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Abstract: Background

Cognitive reserve (CR) is a protective factor against cognitive and functional
impairment in first-episode psychosis (FEP). The aim of this study was to evaluate the
differences in clinical presentation according to the use of cannabis (cannabis users vs
non-users) among patients presenting a FEP (non-affective vs affective psychosis), to
investigate the impact of CR and cannabis use on several outcomes and to explore the
potentially mediatory role played by CR in the relationship between cognitive domains
or clinical status and functionality, depending on the use of cannabis.

Methods

Linear regression analysis models were carried out to assess the predictive value of
CR on clinical, functional and cognitive variables at baseline and at two-year follow-up.
The mediation analyses were performed according to the principles of Baron and
Kenny.
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Results

CR was associated with better cognitive performance, regardless of cannabis
consumption or diagnosis. In both diagnoses, CR was associated with better clinical
and functional outcomes in those patients who did not use cannabis. In terms of
mediation procedure, CR mediates the relationship between some cognitive domains
and functioning at follow-up only in patients without cannabis use.

Limitations

The small sample size of the affective group. 

Conclusions

CR plays a differential role in the outcome of psychoses according to whether patients
are cannabis users or not. Both in affective and non-affective groups CR exerted a
greater effect in patients without cannabis use. Our results suggest that the deleterious
effect of cannabis use on functioning in FEP surpasses the protective effect of CR.
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Highlights  

 CR was associated with better cognitive performance, regardless of cannabis 

consumption or diagnosis 

 Both in affective and non-affective groups, CR was associated with better clinical and 

functional outcomes in those patients who did not use cannabis.  

 CR seems to be a protective factor, especially in those FEP without cannabis use  

 The deleterious effect of cannabis use on functioning in FEP surpasses the protective 

effect of CR. 

 

Highlights



Abstract 

Background: Cognitive reserve (CR) is a protective factor against cognitive and functional 
impairment in first-episode psychosis (FEP). The aim of this study was to evaluate the differences 
in clinical presentation according to the use of cannabis (cannabis users vs non-users) among 
patients presenting a FEP (non-affective vs affective psychosis), to investigate the impact of CR 
and cannabis use on several outcomes and to explore the potentially mediatory role played by 
CR in the relationship between cognitive domains or clinical status and functionality, depending 
on the use of cannabis.  

Methods: Linear regression analysis models were carried out to assess the predictive value of 
CR on clinical, functional and cognitive variables at baseline and at two-year follow-up. The 
mediation analyses were performed according to the principles of Baron and Kenny. 

Results: CR was associated with better cognitive performance, regardless of cannabis 
consumption or diagnosis. In both diagnoses, CR was associated with better clinical and 
functional outcomes in those patients who did not use cannabis. In terms of mediation 
procedure, CR mediates the relationship between some cognitive domains and functioning at 
follow-up only in patients without cannabis use.  

Limitations: The small sample size of the affective group. 

Conclusions: CR plays a differential role in the outcome of psychoses according to whether 

patients are cannabis users or not. Both in affective and non-affective groups CR exerted a 

greater effect in patients without cannabis use. Our results suggest that the deleterious effect 

of cannabis use on functioning in FEP surpasses the protective effect of CR.  
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Figure 1. Path analyses: effect of subject on cognitive domains or clinical symptoms mediated by cognitive reserve.  

 

B=unstandardized values; β= standardized values. * p < 0.05. 

Abbreviations: FAST=Functioning Assessment Short Test.  

Mediation was identified if the following criteria were met: 1) The independent variable was significantly related to the dependent variable (path c); 2) The independent variable was 
significantly related to the proposed mediator (path a); 3) The proposed mediator was significantly related to the dependent variable when controlling for the effects of the independent 
variable (path b); 4) The independent variable was not significantly related to the dependent variable when controlling for the effects of the proposed mediator (path c’). 
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Figure 2. Clinical characteristics and effect exerted by cognitive reserve across time in the patients groups (affective vs non-affective FEP) depending on 

cannabis use 

 

 

Abbreviations: CR=Cognitive Reserve; FEP= First Episode of Psychosis. 



Table 1. Baseline and follow-up sociodemographic, clinical, functional and cognitive reserve for 

patients and healthy controls 

 Patients Healthy controls 

 At baseline 
(n=259) 

At follow-up 
(n=158) 

p Partial 
eta 

squared 

At baseline 
(n=205) 

At follow-up 
(n=140) 

p Partial 
eta 

squared 

Sociodemographic variables 

Gender: Male N (%) 173 (67)  106 (67)  
 
 
 
 
 
- 

132 (64) 94 (67)  
 
 
 
 
 
- 

Age (M±SD) 24.77±5.58 27.19±5.14 25.69±5.62 27.98±5.87 

SES (%)     

High 48 (19) 36 (23) 46 (22) 33 (24) 

Medium-High 25 (10) 17 (11) 40 (20) 31 (22) 

Medium 65 (25) 40 (25) 57 (28) 34 (24) 

Medium-Low 85 (33) 49 (31) 51 (25) 33 (24) 

Low 33 (13) 15 (10) 9 (4) 8 (6) 

Missing value 3 (0) 1 (1) 2 (1) 0 (0) 

Tobacco use: Yes N (%) 177 (69) 93 (59) 85 (41) 50 (36) 

Cannabis use: Yes N (%) 115 (44) 29 (18) 38 (19) 30 (21) 

Monthly cannabis use 
(M±SD) 

87.54±96.79 35.81±50.62 13.30±21.40 24.13±32.57 

Age at first use (M±SD) 16.38±2.82 16.73±1.87 

Years of regular use 
(M±SD) 

5.75±4.11 6.30±4.19 

Clinical and functional variables (M±SD) 

PANSS positive 17.97±7.80 10.09±4.32 <0.001 0.402 - - - - 

PANSS negative 18.54±7.75 13.73±6.15 <0.001 0.204 - - - - 

PANSS general 37.29±12.01 25.13±8.55 <0.001 0.397 - - - - 

PANSS total 73.80±23.15 48.95±17.22 <0.001 0.415 - - - - 

YMRS score 8.49±10.09 1.93±4.25 <0.001 0.236 - - - - 

MADRS score 12.72±9.78 5.52±6.27 <0.001 0.260 - - - - 

FAST 27.61±15.98 18.83±15.20 <0.001 0.135 2.90±7.069 2.82±8.60 0.314 0.007 

Cognitive measures (M±SD) 

Attention  89.22±9.14 86.62±10.44 0.001 0.091 81.48±8.46 80.23±7.26 0.028 0.039 

Verbal memory  135.30±49.10 160.31±48.25 <0.001 0.162 190.26±31.87 205.56±24.56 <0.001 0.137 

Working memory  78.45±15.92 81.99±16.52 0.003 0.056 93.29±14.83 94.90±14.77 0.259 0.009 

Executive function  126.51±145.23 150.15±40.97 <0.001 0.188 145.23±29.85 161.16±31.84 <0.001 0.178 

GCI  295.62±50.21 330.60±48.00 <0.001 0.313 353.21±31.65 371.12±28.89 <0.001 0.227 

Cognitive reserve and premorbid adjustment (M±SD) 

CR 75.19±12.28 - 88.04±10.77 - 

PAS 23.29±13.49 - 11.25±8.02 - 

 

Abbreviations: M=Mean, SES=Socioeconomic status, PANSS= Positive and Negative Symptom Scale, YMRS= Young Mania Rating 
Scale, MADRS= Montgomery-Asberg Depression Rating Scale, FAST=Functioning Assessment Short Test, GCI= Global Cognition 
Index, CR= Cognitive Reserve, PAS= Premorbid Adjustment Scale. Significant differences (p<0.05) marked in bold. 
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Table 2. Differences between patients who use cannabis and those who do not at baseline 

 

 Non-affective FEP Affective FEP 

 Cannabis users 
(n=97) 

Non cannabis 
users (n=114) 

p  
Cannabis 

users (n=18) 
Non cannabis 
users (n=30) 

p  

Sociodemographic variables 

Gender: Male N (%) 78 (80) 62 (54) <0.001 13 (72) 20 (67) 0.472 

Age (M±SD) 24.45±4.86 26.08±5.37 0.023 22.06±6.36 22.43±6.74 0.378 

SES (%) 

0.232 

  
 
 

0.400 

High 15 (16) 26 (23) 3 (17) 5 (17) 

Medium-High 7 (7) 12 (11) 1 (6) 5 (17) 

Medium 30 (31) 19 (17) 6 (33) 10 (33) 

Medium-Low 32 (33) 41 (36) 7 (39) 5 (17) 

Low 12 (12) 15 (13) 1 (6) 4 (13) 

Missing value 1 (1) 1 (1) 0 (0) 1 (3) 

DUP 108.61±130.39 108.84±118.99 0.990 123.41±145.99 76.48±121.88 0.265 

Age of onset 24.00±5.75 25.21±5.40 0.175 25.00±7.15 23.15±6.05 0.430 

CPZ baseline 677.78±425.99 577.63±450.65 0.116 548.88±312.08 619.76±690.90 0.695 

Clinical and functional variables (M±SD) 

PANSS positive  19.32±8.44 16.81±7.22 0.021 21.00±9.01 16.17±5.86 0.029 

PANSS negative  18.61±7.90 19.94±7.66 0.217 14.11±7.78 15.70±5.91 0.428 

PANSS general  38.74±11.80 36.21±11.68 0.120 37.94±14.79 36.27±12.21 0.672 

PANSS total  76.67±23.30 72.96±22.86 0.245 73.06±26.94 68.13±21.07 0.484 

YMRS  9.29±9.89 6.33±8.53 0.030 17.22±15.14 8.87±9.85 0.025 

MADRS  11.93±9.18 12.83±9.30 0.479 13.72±11.33 14.23±12.44 0.887 

FAST  27.30±16.67 29.77±15.53 0.266 22.39±16.93 23.50±13.86 0.806 

Cognitive measures (M±SD) 

Attention  88.87±7.72 90.11±9.59 0.343 87.56±11.51 88.00±10.14 0.894 

Verbal memory  133.59±47.57 136.24±49.63 0.701 136.67±60.80 136.37±46.67 0.985 

Working memory  77.51±14.65 79.39±16.04 0.384 76.14±16.19 79.37±19.35 0.556 

Executive function  122.02±42.79 128.32±45.44 0.321 132.34±36.75 130.80±36.87 0.896 

GCI  293.14±47.07 297.53±52.69 0.565 297.12±56.74 295.11±48.23 0.905 

Cognitive reserve and premorbid adjustment (M±SD) 

CR 73.53±10.50 75.25±12.17 0.276 78.59±13.76 78.32±16.21 0.954 

PAS 24.92±13.48 23.84±13.39 0.571 18.29±15.74 18.97±11.49 0.868 

Abbreviations: M=Mean, SES=Socioeconomic status, CPZ= Chlorpromazine equivalents, PANSS= Positive and Negative Symptom 
Scale, YMRS= Young Mania Rating Scale, MADRS= Montgomery-Asberg Depression Rating Scale, FAST=Functioning Assessment 
Short Test, GCI= Global Cognition Index, CR= Cognitive Reserve, PAS= Premorbid Adjustment Scale. Significant differences (p<0.05) 
marked in bold. 

 

 

  



Table 3. Linear regression with cognitive reserve in patients with non-affective and affective 

first episode of psychosis at baseline and at 2-year follow-up 

 Cannabis users  Non cannabis users  

Non-affective first episode of psychosis 

Baseline (n=97) (n=114) 

Functional Variables R² B S.E. Beta p R² B S.E. Beta p 

FAST 0.043 -0.334 0.179 -0.208 0.065 0.022 -0.179 0.123 -0.148 0.149 

Clinical Variables R² B S.E. Beta p R² B S.E. Beta P 

PANSS positive 0.001 0.021 0.093 0.026 0.823 0.006 -0.047 0.060 -0.080 0.433 

PANSS negative 0.043 -0.161 0.086 -0.208 0.065 0.057 -0.153 0.064 -0.238 0.019 

PANSS general 0.004 -0.075 0.132 -0.065 0.572 0.007 -0.085 0.100 -0.086 0.400 

PANSS total 0.008 -0.215 0.265 -0.092 0.420 0.022 -0.285 0.196 -0.148 0.149 

YMRS 0.013 -0.101 0.099 -0.115 0.311 <0.001 0.004 0.063 0.007 0.948 

MADRS 0.078 -0.261 0.102 -0.279 0.013 0.014 -0.090 0.077 -0.119 0.245 

Cognitive measures R² B S.E. Beta p R² B S.E. Beta P 

Verbal memory 0.157 1.856 0.490 0.397 <0.001 0.124 1.469 0.400 0.353 <0.001 

Executive function 0.002 -0.168 0.491 -0.039 0.734 0.005 0.273 0.384 0.073 0.478 

Attention 0.157 -0.293 0.078 -0.396 <0.001 0.067 -0.207 0.079 -0.258 0.011 

Working memory 0.259 0.740 0.142 0.509 <0.001 0.220 0.620 0.120 0.469 <0.001 

GCI 0.130 1.704 0.502 0.361 0.001 0.134 1.607 0.419 0.366 <0.001 

Follow-up (n=19) (n=110) 

Functional Variables R² B S.E. Beta p R² B S.E. Beta p 

FAST  0.040 -0.248 0.191 -0.201 0.202 0.084 -0.411 0.184 -0.290 0.030 

Clinical Variables R² B S.E. Beta p R² B S.E. Beta P 

PANSS positive  0.004 0.021 0.049 0.066 0.677 0.069 -0.093 0.046 -0.263 0.050 

PANSS negative  0.013 -0.063 0.088 -0.112 0.480 0.085 -0.155 0.069 -0.291 0.030 

PANSS general  0.013 -0.076 0.104 -0.115 0.469 0.065 -0.192 0.099 -0.255 0.058 

PANSS total  0.008 -0.118 0.213 -0.087 0.582 0.086 -0.440 0.195 -0.293 0.028 

YMRS  0.011 0.028 0.043 0.103 0.517 0.002 -0.007 0.023 -0.039 0.775 

MADRS  0.034 -0.112 0.094 -0.185 0.240 0.073 -0.142 0.069 -0.269 0.045 

Cognitive measures R² B S.E. Beta p R² B S.E. Beta P 

Verbal memory  0.056 1.029 0.670 0.236 0.133 0.114 1.351 0.513 0.337 0.011 

Executive function  <0.001 0.027 0.596 0.007 0.964 0.019 0.529 0.517 0.138 0.311 

Attention  0.344 -0.596 0.130 -0.587 <0.001 0.130 -0.325 0.114 -0.361 0.006 

Working memory  0.168 0.543 0.191 0.410 0.007 0.215 0.722 0.188 0.464 <0.001 

GCI  0.034 0.812 0.685 0.184 0.243 0.127 1.648 0.588 0.357 0.007 

Affective first episode of psychosis  
Baseline (n=18) (n=30) 

Functional Variables R² B S.E. Beta p R² B S.E. Beta p 

FAST 0.035 -0.154 0.257 -0.186 0.562 0.011 0.081 0.166 0.104 0.627 

Clinical Variables R² B S.E. Beta p R² B S.E. Beta P 

PANSS positive 0.059 -0.151 0.191 -0.242 0.448 0.090 -0.112 0.076 -0.301 0.153 

PANSS negative 0.032 0.096 0.167 0.179 0.577 0.057 -0.088 0.076 -0.239 0.261 

PANSS general 0.005 0.075 0.348 0.068 0.833 0.146 -0.272 0.140 -0.382 0.066 

PANSS total <0.001 0.020 0.621 0.010 0.975 0.142 -0.471 0.247 -0.377 0.069 

YMRS 0.159 -0.390 0.283 -0.399 0.199 0.111 -0.182 0.110 -0.334 0.111 

MADRS 0.010 0.066 0.214 0.098 0.763 0.017 0.108 0.174 0.131 0.541 

Cognitive measures R² B S.E. Beta p R² B S.E. Beta P 

Verbal memory 0.644 3.096 0.727 0.803 0.002 0.213 1.408 0.577 0.461 0.023 

Executive function 0.003 -0.140 0.767 -0.058 0.859 0.003 0.131 0.481 0.058 0.788 

Attention 0.055 -0.113 0.148 -0.235 0.462 0.218 -0.309 0.125 -0.467 0.021 

Working memory 0.376 0.759 0.310 0.613 0.034 0.134 0.432 0.234 0.366 0.078 

GCI 0.560 2.804 0.786 0.748 0.005 0.162 1.267 0.613 0.403 0.051 

Follow-up (n=9)                        (n=20)        

Functional Variables R² B S.E. Beta p R² B S.E. Beta p 



FAST  0.003 0.056 0.451 0.050 0.906 0.454 -0.904 0.265 -0.674 0.004 

Clinical Variables R² B S.E. Beta p R² B S.E. Beta P 

PANSS positive  0.198 -0.046 0.038 -0.445 0.270 0.048 -0.062 0.073 -0.219 0.415 

PANSS negative  0.255 -0.145 0.101 -0.505 0.202 <0.001 -0.006 0.098 -0.017 0.949 

PANSS general  0.176 -0.126 0.112 -0.420 0.301 0.020 0.076 0.142 0.141 0.602 

PANSS total  0.222 -0.318 0.243 -0.471 0.239 <0.001 0.008 0.297 0.007 0.980 

YMRS  0.339 -0.059 0.034 -0.582 0.130 0.023 -0.079 0.137 -0.153 0.573 

MADRS  0.083 -0.073 0.099 -0.287 0.490 0.012 0.044 0.105 0.111 0.682 

Cognitive measures R² B S.E. Beta p R² B S.E. Beta P 

Verbal memory  0.716 2.849 0.733 0.846 0.008 0.541 2.256 0.555 0.736 0.001 

Executive function  0.009 0.213 0.911 0.095 0.823 0.001 -0.056 0.571 -0.026 0.923 

Attention  0.317 -0.211 0.126 -0.563 0.146 0.063 -0.205 0.211 -0.252 0.347 

Working memory  0.344 0.714 0.403 0.586 0.127 0.424 1.051 0.327 0.651 0.006 

GCI  0.727 2.696 0.675 0.852 0.007 0.582 2.373 0.537 0.763 0.001 

Abbreviations: B= The unstandardized beta, S.E.= The standard error for the unstandardized beta, FAST=Functioning Assessment 
Short Test, PANSS= Positive and Negative Symptom Scale, YMRS= Young Mania Rating Scale, MADRS= Montgomery-Asberg 
Depression Rating Scale; GCI= Global Cognition Index. Significant differences (p<0.05) marked in bold.  
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Introduction  

Cognitive reserve (CR) has been classically defined as the ability of the brain to cope with brain 

damage in order to delay the onset of clinical manifestations of major disease and minimize 

their expression (Stern, 2002). In the field of neuropsychiatric disorders, higher CR has been 

considered as a protective factor in individuals suffering from psychiatric diseases (Barnett et 

al., 2016; Amoretti and Ramos-Quiroga, 2021). It was reported that CR was associated with 

later age at onset, higher insight, reduced clinical symptoms severity, better cognitive 

performance and better psychosocial functioning in people with first episode of psychosis 

(FEP), schizophrenia and bipolar disorder (Barnett et al., 2006; de la Serna et al., 2013; Forcada 

et al., 2015; Anaya et al., 2016; Amoretti et al., 2016; Herrero et al., 2020; Camprodon-Boadas 

et al., 2020; González-Ortega et al., 2020; Lin et al., 2020).  

It has been shown that there are several predictors of poor outcome after a FEP, including 

being male, higher negative symptom severity, younger age at onset, longer duration of 

untreated psychosis (DUP), non-adherence to medication, poorer premorbid adjustment, 

cannabis use at onset and continued cannabis use following onset of psychosis (Malla et al., 

2006; González-Pinto et al., 2008, 2011; Alvarez-Jimenez et al., 2012; Leeson et al., 2012; 

Verma et al., 2012; Schoeler et al., 2016; Patel et al., 2016). In addition, the differences 

between affective and non-affective psychosis are well known (Torrent et al., 2018) and it has 

been shown that affective FEP showed a higher CR compared to those with a non-affective FEP 

(Amoretti et al., 2018). A recent study has explored the possible mediating effects of CR on the 

relationship between cognitive performance or negative symptoms and functional outcome in 

non-affective FEP (Amoretti et al., 2020). The results obtained suggest that at 2-year follow-up 

CR has a mediatory effect on attention, verbal memory and negative symptoms measured at 

baseline. Thus, it may be useful to evaluate CR in FEP patients as it can help in the prediction of 

long-term functioning.  

Concerning the relationship between drug abuse and CR, a study by Leeson and colleagues 

(Leeson et al., 2012) examined the effect of cannabis use and CR (assessed with premorbid 

intellectual quotient (IQ)) on age at onset and psychosis outcomes. They found that the 

cannabis-users had higher CR and better psychosocial functioning than the non-users.  

To the best of our knowledge, there are fewer studies analyzing whether there are differences 

between cannabis users and non-users in terms of the impact of CR in the long-term in FEP 

patients. Moreover, while cannabis use has been studied in first-episode schizophrenia, there 
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are no studies analyzing whether there are differences between affective and non-affective 

FEP patients in terms of the association between CR and cannabis consumption, nor have 

patients been compared with healthy controls (HC).  

Aims of the Study 

The aim was to analyze the differences in clinical presentation according to the use of cannabis 

(cannabis users vs non-users) among patients suffering from a non-affective vs affective FEP, 

compare it with HC and investigate the effect exerted by the association of CR and cannabis 

use on longitudinal outcomes. Particularly, the study explores whether CR can be considered 

as acting as a mediator between cognitive domains or clinical status and functionality for 

cannabis users and non-users, in the three subgroups (non-affective FEP, affective FEP and 

HC). 

Material and Methods 

Sample 

The sample of this study came from the multicenter, naturalistic and longitudinal project 

"Phenotype-genotype interaction. Application of a predictive model in first psychotic 

episodes” (Bernardo et al., 2013, 2019), under the umbrella of the Spanish Research Network 

on Mental Health (CIBERSAM) (Salagre et al., 2019).  

The inclusion criteria for patients for the current study were: 1) aged between 18 and 35 years; 

2) presence of psychotic symptoms of less than twelve months’ duration; and 3) ability to 

speak Spanish correctly. Exclusion criteria were: 1) mental intellectual disability according to 

DSM-IV criteria; 2) history of head trauma with loss of consciousness and 3) organic disease 

with mental repercussions. The patients matched with HC by age (± 10%), gender and parental 

socioeconomic status (± 1 level). The exclusion criteria for controls were the same as for the 

patients, yet also included the presence of a current or past psychotic disorder or major 

depression and having a first degree relative with psychotic disorder history.  

This study was conducted in accordance with the ethical principles of the Declaration of 

Helsinki and adhered to Good Clinical Practice guidelines. It was approved by the ethics 

committees at each participating center. Each individual gave written informed consent prior 

to their inclusion in the study.  

Assessments 
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1. Clinical and sociodemographic assessment 

Sociodemographic and clinical data for all participants were assessed at baseline and at 2-year 

follow-up. Antipsychotic mean doses were measured by chlorpromazine equivalents (CPZ) 

based on international consensus (Gardner et al., 2010). Drug misuse habits were also 

collected using an adapted version of the European Adaptation of a Multidimensional 

Assessment Instrument for Drug and Alcohol Dependence scale (Kokkevi and Hartgers, 1995). 

It assesses history (age at first use, years of frequent use) and present cannabis consumption 

(daily, weekly and monthly use for the last 3 months). Early first use of cannabis has been 

defined as taking place at or before 15 years of age, similarly to other authors (Mané et al., 

2017).  

Diagnosis was determined by experienced clinicians using the Structured Clinical Interview for 

DSM (SCID-I) (First et al., 1997) according to DSM-IV criteria. Diagnoses of schizophrenia, 

schizophreniform, schizoaffective disorders and psychoses that are not otherwise specified 

were categorized into "non-affective psychoses", whereas bipolar disorder I and II and manic 

and depressive episodes with psychotic symptoms were grouped as "affective psychoses". In 

order to ensure diagnostic stability, the diagnoses of the patients who completed the study 

were determined based on information gathered at the two-year follow-up visit. 

A psychopathological assessment was carried out with the Spanish versions of the following 

scales: 1) Positive and Negative Syndrome Scale (PANSS) (Peralta and Cuesta, 1994); 2) 

Montgomery-Asberg Depression Rating Scale (MADRS) (Lobo et al., 2002); and 3) Young Mania 

Rating Scale (YMRS) (Colom et al., 2002).  

2. Functional assessment 

The overall functional outcome was assessed by means of the Functioning Assessment Short 

Test (FAST) (Rosa et al., 2007; Amoretti et al., 2021).  

Premorbid adjustment was assessed with The Premorbid Adjustment Scale (PAS) (Cannon-

Spoor et al., 1982). Only childhood and early adolescence life periods have been taken into 

account since they are the two periods answered by all the participants.  

3. Neuropsychological assessment 

All participants were tested with a comprehensive neuropsychological battery exploring 

different cognitive domains: Sustained attention, Verbal Learning and Memory, Working 
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Memory and Executive Functions (see Supplementary Information 1). A global cognition index 

(GCI) was obtained from the aforementioned cognitive domains. The neuropsychological 

assessments were performed in the second month of evaluation in order to ensure the clinical 

stability of patients and were repeated during the two-year follow-up visit. 

4. Cognitive reserve assessment 

The following evaluation was carried out to measure each proxy at baseline: 1. The estimated 

premorbid IQ was calculated with the vocabulary subtest of the Wechsler Adult Intelligence 

Scale (WAIS-III)(Wechsler, 1997); 2. Education was assessed taking into account the number of 

years of obligatory education that subjects had completed as well as parents’ educational level 

and lifetime school performance; 3. Lifetime participation in leisure, social and physical 

activities was assessed by PAS scale (scholastic performance) and by FAST scale, which allows 

us to assess specific life-domains such as interpersonal relationships and leisure time. All the 

information about how the PCA was performed can be found elsewhere (Amoretti et al., 

2018). 

Statistical Analysis 

Patients and HC were divided in “current cannabis users”, defined as those smoking cannabis 

in the past 30 days and those who did not “no current cannabis users”. In order to provide 

information on the prevalence of cannabis users among FEP, past users (defined as those that 

used cannabis in lifetime but not in the last 30 days) and individuals that never used cannabis 

were also identified. Finally, cannabis users were also classified into two groups according to 

the age of first use (before/after 15 years of age).  

A Principal Components Analysis (PCA) was performed to create a “Cognitive reserve score” for 

each subject with the three main proxies. In order to summarize the information about the 

principal cognitive domains, a “Global Cognition Index” was created for each subject with PCA 

analysis. Descriptive analyses were conducted using chi-square for categorical variables and 

Student’s t-test for continuous variables. Demographic, clinical and neuropsychological 

differences between the groups were examined using unpaired t-tests and chi-square. To 

compare the performance at baseline and two-year follow-up, a repeated measures analysis of 

variance (ANOVA) was used.  

Similarly to previous studies (Amoretti et al., 2016), linear regression analysis models were 

carried out to assess the predictive value of CR. In a second step, the analysis was carried out 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



5 
 

controlling for possible confounders (CPZ, DUP, CGI, tobacco and cannabis in patients and only 

tobacco and cannabis in the HC group). 

The mediation analyses were performed according to the principles of Baron and Kenny (Baron 

and Kenny, 1986), based on four steps: 1) The independent variable (clinical and cognitive 

domains) was significantly related to the dependent variable (functioning) (path c); 2) The 

independent variable was significantly related to the proposed mediator (CR) (path a); 3) The 

proposed mediator was significantly related to the dependent variable (path b); 4) The 

independent variable was not significantly related to the dependent variable when controlling 

for the effects of the proposed mediator (path c’) (see Figure 1). Hence, if the independent 

variable is no longer significant when the mediator is controlled, the finding supports full 

mediation. If the independent variable is still significant, the finding supports partial 

mediation. These analyses were carried out in both cannabis users and non-users to explore 

whether or not there were differences between them. 

Results 

Sociodemographic characteristics of the sample 

A total of 259 FEP patients (211 non-affective and 48 affective) and 205 HC were enrolled in 

this study. At two-year follow-up 158 patients and 140 HC were re-evaluated. The rest of the 

sample dropped out of the study, mostly due to a loss of follow-up or refusal of re-evaluation. 

Those patients who were assessed at follow-up (n=158) were indistinguishable from those who 

were not (n=101) in terms of age (t=0.009, p=0.993), gender (𝑥²=0.090, p=0.779), age at first 

presentation (t=-0.305, p=0.761), SES (𝑥²=6.157, p=0.291), tobacco (𝑥²=0.102, p=0.432) and 

cannabis use (𝑥²=1.387, p=0.163), DUP (t=1.652, p=0.100), PANSS-P (t=1.713, p=0.088), general 

PANSS score (t=1.630, p=0.104), total MADRS score (t=1.692, p=0.092), YMRS (t=1.295, 

p=0.196), FAST (t=0.579, p=0.563), CPZ (t=-0.432, p=0.666), PAS (t=1.195, p=0.233), attention 

(t=0.268, p=0.789), working memory (t=-0.872, p=0.384) and executive function (t=0.787, 

p=0.432). However, these two groups differed in terms of negative symptoms (t=2.120, 

p=0.035) and total PANSS score (t=2.137, p=0.034), CR (t=-2.939, p=0.004) and verbal memory 

(t=-2.266, p=0.024), showing higher negative symptoms, lower CR and worse verbal memory 

performance those who were assessed only at baseline. 

In HC, those who were assessed at follow-up (n=140) were indistinguishable from those who 

were not (n=65) in terms of age (t=-1.069, p=0.287), gender (𝑥²=1.459, p=0.147), SES 

(t=10.578, p=0.060), tobacco (𝑥²=0.102, p=0.432) and cannabis use (𝑥²=1.387, p=0.163), FAST 

(p=1.984, p=0.051), PAS (t=0.210, p=0.834), attention (t=-0.813, p=0.417), working memory 
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(t=-0.166, p=0.868), verbal memory (t=-2.051, p=0.064) and executive function (t=1.475, 

p=0.142). However, these two groups differed in terms of CR (t=-3.677, p<0.001), showing a 

lower CR those who were assessed only at baseline. 

A summary of the baseline sociodemographic and clinical characteristics of FEP patients and 

HC is shown in Table 1. After two years of follow-up, the severity of clinical symptoms 

improved (values of partial eta squared range from 0.204 to 0.415, medium to large effect 

sizes), as did cognitive (η2 ranges from 0.056 to 0.313) and functional (η2=0.135) scores. 

Affective patients had a higher CR than non-affective patients (p=0.017).  

There were no differences between patients and HC in terms of age (p=0.078) and gender 

(p=0.328). However, we found significant differences in SES (p=0.001), PAS (p<0.001), CR 

(p<0.001), and all cognitive domains and functioning at baseline and follow-up (p<0.001). 

A greater proportion of patients reported tobacco and cannabis use at baseline (p<0.001), with 

higher monthly cannabis use (p<0.001). However, at follow-up they differed only in tobacco 

use (p=0.002), and not in cannabis use (p=0.293) since the percentage of cannabis users 

reduces from 44% to 15% from baseline to follow-up. They do not also differ in monthly 

cannabis use at follow-up (p=0.354). 

Consumption pattern 

At baseline, the 19% of HC used cannabis. Of the 38 HC who used cannabis at baseline, 24 of 

them maintained their use, 6 stopped and 8 started to consume it during the follow-up period. 

There were no differences in any measure between those who stopped and those who 

continued using cannabis. Self-reported monthly cannabis use at baseline and at follow-up was 

not correlated with any measure. 

A percentage as high as 45% of non-affective FEP consumed cannabis at baseline, 12% were 

lifetime (but not actual) users and 43% had never used cannabis. Of the 97 non-affective FEP 

patients who used cannabis at baseline, 17 of them maintained their use (18%), 42 stopped 

using cannabis (43%), and 2 started to consume it (2%) during the follow-up period. There 

were no differences between those who stopped and those who continued using cannabis. 

Self-reported monthly cannabis use at baseline was not correlated with any measure. Monthly 

cannabis use at follow-up was associated with better working memory performance (r=0.767, 

p=0.004). 

A smaller percentage of affective FEP patients (37.5%) consumed cannabis at baseline 

compared to non-affective FEP, and a higher percentage of affective patients (58.3%) reported 
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never used cannabis. Of the 18 who reported cannabis use at baseline, 9 of them maintained 

their use (50%) and 4 stopped using cannabis (22%). There were no differences between those 

who stopped and those who continued using at baseline, except for CPZ (p=0.004), which was 

lower in patients who stopped using cannabis. Self-reported monthly cannabis use at baseline 

was not correlated with any clinical, functional or cognitive outcome. Furthermore, monthly 

cannabis use at follow-up was associated with CR (r=-0.811, p=0.050), psychosocial functioning 

(r=0.880, p=0.049), positive, negative and general PANSS score (r=0.856, p=0.029; r=0.866, 

p=0.026 and r=0.898, p=0.015).  

Cannabis use in healthy controls 

In the HC group, there were more males who reported cannabis use than females (84%, 

x2=7.992, p=0.003). Cannabis users showed a better performance on executive functioning 

(156.50±30.15 vs. 142.65±29.27, p=0.013). At follow-up there were no differences between 

those who used cannabis at two years of follow-up and those who did not, except for gender. 

Self-reported monthly cannabis use at baseline and at follow-up was not correlated with any 

cognitive measure. CR was neither associated with age of first use of cannabis (p=0.505) nor 

with years of frequent use (p=0.939).  

Cannabis use in patients 

At baseline, the 80% of non-affective FEP patients who reported cannabis use were males. 

Those non-affective FEP patients with cannabis use were younger, with more positive and 

manic symptoms compared to those with non-affective FEP without cannabis use (see Table 

2). There were differences between those who have never used cannabis and those who have 

used (either in the past or currently) in gender, positive and manic symptoms. Those patients 

with an early age at first cannabis use (n=43) were younger (p=0.001), with a longer DUP 

(p=0.022), worse working memory performance (p=0.010) and GCI (p=0.031) and a lower CR 

compared to those with a late age at first use (p=0.016). At follow-up, those patients that 

reported cannabis use showed more manic symptoms (p=0.003) (see Supplementary Table 1).  

In affective patients, there were no differences between those who reported cannabis use and 

those who did not in terms, except for positive and manic symptoms at baseline. There were 

no significant differences between those who had never used cannabis and those who had 

used (either in the past or currently), except for gender. Those patients with an early age at 

first cannabis use (n=10) experienced a FEP at younger age (p=0.030) compared to those with a 
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later age at onset, without differences in other variables. At follow-up, those patients that 

reported cannabis use showed lower CR and more manic and positive symptoms.  

Predictive value of CR on clinical, functional and cognitive variables  

In HC cannabis users, the CR was able to predict working memory at baseline (R²=0.201, 

B=0.546, p=0.015) and attention at follow-up (R²=0.173, B=-0.286, p=0.049). This prediction 

persists after controlling for a possible confounder just in working memory (p<0.001). In those 

without cannabis use, the CR was able to predict verbal memory (R²=0.095, B=0.913, p<0.001), 

attention (R²=0.032, B=-0.148, p=0.030), working memory (R²=0.082, B=0.422, p<0.001) and 

CGI (R²=0.079, B=0.925, p=0.001) at baseline. These predictions persist after controlling for a 

possible confounder (tobacco use). At follow-up the CR was not able to predict any measure.  

In cannabis users with non-affective FEP, those with high CR had a later age of onset (r=0.328, 

p=0.004), later age at first use of cannabis (r=0.251, p=0.006) and a significantly better 

performance in attention (r=-0.428, p<0.001), working memory (r=0.535, p<0.001), verbal 

memory (r=0.380, p<0.001) and GCI (r=0.361, p=0.001) at baseline. At follow-up high CR was 

related to better performance in attention (r=-0.561, p<0.001) and working memory (r=0.401, 

p=0.004). After performing a regression analysis, we have observed that in cannabis users, the 

CR was associated with age at onset, depressive symptoms at baseline and different cognitive 

domains at baseline (verbal memory, attention, working memory and GCI) and only attention 

and working memory at follow-up.  This prediction persists after controlling for possible 

confounders (DUP, CPZ and tobacco use) (see Table 3). In contrast, in those non-affective FEP 

patients without cannabis use, high CR was associated with a better psychosocial functioning 

(r=-0.191, p=0.042), lower negative symptoms (r=-0.288, p=0.003) and total PANSS (r=-0.190, 

p=0.043), lower antipsychotic dose (r=-0.228, p=0.021) and better cognitive performance in 

attention (r=-0.248, p=0.013), working memory (r=0.460, p<0.001) and verbal memory 

(r=0.341, p<0.001). At follow-up, higher CR was associated with positive (r=-0.263, p=0.023), 

negative (r=-0.306, p=0.008) and total symptoms on the PANSS scale (r=-0.257, p=0.026). It 

was also related to better performance in attention (r=-0.337, p=0.007), working memory 

(r=0.517, p<0.001), verbal memory (r=0.406, p=0.001) and GCI (r=0.363, p=0.005). The CR was 

able to predict negative symptoms and all cognitive domains except executive functions at 

baseline and at follow-up. Moreover, at follow-up the CR predicts functioning and depressive 

symptoms, as well as positive and total symptoms on the PANSS scale. After controlling for 

possible confounders (DUP, CPZ and tobacco use), this prediction persists in all outcomes. 
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In affective FEP patients, those with cannabis use who had high CR had a significantly better 

performance in working memory (r=0.536, p=0.022), verbal memory (r=0.727, p=0.001) and 

GCI (r=0.631, p=0.009) and lower dose of antipsychotics (r=0.659, p=0.004) at baseline and 

better performance in verbal memory (r=0.833, p=0.005) and GCI (r=0.828, p=0.011) at follow-

up. After performing a regression analysis, the CR was able to predict verbal memory, working 

memory, and GCI at baseline and only verbal memory and GCI at follow-up (see Table 3). 

These predictions persist after controlling for possible confounders. In contrast, for those 

patients without cannabis use, high CR was associated with a lower positive, general and total 

PANSS score (r=-0.380, p=0.038; r=-0.470, p=0.009 and r=-0.436, p=0.016, respectively) and 

lower manic symptoms (r=-0.400, p=0.028) at baseline and with better psychosocial 

functioning (r=-0.667, p=0.001) and better performance in working memory (r=0.483, 

p=0.023), verbal memory (r=0.619, p=0.003) and GCI (r=0.637, p=0.006) at follow-up. The CR 

was able to predict verbal memory and attention at baseline, and psychosocial functioning, 

verbal memory, working memory and GCI at follow-up. 

Mediators of functional outcome 

In those HC who reported cannabis use, the effect of working memory on functioning at 

baseline was not mediated by CR (see Supplementary Table 2). 

In non-affective patients who reported cannabis use, the effect of clinical variables or cognitive 

performance on functioning was not mediated by CR at baseline nor at follow-up (see 

Supplementary Table 3-4). There were clinical variables associated with functioning, but CR 

was not related to them. One was related to CR but not to functioning and there were some 

variables that were not associated with any of these measures (see Supplementary 

Information 2). In non-affective FEP patients without cannabis use at baseline, the effect of 

negative and total PANSS on functioning was not mediated by CR. At two-year follow-up, CR 

partially mediated the relationship between verbal memory and functioning. However, the 

effects of positive, negative and total PANSS scores on functioning were not mediated by CR. 

In affective patients who reported cannabis use, there were clinical variables associated with 

functioning, but CR was not related to them and variables related to CR were not associated 

with functioning. Therefore, no mediation analysis could be conducted. In those affective 

patients who did not report cannabis use, the effect of general symptoms of PANSS on 

functioning at baseline was not mediated by CR. However, the CR mediates the effect of 

working memory assessed at follow-up on functioning. In other words, working memory was 

no longer significant when the mediator (CR) was controlled, indicating that the relationship 
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between working memory and functioning (both assessed at follow-up) was totally mediated 

by CR. A summary of the results are shown in Figure 2. 

Discussion  

Two main findings emerged from the present study. Non-affective FEP patients with cannabis 

use were males, younger, with more positive and manic symptoms compared to those with 

non-affective FEP without cannabis use. Affective patients with cannabis use differ from those 

without cannabis on positive and manic symptoms. CR played a differential role in the 

outcome of psychoses according to being a cannabis user or not. In particular, in both groups 

of patients, regardless of whether the patients consumed cannabis, CR was associated with 

better cognitive performance. However, only in non-affective FEP without cannabis use, CR 

was able to predict positive, negative and depressive symptoms and psychosocial functioning 

at follow-up. Similarly, only in affective patients without cannabis use, CR was able to predict 

psychosocial functioning at follow-up. Indeed, CR mediates the relationship between some 

cognitive domains and functioning at follow-up only in patients without cannabis use.  

Control subjects show a higher CR level than the patients, and the group with an affective FEP 

shows a higher CR compared to those with a non-affective FEP. These results are in line with 

previous studies (de la Serna et al., 2013; Forcada et al., 2015; Amoretti et al., 2018). However, 

unexpectedly, we did not find differences between cannabis users and non-users in terms of 

CR, premorbid adjustment or cognitive performance, neither in patients nor in controls. 

Previous literature has shown that patients who use cannabis constitute a subgroup of 

patients with better premorbid adjustment, better cognitive function and greater CR than 

other psychotic patients (Schnell et al., 2009; Rodríguez-Sánchez et al., 2010; Cunha et al., 

2013; Yücel et al., 2012; Maldonado and Torrens, 2020). Nonetheless, there are also studies 

that observed no differences in cognition (Bugra et al., 2013), symptoms, premorbid 

adjustment or antipsychotic medication (Leeson et al., 2012). In fact, a recent meta-analysis 

indicates that cannabis use is not generally associated with neurocognitive functioning in 

patients with FEP (Sánchez-Gutiérrez et al., 2020). There are other possible explanations for 

the inconsistency in results. There are studies focused on psychosis in general, including 

affective psychoses, while others were focused specifically on schizophrenia or on FEP. Some 

studies focusing on a history of lifetime use may include subjects who have used it only at 

relatively specific moments or who have not used it for years, while others focus on current 

consumption.  
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In line with the literature, we found evidence that CR was associated with better cognitive 

performance (de la Serna et al., 2013; Amoretti et al., 2020), regardless of whether the 

patients consumed cannabis and regardless of whether the diagnosis was affective or non-

affective FEP. However, the effect exerted by CR on clinical symptoms and functionality was 

different, depending on whether or not there was cannabis use. Specifically, in non-affective 

FEP with cannabis use, we observed a correlation between age at onset and CR (Leeson et al., 

2012) and in non-users with functionality, negative symptoms and antipsychotics level 

(Amoretti et al., 2016, 2018). In affective patients, those with high CR and cannabis use had a 

lower dose of antipsychotic and in those without cannabis use, higher CR was associated with 

lower severity of positive and manic symptoms at baseline (Amoretti et al., 2018) and higher 

psychosocial functioning at follow-up. Thus, in both diagnoses, it seems that CR exerted an 

effect on clinical and functional outcomes particularly in those patients without cannabis use. 

CR seems to be more related to negative symptoms in non-affective patients and to positive 

and manic symptoms in affective patients.  

Regarding the capacity of CR, in non-affective FEP without cannabis use, CR was able to predict 

positive, negative and depressive symptoms, functioning and all cognitive domains except 

executive functioning at follow-up. However, in those with cannabis use CR only predicted 

attention and working memory at follow-up. In affective patients without cannabis use CR was 

able to predict functioning, verbal memory, working memory and GCI at follow-up and in those 

with cannabis use CR predicted verbal memory and GCI. Therefore, again, not only in the 

association but also in the prediction at two-year follow-up, CR exerted a greater effect in 

those subjects without cannabis use, especially in the clinical and functional course. These 

results may be due to the fact that although higher CR has been considered as a protective 

factor in individuals suffering from psychiatric diseases (Barnett et al., 2006), cannabis use may 

have more impact on clinical and functional outcomes than CR (Seddon et al., 2016).  

Finally, in terms of mediation procedure, at baseline the path between domains of cognitive 

performance or clinical symptoms on psychosocial functioning was not mediated by CR, 

suggesting that the clinical status at that time contributed strongly in defining functioning at 

baseline. These results suggest that at baseline, patients showed a prominent functional 

impairment, probably as a consequence of clinical symptoms (Amoretti et al., 2020; Barnes 

and Pant, 2005). At two-year follow-up, FEP improved their functioning, clinical and 

neurocognitive performance. In non-affective FEP with cannabis use, CR did not have a 

mediatory effect either, indicating that attention and working memory in these patients have a 
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strong association with functioning at follow-up. As a result, it would be recommended to 

evaluate and even enhance attention and working memory in this subpopulation (Penadés et 

al., 2012). These results are in line with previous studies in which attention and working 

memory were identified as the main cognitive predictors of functional outcome (González-

Blanch et al., 2010; Fu et al., 2017). In those non-affective FEP patients without cannabis use, 

CR partially mediated the relationship between verbal memory and functioning at follow-up. In 

this case, CR could be considered an important aspect to take into account when predicting 

functionality. Similarly, in affective FEPs without cannabis use, CR mediated the effect of 

working memory on functioning at follow-up. Thus, based on these results, we consider that, 

in non-cannabis users, the implementation of early interventions centered on CR stimulation 

could be beneficial for the prevention or reduction of the impact of illness. Instead, in cannabis 

users an early intervention to reduce cannabis use can be suggested. 

This study has certain limitations, which must be taken into account. Firstly, the difference 

between the group size of affective and non-affective psychotic groups, as well as the 

difference between patients who were assessed at follow-up and those who were not 

(especially in CR). The small sample size, particularly of the affective psychosis FEP, hampers 

the generalizability of the findings, thus further research should be conducted to validate 

them. Secondly, a limitation present in all CR studies undertaken on a psychiatric population is 

that there is no consensus in measuring CR as a construct, which makes it difficult to optimally 

compare studies. Finally, cannabis use was self-reported by participants, without using an 

objective measure such as urine drug screen.  

In conclusion, CR seems to be a protective factor, especially in those FEP without cannabis use, 

and its characterization could considerably improve our understanding of individual 

differences and be a useful stratification tool in FEP patients, thus enabling the 

implementation of personalized interventions.  
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