition 

Functioning 

Wang 

2013 

China, single 

center 

  

Inpatients 

 

Gender: 49% F 

Age: 42.6 years 

Illness duration 

and Onset: n.i. 

Education:10.4 

years  

QI: 98.6 

Diagnosis: 

schizophrenia 

Baseline PANSS: 

66.6 Daily drug 

N=43, 9% 

dropouts at 

follow-up  

 

Social 

Cognition and 

Interaction 

Training 

(SCIT), 

1h/week, 20 

weeks, N=22  

 

Group sessions 

 

Treatment as 

usual, N=17  

 

26 63 Cognition 

Functioning 



 

 

dose (CPZeq): 

308.6 mg/day  

Wang 

2022 

China 

single center 

Inpatients 

Gender: 56% F 

Age: 44,5 years 

Illness duration, 

Onset, Education, 

QI, Baseline 

PANSS, Daily 

drug dose 

(CPZeq): i.n. 

Diagnosis: 

schizophrenia 

N=100, 8% 

dropout at 

follow-up 

Metacognitive 

Training for 

Psychosis 

(MCT), 45-60 

min/session, 2 

sessions/week, 

4 weeks, N=50 

 

Group sessions 

Treatment as 

usual, N=50 

12 69 Cognition 

Wykes 

1999- 

2003  

 

Great Britain, 

multicenter  

 

Outpatients  

 

Gender: 24.2% F 

Age: 38.4 years 

Illness duration 

and Onset: n.i. 

Education:12.3 

years  

QI: n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

59.3 Daily drug 

dose (CPZeq): n.i.  

N=33, 12% 

dropouts at 

end of 

treatment, 

15% at 

follow-up  

 

Cognitive 

Remediation 

Therapy (CRT), 

3 sessions/week 

1h each, 12 

weeks, N=17  

 

Individual 

sessions 

 

Occupational 

therapy , 

N=16  

 

26 68 Cognition 

Functioning 

Wykes 

2007 a  

 

Great Britain, 

single center  

 

Inpatients  

 

Adolescents 

or recent 

onset (<5 

years)  

 

Gender: 35% F 

Age: 18.2 years 

Illness duration: 

1.2 years  

Onset: 17 years 

Education:n.i. QI: 

85.3 Diagnosis: 

schizophrenia 

Baseline PANSS: 

67.9 Daily drug 

dose (CPZeq): n.i.  

N=40, 22.5% 

dropouts  

 

Cognitive 

Remediation 

Therapy (CRT), 

3 sessions/week 

1h each, 14 

weeks, N=21  

 

Individual 

sessions 

 

Treatment as 

usual, N=19  

 

12 60 Cognition 

Functioning 

Wykes 

2007 b 

Great Britain, 

multicenter  

 

Outpatients 

  

Severe 

funcional 

impairment  

 

Gender: 27% F 

Age: 36 years 

Illness duration, 

Onset and 

Education:n.i. QI: 

n.i. Diagnosis: 

schizophrenia 

Baseline PANSS: 

59.9 Daily drug 

dose (CPZeq): 

334.4 mg/day  

N= 85, 8% 

dropouts at 

end of 

treatment, 

21% at 

follow-up  

 

Cognitive 

Remediation 

Therapy (CRT), 

3 

sessions/week, 

12 weeks, N=39  

 

Individual 

sessions 

 

Treatment as 

usual, N=39 

26 87 Cognition 

Functioning 

Wykes 

2023 

Great Britain, 

multicenter  

 

Outpatients 

  

 

Gender: 27% F 

Age: 25.7 years 

Illness duration, 

Onset and 

Education:n.i.  

QI: 88.18 

N= 377, 33% 

dropouts at 

end of 

treatment, 

45% at 

follow-up  

CIRCuiTS, 

different 

treatment 

schedules with 

different 

therapist 

Treatment as 

usual 

(comprehensi

ve case 

management 

at EIS care), 

26 94 Cognition 

Functioning 



 

 

Early 

intervention 

service 

Diagnosis: SSD 

Baseline PANSS: 

56.7  

Daily drug dose 

(CPZeq): 217.5 

mg/day  

 support, 12 

weeks, N=311 

 

One-to-one, 

group or 

independent 

sessions 

 

N=66 

Zhu 

2020 

China, 

multicenter 

 

Outpatients 

Gender: 45.9% F 

Age: 43.7 years 

Illness duration: 

18.6 years 

Onset: 25.4 years 

Education: 11.6 

years 

QI: n.i. 

Diagnosis: 

schizophrenia 

Baseline PANSS: 

49.2 

Daily drug dose 

(CPZeq): 266.1 

mg/day 

N=157, 

11.5% 

dropouts at 

end of 

treatment, 

19.8% at 

follow-up 

Computerized 

Cognitive 

Remediation 

Therapy 

(CCRT), 

+social 

cognition, 12 

weeks, 4-5 

sessions/week, 

N=73 

 

Group sessions 

 

Treatment as 

usual, N=66 

26 76 Cognition 

Functioning 

Zhu 

2021 

China 

single center 

Inpatients 

Gender: 47,8% F 

Age: 32,1 years 

Illness duration: 

9,1 years 

Onset: 23 years 

Education: 11 

years 

QI: n.i. 

Diagnosis: 

schizophrenia 

Daily drug dose: 

461,9 mg/day 

Baseline PANSS: 

n.i. 

N=55, 16,4% 

dropout rate 

at follow-up 

Compensatory 

Cognitive 

training (CCT), 

4 weeks, 2 

sessions/week; 

N=29 

 

Group sessions 

Treatment as 

usual, N=26 

12 89 Cognition 

 

  



 

 

Table S3. Methodological quality and Clinical Trial Assessment Measure scores in included studies 

 

Study ID Sample Allocation Assessment Comparison Analysis Treatment Overall 

Au 2015 7 16 26 10 11 3 73 

Bell 2001 7 16 6 10 15 6 60 

Bowie 2012 7 10 26 10 11 11 75 

Bryce 2018 0 16 26 10 9 11 72 

Cavallaro 2009-Poletti 2010 7 13 6 10 9 6 51 

Choi 2019 7 10 16 10 15 11 69 

D’Souza 2013 2 13 26 10 5 6 62 

Dai 2022 7 13 29 16 9 3 77 

De Pinho 2020 10 10 26 6 15 6 73 

Dickinson 2010 7 16 29 10 9 11 82 

Donohoe 2018 10 16 32 10 5 6 79 

Drake 2014 7 16 29 10 15 6 83 

Eack 2009-2010 7 16 6 10 11 6 56 

Farreny 2012 7 16 26 10 11 6 76 

Fekete 2022 2 16 29 6 9 6 68 

Fisher 2009-2010 7 10 26 10 9 6 70 

Fisher 2015-Loewy 2021 7 10 26 10 11 6 68 

Fiszdon 2016 2 10 6 6 9 6 39 

Garcia 2003-Fuentes 2007 2 10 3 6 0 6 27 

Garcia-Fernandez 2019 7 10 26 10 9 11 73 

Garrido 2013-2017 10 16 26 10 5 3 70 

Hegde 2012 2 10 6 6 5 6 35 

Hogarty 2004-2006 7 10 16 10 9 11 63 

Horan 2018 10 13 26 10 15 11 85 

Ishikawa 2020 2 16 26 6 15 11 76 

Katsumi 2019 0 13 6 6 11 6 42 

Kern 2009 2 10 26 10 9 8 55 

Kidd 2014 2 16 26 10 5 6 65 

Kidd 2020 5 10 26 10 15 6 72 

Kukla 2018 2 13 26 10 5 11 67 

 Lado Codesido 2021 2 10 26 6 5 6 55 

 Lo 2023 7 13 26 6 15 6 73 

 Lopez-Morinigo 2023 7 16 26 10 9 6 74 

Man 2012 2 10 26 16 0 3 57 

Matsui 2009 2 10 16 6 5 8 47 

McGurk 2016 2 16 29 6 15 11 79 

Meichenbaum 1973 2 10 26 10 11 6 65 

Mueller 2015 10 16 29 6 15 11 87 

Mueller 2017 7 10 26 6 11 11 71 

Mueller 2020 7 13 26 6 15 11 78 

 Nijman 2022 7 16 32 10 11 11 87 

O’Reilly 2019 7 16 32 6 15 11 87 



 

 

Ochoa 2017-Ruiz Delgado 2022 7 13 26 10 9 6 71 

Østergaard Christensen 2014 7 16 29 6 15 11 84 

Penades 2006 2 16 16 16 11 6 67 

Pijnenborg 2019 7 10 26 10 11 8 72 

Rakitzi 2016 2 16 26 6 9 6 65 

Rass 2012 2 13 26 16 5 3 65 

Reeder 2017 10 16 26 6 11 11 80 

Roberts 2014 7 10 29 6 4 8 64 

 Rodriguez Pulido 2021 7 13 29 10 9 6 74 

Tan 2013 7 16 29 10 11 6 79 

Tan 2019-Zhu 2022 10 16 26 10 15 6 83 

Twamley 2008-2012 7 10 26 6 0 6 55 

Ueland 2004-2005 0 13 6 10 15 6 50 

Van Oosterhout 2014 10 16 32 6 9 11 84 

Vaskinn 2019 2 13 26 6 9 6 62 

Vass 2022 2 16 26 10 5 6 65 

Vita 2011a-Deste 2015 5 16 26 10 9 6 72 

Wang 2013 2 13 26 6 5 11 63 

Wang 2022 10 13 29 6 15 6 79 

Wykes 1999-2003 5 16 16 10 15 6 68 

Wykes 2007a 10 16 6 6 11 11 60 

Wykes 2007b 10 16 29 6 15 11 87 

Wykes 2023 10 16 26 16 15 11 94 

Zhu 2020 10 13 26 6 15 6 76 

Zhu 2021 10 16 26 16 15 6 89 

 

 
  



 

 

Table S4. Cognitive remediation programs adopted in included studies. 

Categories of CR programs Specific CR programs applied in studies 

 

 

 

 

 

 

 

 

 

 

Computer-based neurocognitive interventions 

(CACR) 

Au 2015 (Captain’s Log)  

Drake 2014 (CIRCuiTS) 

Reeder 2017 (CIRCuiTS) 

Wykes 2023 (CIRCuiTS, different therapist support) 

Cavallaro 2009-Poletti 2010 (Cogpack)  

Kidd 2014 (Cogpack) 

Vita 2011a-Deste 2015 (Cogpack)  

Bryce 2018 (Cogpack) 

Rodriguez Pulido 2021 (Cogpack) 

Fisher 2009-2010 (Posit Science, Auditory)  

Fisher 2015-2021 (Posit Science, Auditory)  

Kukla 2018 (Posit Science, Brain fitness)  

Rass 2012 (Posit Science, multiple tasks)  

D’Souza 2013 (PSSCogrehab) 

Tan 2013 (PSSCogrehab) 

Fiszdon 2016 (PSSCogrehab) 

Garcia-Fernandez 2019 (RehaCom) 

Kidd 2020 (Scientific Brain Training PRO) Østergaard 

Christensen 2014 (NEUROCOM)  

Garrido 2013-2017 (multiple tools) 

Donohoe 2018 (low-support working memory training) 

Dickinson 2010 (unspecified) 

Man 2012 (unspecified)  

Choi 2019 (unspecified) 

Tan 2019-Zhu 2022 (unspecified) 

Dai 2022 (unspecified) 

 

 

 

 

 

Pencil-and-paper neurocognitive interventions 

Wykes 1999-2003 (CRT) 

Wykes 2007a (CRT)  

Wykes 2007b (CRT) 

Pijnenborg 2019 (CRT-based) 

Tan 2019-Zhu 2022-2 (CRT) 

Penades 2006 (Frontal/Executive Program) 

Twamley 2008-2012 (Compensatory Cognitive 

Training)  

Zhu 2021 (Compensatory Cognitive Training) 

Hegde 2012 (home-based, study-specific) 

Man 2012-2 (unspecified) 

 

 

 

Interventions targeting Social Cognition 

Wang 2013 (SCIT) 

Roberts 2014 (SCIT) 

Lo 2023 (SCIT) 

Horan 2018 (SCST) 

Vaskinn 2019 (TAR) 

Matsui 2009 (Social Perception Training) 

Lado Codesido 2021 (Voices 2) 

Nijman 2022 (DISCoVR) 

Vass 2022 (VR-TOMIS) 

 

 

 

 

Interventions based on an integrative approach 

Hogarty 2004-2006 (CET) 

Eack 2009-2010 (CET) 

Müller 2015 (INT) 

Müller 2017 (INT) 

Müller 2020 (INT) 

Garcia 2003-Fuentes 2007 (IPT)  

Vita 2011a-Deste 2015 (IPT)  

Rakitzi 2016 (IPT) 



 

 

Ueland 2004 (IPT-based, study-specific)  

Bowie 2012 (Thinking Skills for Work)  

McGurk 2016 (Thinking Skills for Work)  

Katsumi 2019 (NEAR) 

Bell 2001-2007 (NET) 

Farreny 2012 (REPYFLEC) 

O’Reilly 2019 (study-specific) 

Zhu 2020 (CACR+ social cognition training) 

 

 

Metacognitive Training (MCT) 

van Oosterhout 2014 

Ochoa 2017 

de Pinho 2020 

Ishikawa 2020 

Fekete 2022 

Wang 2022 

Lopez-Morinigo 2023 

Other interventions Meichenbaum 1973 (Self-instructional Training) 

Kern 2009 (Errorless learning training) 

 

 

 

 

 

  



 

 

Figure S1: Forest plot for the effects of cognitive remediation on global cognition (T0-T2) 

 

 



 

 

Figure S2: Forest plot for the effects of cognitive remediation on global functioning (T0-T2) 

 

 

 
 

 



 

 

Figure S3: Forest plot for the effects of cognitive remediation on global cognition (T1-T2) 

 

  



 

 

Figure S4: Forest plot for the effects of cognitive remediation on global functioning (T1-T2) 

 

 
 

 

  



 

 

Figure S5: Subgroup analysis for the effects of interventions based on duration of follow-up (global 

cognition, T0-T2) 

 

  



 

 

Figure S6: Subgroup analysis for the effects of interventions based on duration of follow-up (global 

functioning, T0-T2) 



 

 

Table S5: Effects of moderators on cognitive and functional outcomes (T1-T2) 



 

 

Moderator 

Global Cognition Global Functioning 

N 
Coefficient/ 

Effect Size (95%CI) 
p N 

Coefficient/ 

Effect Size (95%CI) 
p 

Study characteristics 

Publication year 53 0,001 (-0,009 to 0,012) 0,794 40 -0,002 (-0,016 to 0,011) 0,725 

Methodological Quality (CTAM 

score) 
53 -0,001 (-0,006 to 0,004) 0,695 40 -0,004 (-0,010 to 0,001) 0,097 

Methodological Quality 

Adequate (CTAM ≥ 65) 

Inadequate (CTAM < 65) 

Test for subgroup differences 

 

38 

15 

 

 

d = 0,01 (-0,06 to 0,09) 

d = 0,05 (-0,07 to 0,18) 

χ2 = 0,314 (dF =1) 

 

 

 

0,575 

 

29 

11 

 

 

d = -0,02 (-0,11 to 0,06) 

d = 0,12 (-0,07 to 0,32) 

χ2 =1,862 (dF =1) 

 

 

 

0,172 

Blinding 

Open trials 

Blind trials 

Test for subgroup differences 

 

9 

44 

 

 

d = 0,01 (-0,16 to 0,17) 

d = 0,03 (-0,04 to 0,10) 

χ2 =0,066 (dF =1) 

 

 

 

0,797 

 

7 

33 

 

 

d = 0,10 (-0,13 to 0,33) 

d = -0,01 (-0,09 to 0,08) 

χ2 =0,703 (dF =1) 

 

 

 

0,402 

Setting 

Outpatients 

Inpatients 

Both 

Test for subgroup differences 

 

38 

9 

6 

 

 

d = 0,01 (-0,07 to 0,09) 

d = -0,01 (-0,17 to 

0,16) 

d = 0,14 (-0,05 to 0,32) 

χ2 =1,691 (dF =2) 

 

 

 

0,429 

 

28 

5 

7 

 

 

d = 0,03 (-0,06 to 0,11) 

d = 0,02 (-0,29 to 0,33) 

d = -0,06 (-0,28 to 0,16) 

χ2 =0,471 (dF =2) 

 

 

 

 

0,790 

Setting 

Single centre 

Multi-centre 

Test for subgroup differences 

 

35 

18 

 

 

d = -0,01 (-0,09 to 

0,09) 

d = 0,05 (-0,04 to 0,15) 

χ2 =0,757 (dF =1) 

 

 

 

0,384 

 

27 

22 

 

 

d = -0,06 (-0,17 to 0,06) 

d = 0,07 (-0,03 to 0,16) 

χ2 =2,378 (dF =1) 

 

 

 

0,123 

Setting 

Real-world 

Research 

Test for subgroup differences 

 

38 

15 

 

 

d = -0,02 (-0,10 to 

0,07) 

d = 0,08 (-0,02 to 0,19) 

χ2 =2,039 (dF =1) 

 

 

 

0,153 

 

28 

12 

 

 

d = -0,02 (-0,12 to 0,08) 

d = 0,06 (-0,07 to 0,18) 

χ2 =0,925 (dF =1) 

 

 

 

0,336 

Follow-up duration (weeks) 53 -0,002 (-0,007 to 0,003) 0,384 40 0,003 (-0,003 to 0,009) 0,279 

Sample size (N randomized) 53 0,000 (-0,001 to 0,002) 0,813 40 0,000 (-0,002 to 0,002) 0,924 

Comparison category 

TAU 

Active TAU 

Active non-specific interventions 

Active evidence-based interventions 

Test for subgroup differences 

 

18 

8 

13 

14 

 

 

d = -0,02 (-0,14 to 

0,09) 

d = 0,07 (-0,08 to 0,21) 

d = 0,01 (-0,14 to 0,16) 

d = 0,05 (-0,07 to 0,18) 

χ2 =1,218 (dF =3) 

 

 

 

 

 

0,749 

 

13 

7 

10 

10 

 

 

d = -0,03 (-0,21 to 0,16) 

d = 0,01 (-0,15 to 0,17) 

d = 0,10 (-0,06 to 0,26) 

d = 0,00 (-0,14 to 0,14) 

χ2 =1,293 (dF =3) 

 

 

 

 

 

0,731 

Diagnosis for inclusion 

Only subjects with schizophrenia 

Including other diagnoses 

Test for subgroup differences 

 

18 

35 

 

 

d = 0,07 (-0,06 to 0,20) 

d = 0,01 (-0,07 to 0,08) 

χ2 =0,686 (dF =1) 

 

 

 

0,408 

 

13 

27 

 

 

d = 0,01 (-0,13 to 0,14) 

d = 0,02 (-0,08 to 0,11) 

χ2 =0,015 (dF =1) 

 

 

 

0,903 

Treatment characteristics 

Active and trained therapist (Core 

element 1) 

Present 

 

 

46 

 

 

d = 0,02 (-0,05 to 0,09) 

 

 

 

 

 

37 

 

 

d = 0,01 (-0,08 to 0,09) 

 

 

 



 

 

Moderator 

Global Cognition Global Functioning 

N 
Coefficient/ 

Effect Size (95%CI) 
p N 

Coefficient/ 

Effect Size (95%CI) 
p 

Absent 

Test for subgroup differences 

7 

 

d = 0,06  (-0,12 to 0,25) 

χ2 =0,218 (dF =1) 

 

0,641 

3 

 

d = 0,11 (-0,13 to 0,34) 

χ2 =0,660 (dF =1) 

 

0,416 

Repeated practice of cognitive 

exercises (Core element 2) 

Present 

Absent 

Test for subgroup differences 

 

 

39 

14 

 

 

 

d = 0,01 (-0,07 to 0,08) 

d = 0,10 -(0,04 to 0,24) 

χ2 =1,462 (dF =1) 

 

 

 

 

0,227 

 

 

30 

10 

 

 

 

d = -0,02 (-0,10 to 0,06) 

d = 0,16 (-0,01 to 0,33) 

χ2 =3,380 (dF =1) 

 

 

 

 

0,050 

Development of cognitive strategies 

(Core element 3) 

Present 

Absent 

Test for subgroup differences 

 

 

44 

9 

 

 

 

d = 0,01 (-0,06 to 0,08) 

d = 0,08 (-0,07 to 0,24) 

χ2 =0,677 (dF =1) 

 

 

 

 

0,411 

 

 

35 

5 

 

 

 

d = 0,02 (-0,07 to 0,11) 

d = -0,02 (-0,20 to 0,16) 

χ2 =0,168 (dF =1) 

 

 

 

 

0,682 

Techniques of transfer to real-

world (Core element 4) 

Present 

Absent 

Test for subgroup differences 

 

 

43 

10 

 

 

 

d = 0,02 (-0,05 to 0,09) 

d = 0,06 (-0,11 to 0,23) 

χ2 =0,247 (dF =1) 

 

 

 

 

0,619 

 

 

34 

5 

 

 

 

d = 0,01 (-0,08 to 0,10) 

d = 0,03 (-0,16 to 0,22) 

χ2 =0,029 (dF =1) 

 

 

 

 

0,866 

Integration with rehabilitation 

(Core element 4bis) 

Present 

Absent 

Test for subgroup differences 

 

 

17 

36 

 

 

 

d = 0,04 (-0,06 to 0,10) 

d = 0,01 (-0,07 to 0,10) 

χ2 =0,146 (dF =1) 

 

 

 

 

0,702 

 

 

14 

26 

 

 

 

d = 0,01 (-0,12 to 0,14) 

d = 0,02 (-0,08 to 0,12) 

χ2 =0,011 (dF =1) 

 

 

 

 

0,917 

Interventions including all core 

elements (1,2,3,4) 

All core elements 

Not all core elements 

Test for subgroup differences 

 

 

27 

26 

 

 

 

d = -0,01 (-0,09 to 

0,08) 

d = 0,06 (-0,04 to 0,16) 

χ2 =1,107 (dF =1) 

 

 

 

 

0,293 

 

 

21 

19 

 

 

 

d = 0,04 (-0,07 to 0,15) 

d = -0,01 (-0,12 to 0,10) 

χ2 =0,413 (dF =1) 

 

 

 

 

0,520 

Treatment duration (weeks) 53 -0,001 (-0,004 to 0,002) 0,500 40 -0,001 (-0,003 to 0,003) 0,936 

Treatment intensity (sessions/week) 51 0,001 (-0,059 to 0,061) 0,984 39 -0,023 (-0,093 to 0,034) 0,364 

Treatment intensity (hours/week) 48 -0,020 (-0,073 to 0,033) 0,451 39 -0,027 (-0,088 to 0,034) 0,386 

Format of delivery 

Individual format 

Group format 

Test for subgroup differences 

 

27 

26 

 

 

d = 0,04 (-0,05 to 0,14) 

d = 0,01 (-0,08 to 0,09) 

χ2 = 0,311 (dF =1) 

 

 

 

0,577 

 

18 

22 

 

 

d = -0,02 (-0,13 to 0,09) 

d = 0,04 (-0,07 to 0,15) 

χ2 =0,688 (dF =1) 

 

 

 

0,407 

Computer presentation 

Computerized intervention 

Pencil-and-paper intervention 

Test for subgroup differences 

 

38 

15 

 

 

d = -0,01 (-0,09 to 

0,06) 

d = 0,14* (0,01 to 0,28) 

χ2 =3,884 (dF =1) 

 

 

 

0,049 

 

28 

12 

 

 

d = 0,01 (-0,08 to 0,10) 

d = 0,02 (-0,15 to 0,18) 

χ2 =0,005 (dF =1) 

 

 

 

0,944 

Social cognition among CR targets 

Target on social cognition 

No target 

Test for subgroup differences 

 

22 

31 

 

 

d = -0,04 (-0,13 to 

0,06) 

d = 0,07 (-0,02 to 0,16) 

χ2 = 2,610 (dF =1) 

 

 

 

0,106 

 

19 

21 

 

 

d = 0,01 (-0,10 to 0,11) 

d = 0,03 (-0,09 to 0,15) 

χ2 =0,104 (dF =1) 

 

 

 

0,747 



 

 

*: statistically significant effect (p<0.05) 

Coefficients values in metaregressions indicate that a one-unit increase in the moderator corresponds to an increase in the effect size 

by the amount indicated by the corresponding regression coefficient. 

 

Moderator 

Global Cognition Global Functioning 

N 
Coefficient/ 

Effect Size (95%CI) 
p N 

Coefficient/ 

Effect Size (95%CI) 
p 

Patient and illness characteristics 

Age (years) 53 -0,001 (-0,010 to 0,007) 0,756 40 0,004 (-0,006 to 0,013) 0,466 

Gender (% female subjects) 52 -0,004 (-0,007 to 0,006) 0,899 40 0,000 (-0,008 to 0,008) 0,993 

Education (years) 29 0,006 (-0,050 to 0,061) 0,843 22 -0,029 (-0,095 to -0,038) 0,400 

IQ 26 -0,007 (-0,020 to 0,006) 0,320 22 0,007 (-0,007 to 0,021) 0,318 

Age of onset (years) 33 0,022 (-0,018 to 0,062) 0,276 28 -0,009 (-0,051 to 0,033) 0,671 

Duration of illness (years) 33 0,003 (-0,009 to 0,014) 0,636 28 0,004 (-0,009 to 0,017) 0,565 

Baseline treatment dose (CPZeq) 29 0,000 (-0,001 to 0,004) 0,858 28 0,000 (-0,001 to 0,001) 0,759 

Baseline symptoms severity 

(PANSS score) 
39 0,001 (-0,004 to 0,006) 0,718 30 0,000 (-0,006 to 0,006) 0,999 

Baseline positive symptoms 

(PANSS-P) 
26 0,007 (-0,013 to 0,028) 0,491 23 -0,001 (-0,023 to 0,022) 0,976 

Baseline negative symptoms 

(PANSS-N) 
27 0,002 (-0,020 to 0,024) 0,835 23 -0,009 (-0,035 to 0,017) 0,503 



 

 

Figure S7: Analysis of publication bias – Funnel plot for global cognition 

 

 
 

 

 

 
Test for asymmetry of funnel plot (linear regression of effect estimates on their standard errors weighted by 

their inverse variance – Egger’s test):  

 

 
 N Coefficient SE 95% CI (lower limit) 95% CI (upper limit) p value 

Intercept 70 1.240 0.411 0.420 2.059 0.004 

 

 
Adjustment of effect estimates using the Duval and Tweedie’s trim and fill method (studies missing to the left of 

the mean; random-random effects model): 

 

 N Point Estimate 95% CI (lower limit) 95% CI (upper limit) 

Observed  70 0.230 0.170 0.290 

Adjusted +1 0.192 0.122 0.262 

 

  



 

 

Figure S8: Analysis of publication bias – Funnel plot for global functioning 

 

 

 
 
Test for asymmetry of funnel plot (linear regression of effect estimates on their standard errors weighted by 

their inverse variance – Egger’s test):  

 

 

 N Coefficient SE 95% CI (lower limit) 95% CI (upper limit) p value 

Intercept 49 0.542 0.763 -0.994 2.077 0.241 

 

 

  



 

 

Table S6.  Sensitivity analyses for primary outcomes 

 

 

 

Analysis Global cognition (T0-T2) Global functioning (T0-T2) 

Original meta-analysis (random 

effects model) 

d=0.23 (95%CI 01.7-0.29) 

(70 comparisons) 

d=0.26 (95%CI 0.15-0.36) 

(49 comparisons) 

Fixed effects model d=0.23 (95%CI 0.17-0.29) 

(70 comparisons) 

d=0.25 (95%CI 0.18-0.32) 

(49 comparisons) 

One effect size per study 

(randomly selected) 

d=0.23 (95%CI 0.16-0.29) 

(62 comparisons) 

d=0.27 (95%CI 0.16-0.38) 

(45 comparisons) 

One effect size per study (most 

substantial comparison) 

d=0.24 (95%CI 0.17-0.31) 

(62 comparisons) 

d=0.26 (95%CI 0.15-0.37) 

(45 comparisons) 

Removing outliers d=0.21 (95%CI 0.15-0.27) 

(66 comparisons) 

d=0.21 (95%CI 0.11-0.30) 

(46 comparisons) 

Removing studies with insufficient 

details on allocation 

d=0.21 (95%CI 0.14-0.28) 

(47 comparisons) 

d=0.29 (95%CI 0.15-0.42) 

(32 comparisons) 

Removing studies providing only 

completers data 

d=0.23 (95%CI 0.16-0.31) 

(37 comparisons) 

d=0.24 (95%CI 0.11-0.36) 

(27 comparisons) 

Removing studies with attrition 

rate >50% at follow-up 

d=0.23 (95%CI 0.17-0.29) 

(67 comparisons) 

d=0.24 (95%CI 0.14-0.34) 

(46 comparisons) 

Removing studies of interventions 

designed for trial purpose 

d=0.22 (95%CI 0.16-0.29) 

(57 comparisons) 

d=0.29 (95%CI 0.17-0.41) 

(41 comparisons) 

Removing studies evaluating 

Metacognitive Training 

d=0.25 (95%CI 0.18-0.31) 

(65 comparisons) 

d=0.26 (95%CI 0.14-0.37) 

(45 comparisons) 

 
 


