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Neurocognitive deficits are a core feature of psychotic disorders, but it is unclear whether they affect all individuals uniformly. The
aim of this systematic review and meta-analysis was to synthesize the evidence on the magnitude, progression, and variability of
neurocognitive functioning in individuals with first-episode psychosis (FEP). A multistep literature search was conducted in several
databases up to November 1, 2022. Original studies reporting on neurocognitive functioning in FEP were included. The researchers
extracted the data and clustered the neurocognitive tasks according to the seven Measurement and Treatment Research to
Improve Cognition in Schizophrenia (MATRICS) domains and six additional domains. Random-effect model meta-analyses,
assessment of publication biases and study quality, and meta-regressions were conducted. The primary effect size reported was
Hedges g of (1) neurocognitive functioning in individuals at FEP measuring differences with healthy control (HC) individuals or (2)
evolution of neurocognitive impairment across study follow-up intervals. Of 30,384 studies screened, 54 were included, comprising
3,925 FEP individuals and 1,285 HC individuals. Variability analyses indicated greater variability in FEP compared to HC at baseline
and follow-up. We found better neurocognitive performance in the HC group at baseline and follow-up but no differences in
longitudinal neurocognitive changes between groups. Across the 13 domains, individuals with FEP showed improvement from
baseline in all studied domains, except for visual memory. Metaregressions showed some differences in several of the studied
domains. The findings suggest that individuals with FEP have marked cognitive impairment, but there is greater variability in
cognitive functioning in patients than in HC. This suggests that subgroups of individuals suffer severe disease-related cognitive
impairments, whereas others may be much less affected. While these impairments seem stable in the medium term, certain
indicators may suggest potential further decline in the long term for a specific subgroup of individuals, although more research is
needed to clarify this. Overall, this study highlights the need for tailored neurocognitive interventions for individuals with FEP based
on their specific deficits and progression.
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INTRODUCTION
Cognitive deficits are well-established, core features of psychotic
disorders [1–3]. These impairments include neurocognitive deficits
(i.e., attention, verbal learning and memory, working memory, and
executive functions) and social cognitive deficits (related to
processing and interpreting social information [1, 4–6]). The
deficits are relatively stable during the illness, and nearly all
cognitive deficits are comparable in magnitude across first
episode psychosis (FEP) individuals and chronic schizophrenia
[2], though recent studies show evidence for selective cognitive
declines over time [7, 8]. Cognitive deficits are associated with
difficulties in social functioning and a worse prognosis, [9–11] and
are more predictive of social functioning than psychotic symp-
toms [12–14]
Whereas established non-pharmacological interventions for FEP

patients usually include family interventions, psychoeducation,
cognitive-behavioral therapy, and vocational interventions [15],
cognitive impairments in early intervention services are generally
undetected and undertreated. This is so despite the fact that
attending to neurocognitive deficits through appropriate treat-
ments has proved effective in improving social functioning [16].
However, we do not know whether the magnitude of these

neurocognitive deficits changes over time and whether any
potential deterioration is greater for one cognitive domain versus
others. Two previous meta-analyses have studied the trajectory of
neurocognition at baseline and follow-up [17, 18] and documen-
ted a lack of evidence for decline or improvement in general
neurocognition. These did not, however, explicitly compare the
trajectory in controls to that in patients. This is important due to
the potential presence of practice effects – a stable trajectory in
patients might, in fact, be significantly different from a trajectory
of improvement in controls. In addition, these meta-analyses have
not specifically looked at the variability of neurocognitive
performance in patients.
In a recent work, we established that neurocognitive deficits are

present before the onset of a psychotic disorder in several
domains and implemented a method to harmonize the measure-
ment of this deterioration across different tests quantifying the
same neurocognitive domain [19]. The primary aim of this work
was first to meta-analytically examine inter-patient variability to
determine whether cognitive impairments are a relatively
constant phenomenon across patients (i.e., a shift of the bell
curve), or whether some individuals are severely affected, whereas
others experience no disease-related impairment. Second, we
aimed to examine any longitudinal change in neurocognitive
functioning after the onset of psychosis in FEP individuals while
considering the potential confounding effect of sociodemo-
graphic, clinical and methodological factors compared to healthy
control (HC) subjects.

MATERIAL AND METHODS
The study protocol was registered on https://osf.io/r94t5/ and was
conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [20] (Supplementary Table 1), Meta-
analysis of Observational Studies in Epidemiology (MOOSE)
reporting guideline [21] (Supplementary Table 2), and Enhancing
the Quality and Transparency of Health Research (EQUATOR)
reporting guidelines [22]. We used studies that focused on
individuals with first-episode psychosis, including those with a
diagnosis of schizophrenia spectrum disorder (F20 to F29
according to ICD-11).

Search strategy and selection criteria
A systematic search strategy was used to identify relevant articles,
and a two-step literature search was implemented by two
independent researchers (AC, BP) (search terms appended in
Supplementary Methods 1). Web of Science database (Clarivate

Analytics) was searched, incorporating the Web of Science Core
Collection, BIOSIS Citation Index, KCI-Korean Journal Database,
MEDLINE, Russian Science Citation Index, and SciELO Citation
Index as well as Cochrane Central Register of Reviews, and Ovid/
PsychINFO databases from inception to 1st November 2022.
Abstracts of identified articles were screened, and after excluding
those not relevant, the full texts were assessed for eligibility. The
references of previously published meta-analyses and systematic
reviews and of the included articles were manually searched.
Studies were included if they (1) were original articles published

in a peer-reviewed journal; (2) included individuals at FEP, defined
according to established clinical criteria or validated psychometric
scales (RDC, DSM, ICD, or equivalent with less than five years of
illness evolution); (3) focused on neurocognitive tasks (Supple-
mentary Table 3); (4) presented longitudinal data, with baseline
and follow-up data; and (5) were published in English. Studies
were excluded if they (1) were reviews, clinical cases, abstracts,
conference proceedings, or study protocols; (2) used non-
established criteria for defining FEP; (3) did not report meta-
analyzable data; (4) reported only composite neurocognitive data
(to avoid potentially spurious or pseudospecific results) [23]; (5)
presented data of a neurocognitive intervention aimed to improve
neurocognitive performance, or (6) overlapped on the same
sample and neurocognitive task. When there were 2 or more
overlapping studies, the one with the largest sample size was
selected for analyses. In case of sample size overlapping, the most
recent study was included.

Outcome measures and data extraction
Four researchers (CA, BP, JLP, VR) independently extracted data
from all identified studies (Supplementary Table 4). The databases
were then cross-checked and discrepancies were resolved
through consensus under the supervision of a senior researcher
(AC). Consistent with our earlier meta-analysis [19], nine neuro-
cognitive tasks were clustered into seven Measurement and
Treatment Research to Improve Cognition in Schizophrenia
(MATRICS) domains [24, 25], namely (1) processing speed, (2)
attention or vigilance, (3) working memory, (4) verbal learning, (5)
visual learning, (6) reasoning and problem-solving, and (7) social
cognition (Supplementary Table 3). To ensure the comprehen-
siveness of our review, we also considered additional tasks that
had been included in studies of this clinical population but not
included in the more limited MATRICS framework (Supplementary
Table 3). These tasks were categorized by senior experts (AG, WS,
MP) into the following 8 domains: (1) general intelligence, (2)
visuospatial ability, (3) verbal memory, (4) visual memory, (5)
executive functioning, and (6) motor functioning. When the same
study presented several follow-up time points, the last one was
included in the analyses.

Statistical analyses
The primary meta-analytical effect size measure was Hedges´ g,
with positive values reflecting better functioning in HC individuals
compared with FEP individuals, a greater impairment at baseline
than in the follow-up in the FEP group, or a greater decline in FEP
compared to HC.
For the main meta-analysis, each specific neurocognitive task

was analyzed separately when at least 3 independent studies were
available. We conducted 2 primary comparisons of neurocognitive
functioning: (1) a cross-sectional meta-analysis of individuals at
FEP vs HC individuals at baseline and follow-up, and (2) a meta-
analysis of the difference in longitudinal change between
individuals at FEP and HC. Additionally, we (3) performed a
longitudinal meta-analysis to explore the evolution of neurocog-
nitive impairment between baseline and follow-up solely in FEP. In
each of these analyses we estimated both individual task effect
sizes and the pooled effect sizes for individuals at FEP vs HC
individuals across each of the 13 neurocognitive domains
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(Supplementary Methods 2) when more than one task was
available. We did not include corrections for multiple comparisons,
in accordance with the Cochrane´s recommendations [26].
For the analysis of change over time, the variance of the change

score needs to be calculated if it is not reported. For studies not
reporting the variance of the pre-post change, we calculated the
mean change by subtracting the first from the second measure.
We then calculated the variance via the standard formula:

SD2
change ¼ SD2

baseline þ SD2
follow�up � 2 � ρ � SDbaseline � SDfollow�up

This requires an estimation of the correlation coefficient, rho,
between baseline and follow-up neurocognitive measures. Rho
can be calculated from those studies reporting the mean (and SD)
pre, post and change values; [27] these studies suggested rho to
equal 0.65 (sensitivity analyses were performed at the limits of the
95% CI: 0.58 and 0.70 [28]).
In order to investigate the variability of cognition, we used

previously established methods [29, 30]. Previous approaches
assumed the nature of the relationship between their mean and
SD [31], which could lead to biased estimates. To address these
issues, we used a random-slope mixed-effects model (RSMM) to
estimate differences in variability between groups (FEP and HC).
Following Nakagawa et al. [30] and Maslej et al. [29], we used an
unbiased estimator of the natural logarithm of the population SD
and its sampling variance (Supplementary Methods 3).

For all meta-analyses, we used a random-effects model [32], as
heterogeneity was expected to be high. Heterogeneity was
assessed using the Q statistic and I2 index [33]. Publication biases
were evaluated by visually inspecting funnel plots. When
publication biases were detected, the trim-and-fill [34] method
was used. Study quality was assessed using a modified the
Newcastle-Ottawa Scale (NOS) version, previously validated in
Clinical High Risk for Psychosis meta-analyses [19] (Supplementary
Table 4). When at least 7 studies were available, meta-regressions
evaluated the effect of several factors in merged domains.
All analyses were conducted within R 1.4.1106 [35], using the

metafor package [36]. All tests were 2-sided, and significance was
set at P < 0.05.

RESULTS
Characteristics of the database
Of 30384 studies screened, 386 were retrieved for full-text
assessment and 54 were included (Fig. 1; Supplementary Table
5), comprising 3925 FEP individuals (mean= 26.00 years, SD=
4.44, 68.60% male) and 1285 HC individuals (mean= 25.25,
SD= 5.73, 57.19% male). The mean (SD) education was 12.35
(SD= 2.02) years for FEP individuals and 13.63 (SD= 2.56) for HC
individuals.
At baseline, 78.22% of FEP individuals were known to be treated

with antipsychotic (AP) medication (at any dosage); 18 studies did

Records identified from*:
Databases (n = 30384)
Registers (n = 0)

Records removed before 
screening:

Duplicate records removed  
(n = 283)
Records marked as ineligible 
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Records removed for other 
reasons (n = 0)

Records screened
(n = 30384)

Records excluded**
(n = 29998)

Reports sought for retrieval
(n = 386)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 386)

Reports excluded:
No follow-up (n = 37)
Intervention (n = 28)
Wrong sample (n = 66)
Wrong task (n= 60)
No raw data (n=137)
Others= (n= 4)

Studies included in review
(n = 54)
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Fig. 1 Flow-chart of meta-analysis.
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not offer data about AP treatment. The mean follow-up time was
33.82 (SD= 42.96) months (from 2 to 240 months), while the
median was 2 years.

Variability of neurocognitive functioning: FEP vs HC
At baseline assessment, the FEP group presented greater
variability than HC across several neurocognitive domains:
visual learning (ES= 0.52, SE= 0.14, p < 0.01), processing speed
(ES= 0.50, SE= 0.14, p < 0.01), reasoning and problem-solving
(ES= 0.50, SE= 0.03, p < 0.01), verbal learning (ES= 0.44, SE=
0.08), executive functioning (ES= 0.40, SE= 0.09, p < 0.0001),
and working memory (ES= 0.28, SE= 0.10) (Fig. 2). At follow-up,
the FEP group presented greater variability than HC across these
neurocognitive domains: verbal learning (ES= 0.49, SE= 0.09,
p < 0.001), processing speed (ES= 0.35, SE= 0.05, p < 0.0001),
and executive functioning (ES= 0.22, SE= 0.10, p= 0.049) (Fig.
2). The variability for each individual task is detailed in the
supplementary material (Supplementary Table 6).

Neurocognitive functioning in FEP individuals compared with
HC individuals
At baseline. Within the 13 domains (Supplementary Fig. 1,
Supplementary Table 7), FEP individuals performed worse than
HC individuals in the following tasks (in descending order of
magnitude): California Verbal Learning Test-I immediate recall
(CVLT-I immediate recall) (g= 2.05; 95% CI, 0.03–4.08), Brief
Visuospatial Memory Test—Revised (BVMT-R) (g= 1.90; 95% CI,
0.24–3.56), Neuropsychological Assessment Battery: Mazes (NAB
Mazes) (g= 1.70; 95% CI, 0.18–3.22), Wechsler Adult Intelligence
Scale IV Digit Symbol (WAIS-IV Digit Symbol) (g= 1.52; 95% CI,
1.30–1.74), Rey Auditory Verbal Learning Test 1-5 (RAVLT)
(g= 1.47; 95% CI, 0.76–2.18), RAVLT delayed recall (g= 1.38;
95% CI, 1.06–1.71), Trail Making Test A (TMT-A) (g= 1.24; 95% CI,
0.34–2.14), California Verbal Learning Test-I 1-5 (CVLT-I 1-5)

(g= 1.05; 95% CI, 0.44–1.66), CVLT-I delayed recall (g= 1.01; 95%
CI, 0.48–1.55), Animal Fluency (g= 1.01; 95% CI, 0.51–1.5), Letter
Number Sequencing Test (LNST) (g= 1.01; 95% CI, 0.84–1.17),
Hopkins Verbal Learning Test-Revised (HVLT-R) (g= 0.96; 95% CI,
0.59–1.32), Category fluency (g= 0.85; 95% CI, 0.29–1.41), The
Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT)
(g= 0.83; 95% CI, 0.63–1.02), TMT-B (g= 0.78; 95% CI, 0.56–0.99),
Rey-Osterrieth Complex Figure (ROCF) delayed recall (g= 0.74;
95% CI, 0.38–1.10), WAIS-IV Digit Span Backwards (g= 0.70; 95%
CI, 0.49–0.92), Controlled Oral Word Association Test (COWAT)
(g= 0.69; 95% CI, 0.33–1.05), Wisconsin Card Sorting Test (WCST)
perseverative errors (g= 0.62; 95% CI, 0.45–0.79), and WCST
categories (g= 0.57; 95% CI, 0.43–0.70), WAIS-IV Digit Span
Forwards (g= 0.40; 95% CI, 0.19–0.61). On the Grooved Pegboard
Test-dominant hand (g=−0.67; 95% CI, −0.87 to −0.47), the FEP
group performed better than HC.
There were no differences in the Stroop Color and Word Test

(SCWT) Word, SCWT color, SCWT Color-Word, Logical Memory (LM)
immediate recall, Wechsler Memory Scale Visual Memory (WMS
VM) immediate recall, LM delayed recall, and WCST perseverative
responses (Supplementary Fig. 1).
When all neurocognitive tasks were pooled across the 7 broader

neurocognitive domains (Fig. 3, Supplementary Table 8), FEP
individuals performed more poorly than HC individuals across all
domains (in decreasing order of magnitude): verbal learning
(g= 1.64; 95% CI, 1.00–2.27), visual learning (g= 1.39; 95% CI,
0.23–2.54), verbal memory (g= 1.24; 95% CI, 0.15–0.94), proces-
sing speed (g= 0.91; 95% CI, 0.13–0.65), visual memory (g= 0.74;
95% CI, 0.39–1.10), working memory (g= 0.67; 95% CI, 0.38–0.95),
and executive function (g= 0.46; 95% CI, 0.15–0.16).

At follow-up. Within the 13 domains (Supplementary Fig. 2,
Supplementary Table 8), FEP individuals performed worse than HC
individuals on the following tasks (in descending order of
magnitude): WAIS-IV Digit Symbol (g= 1.79; 95% CI, 1.21–2.37),
CVLT-II immediate recall (g= 1.71; 95% CI, 0.2–3.16), BVMT-R
(g= 1.37, 95% CI, 0.37–2.36), SCWT Word (g= 1.21, 95% CI,
0.92–1.51), LNST (g= 1.19, 95% CI, 0.46–1.92), Category Fluency
(g= 1.14, 95% CI, 0.90–1.38), CVLT 1-5 (g= 1.02, 95% CI,
0.70–1.34), CVLT delayed recall (g= 1.02, 95% CI, 0.70–1.35),
HVLT-R (g= 0.84, 95% CI, 0.56–1.13), NAB Mazes (g= 0.81, 95% CI,
0.25–1.36), TMT-A (g= 0.79, 95% CI, 0.41–1.17), COWAT (g= 0.77,
95% CI, 0.58–0.96), TMT-B (g= 0.69, 95% CI, 0.45–0.94), WAIS-IV
Digit Span Backwards (g= 0.67, 95% CI, 0.30–1.04), WCST
perseverative errors (g= 0.55, 95% CI, 0.18–0.91), and WCST

Verbal learning

Executive 
function
Processing 
speed
Reasoning and 
problem solving

Social cognition

Visual learning

Working 
memory

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Variability baseline

Verbal learning

Executive 
function
Processing 
speed
Reasoning and 
problem solving

Social cognition

Visual learning

Working 
memory

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Variability follow-up

Fig. 2 Variability between HC and FEP in the different neurocog-
nitive domains at baseline and follow-up. Values greater than 0
indicate greater variability in FEP group.

Verbal Learning

Visual learning

Verbal memory 

Processing Speed

Visual memory 

Working 
Memory

Executive 
function

1,64 [1,00, 2,27]

1,39 [0,23, 2,54]

1,24 [0,94, 1,55]

0,91 [0,65, 1,17]

0,74 [0,39, 1,10]

0,67 [0,38, 0,95]

0,46 [0,16, 0,76]

-4 -2 0 2 4 6

ES [95%CI] Baseline

Fig. 3 Comparison of neurocognitive functioning between FEP
and HC at baseline (domains merged). Values greater than 0
indicate greater deficits in FEP group.
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categories (g= 0.50, 95% CI, 0.30–0.69).
There were no differences in the SCWT Color, SCWT Color-Word,

Logical Memory immediate recall, WMS VM immediate recall,
MSCEIT, WMS LM delayed recall, WMS VR delayed recall and WCST
perseverative responses (Supplementary Figure 2).
When all neurocognitive tasks were pooled across the 7 broader

neurocognitive domains (Fig. 4, Supplementary Table 9), FEP
individuals performed more poorly than HC individuals across all
domains (in decreasing order of magnitude): verbal learning
(g= 1.81; 95% CI, 0.90–2.72), verbal memory (g= 1.13; 95% CI,
0.71–1.55), visual learning (g= 1.09; 95% CI, 0.44–1.73), processing
speed (g= 1.00; 95% CI, 0.74–1.27), visual memory (g= 0.94; 95%
CI, 0.41–1.46), working memory (g= 0.68; 95% CI, 0.36–1.01), and
executive function (g= 0.59; 95% CI, 0.31–0.86).

Differences in the evolution of cognitive performances. Baseline to
follow-up changes in neurocognitive performance did not differ
significantly between FEP and HC in any of the explored tasks (Fig.
5). The neurocognitive profiles of the FEP group exhibited greater
variability at both baseline and follow-up when compared to the
HC group. However, when observing the change in neurocogni-
tive performance from baseline to follow-up, both FEP and HC
patients showed consistent patterns with no differences between
the groups. However, when observing the change in neurocog-
nitive performance from baseline to follow-up, both FEP and HC
patients showed consistent patterns with no differences between
the groups.

Metaregressions. At baseline, an older age and longer follow-up
were related to greater impairment in FEP group in verbal learning
(ß= 0.28; 95% CI, 0.12–0.44; ß= 0.08; 95% CI, 0.05–0.11), verbal
memory (ß= 0.74; 95% CI, 0.49–0.98; ß= 0.17; 95% CI, 0.12–0.21),
and visual memory (ß= 0.83; 95% CI, 0.51–1.15; ß= 0.06; 95% CI,
0.03–0.10). Likewise, a lower quality score was related to
decreased performance in verbal learning (ß=−1.96; 95% CI,
−2.7 to −1.22), visual learning (ß=−2.57; 95% CI, −4.04 to

Verbal Learning

Verbal memory 

Visual learning

Processing 
Speed

Visual memory 

Working 
Memory

Executive 
function

1,81 [0,90, 2,72]

1,13 [0,71, 1,55]

1,09 [0,44, 1,73]

1,00 [0,74, 1,27]

0,94 [0,41, 1,46]

0,68 [0,36, 1,01]
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Fig. 4 Comparison of neurocognitive functioning between FEP
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Fig. 5 Differences in baseline to follow-up changes of neurocognitive functioning between FEP and HC. Values greater than 0 indicate
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LNST Letter Number Sequencing Test, HVLT Hopkins Verbal Learning Test, CVLT California Verbal Learning Test, LM logical memory, BVMT-R
Brief Visuospatial Memory Test-Revised, WMS VM Weschler Memory Scale Visual Memory, NAB Neuropsychological Assessment Battery,
MSCEIT Mayer-Salovey-Caruso Emotional Intelligence Test, RAVLT-R Rey Auditory Verbal Learning Test-Revised, WMS VR Weschler Memory
Scale Visual Reproduction, WCST Wisconsin Card Sorting Test.
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−1.11), visual memory (ß=−3.41; 95% CI, −4.57 to −2.25), and
verbal memory (ß=−4.35; 95% CI, −5.68 to −3.02). And a longer
follow-up was also related to worse functioning in visual learning
(ß= 0.09; 95% CI, 0.04–0.14) (Supplementary Table 10) at baseline.
An older age and longer follow-up were related to greater

impairment in the FEP group in verbal learning both at baseline
and at follow-up (ß= 0.30; 95% CI, 0.14–0.45; ß= 0.08; 95% CI,
0.06–0.10), and with a greater impairment in verbal memory at
follow-up (ß= 0.66; 95% CI, 0.40–0.92; ß= 0.16; 95% CI, 0.11–0.21).
And older age was also associated with decreased functioning in
visual memory (ß= 1.20; 95% CI, 0.59–1.81) at follow-up. Likewise,
lower quality scores were related to decreased performance in
verbal memory (ß=−3.90; 95% CI, −5.40 to −2.47), visual
memory (ß=−4.84; 95% CI, −7.07 to −2.62), and executive
function (ß=−0.31; 95% CI, 0.02–0.60) at follow-up (Supplemen-
tary Table 10).

Neurocognition performance in FEP group baseline vs follow-
up
Within the 13 domains (Supplementary Table 11), FEP individuals
performed worse at the baseline assessment than at the follow-up
on the following tasks (in descending order of magnitude):
WMS paired associates (g= 0.47; 95% CI, 0.23–0.72), IQ

Performance (g= 0.44; 95% CI, 0.25–0.63), TMT-B (g= 0.42; 95%
CI, 0.02–0.82), WCST perseverative errors (g= 0.36; 95% CI,
0.16–0.56), WMS-III: Spatial Span (g= 0.36; 95% CI, 0.15–0.57),
RAVLT delayed recall (g= 0.34; 95% CI, 0.23–0.44), CVLT-II
immediate recall (g= 0.31; 95% CI, 0.20–0.43), RAVLT 1-5 trials
(g= 0.31; 95% CI, 0.036–0.58), CVLT-II 1-5 (g= 0.31; 95% CI,
0.17–0.45), HVLT-R (g= 0.30; 95% CI, 0.14–0.46), CVLT-II delayed
recall (g= 0.30; 95% CI, 0.20–0.41), IQ (g= 0.27; 95% CI, 0.08–0.45),
CPT-reaction time (g= 0.27; 95% CI, 0.14–0.39), LM immediate
recall (g= 0.26; 95% CI, 0.15–0.38), WCST-IV perseverative
responses (g= 0.25; 95% CI, 0.10–0.41), verbal IQ (g= 0.24; 95%
CI, 0.01–0.47), TMT-A (g= 0.24; 95% CI, 0.10–0.38), WCST
categories (g= 0.23; 95% CI, 0.16–0.30), CPT- identical pairs (IP)
d’ (g= 0.20; 95% CI, 0.01–0.38), Animal Fluency (g= 0.19; 95% CI,
0.01–0.37), COWAT (g= 0.17; 95% CI, 0.07–0.27), WAIS-IV Digit
Backwards (g= 0.15; 95% CI, 0.05–0.25), and Letter Fluency
(g= 0.14; 95% CI, 0.01–0.27). There were no differences in the
rest of the studied tasks.
When all neurocognitive tasks were pooled across the 7 broader

neurocognitive domains (Supplementary Fig. 3), FEP individuals
performed more poorly at baseline than at follow-up across all
domains except for visual memory (in decreasing order of
magnitude): general intelligence (g= 0.91; 95% CI, 0.38–1.45),
processing speed (g= 0.86; 95% CI, 0.67–1.05), working memory
(g= 0.79; 95% CI, 0.44–1.139, verbal learning (g= 0.64; 95% CI,
0.42–0.86), motor function (g= 0.60; 95% CI, 0.06 to 1.14), visual
learning (g= 0.56; 95% CI, 0.04–1.07), executive function (g= 0.46;
95% CI, 0.14–0.79), verbal memory (g= 0.35; 95% CI, 0.13–0.57),
attention/vigilance (g= 0.20; 95% CI, 0.01–0.38).

Metaregressions. Male sex was associated with a greater
improvement at follow-up in processing speed (ß= 0.02; 95%
CI, 0.002–0.04; ß= 0.17) in the FEP group; and with lower
improvement in verbal learning (ß=−0.03; 95% CI, −0.05 to
−0.002) and verbal memory (ß=−0.02; 95% CI, −0.04 to
−0.002). Older age was related to a greater improvement in
visual learning in the FEP group (ß= 0.18; 95% CI, 0.03–0.34).
Positive psychotic symptoms at baseline were related to greater
improvement in working memory (ß= 0.07; 95% CI, 0.04–0.14). A
longer follow-up correlated with lower improvement in verbal
memory (ß=−0.01; 95% CI, −0.02 to −0.001). Furthermore,
finally, the quality of included studies influenced the improve-
ment in verbal memory (ß= 0.28; 95% CI, 0.08–0.49) and visual
learning (ß=−0.54; 95% CI, −1.02 to −0.06) (Supplementary
Table 12).

Heterogeneity, study quality and publication bias
Heterogeneity across the studies varied from small to high
(Supplementary Tables 7, 8 and 11). In terms of study risk of bias,
NOS scores ranged from 4 to 8 (mean= 6.42; median= 6).
Publication biases are reported in Supplementary Tables 7, 8, 11
and Supplementary Fig. 4.

DISCUSSION
The present study aimed to analyze whether variability neuro-
cognitive functions differ between FEP and HC groups and if there
are significant neurocognitive differences between the FEP group
and HC individuals over time. Greater variability in FEP compared
to HC was shown in some of the neurocognitive domains at
baseline and follow-up (verbal learning, executive function and
processing speed), while reasoning and problem-solving and
visual learning showed higher variability in the FEP group
compared to HC only at the baseline. Interestingly, those domains
with greater variability in the FEP population compared with HC
were also among the ones that showed greater decline among the
FEP samples. Other authors [37, 38] have described evidence for
neurocognitive variability in FEP, but to our knowledge, this is the
first time that it has been distinguished from the general
variability seen in healthy populations. Variability in the FEP
group may be indicative of a subtype of patients with psychosis
likely to demonstrate more decline in neurocognitive domains
and thus might benefit from earlier and more intensive treatments
from their period of disorder onset.
Contrary to the prevailing neurodegenerative hypothesis of

psychosis, our research found no evidence of cognitive function
decline in individuals in the FEP group. Moreover, these subjects
showed an improved neurocognitive performance between
baseline and follow-up in certain tasks. These results are
consistent with previous studies [18, 39] questioning the
neurodegenerative hypothesis of psychosis, which remains a
highly debatable topic, partly due to the short follow-up duration
in most studies, which makes difficult to reach definitive
conclusions.
Nevertheless, our meta-regressions reveal a correlation between

longer follow-up periods and greater cognitive decline, particu-
larly in verbal and visual learning and memory domains. This
finding, along with the evidence linking longer follow-up periods
to more significant cognitive deficits, supports the notion of worse
outcomes for certain psychotic patients in longer-term follow-ups.
[40] While earlier meta-analyses [17, 18] established no increasing
deterioration over time, they were limited by fewer studies and
did not analyze group differences on individual tasks nor the
variability of patient-control group differences. In contrast, more
recent meta-analyses [18] described only modest improvements
over time in the FEP group, with an effect size identical to that in
HC, suggesting these changes might be an artefact of practice
rather than genuine recovery. Our own meta-analysis corroborates
these small improvements across specific domains and tasks,
including social cognition, although these improvements were not
significantly different from those in HC despite this group already
performing significantly better across all tasks.
One possible explanation is that the magnitude of practice

effects is greater for studies with short follow-up periods [41–43] is
high. Although we have included studies with 20 years of follow-
up [40], the median follow-up time was two years. The most
consistent improvements were observed in tasks with significant
practice effects (i.e., WCST, memory tasks [43]), while tasks with
lesser practice effects such as letter fluency [44] showed less
consistency in improvements. Notably, no enhancements were
seen in visual memory tasks, suggesting a more stable deficit in
this area. The visual system has been related to the transition to
psychosis [45], and although the exact mechanism is unknown,
many studies indicate that visual pathways could be related to
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psychosis onset [46, 47]. Similarly, none of the motor functioning
tasks showed improvement at follow-up, which aligns with the
fact that the FEP group presented a better performance than the
HC group on some of these tasks (e.g., Grooved Pegboard Test).
Motor coordination has been consistently linked to neurodevelop-
ment alterations in individuals with psychosis and even children of
parents with psychosis [48], and has been proposed as a
sensorimotor dimension that cuts across psychopathology and
that has causal and prognostic value as a psychosis endopheno-
type [49]. Concurrently, the use of antipsychotic medication is
related to motor alterations [50].
Symptomatic remission and recovery could also influence these

results, as most studies show a clinically significant improvement in
the psychotic symptoms from the onset of the illness. As for the use
of antipsychotic medication, studies show conflicting results, with
some evidence for improvements in neurocognitive performance in
FEP [51], while other studies do not provide evidence of
improvement [52]. In our study, the use of antipsychotics was no
related to change in neurocognitive performance, and we only
observed a positive correlation between psychotic symptoms at
baseline and improvement in working memory at follow-up.
However, not all the included studies provided data on psycho-
pathological status, which limits the results. Several factors could
explain this. FEP patients with higher positive symptoms are treated
earlier patients with negative symptoms [53]. Furthermore, several
studies have linked the improvement in some cognitive domains
with the use of antipsychotics [51], especially working memory [54],
but this improvement cannot be generalized to all domains.
As expected, we found differences between FEP and HC

individuals at baseline and follow-up, with the HC group
presenting a better neurocognitive performance, although these
differences seem similar at the two assessment points. There were
especially significant differences in verbal and visual domains.
Although our findings lend greater support for a neurodevelop-

mental rather than a neurodegenerative model of cognitive
deficits in schizophrenia, given the relatively short follow-up
periods of most included studies, this remains an open question,
and longer-term studies do suggest some deterioration may occur
over longer intervals, at least for subgroups of individuals [40].
However, the lifespan timing and developmental trajectories of
cognitive abnormalities in schizophrenia spectrum disorders
require ongoing and better characterization.
Limitations of this meta-analysis include differences in study

methodologies, such as variable and limited follow-up intervals,
with a median follow-up of two years. Furthermore, many studies
did not report variables that might have affected neurocognition,
such as positive/negative symptoms, role and social functioning,
pharmacological treatment or cannabis and other substance use,
making it difficult to establish to what extent the change in the
neurocognitive profile is due to the disorder itself or other factors.
The decision to prioritize the inclusion of a limited number of
studies with longitudinal data, as opposed to a larger pool of
available cross-sectional studies, may be seen as a trade-off when
addressing certain aspects of our research, such as the examina-
tion of cross-sectional findings, including variability and compar-
isons between the FEP and HC groups at baseline. Finally, the
search terms included in our work were quite wide, and this could
limit its replicability. Advantages of this study include being the
first meta-analysis of longitudinal cognitive change in FEP,
examination of confounding factors, and homogenous distribu-
tion of effect sizes. Another important issue is the inclusion of
some affective diagnosis participants in the same samples, and
some studies did not distinguish between the performances of
those individuals with schizophreniform disorders and others
[55, 56]. Yet another issue is related to high diagnostic instability
and significant symptom heterogeneity attributed to patients with
FEP. However, one meta-analysis showed relative diagnostic
stability in FEP subjects [57].

In summary, we find that cognitive deficits are pronounced in
first-episode patients but vary moderately in their severity among
individuals and show no evidence of progression during the initial
years of the illness.
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