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Objective: Cognitive reserve (CR) refers to the brain’s capacity to cope with
pathology in order to minimize the symptoms. CR is associated with different
outcomes in severe mental illness. This study aimed to analyze the impact of CR
according to the diagnosis of first-episode affective or non-affective psychosis
(FEP).
Method: A total of 247 FEP patients (211 non-affective and 36 affective) and
205 healthy controls were enrolled. To assess CR, common proxies have been
integrated (premorbid IQ; education–occupation; leisure activities). The groups
were divided into high and low CR.
Results: In non-affective patients, those with high CR were older, had higher
socioeconomic status (SES), shorter duration of untreated psychosis, and a later
age of onset. They also showed greater performance in most cognitive domains.
In affective patients, those with a greater CR showed a higher SES, better
functioning, and greater verbal memory performance.
Conclusion: CR plays a differential role in the outcome of psychoses according
to the diagnosis. Specifically, in order to address the needs of non-affective
patients with low CR, cognitive rehabilitation treatments will need to be
‘enriched’ by adding pro-cognitive pharmacological agents or using more
sophisticated approaches. However, a functional remediation therapy may be of
choice for those with an affective psychosis and low CR.
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Significant outcomes

• A higher CR can result in a higher level of cognitive performance in patients with a first-episode of psy-
chosis (FEP).

• In non-affective psychosis, CR level had an impact on cognitive outcomes at 2-year follow-up. Specifi-
cally, 11% of verbal memory score, 14% of attention, and 23% of working memory significantly
increased from baseline to 2-year follow-up in the high CR group with minimal improvement in the low
CR group.

• In affective psychosis, those with high CR presented a better functioning and better verbal memory per-
formance.

Limitations

• The difference in the sample size between diagnoses (non-affective vs. affective). However, it was a natu-
ralistic and longitudinal study, and the sample had been well characterized.

• There is no validated instrument for measuring CR. In the study the three proxies that are most often
applied in the literature have been used.

• The diagnosis of first-episode psychosis is frequently modified during the course of the illness. However,
to ensure diagnostic stability, this was determined at 2-year follow-up visit.
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Introduction

The concept of cognitive reserve (CR) has been
defined as the ability of a brain to cope with brain
pathology in order to minimize symptoms (1).
Therefore, CR refers to the capacity to make flexi-
ble and efficient use of cognitive networks and can
become a skill set that allows some people to
actively offset the effects of the disease (2).

At the beginning, the concept of CR was devel-
oped in the context of aging and dementia. In
chronic neurodegenerative conditions such as Alz-
heimer’s disease, human immunodeficiency
virus (HIV) or multiple sclerosis, it has been
widely studied (3–5). Some questionnaires were
created to measure the cognitive reserve of patients
with dementia and of the general population,
including the ‘cognitive reserve questionnaire’ (6),
‘CR Index questionnaire’ (CRIq) (7) and ‘Cogni-
tive Reserve Scale’ (8). In the field of mental disor-
der the concept of CR has not been accurately
defined and has been characterized by different
variables. In recent studies, a CR score is obtained
based on the following variables: estimated pre-
morbid IQ, educational level and occupational
attainment and leisure activities (9–13). The exist-
ing literature demonstrates that the three compo-
nents of CR are necessary. In dementia, it has been
established that enriching environments promote
neurogenesis in the dentate gyrus of the hippocam-
pus (14). Thus, leisure activities provide a continu-
ous mental exercise and stimulation that are
fundamental to continue developing and maintain-
ing the cognitive reserve. Another study found that
CR behaved as a mediator of working memory;
premorbid IQ, one of the components of CR,
alone was not enough to mediate capacity (13).
Therefore, as de la Serna et al. mentioned (12),

while IQ, academic–occupational level and leisure
activities are usually studied separately in terms of
their relation to CR, taken together, they could
reflect the compensation capacity of patients and
have a strong influence on clinical and neuropsy-
chological outcomes.

Genetic disposition and environmental exposure
play important roles (15,16) in the development of
several mental illnesses, but there is increasing evi-
dence to show that the CR may be a resilience fac-
tor in at least some psychiatric disorders (17). The
evidence suggests that higher CR is associated with
a later onset of psychosis and a greater illness
insight, which would lead to improved treatment
adherence and translate into a better recovery
(18,19). Studies carried out to date have shown
that CR is a positive moderator of the impact of
psychosis on clinical, functional and cognitive out-
comes (9–13, 17–20). However, there are few stud-
ies about CR and mental disorder. In the field of
schizophrenia, the CR was able to predict clinical,
functional, and neurocognitive performance
(12,13). In the case of bipolar disorder, CR has
been associated with a better psychosocial and cog-
nitive functioning (9, 10, 20).

The differences in premorbid adjustment, clini-
cal, functional, and cognitive course between
affective and non-affective psychosisare well
known. In general, subjects with an affective dis-
order have a better premorbid IQ than the
schizophrenia-spectrum disorders (21). Both dis-
orders seem to suffer a deficit in cognitive function
but the magnitude of the impairment is greater in
schizophrenia than in bipolar disorder (22). It has
been shown that cognition can be considered a
predictor of patients’ outcome (23) and that a
poor premorbid functioning is associated with
worse clinical and psychosocial functioning in
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patients with a FEP (24). Thus, it is expected that
there are differences between affective and non-
affective psychotic disorders in terms of cognitive
reserve.

Nevertheless, there are no studies analyzing
whether there are differences in cognitive reserve
between these disorders (non-affective vs. affec-
tive psychosis) and their impact on the outcomes
(clinical, functional, and cognitive). If we could
have this information, it would be possible to
propose specific interventions increasing cogni-
tive reserve and, therefore, improving patient
recovery.

Aims of the study

The aim of this study was to analyze the role of
CR according to diagnosis (non-affective psychosis
vs. affective psychosis) in a FEP sample and to
investigate the impact of the CR levels on the out-
comes (clinical, functional, and neurocognitive
measures). This research can allow us to obtain a
better understanding of the heterogeneous profile
of psychotic disorders and to define personalized
interventions.

Material and methods

Sample

The sample of this study came from a multicenter,
naturalistic, and longitudinal project ‘Phenotype-
genotype interaction. Application of a predictive
model in first psychotic episodes’ (PEPs Project)
(24). A total of 247 first-episode psychosis (FEP)
and 205 healthy controls (HC) were recruited from
16 centers located throughout the Spanish terri-
tory. For this study we included only the subjects
who had all the information needed to calculate
the cognitive reserve (see Assessments – Cognitive
Reserve Assessment).

The inclusion criteria for patients were as follows:
(i) aged between 18 and 35 years old at the time of
first evaluation; (ii) the presence of psychotic symp-
toms of less than twelve month duration; (iii) speak
Spanish correctly and (iv) signed informed consent.
Exclusion criteria were as follows: (i) mental retar-
dation according to DSM-IV criteria; (ii) history of
head trauma with loss of consciousness and organic
disease with mental repercussions.

The patients matched with HC 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 pres-
ence of a current or past psychotic disorder, major
depression, or other serious psychiatric illnesses

(e.g., bipolar disorder) 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 Good Clinical Practice and the Hospital Clinic
Ethics and Research Board.

All participants provided written informed con-
sent prior to their inclusion in the study.

Assessments

Clinical and sociodemographic assessment. Clinical
and sociodemographic data were systematically
obtained for all participants and included the
following: age, gender, education, and parental
socioeconomic status (SES) determined using
Hollingshead’s Two-Factor Index of Social Posi-
tion (26). The pharmacological treatment was
measured by chlorpromazine equivalents (CPZE)
following the international consensus (27) and
the duration of untreated psychosis (DUP) was
calculated as the number of days elapsed
between the first manifestations of psychotic
symptoms and the initiation of adequate treat-
ment for psychosis. The 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 (28).

Diagnoses were determined with the Structured
Clinical Interview for DSM (SCID-I-II) (29,30)
according to DSM-IV criteria. To ensure diagnos-
tic stability, the diagnoses of the patients who com-
pleted the study were determined based on
information gathered at 2-year follow-up visit.

A psychopathological assessment was carried
out with the Spanish validated versions of the fol-
lowing four scales: the Positive and Negative Syn-
drome Scale (PANSS) (31,32), the Young Mania
Rating Scale (YMRS) (33,34), the Montgomery–
Asberg Depression Rating Scale (MADRS)
(35,36), and the Clinical Global Impression Scale
(CGI) (37). On each scale, the items were summed
to obtain a total score. Higher scores indicate
greater severity.

Functional assessment. The overall functional out-
come was assessed by means of the Functioning
Assessment Short Test (FAST) (38) and The Glo-
bal Assessment of Functioning (GAF) (39). The
FAST is a scale used to evaluate six functional
domains (autonomy, occupational functioning,
cognitive functioning, financial issues, interper-
sonal relationships and leisure time). Higher scores
indicate worse functioning. The GAF is a scale
designed to assess the severity of symptoms and
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the level of functioning. Higher scores correspond
to better functioning.

The Premorbid Adjustment Scale (PAS) (40)
was applied to assess premorbid adjustment retro-
spectively. Only childhood and early adolescence
life periods have been taken into account as they
are the two periods answered by all the partici-
pants. Higher scores on the test indicate worse
premorbid adjustment.

Neuropsychological assessment. The neuropsycho-
logical assessment was made in the second month
of evaluation to ensure the psychopathologic sta-
bility of patients and was repeated in the 2-year
follow-up visit.

The premorbid IQ was estimated using the
vocabulary subtest of the Wechsler Adult Intelli-
gence Scale (WAIS-III) for adults (41). Sustained
attention was tested with the Continuous Perfor-
mance Test–II (CPT-II) (42), version 5, corrected
by age and educational level. Working memory
was assessed by the Digit Span Subtest and the
Letter-Number Sequencing Subtest of the WAIS-
III. The executive functions were evaluated using
the Wisconsin Card Sorting Test (43), corrected by
age and educational level. To assess verbal mem-
ory, Verbal Learning Test Spain Complutense for
adults (TAVEC) (44) was used. Inter-rater reliabil-
ity of neuropsychological tests was undergone in
the tests liable to present inter-rater variability
(“Vocabulary of the WAIS-III” and “WCST”).

A global cognition score was derived from the
mean of the aforementioned cognitive domains.
Higher scores correspond to better performance in
all cognitive domains except for attention.

Cognitive reserve assessment. To assess cognitive
reserve we have used the three most commonly
proposed proxy indicators of CR which include
the following: the premorbid IQ that was calcu-
lated with the vocabulary subtest of the WAIS-III;
‘education-occupation’ which was assessed taking
into account the number of years of obligatory
education that subjects had completed as well as
parents’ educational level; and the lifetime school
performance and lifetime participation in leisure,
social, and physical activities. The last proxy was
assessed by PAS scale (scholastic performance)
and by asking about involvement in social activi-
ties, ability to perform physical activities and
enjoyment of hobbies. Higher scores correspond to
better performance.

To summarize the information of the three main
proxies of CR, a principal components analysis
(PCA) was performed to create a “composite CR
score” for each subject.

Statistical analysis

Data were analyzed using Statistical Package for
the Social Sciences (SPSS), version 18. Descriptive
analyses were conducted using chi-square for cate-
gorical variables and Student’s t-test for continu-
ous variables. Group differences were examined
using unpaired t-tests for normally distributed
variables, or using Mann–Whitney U-tests for
non-normal data. When comparing groups on clin-
ical, sociodemographic and neuropsychological
variables, analysis of variance (ANOVAs) and analy-
sis of covariance (ANCOVAs) were used to show
overall differences between groups.

Inter-rater reliability of neuropsychological tests
was undergone in “Vocabulary of the WAIS-III”
and “WCST”. Ten cases of each test were sent to
researchers for their correction. A comparison with
the gold standard score, derived from the consen-
sus of three expert evaluators in the administration
and correction of these tests has been made. Inter-
class correlation coefficients (ICCs) were calculated
for each test. Evaluators who did not exceed the
established cut-off point (ICC > 0.80) had to
repeat the process.

A PCA was performed to avoid redundant
information of separate test cognitive variables
and reduce measures to a few principal domains
(see Table S1). The neurocognitive assessment was
represented by four factor scores (verbal memory,
executive function, attention and working mem-
ory) and an overall neurocognitive composite score
was calculated as an average of the four domains.
A composite score for CR was estimated from the
aforementioned variables (see Assessments – Cog-
nitive Reserve Assessment).

The groups were divided into high and low CR
by calculating the total group median CR. Subjects
with a value above the median were considered to
have high CR, and those with a CR below median
were assumed to have low CR (20, 45).

A linear regression analysis was carried out to
assess the predictive value of CR on clinical, func-
tional, and cognitive variables at 2-year follow-
up. The dependent variables included in the model
were the total scores of functional (GAF, FAST)
and clinical scales (PANSS, YMRS, MADRS,
CGI), global composite cognitive score (GCCS),
and four neuropsychological domains. In a second
step, the analysis was carried out controlling
for possible confounders (CPZE, DUP, CGI,
SES, tobacco and cannabis in patients and only
tobacco and cannabis in the healthy control
group).

A repeated-measure analysis of variance
(ANOVA) was performed with time (baseline and
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2-year follow-up) and group (low and high CR) as
the between-group factor.

Results

Sociodemographic characteristics of the sample

A total of 247 FEP patients and 205 HC were
enrolled in the PEPs Project. At 2-year follow-up,
162 patients and 156 controls were re-evaluated.
The remainder of the sample discontinued or
dropped out of the study, mostly due to a loss of
follow-up or refusing re-evaluation.

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”.

Regarding inter-rater reliability of neuropsycho-
logical tests, there was agreement among 90% of
the neuropsychologists, surpassing the two phases
of reliability in all the tests. Thus, the inter-judge
reliability study guarantees that the neuropsychol-
ogists carried out a correct application and correc-
tion of the tests.

A summary of the baseline sociodemographic and
clinical characteristics of patients and HCs is shown
in Table 1. There were no differences between
patients and healthy controls in terms of age and
gender. Significant differences in SES, tobacco and
cannabis use, functional outcomes (GAF and
FAST), and CR proxies were found. The mean dose
of antipsychotic medication was equivalent to
619.55 � 468 mg/day of CPZE, and the mean of
DUP was determined as 103.37 � 122 days.

At baseline, there were significant differences in
sociodemographic, clinical, functional and CR
variables among the patient groups (non-affective
psychoses vs. affective psychoses). The affective
group showed lower negative symptoms and more
manic symptoms. In addition, a higher premorbid
IQ and composite CR was determined (see
Table 2).

In patients with a non-affective psychosis, those
who were assessed at follow-up (n = 139) were
indistinguishable from those who were not
(n = 72) in terms of age (t = 0.51, P = 0.61), gen-
der (v2 = 1.04, P = 0.19), age at first presentation
(U = 2879, P = 0.69), SES (v2 = 6.54, P = 0.26),
DUP (t = 1.05, P = 0.29), positive PANSS
(PANSS-P) (t = 0.79, P = 0.43), negative PANSS
(PANSS-N) (t = 1.55, P = 0.12), general PANSS
score (t = 0.86, P = 0.39), total PANSS score
(t = 1.23, P = 0.22), total MADRS score (t = 1.30,

P = 0.20), YMRS (U = 4561, P = 0.08), GAF
(t = 1.05, P = 0.30), FAST score (t = 0.50,
P = 0.62), tobacco (v2 = 0.02, P = 0.51), and can-
nabis use (v2 = 0.43, P = 0.31) at first presenta-
tion. They also failed to show differences in the
cognitive domains (verbal memory, t = �1.54,
P = 0.13; executive function, t = 0.97, P = 0.34;
attention, t = 0.47, P = 0.64; working memory,
t = �0.42, P = 0.68). However, these two groups
differed in terms of CR (t = �2.42, Cohen’s
d = 1.10, P = 0.016), showing a lower CR in
patients assessed at baseline and follow-up than
those who were assessed only at baseline.

In patients with an affective psychotic disorder,
those who were assessed at follow-up (n = 23) were
indistinguishable from those who were not (n = 13)
in terms of age (t = 0.33, P = 0.75), gender
(v2 = 2.21, P = 0.13), age at first presentation
(t = 1.14, P = 0.27), SES (t = 3.19, P = 0.67), DUP
(t = 0.67, P = 0.51), total MADRS score (t = 0.90,
P = 0.38), GAF (U = 471, P = 0.18), FAST score

Table 1. Baseline sociodemographic, clinical, diagnosis, and CR proxies for patients
with FEP and healthy controls

Patients
(n = 247)

Healthy controls
(n = 205) Statistic P-value

Gender: Male N (%) 165 (67) 132 (64) v2 = 0.29 0.62
Age (�X � SD) 25.25 � 5 25.69 � 6 t = �0.87 0.38
SES (%) v2 = 19.16 0.002
High 44 (18) 46 (22)
Medium–High 24 (10) 40 (20)
Medium 65 (26) 57 (28)
Medium–Low 81 (33) 51 (25)
Low 30 (12) 9 (4)
Missing value 3 (1) 2 (1)

Tobacco use:
Yes N (%)

170 (69) 85 (41) v2 = 34.11 <0.001

Cannabis use:
Yes N (%)

110 (45) 38 (19) v2 = 34.38 <0.001

GAF score 53.51 � 18 93.02 � 5 U = 858.50 <0.001
FAST 28.34 � 16 2.90 � 7 U = 2669.00 <0.001
Clinical variables
(�X � SD)
PANSS positive 17.90 � 8 NA
PANSS negative 18.72 � 8 NA
PANSS general 37.24 � 12 NA
PANSS total 73.86 � 23 NA
YMRS score 8.29 � 10 NA
MADRS score 12.62 � 9 NA

CR proxies
(�X � SD)
Education/
Occupation

4.69 � 2 6.07 � 2 U = 15332.00 <0.001

Leisure 1.21 � 1 1.71 � 0.2 U = 15411.50 <0.001
Premorbid IQ 92.29 � 15 107.22 � 13 t = �11.09 <0.001
Composite CR 75.22 � 12 88.04 � 11 t = �11.81 <0.001

SES, socioeconomic status; GAF, Global Assessment of Functioning; FAST, Function-
ing Assessment Short Test; PANSS, Positive and Negative Symptom Scale; YMRS,
Young Mania Rating Scale; MADRS, Montgomery-Asberg Depression Rating Scale;
CR, cognitive reserve; IQ, Intelligence Quotient; NA, not applicable. Significant
differences (P < 0.05) marked in bold.
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(t = 1.07, P = 0.29), tobacco (v2 = 0.36, P = 0.41),
and cannabis use (v2 = 0.05, P = 0.52) at first pre-
sentation. They also failed to show differences in
CR (t = �1.73, P = 0.09) and in different cognitive
domains (verbal memory, t = �1.36, P = 0.19),
executive function, t = 0.15, P = 0.88; attention,
t = �0.36, P = 0.72; working memory, t = �0.10,
P = 0.92). However, these two groups differed in
terms of PANSS-P (t = 4.02, Cohen’s d = 1.51,
P < 0.001), PANSS-N (t = 2.07, Cohen’s d = 1.05,
P = 0.05), general PANSS score (t = 3.61, Cohen’s
d = 1.39, P = 0.001), total PANSS score (t = 2.89,
Cohen’s d = 1.50, P = 0.007) and YMRS (t = 2.46,
Cohen’s d = 0.62, P = 0.019), showing a worse clin-
ical outcomes in patients assessed at baseline and

follow-up than those who were assessed only at
baseline.

Comparison of cognitive reserve

Significant differences between patients and con-
trol groups in all CR proxies and in composite CR
have been found. The patient group obtained
lower scores on cognitive reserve compared to the
control group (Cohen’s d = 1.01). After perform-
ing a logistic regression to assess the predictive
power of CR for each group (patients/controls),
the model explained between 23.5% (Cox & Snell
R Square) and 31.5% (Nagelkerke R Square) of
the variance and correctly classified 70.6% of the
cases (B = 0.097; P < 0.001; Exp(B) = 1.102).
Between diagnostic groups, affective patients dis-
played higher scores than non-affective patients in
terms of their composite CR score (Cohen’s
d = 1.22).

Predictive value of CR according to diagnoses

In the control group, the CR was not able to pre-
dict any measure except working memory at 2-year
follow-up (R2 = 0.026; P = 0.021). After adjusting
for tobacco and cannabis (variables related to cog-
nitive performance and functioning), the predic-
tion did not remain significant (P = 0.19). The
predictive capacity of premorbid IQ and GCCS
was also evaluated. Neither was able to predict the
functionality or neurocognitive performance in
healthy controls (see Table S2).

A summary of the predictive capacity of
patients’ CR is shown in Table 3. The capacity of
CR to predict outcome was better than premorbid
IQ and neurocognition by itself (GCCS) in both
diagnostic groups (non-affective and affective).

In the non-affective psychosis group, the CR
was able to predict clinical, functional, and cogni-
tive outcomes. The CR explained 5.5% of the vari-
ance on FAST, 3.4% on negative PANSS, 8.4%
on verbal memory, 18.6% on attention, 19.4% on
working memory, and 7.6% on GCCS. All predic-
tions remained significant even after adjusting
for potential confounding variables (CPZE, DUP,
CGI, SES, tobacco, and cannabis).

In the affective psychotic disorder group, the CR
explained 11.7% of the variance on FAST, 26.5%
verbal memory and 32.1% on GCCS. In the next
step, the potential confounders were incorporated
in the analysis. Although this prediction in verbal
memory and GCCS persists after controlling for
possible confounders (CPZE, DUP, CGI, SES,
tobacco and cannabis), the prediction did not
remain significant on FAST (P = 0.33).

Table 2. Baseline sociodemographic, clinical, functional, and CR proxies for
patients (affective vs. non-affective)

Patients (n = 247)

Statistic P-value
Non-affective
(n = 211)

Affective
(n = 36)

Gender: Male N (%) 140 (66) 25 (69) v2 = 0.13 0.44
Age (�X � SD) 25.33 � 5 24.75 � 6 t = 0.62 0.54
SES (%) v2 = 10.93 0.05
High 41 (19) 3 (8)
Medium–High 19 (9) 5 (14)
Medium 49 (23) 16 (44)
Medium–Low 73 (35) 8 (22)
Low 27 (13) 3 (8)
Missing value 2 (1) 1 (3)

DUP 108.73 � 124 72.06 � 101 t = 1.58 0.12
Age of onset 24.63 � 6 25.57 � 6 t = �0.74 0.46
CPZE 624.33 � 441 589.79 � 616 t = 1.58 0.70
Tobacco use:
Yes N (%)

143 (68) 27 (75) v2 = 0.75 0.26

Cannabis use:
Yes N (%)

97 (46) 13 (36) v2 = 1.21 0.18

GAF score 52.89 � 18 57.14 � 20 t = �1.29 0.20
FAST 28.64 � 16 26.61 � 15 t = 0.71 0.48
Clinical variables
(�X � SD)
PANSS positive 17.96 � 8 17.56 � 7 t = 0.29 0.77
PANSS negative 19.33 � 8 15.14 � 7 t = 3.03 0.003
PANSS general 37.37 � 12 36.44 � 12 t = 0.44 0.66
PANSS total 74.66 � 23 69.14 � 22 t = 1.33 0.18
YMRS score 7.69 � 9 11.81 � 12 t = �2.34 0.020
MADRS score 12.42 � 9 13.78 � 10 t = �0.80 0.42
CGI score 4.12 � 1 3.66 � 2 U = 3170.00 0.27

CR proxies
(�X � SD)
Education/
Occupation

4.68 � 2 4.73 � 2 t = �0.17 0.87

Leisure 1.19 � 1 1.33 � 1 U = 3498.50 0.39
Premorbid IQ 91.33 � 14 97.92 � 18 U = 2915.50 0.025
Composite CR 74.46 � 11 79.66 � 15 t = 0.15 0.025

SES, socioeconomic status; DUP, duration of untreated psychosis; CPZE, chlorpro-
mazine equivalents; GAF, Global Assessment of Functioning; FAST, Functioning
Assessment Short Test; PANSS, Positive and Negative Symptom Scale; YMRS,
Young Mania Rating Scale; MADRS, Montgomery–Asberg Depression Rating Scale;
CGI, Clinical Global Impression Scale; CR, cognitive reserve; IQ, Intelligence Quo-
tient; NA, not applicable. Significant differences (P < 0.05) marked in bold.
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The impact of CR levels (high vs. low) and diagnosis on the
outcome

Patients were grouped by diagnosis (affective vs.
non-affective) and by cognitive reserve scores
(low reserve vs. high reserve). Significant differences
were found in functionality and cognitive perfor-
mance among subjects with high and low cognitive
reserve (see Table 4), independently of diagnosis.

An additional analysis was performed to test
whether the accumulation of CR could be affected
by premorbid adjustment in a FEP sample. Signifi-
cant differences in PAS scores between groups were
observed: The FEP group with high CR obtained
lower scores than those with low CR (P = 0.001).

Non-affective psychotic patients. In the non-affec-
tive psychosis group, those with high CR were
older and had a better socioeconomic status, as
well as a shorter DUP and a later age of onset than
those with low CR (see Table 4). At baseline, a sig-
nificantly better performance was determined in
non-affective patients with high CR in different
cognitive measures (verbal memory, attention,
working memory, and GCCS, P < 0.001). After
the 2-year follow-up, the non-affective group
showed significant differences in all the cognitive
domains evaluated, except for executive functions
In the non-affective psychosis group, those with
high CR were older and had a better socioeco-
nomic status, as well as a shorter DUP and a later
age of onset than those with low CR (see Table 4).

Results from the repeated measures ANOVA

revealed no significant time 9 CR level

interactions for symptomatology (PANSS-P,
F = 1.36, P = 0.25; PANSS-N, F = 0.18, P = 0.68;
general PANSS, F = 0.50, P = 0.48; PANSS total,
F = 0.47, P = 0.49; YMRS, F = 0.57, P = 0.46;
MADRS, F = 0.72, P = 0.40), executive functions
(F = 0.91, P = 0.34), FAST, F = 2.27, P = 0.13
and GAF although a trend was observed
(F = 3.43, P = 0.07). However, there were signifi-
cant time effects on all variables, indicating an
improvement for both the low and high CR groups
from baseline to the 2-year follow-up.

Results revealed a significant time 9 CR level
interaction effect for the total score on verbal
memory (F = 13.86, partial eta squared
(gp²) = 0.11, P < 0.001), attention (F = 15.57,
gp2 = 0.14, P < 0.001), and working memory
(F = 34.96, gp2 = 0.23, P < 0.001), indicating that
the total score of these cognitive domains signifi-
cantly increased from baseline to 2-year follow-up
in the high CR group with minimal improvement
in the low CR group.

Affective psychotic patients. In the affective psy-
chosis group, comparing those with high and low
CR, there were no significant differences in terms
of gender, age, DUP, or age of onset, although sig-
nificant differences were found in socioeconomic
level and education (see Table 4). At baseline, the
patients with low CR performed worse in verbal
memory compared to affective patients with high
CR. At 2-year follow-up in the affective group, dif-
ferences were observed in functionality. In terms of
cognitive measures, there were differences in verbal

Table 3. Linear regression with cognitive reserve at 2-year follow-up

Non-affective patients (n = 139) Affective patients (n = 23)

R ² B SE Beta P R ² B SE Beta P

Functional variables
GAF 0.019 0.16 0.11 0.14 0.13 0.057 0.19 0.13 0.24 0.16
FAST 0.055 �0.30 0.11 �0.24 0.008 0.117 �0.23 0.11 �0.34 0.042

Clinical variables
PANSS positive 0.008 �0.03 0.03 �0.09 0.33 0.047 �0.05 0.05 �0.22 0.36
PANSS negative 0.034 �0.10 0.05 �0.19 0.037 0.079 �0.11 0.09 �0.28 0.23
PANSS general 0.007 �0.06 0.07 �0.08 0.37 0.010 �0.05 0.11 �0.10 0.67
PANSS total 0.017 �0.19 0.13 �0.13 0.14 0.045 �0.21 0.23 �0.21 0.37
YMRS 0.002 0.01 0.02 0.02 0.87 0.040 �0.09 0.10 �0.20 0.40
MADRS 0.016 �0.07 0.05 �0.13 0.16 <0.001 �0.01 0.08 �0.02 0.95

Cognitive measures
Verbal memory 0.084 1.24 0.41 0.29 0.003 0.265 1.41 0.63 0.52 0.041
Executive function 0.003 0.21 0.39 0.05 0.60 0.029 0.47 0.72 0.17 0.53
Attention 0.185 �0.43 0.09 �0.43 <0.001 0.227 �0.34 0.17 �0.48 0.06
Working memory 0.194 0.64 0.13 0.44 <0.001 0.074 0.37 0.35 0.27 0.31
GCCS 0.076 1.26 0.43 0.28 0.005 0.321 1.38 0.54 0.57 0.022

B, the unstandardized beta; SE, the standard error for the unstandardized beta; GAF, Global Assessment of Functioning; FAST, Functioning Assessment Short Test; PANSS,
Positive and Negative Symptom Scale; YMRS, Young Mania Rating Scale; MADRS, Montgomery–Asberg Depression Rating Scale; GCCS, Global Composite Cognitive Score.
Significant differences (P < 0.05) marked in bold.
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memory and in the global composite cognitive
score.

Results from the repeated measures ANOVA

revealed no significant time 9 CR level interactions
for symptomatology (PANSS-P, F = 2.063,
P = 0.167; PANS-N, F = 0.22, P = 0.64; PANSS
general, F = 1.35, P = 0.26; PANSS total, F = 1.33,
P = 0.26; YMRS, F = 2.20, P = 0.15; MADRS,
F = 3.804, P = 0.06), functionality (FAST, F =
3.97, P = 0.06; GAF, F = 2.63, P = 0.12), and all

cognitive domains (verbal memory, F = 4.23
P = 0.06; executive functions, F = 2.13, P = 0.16;
attention, F = 1.04, P = 0.32; working memory,
F = 1.23, P = 0.28). However, there were signifi-
cant time effects on all variables, indicating an
improvement for both the low and high CR groups
from baseline to 2-year follow-up. A trend was
observed in FAST (F = 3.97, P = 0.06) and verbal
memory (F = 4.23 P = 0.06), indicating that the
total score of functionality and verbal memory

Table 4. Sociodemographic, clinical, functional, and cognitive performance among subjects with high and low cognitive reserve at 2-year follow-up

Non-affective (n = 211)—At follow-up (n = 139) Affective (n = 36)—At follow-up (n = 23)

Low (n = 108) -At
follow-up (n = 68)

High (n = 103)—At
follow-up (n = 71) P

Low (n = 13)—At
follow-up (n = 7)

High (n = 23)—At
follow-up (n = 16) P

Sociodemographic variables
Gender: Male N (%) 65 (61) 75 (71) 0.08 8 (62) 17 (74) 0.34
Age (�X � SD) 23.31 � 5 25.97 � 6 0.002 23.08 � 6 25.70 � 5 0.18
SES (%) <0.001 0.049
High 10 (9) 31 (30) 0 (0) 3 (13)
Medium-High 7 (7) 12 (11) 1 (8) 4 (17)
Medium 24 (23) 25 (24) 5 (38) 11 (48)
Medium-Low 43 (41) 30 (29) 6 (46) 2 (9)
Low 21 (20) 6 (6) 0 (0) 3 (13)
Missing value 1 (1) 1 (1) 1 (8) 0 (0)

Education/occupation 4.05 � 1 5.32 � 2 <0.001 3.78 � 1 5.27 � 2 0.005
DUP 127.00 � 147 90.26 � 93 0.043 110.10 � 133 54.77 � 80 0.15
Age of onset 23.31 � 5 25.97 � 6 0.002 26.57 � 7 25.13 � 6 0.63
Functional variables
GAF baseline 51.23 � 19 54.57 � 17 0.18 51.858 � 19 60.13 � 20 0.24
GAF follow-up 71.16 � 15 74.36 � 13 0.19 68.86 � 22 83.25 � 7 0.026
FAST baseline 29.90 � 15 27.36 � 17 0.26 26.31 � 16 26.78 � 14 0.93
FAST follow-up 21.47 � 16 17.40 � 14 0.12 23.57 � 13 9.29 � 10 0.012

Clinical variables
PANSS positive baseline 18.43 � 8 17.49 � 8 0.38 19.15 � 5 16.65 � 8 0.32
PANSS positive follow-up 11.10 � 5 9.85 � 4 0.11 10.33 � 5 7.87 � 2 0.08
PANSS negative baseline 20.25 � 8 18.40 � 8 0.09 16.85 � 8 14.17 � 6 0.27
PANSS negative follow-up 14.87 � 7 14.04 � 6 0.45 13.67 � 6 10.60 � 4 0.22
PANSS general baseline 38.25 � 12 36.50 � 12 0.28 41.08 � 13 33.83 � 11 0.09
PANSS general follow-up 26.59 � 9 25.22 � 8 0.37 25.67 � 7 21.60 � 6 0.20
PANSS total baseline 76.92 � 23 72.38 � 23 0.15 77.08 � 22 64.65 � 22 0.11
PANSS total follow-up 52.56 � 19 49.11 � 16 0.27 49.67 � 18 40.07 � 11 0.14
YMRS baseline 8.37 � 9 7.01 � 9 0.29 14.92 � 12 10.04 � 12 0.25
YMRS follow-up 2.38 � 5 1.41 � 3 0.16 5.57 � 10 1.27 � 3 0.12
MADRS baseline 13.49 � 9 11.33 � 9 0.09 16.54 � 10 12.22 � 11 0.24
MADRS follow-up 6.80 � 7 5.37 � 6 0.21 5.00 � 7 3.53 � 4 0.54
CGI baseline 3.98 � 2 4.26 � 1 0.16 2.92 � 3 4.09 � 1 0.09
CGI follow-up 1.70 � 2 1.80 � 2 0.51 1.62 � 2 1.65 � 2 0.95

Cognitive measures
Verbal memory baseline 122.00 � 49 148.21 � 44 <0.001 115.93 � 49 151.38 � 47 0.047
Verbal memory follow-up 143.44 � 48 169.39 � 42 0.002 144.98 � 64 189.75 � 34 0.039
Executive function baseline 124.35 � 47 126.54 � 41 0.73 137.78 � 53 129.05 � 30 0.57
Executive function follow-up 146.34 � 46 149.77 � 40 0.67 142.66 � 38 163.80 � 32 0.20
Attention baseline 91.79 � 8 87.22 � 9 <0.001 88.11 � 9 86.50 � 10 0.68
Attention follow-up 90.86 � 12 83.75 � 8 <0.001 90.14 � 8 85.62 � 10 0.43
Working memory baseline 71.87 � 14 84.97 � 14 <0.001 76.36 � 20 82.99 � 15 0.26
Working memory follow-up 75.68 � 14 87.63 � 14 <0.001 77.38 � 20 86.66 � 18 0.29
GCCS baseline 281.62 � 50 309.49 � 46 <0.001 283.73 � 42 307.61 � 47 0.22
GCCS follow-up 313.01 � 50 339.37 � 45 0.005 318.91 � 26 360.65 � 30 0.026

SES, socioeconomic status; DUP, duration of untreated psychosis; PAS, Premorbid Adjustment Scale; GAF, Global Assessment of Functioning; FAST, Functioning Assessment Short
Test; PANSS, Positive and Negative Symptom Scale; YMRS, Young Mania Rating Scale; MADRS, Montgomery–Asberg Depression Rating Scale; CGI, Clinical Global Impression
Scale; GCCS, Global Composite Cognitive Score. Significant differences (P < 0.05) marked in bold.
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increased from baseline to 2-year follow-up in the
high CR group with minimal improvement in the
low CR group.

Discussion

The most important finding of the study is that the
patients with a FEP who have a high CR show a
better neurocognitive performance. However, the
implications of CR depend on whether the diagno-
sis is affective or non-affective. The CR possesses a
predictive capability which persists even after
potential confounding factors are controlled for
(antipsychotic medication, duration of untreated
psychosis, illness status, socioeconomic status,
tobacco, and cannabis). This suggests that CR can
be used as a reliable indicator for the evolution of
patients with a FEP, especially for neurocognitive
performance and functioning.

As expected, control subjects show a higher cog-
nitive reserve level than the patients. This result is
in accordance with previous studies in which the
CR of both patients and control subjects was com-
pared (10, 12, 13). They also match the neurologi-
cal development deficit model, which considers
that the accumulated CR can be affected by the
age of illness onset (17). In addition, our results
showed that the FEP group with high CR showed
a better premorbid functioning compared to those
with low CR, which could also indicate this infer-
ence in the accumulation of CR. In this regard, the
literature suggests that neurodevelopmental
impairment is present before illness onset (21) and
that early insults to the brain are manifested
through deviant neurodevelopmental trajectories
before the onset of psychotic symptoms (46). How-
ever, other factors that could explain these results
are the significant differences in years of schooling
and socioeconomic level (47).

The group with an affective FEP shows a higher
CR compared to those with a non-affective FEP.
To our knowledge, there is no published research
comparing CR levels according to diagnoses; how-
ever, some studies have already demonstrated that
premorbid IQ (an essential component of the CR
concept) is higher in affective patients (20, 48).

Regarding the CR’s predictive quality, we have
observed that in control subjects it cannot predict
cognitive performance nor functionality level. One
possible explanation of these results could be the
CR concept itself, which refers to the brain’s
capacity to face a pathology using alternative, or
more efficient, cerebral networks in order to mini-
mize symptoms (1). In healthy control subjects,
there is no pathology, and thus, CR does not pos-
sess any predictive quality in the various assessed

outcomes. Another explanation could be that
healthy controls acquire skills during the 2 year
follow-up such as finishing school or starting a job.
As mentioned previously, academic–occupational
level, lifetime exposures and engaging in stimulat-
ing and physical activity increase the CR (2).

When it comes to patients, results suggest that
the predictive quality of CR depends on diagnosis.
In non-affective psychosis, CR predicts function-
ing, clinical and cognitive performance. These
results are in line with previous studies (12,13) and
confirm that a poor premorbid functioning is asso-
ciated with a worse functioning in patients with a
FEP (24) and to the symptoms severity, especially
the negative ones (13, 49–51). However, it is
important to note that this explains a low variance
percentage both in functionality and in symptoma-
tology. These findings indicate that, while this is an
important factor in different outcomes, there are
other variables that need attention: individual
characteristics (including environmental risk fac-
tors, family support, treatments received, and
aspects of symptomatology, cognition and person-
ality) and antipsychotics dose (52), among others.
Considering cognitive performance, CR predicts
verbal memory, attention span, working memory,
and global cognition in non-affective psychotic
patients.

These findings show that CR can have a relevant
role in cognitive performance. More precisely,
working memory control is the domain most asso-
ciated with CR in patients with first-episode psy-
choses and first-episode schizophrenia (12,13), in
our case predicting 19.4% of variance.

In the case of patients with an affective psychotic
disorder, the predictive quality is higher. CR pre-
dicts cognition (neither functionality nor clinical
outcomes). In line with our results, previous publi-
cations have reported a large correlation between
CR and cognitive performance within verbal mem-
ory in patients with bipolar disorder (9). In our
case, this cognitive variable predicted a 26.5% of
variance. A trend was observed in functionality
(FAST scale) using a regression and ANOVA analy-
sis, indicating that the total functionality score
increased from baseline to 2-year follow-up in the
high CR group with minimal improvement in the
low CR group. Cognition and functionality are
two associated concepts (53,54), and the obtained
results confirm this association. Therefore, taking
these results into account, it can be confirmed that
patients with an affective FEP and with a high CR
are able to function better.

Therefore, in our study as in the de la Serna and
Amoretti studies (12,13), both including FEP sam-
ples, in non-affective psychosis CR mostly predicts
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working memory and is less predictive of other
cognitive domains. In affective psychosis, different
studies (9, 10, 20) have shown that CR was signifi-
cantly predictive of functioning and different cog-
nitive domains. However, the results are more
inconsistent, and CR largely fails to predict the
same cognitive domain across the different studies.
In euthymic bipolar patients, Forcada et al. (10)
revealed that CR was significantly predictive of
FAST score (54.4%), Executive Index (55%), and
Visual Memory Index (39%), introducing CR, cur-
rent age, age at illness onset, duration of illness,
and period of clinical stabilization in the multiple
linear regression models. On the other hand,
Anaya et al. (9) have demonstrated that CR was
significantly predictive of psychosocial functioning
(23%), attention (10%), working memory (20%),
verbal memory (20%), visual memory (14%), exec-
utive functioning (12%), and processing speed
(18%) introducing CR, age, chronicity and bipolar
type in the model. The differences between our
results and the results of the aforementioned stud-
ies can be attributed to the fact that our sample
was composed of affective FEP patients and the
other studies were with euthymic bipolar patients.
Other differences include the sample size (in our
study 26 affective patients were assessed at follow-
up) and the variables introduced in the multiple
linear regression models.

Considering that these results show that the
CR’s prediction quality differs depending on diag-
nosis (non-affective or affective FEP), CR was
divided into high and low to analyze its role more
deeply. In non-affective patients, those subjects
with a high CR show a higher socioeconomic level,
a lower DUP and a later age of onset. This could
indicate that those subjects with a higher CR are
able to tolerate the pathology’s effects for a longer
time, as occurs with Alzheimer’s disease (55).
Regarding symptomatology, there are no signifi-
cant differences between those non-affective
patients with high and low CR. Thus, even if CR
can predict symptomatology, its predictive capabil-
ities are limited. CR alone is not enough to explain
the heterogeneity of clinical repercussions that non-
affective patients show after a FEP. In cognition,
patients with a high CR show a better neuropsy-
chological performance. Based on these results, an
intervention oriented toward cognitive rehabilita-
tion can be suggested (56) in patients with a low
CR. As shown in previous studies, this intervention
could improve performance in cognitive domains
and therefore also improve functionality (57–59).
Specifically, in order to address the needs of
patients with low CR, cognitive rehabilitation
treatments will need to be ‘enriched’ by adding

some pro-cognitive pharmacological agents (60,61)
or using more sophisticated approaches like the
action-based cognitive remediation treatment (62).

In patients with affective psychosis, it has been
observed that those with a low CR have a lower
socioeconomic level and a worse performance in
verbal memory compared to patients with a high
CR. After 2 years of evolution, they present a
lower functionality and they continue to show a
lower global cognitive functioning and verbal
memory. No significant differences were found in
the other evaluated cognitive domains. In the same
line, Grande et al. (20) showed that in euthymic
bipolar patients, those with high and low CR differ
in verbal memory performance. This result sug-
gests that when facing a first psychotic episode
with a low CR, interventions should be oriented
toward improving verbal memory and functional-
ity (63). Therefore, it is convenient to establish a
functional remediation therapy in FEP affective
patients with low CR as it is the intervention that
has been shown to be most effective in improving
psychosocial functioning and verbal memory, the
only altered domain found in our study (64,65).

In summary, the results show that CR level can
be a cognitive performance moderator during first
psychotic episodes (affective or non-affective) and
that a higher CR can lead to a better recovery and
functioning in these patients. Despite the fact that
these findings are in accordance with previous liter-
ature (20), to the best of our knowledge, none of
the previous studies on CR focused on the impact
of CR according to the diagnosis of first-episode
affective or non-affective psychotic disorder.

These results lead us to consider that it can be
very helpful to evaluate CR (2). Unlike a neu-
rocognitive assessment, which should only be
administered by a trained medical professional, the
CR can be carried out by professionals from differ-
ent areas (nurses, therapists and doctors, among
others), which facilitates its application. The evalu-
ation of CR may aid in the stratification of patients
with FEP who could be more likely to present cog-
nitive deterioration over the course of their illness.
It can also serve as a resource to explore new ther-
apeutic targets. There are already neuropsycholog-
ical interventions aimed at improving cognitive
functioning, but until now the impact of interven-
ing on the different components of CR in FEP has
not been explored.

Although there are important premorbid vari-
ables in the CR concept that are difficult to mod-
ify, such as premorbid IQ or education, the key
role played by environmental factors, such as phys-
ical, social, or leisure activities, should also be
taken into account. Some studies have shown that
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physical and cognitive stimulation can increase CR
and thus render individuals more capable of com-
pensating for the development of the neuropathol-
ogy (14, 66). In the case of dementia, this has been
related to delayed onset (posterior to cognitive def-
icit) and to the appearance of clinically diagnos-
able dementia (67). Therefore, increasing CR can
become a skill that will allow patients to cope bet-
ter with the disease and minimize the decline in
cognitive and psychosocial functioning (9, 13). We
consider that the implementation of early interven-
tions centered on CR stimulation and engaging
lifestyle, conducted in the early stages of the illness,
or even in people with a high risk of suffering psy-
chosis, could be beneficial to preventing or reduc-
ing the impact of illness (68–70).

The present study backs the necessity of per-
forming thorough assessment of cognitive reserve
and diagnosis in patients before implementing per-
sonalized early intervention programs (71,72). It
also emphasizes the need to explore the impact of
specific interventions in areas such as social, men-
tal, physical activities and hobbies on CR, as it
could be useful to guide the development of per-
sonalized treatment programs.

This study has certain limitations which must be
taken into account. First, a limitation is the differ-
ence 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. In the affective group, the
small sample size may have interfered with the
results (low statistical power), and further
larger studies are required to confirm these find-
ings. However, it is important to note that this is a
naturalistic, multicentric and longitudinal study.
This fact makes the sample representative of FEP as
it occurs in Spain. Furthermore, the sample is very
well characterized because it includes different vari-
ables of interest and a longitudinal monitoring is
performed. Second, a limitation present in all CR
studies undertaken on a psychiatric population is
that as there is not yet a valid instrument to measure
CR, criteria established and replicated in previous
studies were followed (premorbid IQ, occupational/
educational level, and free time activities). The final
limitation would be the diagnostic instability of
the first episodes of psychosis. However, the
evidence suggests a high prospective consistency for
schizophrenia and bipolar disorder (73,74). Depres-
sive psychosis shows lower prospective consistency
because a substantial percentage of cases develop
bipolar affective disorder over time. Nevertheless, in
this study, only two diagnostic categories were gen-
erated (affective/non-affective), thus in this case they
would still belong to the same group. In addition,

the diagnosis was established based on data col-
lected in examinations after 2 years of monitoring.
In spite of its limitations, the study shows innova-
tive and significant results that can be implemented
in daily clinical practice and, to the best of our
knowledge, it is the first study to divide a FEP sam-
ple according to diagnosis with a view to analyzing
the impact of CR in the long-term outcome of psy-
choses. In conclusion, the CR characterization can
considerably improve our understanding of individ-
ual differences in the causes and consequences of
neuropsychiatric disorders (17) and can be useful as
a stratification tool in FEP patients, thus enabling
the implementation of personalized interventions.
Further research should be conducted on the possi-
ble differential effects of CR on different disorders
and more longitudinal studies that determine an
effective specific treatment for the improvement of
CR are necessary to validate the results obtained.

Acknowledgements

We are extremely grateful to all participants. This study is part
of a coordinated-multicentre Project, funded by the Ministerio
de Econom�ıa y Competitividad (PI08/0208; PI11/00325; PI14/
00612), Instituto de Salud Carlos III – Fondo Europeo de
Desarrollo Regional. Uni�on Europea. Un manera de hacer
Europa, Centro de Investigaci�on Biom�edica en Red de salud
Mental, CIBERSAM, by the CERCA Programme/Generali-
tat de Catalunya and Secretaria d’Universitats i Recerca del
Departament d’Economia I Coneixement (2014SGR441). EV
thanks the support of the Spanish Ministry of Economy and
Competitiveness (PI15/00283) integrated into the Plan Nacio-
nal de I+D+I and cofinanced by the ISCIII-Subdirecci�on Gen-
eral de Evaluaci�on y el Fondo Europeo de Desarrollo
Regional (FEDER); CIBERSAM; and the Comissionat per a
Universitats i Recerca del DIUE de la Generalitat de Catalu-
nya to the Bipolar Disorders Group (2017 SGR 1365). CT is
funded by the Spanish Ministry of Economy and Competitive-
ness, Instituto Carlos III, through a ‘Miguel Servet’ postdoc-
toral contract (CPI14/00175) and a FIS (PI17/01066). Dr
Torrent’s project is also supported in part by a SLT006/17/
352, integrated in the Strategic Plan of Research and Innova-
tion in Health 2016-2020 (Health Department). CERCA Pro-
gramme/Generalitat de Catalunya.

Declaration of interest

The authors report no biomedical financial interests or
potential conflict of interests.

References

1. Stern Y. What is cognitive reserve? Theory and research
application of the reserve concept. J Int Neuropsychol Soc
2002;8:448–460.

2. Stern Y. Cognitive reserve: implications for assessment
and intervention. Folia Phoniatr Logop 2013;65:49–54.

3. Vance D, Fazeli P, Grant J, Slater L, Raper J. The role of
neuroplasticity and cognitive reserve in aging with HIV:
recommendations for cognitive protection and rehabilita-
tion. J Neurosci Nurs 2013;45:306–316.

11

Cognitive reserve as an outcome predictor



4. Boots E, Schultz S, Almeida RP et al. Occupational com-
plexity and cognitive reserve in a middle-aged cohort at
risk for Alzheimer’s disease. Arch Clin Neuropsychol
2015;30:634–642.

5. Martins da Silva A, Cavaco S, Moreira I et al. Cognitive
reserve in multiple sclerosis: protective effects of educa-
tion. Mult Scler 2015;21:1312–1321.

6. Rami L, Valls-Pedret C, Bartr�es-Faz D et al. Cognitive
reserve questionnaire. Scores obtained in a healthy elderly
population and in one with Alzheimer’s disease. Rev Neu-
rol 2011;52:195–201.

7. Nucci M, Mapelli D, Mondini S. Cognitive Reserve Index
questionnaire (CRIq): new instrument for measuring cog-
nitive reserve. Aging Clin Exp Res 2012;24:218–226.

8. Le�on I, Garc�ıa-Garc�ıa J, Rold�an-Tapia L. Estimating cogni-
tive reserve in healthy adults using the Cognitive Reserve
Scale. PLoSOne 2014;9:e102632.

9. Anaya C, Torrent C, Caballero FF et al. Cognitive reserve
in bipolar disorder: relation to cognition, psychosocial
functioning and quality of life. Acta Psychiatr Scand
2016;133:386–398.

10. Forcada I, Mur M, Mora E, Vieta E, Bartres-Faz D,
Portella M. The influence of cognitive reserve on psy-
chosocial and neuropsychological functioning in bipolar
disorder. Eur Neuropsychopharmacol 2015;25:214–222.

11. Stern Y, Habeck C, Moeller J et al. Brain networks associ-
ated with cognitive reserve in healthy young and old
adults. Cereb Cortex 2005;15:394–402.

12. de la Serna E, Andr�es-Perpi~n�a S, Puig O et al. Cognitive
reserve as a predictor of two year neuropsychological per-
formance in early onset first-episode schizophrenia. Schi-
zophr Res 2013;143:125–131.

13. Amoretti S, Bernardo M, Bonnin CM et al. The impact of
cognitive reserve in the outcome of first-episode psychoses:
2-year follow-up study. Eur Neuropsychopharmacol
2016;26:1638–1648.

14. Churchill JD, Galvez R, Colcombe S, Swain RA, Kramer
AF, Greenough WT. Exercice, exeperience and the aging
brain. Neurobiol Aging 2002;23:941–955.

15. Uher R. Gene-environment interactions in severe mental
illness. Front Psychiatry 2014;5:48.

16. Bernardo M, Bioque M, Cabrera B et al. Modelling gene-
environment interaction in First Episode of psicosis. Schi-
zophr Res 2017;189:181–189.

17. Barnett J, Salmond C, Jones P, Sahakian B. Cognitive
reserve in neuropsychiatry. Psychol Med 2006;36:1053–
1064.

18. Leeson V, Harrison I, Ron M, Barnes T, Joyce E. The effect
of cannabis use and cognitive reserve on age at onset and
psychosis outcomes in first-episode schizophrenia. Schi-
zophr Bull 2012;38:873–880.

19. Leeson V, Sharma P, Harrison M, Ron M, Barnes T, Joyce
E. IQ trajectory, cognitive reserve, and clinical outcome
following a first episode of psychosis: a 3-year longitudinal
study. Schizophr Bull 2011;37:768–777.

20. Grande I, Sanchez-Moreno J, Sole B et al. High cognitive
reserve in bipolar disorders as a moderator of neurocogni-
tive impairment. J AffectDisord 2017;208:621–627.

21. Cuesta M, S�anchez-Torres A, Cabrera B et al. Premorbid
adjustment and clinical correlates of cognitive impairment
in first-episode psychosis. The PEPsCog study. Schizophr
Res 2015;164:65–73.

22. Trotta A, Murray RM, Maccabe JH. Do premorbid and
post-onset cognitive functioning differ between
schizophrenia and bipolar disorder? A systematic review
and meta-analysis. Psychol Med 2015;45:381–394.

23. Green M. What are the functional consequences of neu-
rocognitive deficits in schizophrenia? Am J Psychiatry
1996;153:321–330.

24. White C, Stirling J, Hopkins R et al. Predictors of 10-year
outcome of firstepisode psychosis. PsycholMed 2009;39:
1447–1456.

25. Bernardo M, Bioque M, Parellada M et al. Assessing clini-
cal and functional outcomes in a gene-environment inter-
action study in first episode of psychosis (PEPs). Rev
Psiquiatr Salud Ment 2013;6:4–16.

26. Hollingshead AB, Redlich FC. Social class and mental
illness: community study. New York, NY: John Wiley &
Sons; 1958.

27. Gardner D, Murphy A, O’Donnell H, Centorrino F, Bal-
dessarini R. International consensus study of antipsychotic
dosing. Am J Psychiatry 2010;167:686–693.

28. Kokkevi A, Hartgers C. European adaptation of a multidi-
mensional assessment instrument for drug and alcohol
dependence. Eur Addict Res 1995;1:208–210.

29. First M, Gibbon M, Spitzer R, Williams J, Benjamin L.
Structured clinical interview for DSM-IV Axis II Personal-
ity Disorders (SCID-II). Washington, DC: American Psy-
chiatric Press; 1997.

30. First M, Spitzer R, Gibbon M, Williams J. Structured clini-
cal interview for DSM-IV axis I disorders-clinician (SCID-I).
Washington, DC: American Psychiatric Press; 1997.

31. Kay S, Fiszbein A, Opler L. The positive and negative syn-
drome scale (PANSS) for schizophrenia. Schizophr Bull
1987;13:261–276.

32. Peralta V, Cuesta M. Psychometric properties of the posi-
tive and negative syndrome scale (PANSS) in schizophre-
nia. Psychiatry Res 1994;53:31–40.

33. Colom F, Vieta E, Mart�ınez-Ar�an A et al. Spanish version
of a scale for the assessment of mania: validity and relia-
bility of the Young Mania Rating Scale. Med Clin (Barc)
2002;119:366–371.

34. Young R, Biggs J, Ziegler V, Da M. A rating scale for
mania: reliability, validity and sensitivity. Br J Psychiatry
1978;133:429–435.

35. Lobo A, Chamorro L, Luque A, Dal-Re R, Badia X, Baro
E. Validation of the Spanish versions of the Montgomery-
Asberg depression and Hamilton anxiety rating scales.
Med Clin (Barc) 2002;118:493–499.

36. Montgomery S, AsbergM. A new depression scale designed
to be sensitive to change. Br J Psychiatry 1979;134:382–389.

37. Guy W. ECDEU assessment manual for psychopharma-
cology. Rockville, MD: National Institute of Mental
Health (U.S.). Psychopharmacology Research Branch.
Division of Extramural Research Programs; 1976.

38. Rosa A, S�anchez-Moreno J, Mart�ınez-Aran A et al. Valid-
ity and reliability of the Functioning Assessment Short
Test (FAST) in bipolar disorder. Clin Pract Epidemiol
Ment Health 2007;7:5.

39. Association AP. Diagnostic and statistical manual of men-
tal disorders. 4th ed. Washington, DC: American Psychi-
atric Association; 1994.

40. Cannon-Spoor H, Potkin S, Wyatt R. Measurement of pre-
morbid adjustment in chronic schizophrenia. Schizophr
Bull 1982;8:470–484.

41. Wechsler D. Wechsler adult intelligence scale – III
(WAIS-III). San Antonio, TX: The Psychological Cor-
poration; 1997.

42. Conners CK. Continuous performance test II. North Ton-
awanda, NY: Mutli-Health Systems; 2004.

43. Heaton R. Wisconsin card sorting test manual. Odessa,
FL: Psychological Assessment; 1993.

12

Amoretti et al.



44. Benedet MJ. Test de Aprendizaje Verbal Espa~na-Complu-
tense (TAVEC). Madrid: Tea Ediciones; 1998.

45. Pereda M, Ayuso-Mateos JL, G�omez Del Barrio A et al.
Factors associated with neuropsychological performance
in HIV-seropositive subjects without AIDS. PsycholMed
2000;30:205–217.

46. Arango C, Fraguas D, Parellada M. Differential Neurode-
velopmental Trajectories in Patients With Early-Onset
Bipolar and Schizophrenia Disorders. Schizophr Bull
2014;40:S138–S146.

47. Ayesa-Arriola R, Seti�en-Suero E, Neergaard K et al. Pre-
morbid IQ subgroups in first episode non affective psy-
chosis patients: long-term sex differences in function and
neurocognition. Schizophr Res 2017. [Epub ahead of
print]. https://doi.org/10.1016/j.schres.2017.12.006.

48. Agnew-Blais JC, Buka SL, Fitzmaurice G, Smoller JW,
Goldstein JM, Seidman LJ. Early childhood IQ trajectories
in individuals later developing Schizophrenia and affective
psychoses in the New England family studies. Schizophr
Bull 2015;41:817–823.

49. Kelley M, Gilbertson M, Mouton A, van Kammen D. Dete-
rioration in premorbid functioning in schizophrenia: a
developmental model of negative symptoms in drug-free
patients. Am J Psychiatry 1992;149:1543–1548.

50. Rabinowitz J, de Smedt G, Harvey P, Davidson M. Rela-
tionship between premorbid functioning and symptom
severity as assessed at first episode of psychosis. Am J Psy-
chiatry 2002;159:2021–2026.

51. Mezquida G, Cabrera B, Bioque M et al. The course of neg-
ative symptoms in first-episode schizophrenia and its pre-
dictors: a prospective two-year follow-up study. Schizophr
Res 2017;189:84–90.

52. Ballesteros A, Torres AS, L�opez-Ilundain JM et al. Is cog-
nitive impairment associated with antipsychotic dose and
anticholinergic equivalent loads in First-Episode Psy-
chosis? PsycholMed 2018. [Epub ahead of print]. https://
doi.org/10.1017/s0033291717003774.

53. Mart�ınez-Ar�an A, Vieta E, Colom F et al. Cognitive
impairment in euthymic bipolar patients: implications for
clinical and functionaloutcome. Bipolar Disord 2004;6:
224–232.

54. Szmulewicz AG, Valerio MP, Lomastro J et al. Neurocog-
nitive functioning in first-episode Bipolar Disorder: rela-
tionship with functionalstatus. J Affect Disord 2017;
228:97–100.

55. Stern Y. Cognitive reserve and Alzheimer disease. Alzhei-
mer Dis Assoc Disord 2006;20:S69–S74.

56. Penad�es R, Pujol N, Catal�an R et al. Brain effects of cog-
nitive remediation therapy in schizophrenia: a structural
and functional neuroimaging study. Biol Psychiatry
2013;73:1015–1023.

57. Olivier M, Killian S, Chiliza B et al. Cognitive perfor-
mance during the first year of treatment in first-episode
schizophrenia: a case-control study. Psychol Med 2015;
45:2873–2883.

58. Penad�es R, Catal�an R, Salamero M et al. Cognitive reme-
diation therapy for outpatients with chronic schizophre-
nia: a controlled and randomized study. Schizophr Res
2006;87:323–331.

59. Garrido G, Barrios M, Penad�es R et al. Computer-assisted
cognitive remediation therapy: cognition, self-esteem and
quality of life in schizophrenia. Schizophr Res 2013;150:
563–569.

60. Ehrenreich H, Hinze-Selch D, Stawicki S et al. Improve-
ment of cognitive funcions in chronic schizophrenic
patients by recombinant human erythropoietin. Mol Psy-
chiatry 2007;12:206–220.

61. Miskowiak KW, Ehrenreich H, Christensen EM, Kessing

LV, Vinberg M. Recombinant human erythropoietin to
target cognitive dysfunction in bipolar disorder: a double-
blind, randomized, placebo-controlled phase 2 trial. J
Clinic Psychiatry 2014;75:1347–1355.

62. Bowie CR, Grossman M, Gupta M, Holshausen K, Best

MW. Action-based cognitive remediation for individuals
with serious mental illnesses: effects of real-world simula-
tions and goal setting on functional and vocational out-
comes. Psychiatr Rehabil J 2017;40:53–60.

63. Vieta E, Torrent C. Functional remediation: the pathway
from remission to recovery in bipolar disorder. World Psy-
chiatry 2016;15:288–289.

64. Bonnin CM, Reinares M, Mart�ınez-Ar�an A et al. Effects of
functional remediation on neurocognitively impaired
bipolar patients: enhancement of verbal memory. Psychol
Med 2016;46:291–301.

65. Bonnin CM, Torrent C, Arango C et al. Functional reme-
diation in bipolar disorder: 1-year follow-up of neurocog-
nitive and functional outcome. Br J Psychiatry
2016;208:87–93.

66. Ihle A, Oris M, Fagot D, Maggiori C, Kliegel M. The
association of educational attainment, cognitive level of
job, and leisure activities during the course of adult-
hood with cognitive performance in old age: the role of
openness to experience. Int Psychogeriatr 2016;28:733–
740.

67. Willis K, Hakim A. Stroke prevention and cognitive
reserve: emerging approaches to modifying risk and delay-
ing onset of dementia. Front Neurol 2013;4:13.

68. Penad�es R, Catal�an R, Pujol N, Masana G, Garc�ıa-Rizo C,
Bernardo M. The integration of cognitive remediation
therapy into the whole psychosocial rehabilitation process:
an evidence-based and person-centered approach. Rehabil
Res Pract 2012;2012:386895. [Epub ahead of print].
https://doi.org/10.1155/2012/386895

69. Vieta E. Staging and early intervention in bipolar disorder.
Lancet Psychiatry 2015;2:483–485.

70. Sol�e B, Jim�enez E, Torrent C et al. Cognitive impairment
in bipolar disorder: treatment and prevention strategies.
Int J Neuropsychopharmacol 2017;20:670–680.

71. Arango C, Bernardo M, Bonet P et al. When the health-
care does not follow the evidence: the case of the lack of
early intervention programs for psychosis in Spain. Rev
Psiquiatr Salud Ment 2017;10:78–86.

72. Vieta E, Salagre E, Grande I et al. Early intervention in
bipolar disorder. Am J Psychiatry 2018;175:411–426.

73. Heslin M, Lomas B, Lappin JM et al. Diagnostic change
10 years after a first episode of psychosis. Psychol Med
2015;45:2757–2769.

74. Fusar-Poli P, Cappucciati M, Rutigliano G et al. Diag-
nostic stability of ICD/DSM first episode psychosis
diagnoses: meta-analysis. Schizophr Bull 2016;42:1395–
1406.

Supporting Information

Additional Supporting Information may be found in the online
version of this article:
Table S1. Principal Component Analysis (PCA) for cognitive
variables.
Table S2. Linear regression with Cognitive Reserve (CR), Glo-
bal Composite Cognitive Score (GCCS) and Premorbid IQ at
2-year follow-up after adjusting for tobacco and cannabis for
healthy controls.

13

Cognitive reserve as an outcome predictor

https://doi.org/10.1016/j.schres.2017.12.006
https://doi.org/10.1017/s0033291717003774
https://doi.org/10.1017/s0033291717003774
https://doi.org/10.1155/2012/386895


Appendix 1
We also would like to thank the authors of the
PEPs group who participated in the development
of this manuscript, namely, M Bioque (Barcelona
Clinic Schizophrenia Unit, Hospital Clinic of Bar-
celona, Neuroscience Institute, University of Bar-
celona, Spain; Biomedical Research Networking
Center for Mental Health Network (CIBERSAM),
Barcelona, Spain; August Pi I Sunyer Biomedical
Research Institute (IDIBAPS), Barcelona, Spain),
A Meseguer (Barcelona Clinic Schizophrenia Unit,
Hospital Clinic of Barcelona, Neuroscience Insti-
tute, University of Barcelona, Spain; Biomedical
Research Networking Center for Mental Health
Network (CIBERSAM), Barcelona, Spain; August
Pi I Sunyer Biomedical Research Institute (IDI-
BAPS), Barcelona, Spain), S Garc�ıa (Biomedical
Research Networking Center for Mental Health
Network (CIBERSAM), Barcelona, Spain; Araba
University Hospital, Bioaraba Research Insti-
tute, Vitoria, Spain; University of the Basque
Country (UPV-EHU), Vitoria, Spain), J Fern�an-
dez (Biomedical Research Networking Center for
Mental Health Network (CIBERSAM), Barce-
lona, Spain; Araba University Hospital, Bioaraba
Research Institute, Vitoria, Spain; University of
the Basque Country (UPV-EHU), Vitoria, Spain),
F Barcones (Biomedical Research Networking
Center for Mental Health Network (CIBERSAM),
Barcelona, Spain; Department of Medicine and
Psychiatry, Zaragoza University, Instituto de
Investigaci�on Sanitaria Arag�on (IIS Arag�on), Zar-
agoza, Spain; Department of Family Medicine,
Hospital Universitario Miguel Servet, Zaragoza),
C De-la-C�amara (Biomedical Research Network-
ing Center for Mental Health Network (CIBER-
SAM), Barcelona, Spain; Department of Medicine
and Psychiatry, Zaragoza University, Instituto de
Investigaci�on Sanitaria Arag�on (IIS Arag�on), Zar-
agoza, Spain), J Sanjuan (Biomedical Research
Networking Center for Mental Health Network
(CIBERSAM), Barcelona, Spain; INCLIVA,
Universidad de Valencia, Hospital Cl�ınico
Universitario de Valencia), EJ Aguilar (Biomedical
Research Networking Center for Mental Health
Network (CIBERSAM), Barcelona, Spain;
INCLIVA, Universidad de Valencia, Hospital
Cl�ınico Universitario de Valencia), PC Garnier
(Department of Psychiatry, Parc de Salut Mar,
Spain), L Morro (Department of Psychiatry, Parc
de Salut Mar, Spain), L Montejo (Barcelona Bipo-
lar Disorders Program, Institute of Neurosciences,
University of Barcelona, Barcelona, Spain), S
Gomes da Costa (Barcelona Bipolar Disorders
Program, Institute of Neurosciences, University of

Barcelona, Barcelona, Spain), I Baeza (Biomedi-
cal Research Networking Center for Mental
Health Network (CIBERSAM), Barcelona, Spain;
Department of Child and Adolescent Psychiatry
and Psychology, Hospital Clinic of Barcelona,
Barcelona, Spain), J Castro-Fornieles (Biomedical
Research Networking Center for Mental Health
Network (CIBERSAM), Barcelona, Spain; August
Pi I Sunyer Biomedical Research Institute (IDI-
BAPS), Barcelona, Spain; Department of Child
and Adolescent Psychiatry and Psychology, Hospi-
tal Clinic of Barcelona, Barcelona, Spain), JM
Menchon (Psychiatry Department, Bellvitge
University Hospital-IDIBELL, L’Hospitalet de
Llobregat, Barcelona, Spain), I Baenas (Psychiatry
Department, Bellvitge University Hospital-IDI-
BELL, L’Hospitalet de Llobregat, Barcelona,
Spain), MP Garc�ıa-Portilla (Department of Psy-
chiatry, School of Medicine, CIBERSAM, Univer-
sity of Oviedo, Spain), M Guti�errez (Biomedical
Research Networking Center for Mental Health
Network (CIBERSAM), Barcelona, Spain; Santi-
ago Ap�ostol University Hospital, Psychiatry/
Bioaraba Research Institute Vitoria – �Alava,
Spain; University of the Basque Country (UPV/
EHU), Department of Neurosciences), R Segarra
(Biomedical Research Networking Center for
Mental Health Network (CIBERSAM), Barce-
lona, Spain, Cruces University Hospital,
BioCruces Health Research Institute, University
of the Basque Country (UPV/EHU) Vizcaya,
Spain), I Morales-Mu~noz (Biomedical Research
Networking Center for Mental Health Network
(CIBERSAM), Barcelona, Spain, Instituto de
Investigaci�on Sanitaria Hospital 12 de Octubre
(imas12), Madrid, Spain), R Rodriguez-Jimenez
(Biomedical Research Networking Center for
Mental Health Network (CIBERSAM), Barce-
lona, Spain, Instituto de Investigaci�on Sanitaria
Hospital 12 de Octubre (imas12), Madrid, Spain),
J Usall (Biomedical Research Networking Center
for Mental Health Network (CIBERSAM), Barce-
lona, Spain, Instituto de Investigaci�on Sanitaria
Hospital 12 de Octubre (imas12), Madrid, Spain),
M Pardo (Child and Adolescent Psychiatry and
Psychology Department, Institut de Recerca Sant
Joan de D�eu, Esplugues de Llobregat, Spain,
Hospital Sant Joan de D�eu Barcelona, Esplugues
de Llobregat, Spain), E Pomarol-Clotet (Biomedi-
cal Research Networking Center for Mental
Health Network (CIBERSAM), Barcelona, Spain;
FIDMAG Germanes Hospital�aries Research
Foundation, Barcelona, Spain; Neuroscience
Research Australia, Sydney, NSW, Australia;
School of Medical Sciences, University of New
South Wales, Sydney, NSW, Australia; ARC

14

Amoretti et al.



Centre of Excellence in Cognition and its Disor-
ders, Sydney, NSW, Australia), R Landin-Romero
(Biomedical Research Networking Center for
Mental Health Network (CIBERSAM), Barce-
lona, Spain; FIDMAG Germanes Hospital�aries
Research Foundation, Barcelona, Spain; Neuro-
science Research Australia, Sydney, NSW,
Australia; School of Medical Sciences, University
of New South Wales, Sydney, NSW, Australia;
ARC Centre of Excellence in Cognition and its
Disorders, Sydney, NSW, Australia), A Ib�anez
(Biomedical Research Networking Center for

Mental Health Network (CIBERSAM), Barce-
lona, Spain; Department of Psychiatry, Hospi-
tal Universitario Ram�on y Cajal, IRYCIS,
Universidad de Alcal�a, Madrid, Spain), R Lor-
ente-Ome~naca (Department of Psychiatry, Com-
plejo Hospitalario de Navarra, Pamplona, Spain;
IdiSNA, Navarra Institute for Health Research,
Pamplona, Spain), V Balanz�a-Mart�ınez (Biomedi-
cal Research Networking Center for Mental
Health Network (CIBERSAM), Barcelona, Spain;
Unitat Docent de Psiquiatria, Departament de
Medicina, Universitat de Val�encia, Spain).

15

Cognitive reserve as an outcome predictor


