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Abstract
The objective of this study is to investigate cognitive performance in a first-episode psycho-
sis sample, when stratifying the interaction by cannabis use and familial or non-familial psy-
chosis. Hierarchical-regression models were used to analyse this association in a sample of
268 first-episode psychosis patients and 237 controls. We found that cannabis use was
associated with worse working memory, regardless of family history. However, cannabis
use was clearly associated with worse cognitive performance in patients with no family his-
tory of psychosis, in cognitive domains including verbal memory, executive function and
global cognitive index, whereas cannabis users with a family history of psychosis performed
better in these domains. The main finding of the study is that there is an interaction between
cannabis use and a family history of psychosis in the areas of verbal memory, executive
function and global cognition: that is, cannabis use is associated with a better performance
in patients with a family history of psychosis and a worse performance in those with no fam-
ily history of psychosis. In order to confirm this hypothesis, future research should explore
the actual expression of the endocannabinoid system in patients with and without a family
history of psychosis.
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Introduction
Cannabis is the most commonly used illicit drug in psychosis [1]. Moreover, it is a controver-
sial drug, with detractors and supporters, which has a high social impact. There is strong evi-
dence that long-term cannabis use is associated with decreased functionality in psychosis [2].
However, recent meta-analyses have also found associations between a history of cannabis use
and improved cognition in psychosis [3,4]. Furthermore, the study by Yücel et al. [4] found
that patients with first-episode psychosis (FEP) and earlier cannabis use had better cognitive
performance than patients with later onset of use. There are also numerous contrasting find-
ings in relation to neurobiological research on cannabis and cognition in psychosis. Whereas
some studies have revealed cognitive impairment [5–10] and deficits in grey matter, lateral
ventricle enlargement, and brain abnormalities [11–13] in FEP cannabis users, other authors
have suggested that FEP related to cannabis use is associated with better cognitive functioning
and fewer brain abnormalities [4,14–16]. In addition to these controversial results, a deleteri-
ous effect of cannabis on cognition has been demonstrated in both animal models [17] and
healthy subjects [18]. However, an increased vulnerability to the deleterious effect of cannabis
on cognition has been found in patients with schizophrenia as compared to healthy controls,
specifically in the memory and learning domains [9]. In contrast, other authors have reported
that FEP patients who used cannabis have lower cognitive impairment relative to healthy con-
trols in relation to visual memory, working memory, planning and reasoning domains [6].
Moreover, shared effects of genetics and family environment have been suggested as influential
in the development of brain structure and cannabis use. Pagliaccio et al. [6] have reported that
cannabis exposure is associated with small subcortical structures in a large sample of normal
twins/siblings discordant for cannabis abuse. However, not only were these variations within
the normal range, they were also primarily attributed to familial factors, rather than to a direct
neurotoxic effect [6]. In respect of cognitive impairment, psychotic patients with a family his-
tory (FH) of psychosis had previously shown worse cognition than patients with no FH of psy-
chosis [19–24].

As the data regarding the relation between cannabis use and cognition are highly controver-
sial, and cognitive deficits are core symptoms of schizophrenia, it was considered possible that
not all cases of psychosis had the same cognitive associations with cannabis use. Therefore, we
focused on FH of psychosis, and split the sample into two different groups according to this
variable: people with FEP and with or without FH of psychosis.

We conducted a study to investigate the associations between cannabis use and cognition in
patients with psychosis, distinguishing the interactions by having a familial vs. no familial his-
tory of psychosis. The specific aims of the study were: 1) to compare cognition between patients
with a family history of psychosis (FH+) and patients with no family history of psychosis (FH-)
as regards cannabis use; 2) to determine the independent effect of cannabis use and the FH of
psychosis on cognition and the interaction between these two factors; and 3) to analyse the
associations between cannabis use and cognition in healthy controls and to compare them with
those in FEP patients.

Materials and Methods
Subjects
This work was part of the “Phenotype-genotype and environmental interaction: application of a
predictive model in first psychotic episodes” study (PEPs study, from its acronym in Spanish)
[25]. Patients were matched with healthy controls by age (±10%), sex and parental socio-eco-
nomic level, and assessed using the Hollingshead-Redlich index of social position [26] (±1 level).
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Patients and controls were required to be fluent in Spanish and to provide informed con-
sent. The clinicians who contributed to recruitment of the sample assessed the capacity of
patients to provide informed consent via a clinical interview. In the cases of patients not able to
provide consent, or of patients who were minors, a legally authorized representative gave con-
sent on behalf of the participants. Moreover, patients were required to have had psychotic
symptoms of less than 12 months’ duration.

Exclusion criteria for patients and controls were: mental retardation according to the
DSM-IV [27] (including both an IQ below 70, as determined using the test described in
Table 1, and poor functionality), a history of head trauma with loss of consciousness, and
organic illness with mental repercussions. Controls were also excluded if they had suffered, or
were suffering, from psychotic disease, were experiencing major depression according to the
DSM-IV [28,29], or had a first-degree family member with a history of psychotic disease.

The study was approved by the following clinical research ethics committees: Araba Univer-
sity Hospital, Hospital Clinic of Barcelona, Gregorio Marañon General University Hospital,
Navarre Hospital Complex, and the centres included in the PEPs Group.

Initially, 335 FEP patients and 253 healthy controls were included in the study. Of these sub-
jects, 69 (53 patients and 16 controls) were excluded for not having completed seven or more
neuropsychological tests. Moreover, 14 patients were excluded because of a lack of data on FH
of psychosis (first- or second-degree). As a result, the final study sample consisted of 268
patients and 237 controls. Patients were distributed into two groups, depending on whether or
not they had an FH of psychosis. A total of 88 patients were FH+, whereas 180 were FH-. For
cognitive comparison, each group was split into two subgroups: one group of cannabis users
(FH- = 73; FH+ = 34; controls = 37) and one group of non-users (FH- = 107; FH+ = 54;
controls = 200).

Data collection
Socio-demographic and clinical data were collected at baseline and cognitive assessment was
performed at two months follow-up, in order to ensure the psychopathologic stability of
patients. The assessment protocol is fully discussed in the paper by Bernardo et al. [25].

The socio-demographic variables included were sex, age, civil (marital) status, educational
background, parental socio-economic status, and occupation.

Adult patients were diagnosed using the SCID-I and II [28], whereas the K-SADS-PL [29]
was used for patients aged below 18 years, in accordance with the DSM-IV criteria. Patients
were classified into three groups according to diagnosis: 1) those with schizophrenia-spectrum
disorders, including schizophrenia, schizoaffective disorders and schizophreniform disorders;
2) those with affective-spectrum disorders, such as bipolar disorder, manic and depressive epi-
sodes; and 3) those with other psychoses, such as substance-induced psychosis, brief psychotic
disorders, and psychoses not otherwise specified.

Pharmacological treatment was also recollected at baseline. Antipsychotic daily doses were
converted to chlorpromazine equivalents [30].

Use of cannabis and other substances (including alcohol and tobacco) was assessed in
patients and healthy controls using the European Adaptation of a Multidimensional Assess-
ment Instrument for Drug and Alcohol Dependence (EuropASI), and was categorized into
four groups (no use, use, abuse and dependence) according to EuropASI scores [31]. Age of first
use was also recorded.

The Family History of Psychosis-Related Disorder (FHPRD) was assessed using a protocol
that evaluated first- and second-degree family history of mental illnesses, according to
DSM-IV criteria. In the case of patients under 18 years of age, at least one adult relative was
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interviewed for each participant. The FHPRD was positive when one or several members of the
family (first- or second-degree) presented a diagnosis of psychotic disorder with delusions or
hallucinations requiring psychiatric treatment.

Cognitive performance was evaluated using the following cognitive domains: processing
speed, attention, verbal memory, working memory, executive function and estimated premor-
bid IQ. A Cognitive Global Index (CGI) was calculated by averaging the scores of the cognitive

Table 1. Development of the cognitive domains.

Cognitive
domain

Neuropsychological subtests Description of test used for cognitive domain scores

Estimated
premorbid IQ

Vocabulary subtest of WAIS-IIIa/
WISC-IVb

Give oral definitions for words. Measure: direct score and standardized score.Estimated
premorbid IQ is calculated from the standardized score: (SS × 5) + 50.

Processing speed Trail Making Testc-form A Connect in proper order, by making pencil lines, 25 encircled numbers randomly arranged
on a page.Measure: time to complete this (form A)

Stroop Test word and colour conditiond Read the words and the colours of a series of XXXX as quickly as possible in 45 s.
Measure: number of items completed.

Attention CPT-IIe Respond to a series of letters on a computer screen by pressing a key when you detect
letters other than the letter “X”. The assessment contains six blocks that vary in the rate of
submission of the letters. Measure: mean response sensitivity (D-prime).

Verbal memory TAVECf Recall as many words as possible from a list of 16 words read aloud by the tester. The
procedure is repeated five times, and recall is tested immediately and after a delay.
Measure: total number of words recalled after the five trials, immediately and delayed.

Working memory Digit Span subtest of the WAIS-IIIa/
WISC-IVb

Repeat a number sequence in the same and order as presented and in reverse. Measure:
total number of series correctly repeated forwards, backwards, and the sum of both.

Letter and number sequencing of the
WAIS-IIIa/ WISC-IVb

Listen to a combination of numbers and letters read aloud by the tester and reorganize the
sequence, listing first the numbers in ascending order and then the letters in alphabetical
order. Measure: number of correct sequences.

Executive
function

FAS testg Generate as many words as possible beginning with F, A and S, in three separate trials of
60 s. Measure: the sum of all correct responses

Animal wordsh Produce as many animal names as possible in a 1-min period. Measure: number of correct
responses.

Trail Making Testc-form B Draw lines connecting characters, alternating sequentially between numbers and letters.
Measure: time to complete this (form B), B/A ratio (time to complete form B divided by time
to complete form A).

WCSTi Complete a complex task of categorization set shifting, and respond to feedback from the
computer.Measure: number of completed categories and percentage of conceptual
responses, total errors and perseverative errors.

Stroop Testd- interference condition Name the colour in which the colour names are printed, disregarding their verbal content.
Measure: Interference Index (WC −WxC /W+ C).

Cognitive Global
Index

Processing speed A Global Cognitive Index score was calculated by averaging scores for all cognitive
domains, except the estimated premorbid IQ.Attention

Verbal memory

Working memory

Executive function

aWechsler Adult Intelligence Scale III (WAIS-III) [33].
bWechsler intelligence Scale for children-IV (WISC-IV) [34].
cTrail Making Test [35].
dStroop Test [36].
eConners’ Continuous Performance Test (CPT-II) [37].
fTest de Aprendizaje Verbal España-Complutense (TAVEC) [38].
gControlled Oral Word Association Test (FAS test) [39].
hAnimal words [40].
iWisconsin Card Sorting Test (WCST) [41].

doi:10.1371/journal.pone.0160949.t001
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domains, except the estimated premorbid IQ, which was used as an adjustment variable in the
statistical analyses. Development of these domains is reported in the papers by Bernardo et al.
[25] and Cuesta et al. [32] (Table 1).

Statistical Analyses
Differences in socio-demographic variables between FH+ and FH- patients and healthy con-
trols were analysed using one-way ANOVA tests for continuous variables and the Chi-Squared
test for categorical variables. For those significant differences between groups, a post-hoc anal-
ysis was performed.

With regard to cognitive measures, Z-scores were derived, based on the means and standard
deviations of the control group to standardize the different measurement scales used in the neuro-
psychological tests. Composite scores for cognitive domains represented by more than one mea-
sure were calculated by taking the mean of all the Z-scores included in each cognitive domain.
Cronbach’s alpha was calculated to assess the internal consistency of the composite scores, and
gave a value of 0.84 for the processing speed domain, 0.82 for verbal memory, 0.73 for working
memory and 0.76 for executive function. Since all coefficients indicate moderate reliability, we
decided to use these domains to analyse the relationship between cannabis use and cognition.

One-way ANOVA tests were performed to assess differences in patient cognition between
groups of cannabis users (no use, use, abuse and dependence) with/without FH of psychosis.
Subsequently, Bonferroni post-hoc tests were used to determine the groups for which differ-
ences in ANOVA tests were found. Differences between controls with/without cannabis use at
baseline were compared using Student’s t-test for independent samples.

Hierarchical-regression models were developed to assess the association between FH of psy-
chosis, cannabis use and cognition. Cognitive domains were taken as dependent variables in
these models. Cannabis use at baseline (presence/absence) and the subject variable (FH+

patient, FH- patient, controls) were introduced as independent variables. In addition, the inter-
action between cannabis use and subject variable was also considered in order to assess the
combined effect of these variables on cognition. We identified the following variables as poten-
tial confounders: sex, age, occupation, educational level, civil status, alcohol and tobacco con-
sumption, and IQ, and, after verifying the independence of significant potential confounders
(occupation, educational level, alcohol, tobacco consumption and estimated premorbid IQ),
the models were finally adjusted for estimated premorbid IQ and alcohol consumption.

To facilitate interpretation and comparison of groups in the hierarchical-regression models
developed to analyse the cognitive domains, FH- patients were used as the reference group,
while, for cannabis use at baseline, non-user patients was the reference category.

All statistical analyses were performed using the R statistical package, version 3.1.2 [42].

Results
Baseline characteristics
The baseline characteristics for controls and FH+ and FH- patients are summarized in Table 2.
Patients (FH+ and FH-) were less likely to have a university education (P<0.001) and were more
likely to be tobacco (P<0.001) and cannabis users than were controls (P<0.001). In contrast, con-
trols were more commonly active workers (46% vs. 19.5% and 12.8%, respectively, P<0.001) and
alcohol users (65% vs. 48.2% and 47.9%, respectively, P<0.001). Statistically significant differences
were also found between controls and patients in respect of estimated premorbid IQ (P<0.001),
with FH+ patients having the lowest scores and close to 16 points below that for controls. In the
post-hoc analysis, all the significant differences were between patients (FH+ and FH-) and con-
trols. Moreover, a comparison of estimated premorbid IQ between cannabis users and non-users
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showed that the latter group had a significantly higher IQ than patients who were cannabis users.
On analysis, this relationship was only found to be significant in the FH- group. Finally, antipsy-
chotic doses for both groups were compared, and there were no significant differences.

Neuropsychological results
S1 Table shows the Z-scores for the cognitive domains for each group, depending on cannabis
use and FH of psychosis.

Statistically significant associations were found in all cognitive domains, except for Atten-
tion in regression models. The results are summarized in Table 3 and Fig 1. Fig 2 shows the
interactions between subjects and cannabis use in the domains in which a statistically signifi-
cant interaction was found.

Controls had better scores than FH- patients for the processing-speed domain, while FH+
patients were the worst group, with the lowest scores. Cannabis use had no impact on any group.

A significant interaction between cannabis use and the subject-type variable was obtained
for the verbal memory domain. As a consequence, whereas controls attained the best values in
this domain, the group of FH+ cannabis users had the best estimated score amongst patients,
while FH+ non cannabis users had the worst score (Fig 2).

Both cannabis use and FH were significantly related to inferior working memory, although
their interaction was not significantly associated with this domain. As a consequence, cannabis
users (regardless of whether they were patients or controls) had lower scores in this domain
than did non-users. The same occurred with FH+ patients, who had worse scores than FH-

ones (regardless of whether or not cannabis was used) (Fig 3).
With regard to executive function, a statistically significant interaction with cannabis use

was obtained in FH+/FH- patients (Table 3). The group with the best estimated scores in this
domain was that of FH- non-cannabis users, whereas FH+ non-user patients had the worst esti-
mated executive function. The control group had the highest scores, irrespective of cannabis
consumption (Fig 2).

Finally, both cannabis use and the subject-type variable interacted significantly in the Global
Cognitive Index (GCI) domain (Table 3). Indeed, as was the case with the executive-function

Table 2. Baseline characteristics of controls and FH+ and FH- patients.

FH+ patients (n = 88) FH- patients (n = 180) Controls (n = 237) Statistic

Sex Female 30 (34.1%) 54 (30%) 84 (35.4%) X2 = 1.75, P = 0.417

Age 24.17 (5.75) 23.47 (5.80) 24.33 (6.43) F = 1.83, P = 0.161

Educational level Primary education 19 (21.6%) 41 (22.8%) 17 (7.2%) X2 = 60.74, P<0.001
Secondary education 57 (64.8%) 112 (62.2%) 119 (50.2%)

University 12 (13.6%) 27 (15%) 101 (42.6%)

Civil status Single 73 (83%) 162 (90%) 200 (84.4%) X2 = 2.48, P = 0.242

Married 6 (6.9%) 11 (6.1%) 19 (8.2%)

Other 9 (10.2%) 7 (3.9%) 18 (7.6%)

Occupation Working 17 (19.5%) 23 (12.8%) 109 (46%) X2 = 94.85, P<0.001
Student 39 (44.8%) 80 (44.4%) 109 (46%)

Other 31 (35.6%) 77 (42.8%) 19 (8%)

Current alcohol use Yes 39 (48.2%) 81 (47.9%) 145 (65%) X2 = 13.91, P = 0.001

Current tobacco use Yes 58 (68.2%) 108 (63.5%) 77 (34.8%) X2 = 43.64, P<0.001
Current cannabis use Yes 34 (38.6%) 73 (43.2%) 37 (16.6%) X2 = 37.25, P<0.001
Estimated premorbid IQ 91.53 (16.56) 92.86 (14.64) 107.48 (14.18) F = 66.37, P<0.001
Antipsychotic dose (mg/day) 592.84 (476.27) 550.26 (431.72) NA t = -0.73, p = 0.467

doi:10.1371/journal.pone.0160949.t002
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domain, FH- patients who did not use cannabis were the patient group with the best estimated
score in the GCI, while FH+ non-cannabis users had the worst estimated score in this domain.
Controls (using cannabis or not) gave the highest scores in the GCI (Fig 2).

Discussion
The two main findings of this study are that cannabis use is associated with inferior working
memory in FEP patients, regardless of having a positive FH for a psychosis-related disorder,
and that cannabis is clearly associated with inferior cognitive performance in FH- patients in
relation to the verbal-memory, executive-function, and GCI domains, while FH+ cannabis
users showed better cognition in these domains. These findings are relevant and have transla-
tional value, because treatment of cannabis use requires different approaches, depending on
FH of psychosis. The association found between cannabis use and cognitive deficits in these
patients varied depending on FH. These results clarify some of the controversies concerning

Table 3. Hierarchical-regressionmodels between subject type, cannabis use and cognition.

Variables in the modela β P-value 95% CI R2

Processing speed Cannabis: users (vs. ref) 0.002 0.990 -0.297, 0.280 0.315

Subject type: FH+ (vs. ref) -0.392 0.012 -0.680, -0.071

Subject type: Controls (vs. ref) 0.626 0.003 0.410, 0.885

Cannabis*Subject type: users*FH+ patients (vs. ref) 0.344 0.170 -0.139, 0.844

Cannabis*Subject type: users*controls (vs. ref) -0.174 0.417 -0.590, 0.248

Attention Cannabis: users (vs. ref) 0.113 0.253 -0.073, 0.308 0.055

Subject type: FH+ (vs. ref) 0.053 0.604 -0.152, 0.247

Subject type: Controls (vs. ref) -0.113 0.160 -0.280, 0.033

Cannabis*Subject type: users*FH+ patients (vs. ref) -0.224 0.187 -0.556, 0.103

Cannabis*Subject type: users*controls (vs. ref) -0.199 0.166 -0.476, 0.082

Verbal memory Cannabis: users (vs. ref) -0.262 0.079 -0.550, 0.036 0.378

Subject type: FH+ (vs. ref) -0.324 0.046 -0.603, 0.004

Subject type: Controls (vs. ref) 0.748 <0.001 0.530, 1.007

Cannabis*Subject type: users*FH+ patients (vs. ref) 0.720 0.004 0.219, 1.211

Cannabis*Subject type: users*controls (vs. ref) -0.096 0.659 -0.528, 0.333

Working memory Cannabis: users (vs. ref) -0.479 0.043 -0.936, -0.019 0.116

Subject type: FH+ (vs. ref) -0.571 0.020 -1.021, -0.066

Subject type: Controls (vs. ref) 0.018 0.927 -0.325, 0.423

Cannabis*subject type: users*FH+ patients (vs. ref) 0.654 0.101 -0.129, 1.427

Cannabis*subject type: users*controls (vs. ref) 0.260 0.447 -0.417, 0.916

Executive Function Cannabis: users (vs. ref) -0.171 0.019 -0.305, -0.018 0.266

Subject type: FH+ (vs. ref) -0.208 0.005 -0.342, -0.051

Subject type: controls (vs. ref) 0.159 0.007 0.062, 0.294

Cannabis*subject type: users*FH+ patients (vs. ref) 0.224 0.047 0.007, 0.476

Cannabis*subject type: users*controls (vs. ref) 0.175 0.091 -0.045, 0.363

Cognitive global Index Cannabis: users (vs. ref) -0.134 0.118 -0.303, 0.034 0.407

Subject type: FH+ (vs. ref) -0.305 <0.001 -0.475, -0.134

Subject type: controls (vs. ref) 0.287 <0.001 0.154, 0.420

Cannabis*subject type: users*FH+ patients (vs. ref) 0.314 0.031 0.029, 0.598

Cannabis*subject type: users*controls (vs. ref) -0.014 0.910 -0.252, 0.225

a Variables in the model: IQ, alcohol at baseline, cannabis use at baseline (yes/no), subject type (FH- patients/ FH+ patients/controls).
References groups: for the use of cannabis at baseline: no use; for the subject type variable: FH- patients.

doi:10.1371/journal.pone.0160949.t003
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the association between cannabis use and cognitive deficits, and should be taken into consider-
ation for the prevention and treatment of these patients.

As shown in Table 3, cannabis users (patients and controls) had worse working memory
and executive function to non-users, when FH was not considered. Acute administration of
THC causes more deleterious cognitive effects in patients with psychosis than in healthy con-
trol subjects [9]. Some studies have found cognitive impairment in FEP cannabis-user patients
compared with control subjects [9] and cognitive deficits in processing speed and verbal mem-
ory [43], along with brain abnormalities [11–13]. In contrast, other authors have reported that
psychosis patients who use cannabis have better cognitive functioning in some domains than
do non-cannabis users [4,14–16], with fewer brain abnormalities and less attention and execu-
tive impairment than patients who have never used cannabis [44].

These conflicting findings are probably mediated by different moderators. Yücel et al. [4]
considered that there is probably a subgroup of cannabis users with psychosis who have better
premorbid adjustment and cognitive performance. Meijer et al. [43] also found that current
cannabis use is associated with poorer cognitive performance, but that lifetime cannabis users
may have a higher cognitive potential. This does not mean that cannabis has a beneficial effect
on cognition; on the contrary, it worsens cognitive performance, although some of these indi-
viduals had better premorbid capacities. Our study was performed on FEP, and all patients
were included at the same time, consequently limiting the possible moderating effect of time.

According to Van Winkel et al. [10], the deleterious effect of cannabis use on cognition in
patients with psychosis may be moderated by the AKT1 gene. These authors showed that can-
nabis-user patients who carried the CC variant in the AKT1 gene performed worse in attention

Fig 1. Graphical representation of the regression models.

doi:10.1371/journal.pone.0160949.g001
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tests than patients with this genotype who did not use cannabis, whereas cannabis users with
the TT variant in AKT1 performed as well as, or better than, cannabis non-users [45]. We have
not attempted to identify genetic differences amongst our patients in this study.

The different interaction of cannabis use depending on the FH of psychosis has not been
demonstrated previously. Although we cannot state causal relationships, this interaction is suf-
ficiently large as to be unlikely to be due to chance. This suggests that the FH-cannabis interac-
tion affects more complex cognitive functions (for example, executive function), which depend
on multiple cognitive processes, more than it does basic functions (for example, attention).
These data support previous studies on cognition and cannabis use in patients with schizophre-
nia [7,8]. However, FH+ cannabis users show better functioning in complex cognitive domains,
as reported in recent meta-analyses [4]. This finding must be interpreted with caution because,
considering the data as a whole, cannabis use is associated with worse working memory regard-
less of having FH of psychosis or not. Our findings do not support the idea of better cognitive
performance in patients with cannabis use; rather, they suggest an FH of psychosis as a possible
factor contributing to the controversial results found in the literature.

A possible explanation for the differential effects of cannabis depending on FH in patients
could be a distinct effect of cannabis compounds on the central nervous system of FH+

patients. Although the endocannabinoid system is involved in the development of cognitive
deficits associated with cannabis use and schizophrenia [46], it is well known that cannabidiol

Fig 2. Statistically significant interactions between cannabis use and subject type.

doi:10.1371/journal.pone.0160949.g002
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(CBD) and tetrahydrocannabinol (THC) have opposing effects in various brain structures
involved in psychiatric disorders, notably the striatum, cingulate, prefrontal cortex, hippocam-
pus and amygdala. CBD might protect neurons against the possible neurotoxic effects of THC,
meaning that it could inhibit the cognitive and psychotomimetic effects of THC. Moreover,
CBD has been found to protect users against both psychotic symptoms and memory
impairment [47]. One possible explanation for our findings is that the protective role of CBD is
expressed better in FH+ patients than in FH- ones. Future research could explore the real
expression of the endocannabinoid system in FH+ and FH- patients to confirm this hypothesis.
Our findings suggest that FH is an important factor to consider when studying the effects of
cannabis on cognition. Our results support some differences in cognitive deficits when taking
into account cannabis use and FH. Cannabis and FH are separately associated with poorer cog-
nitive functioning, while their interaction has no significant effects on cognition and impacts
differently depending on whether FH is present or not.

When comparing cognition without considering cannabis use, FH+ patients had worse CGI,
processing speed, verbal and working memory, and executive function than FH- patients. Pre-
vious studies have shown that FH+ patients have greater cognitive deficits [19–24]. Moreover,
some research has shown that FH+ patients and patients with a high clinical risk of psychosis
have cognitive deficits, and that co-occurring attenuated symptoms and genetic risk are related
to more severe cognitive deficits [20,48]. Bora et al. [20] suggested that cognitive impairment

Fig 3. Association between cannabis use and workingmemory.

doi:10.1371/journal.pone.0160949.g003
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might predate the onset of FEP and could be genetically transmitted in some patients. In fact,
there is evidence of cognitive impairment in relatives of patients with psychosis [49–55]. In a
study performed by Gur et al. [53], unaffected offspring, monozygotic and dizygotic co-twins,
and other relatives, had deficits in episodic memory, working memory, and attention. Cogni-
tive deficits have also been found in siblings when compared to healthy control subjects [56,57]
and in the offspring of patients with schizophrenia [23,53]. Other studies that have compared
IQ in patients with and without FH have also found that both patients and their relatives had
lower global IQ than healthy controls [19,21–23], while patients with no affected relatives had
higher estimated premorbid IQ [58]. A recent study conducted by Derks et al. [59] concluded
that FH+ patients showed more positive symptoms than FH- patients, but no differences were
found as regards IQ, cannabis abuse, or age at onset. In our sample of FEP patients, patients
with and without FH also had a poorer estimated premorbid IQ than healthy controls; there
were no differences between patient groups.

This study has several strengths. First, it is a multi-centre study that includes a large sample
of patients and controls recruited in multiple Spanish psychiatric admission centres for acute
psychosis, meaning that generalizability of the results is ensured. Second, the study comprised
child and adolescent patients, in addition to adults. This wide age window allows the collection
of a more representative sample, with an average age (23.63±5.9) lower than that for other
studies with large FEP cohorts (OPUS trial: 26.6±6.4; EUFEST trial: 26±5.6), which did not
include child and adolescent patients [60,61]. Third, unlike other FEP studies, such as EUFEST
[62,63], the neuropsychological battery used was extensive and covered the areas proposed by
the NIMH-MATRICS consensus (except visual memory) [64,65].

Nevertheless, this study has some limitations that must be taken into account when inter-
preting the findings. These limitations include the naturalistic setting of the study, from which
causal inferences cannot be drawn. A further limitation is that it would be necessary to assess
patients during follow-up to ensure longitudinal stability. Although one of the inclusion crite-
ria was that the control group did not have FH, it would be interesting to consider an FH+ con-
trol group. It has also been assumed that various combinations of FH carry equivalent genetic
loadings. However, patients could have different genetic loadings (one vs. multiple family
members affected). Another limitation is that type of cannabis use was not measured. Finally,
future studies should analyse cognition in relatives of patients, in addition to the relationship
between cognition, FH of psychosis, and extent of cannabis use.

Although further studies are required to improve the understanding of the influence of FH
on the association between cannabis use and cognition in FEP patients, our findings show that
cannabis use is associated with better performance in patients with an FH of psychosis and a
worse performance in those with no FH of psychosis in the verbal-memory, executive-function
and global-cognition domains.

Supporting Information
S1 Table. Cognitive domain scores depending on having family history and on cannabis
use at baseline.
(DOC)

Acknowledgments
We would like to thank the following institutions: the Spanish Ministry of Economy and Com-
petitiveness (Ref. ISCIII 2009–2011:PI 080208), the Instituto de Salud Carlos III-European
Fund for Regional Development (PI10/01430, PI10/01746, PI11/01977, PI11/02708, 2011/

Cannabis, Family and Psychosis

PLOS ONE | DOI:10.1371/journal.pone.0160949 August 11, 2016 11 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0160949.s001


1064, PI12/02077, PI13/02252, PI13/00451 and PI14/01900, PI11/02831), the Centre for Bio-
medical Research in the Mental Health Network (CIBERSAM), the Health Department of the
Government of Navarre (11/101 and 87/2014), the Government of Catalonia, Secretaria d’Uni-
versitats i Recerca del Departament d’Economia i Coneixement (2014SGR441), the Contract
FI-DGR-2013 from the Agència de Gestió d’Ajuts Universitaris i de Recerca, AGAUR (2015
FI_B2 00100 to GM), the Esther Koplowitz Centre (Barcelona), local grants from the Depart-
ment of Education, Linguistic Policy and Culture of the Basque Country Government, the Bas-
que Foundation for Health Innovation and Research (BIOEF), Madrid Regional Government
(S2010/BMD-2422 AGES), European Union Structural Funds and European Union Seventh
Framework Program under grant agreements FP7-HEALTH-2009-2.2.1-2-241909 (Project
EU-GEI), FP7-HEALTH-2009-2.2.1-3-242114 (Project OPTiMISE), FP7- HEALTH-2013-
2.2.1-2-603196 (Project PSYSCAN) and FP7-HEALTH-2013-2.2.1-2-602478 (Project
METSY); Alicia Koplowitz Foundation, Mutua Madrileña Foundation and the University of
the Basque Country (GIC10/80, GIC12/84). The psychiatric research department at Araba
University Hospital is supported by the Stanley Research Foundation (03-RC-003).

We also would like to thank the authors of the PEPs group who participated in the develop-
ment of this manuscript, namely, Amaia Ugarte1,2, Miryam Fernández1,2, Gisela Mezquida3,
Ana Meseguer3, Eduard Vieta1,12, Carla Torrent1,12, Fernando Contreras1,11, Auria Alba-
cete1,11, Anna Alonso-Solís1,5, Mireia Rabella5, Lucía Moreno-Izco9, Judith Usall1,10, Anna But-
josa1,10, Ángela Ibáñez1,13, Julio Bobes1,14, Susana Al-Halabí1,14,15, Mª Teresa Zapata-
Usábel7,8,16, Isabel Laporta-Herrero7,16, Vicent Balanzá-Martínez1,17, Daniel Bergé1,18, Anna
Mané1,18, Roberto Rodriguez-Jimenez1,19, Isabel Morales-Muñoz1,19, Miguel Gutierrez1,20, Ara-
ntzazu Zabala1,20, Salvador Sarró1,21, Ramón Landin-Romero1,21, Elena de la Serna, Inmacu-
lada Baeza1,22, Mara Parellada1,6, Ana Espliego6, Julio San Juan1,23 and Eduardo Aguilar.1,23

PEPs Group Affiliations
10 Research Unit, Parc Sanitari Sant Joan de Déu, Universitat de Barcelona (UB), Sant Boi de
Llobregat, Barcelona, Spain.

11 Psychiatry Department, Bellvitge University Hospital-IDIBELL, Barcelona, Spain;
Department of Clinical Sciences, School of Medicine, University of Barcelona, Barcelona, Spain.

12 Bipolar Disorders Unit, Hospital Clinic, University of Barcelona, IDIBAPS, Barcelona, Spain.
13 Psychiatry Department, Ramón y Cajal Health Research Institute (IRyCIS), Ramón y

Cajal Hospital, University of Alcalá, Madrid, Spain.14 Psychiatry Department, University of
Oviedo, Oviedo, Spain.

15 Institute of Neurosciences of the Principality of Asturias, INEUROPA, Oviedo, Spain.
16 Psychiatry Department, University Clinical Hospital, Zaragoza, Spain.
17 Teaching Unit of Psychiatry, Department of Medicine, School of Medicine, La Fe Univer-

sity and Polytechnic Hospital, University of Valencia, ISNPR, Valencia, Spain.
18 Hospital del Mar Medical Research Institute (IMIM), Barcelona, Spain.
19 12 de Octubre Hospital Research Institute (i+12), Madrid, Spain.
20 University of the Basque Country, Bilbao, Spain.
21 FIDMAG Hermanas Hospitalarias Research Foundation, Barcelona, Spain.
22 Child and Adolescent Psychiatry Service, Hospital Clinic of Barcelona, Barcelona, Spain.
23 Clinic Hospital (INCLIVA), Valencia, Spain.

Author Contributions

Conceptualization: AGPM. Bernardo MJC.

Cannabis, Family and Psychosis

PLOS ONE | DOI:10.1371/journal.pone.0160949 August 11, 2016 12 / 16

http://www.google.es/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=1&amp;cad=rja&amp;uact=8&amp;ved=0CCMQFjAAahUKEwjurrG0r_vHAhWFWBQKHcjgCwY&amp;url=http%3A%2F%2Fwww.uniovi.es%2Fen%2Frecursos%2Fcentros%2Fineuropa&amp;usg=AFQjCNE8bjF20vOZu9-E5OvVzZOFVMWb6g&amp;bvm=bv.102829193,d.d24


Formal analysis: SA.

Investigation: AGP IGO SA SRAM. Bernardo M. Bioque BC IC CA AL AMSMJC PEPG.

Methodology: AGP SAMJC M. Bernardo.

Supervision: AGP CAMJC M. Bernardo.

Writing - original draft: AGP IGO SA.

Writing - review & editing: AGP IGO SA SRAM. Bernardo M. Bioque BC IC CA AL AMS
MJC.

References
1. González-Pinto A, Alberich S, Barbeito S, Alonso M, Vieta E, Martínez-Arán A, et al. Different profile of

substance abuse in relation to predominant polarity in bipolar disorder: the Vitoria long-term follow-up
study. J Affective Disorders. 2010; 124: 250–255.

2. González-Pinto A, Alberich S, Barbeito S, Gutierrez M, Vega P, Ibáñez B, et al. Cannabis and first-epi-
sode psychosis: different long-term outcomes depending on continued or discontinued use. Schizophr
Bull. 2011; 37: 631–639. doi: 10.1093/schbul/sbp126 PMID: 19915168

3. Rabin RA, Zakzanis KK, George TP. The effects of cannabis use on neurocognition in schizophrenia: a
meta-analysis. Schizophr Res. 2011; 128: 111–116. doi: 10.1016/j.schres.2011.02.017 PMID:
21420282

4. Yücel M, Bora E, Lubman DI, Solowij N, Brewer WJ, Cotton SM, et al. The impact of cannabis use on
cognitive functioning in patients with schizophrenia: a meta-analysis of existing findings and new data
in a first-episode sample. Schizophr Bull. 2012; 38: 316–330. doi: 10.1093/schbul/sbq079 PMID:
20660494

5. Ringen PA, Vaskinn A, Sundet K, Engh JA, Jonsdottir H, Simonsen C, et al. Opposite relationships
between cannabis use and neurocognitive functioning in bipolar disorder and schizophrenia. Psychol
Med. 2010; 40: 1337–1347. doi: 10.1017/S0033291709991620 PMID: 19891810

6. Pagliaccio D, Barch DM, Bogdan R, Wood PK, Lynskey MT, Heath AC, et al. Shared predisposition in
the association between cannabis use and subcortical brain structure. AMA Psychiatry. 2015; 72:
994–1001.

7. Smith MJ, Cobia DJ, Wang L, Alpert KI, Cronenwett WJ, GoldmanMB, et al. Cannabis-related working
memory deficits and associated subcortical morphological differences in healthy individuals and
schizophrenia subjects. Schizophr Bull. 2014; 40: 287–299. doi: 10.1093/schbul/sbt176 PMID:
24342821

8. Solowij N, Walterfang M, Lubman DI, Whittle S, Lorenzetti V, Styner M, et al. Alteration to hippocampal
shape in cannabis users with and without schizophrenia. Schizophr Res. 2013; 143: 179–184. doi: 10.
1016/j.schres.2012.10.040 PMID: 23201308

9. D'Souza DC, Abi-SaabWM, Madonick S, Forselius-Bielen K, Doersch A, Braley G, et al. Delta-9-tetra-
hydrocannabinol effects in schizophrenia: implications for cognition, psychosis, and addiction. Biol Psy-
chiatry. 2005; 57: 594–608. PMID: 15780846

10. VanWinkel R, van Beveren NJM, Simons C. The genetic risk and outcome of psychosis (GROUP)
investigators: AKT1 moderation of cannabis-induced cognitive alterations in psychotic disorder. Neu-
ropsychopharmacology. 2011; 36: 2529–2537. doi: 10.1038/npp.2011.141 PMID: 21775978

11. Rapp C, Bugra H, Riecher-Rössler A, Tamagni C, Borgwardt S. Effects of cannabis use on human
brain structure in psychosis: a systematic review combining in vivo structural neuroimaging and post
mortem studies. Curr Pharm Des. 2012; 18: 5070–5080. PMID: 22716152

12. Rais M, CahnW, Van Haren N, Schnack H, Caspers E, Hulshoff Pol H, et al. Excessive brain volume
loss over time in cannabis-using first-episode schizophrenia patients. Am J Psychiatry. 2008; 165:
490–496. doi: 10.1176/appi.ajp.2007.07071110 PMID: 18281413

13. Rais M, van Haren NE, CahnW, Schnack HG, Lepage C, Collins L, et al. Cannabis use and progres-
sive cortical thickness loss in areas rich in CB1 receptors during the first five years of schizophrenia.
Eur Neuropsychopharmacol.2010; 20: 855–65. doi: 10.1016/j.euroneuro.2010.08.008 PMID:
20863671

14. Rodríguez-Sánchez JM, Ayesa-Arriola R, Mata I, Moreno-Call T, Perez-Iglesias R, González-Blanch
C, et al. Cannabis use and cognitive functioning in first-episode schizophrenia patients. Schizophr Res.
2010; 124: 142–151. doi: 10.1016/j.schres.2010.08.017 PMID: 20826079

Cannabis, Family and Psychosis

PLOS ONE | DOI:10.1371/journal.pone.0160949 August 11, 2016 13 / 16

http://dx.doi.org/10.1093/schbul/sbp126
http://www.ncbi.nlm.nih.gov/pubmed/19915168
http://dx.doi.org/10.1016/j.schres.2011.02.017
http://www.ncbi.nlm.nih.gov/pubmed/21420282
http://dx.doi.org/10.1093/schbul/sbq079
http://www.ncbi.nlm.nih.gov/pubmed/20660494
http://dx.doi.org/10.1017/S0033291709991620
http://www.ncbi.nlm.nih.gov/pubmed/19891810
http://dx.doi.org/10.1093/schbul/sbt176
http://www.ncbi.nlm.nih.gov/pubmed/24342821
http://dx.doi.org/10.1016/j.schres.2012.10.040
http://dx.doi.org/10.1016/j.schres.2012.10.040
http://www.ncbi.nlm.nih.gov/pubmed/23201308
http://www.ncbi.nlm.nih.gov/pubmed/15780846
http://dx.doi.org/10.1038/npp.2011.141
http://www.ncbi.nlm.nih.gov/pubmed/21775978
http://www.ncbi.nlm.nih.gov/pubmed/22716152
http://dx.doi.org/10.1176/appi.ajp.2007.07071110
http://www.ncbi.nlm.nih.gov/pubmed/18281413
http://dx.doi.org/10.1016/j.euroneuro.2010.08.008
http://www.ncbi.nlm.nih.gov/pubmed/20863671
http://dx.doi.org/10.1016/j.schres.2010.08.017
http://www.ncbi.nlm.nih.gov/pubmed/20826079


15. Arnold C, Allott K, Farhall J, Killackey E, Cotton S. Neurocognitive and social cognitive predictors of
cannabis use in first-episode psychosis. Schizophr Res. 2015; 168: 231–237. doi: 10.1016/j.schres.
2015.07.051 PMID: 26260081

16. Ferraro L, Russo M, O'Connor J, Wiffen BD, Falcone MA, Sideli L, et al. Cannabis users have higher
premorbid IQ than other patients with first onset psychosis. Schizophr Res. 2013; 150: 129–135. doi:
10.1016/j.schres.2013.07.046 PMID: 23958486

17. Zanettini C, Panlilio VL, Aliczki M, Goldberg SR, Haller J, Yasar S. Effects of endocannabinoid system
modulation on cognitive and emotional behavior. Front Behav Neurosci. 2011; 5: 57. doi: 10.3389/
fnbeh.2011.00057 PMID: 21949506

18. Meier MH, Caspi A, Ambler A, Harrington H, Houts R, Keefe RS, et al. Persistent cannabis users show
neuropsychological decline from childhood to midlife. Proc Natl Acad Sci USA. 2012; 109: 2657–2664.

19. Agnew-Blais J, Seidman LJ. Neurocognition in youth and young adults under age 30 at familial risk for
schizophrenia: a quantitative and qualitative review. Cogn Neuropsychiatry. 2013; 18: 44–82. doi: 10.
1080/13546805.2012.676309 PMID: 22998599

20. Bora E, Lin A, Wood SJ, Yung AR, McGorry PD, Pantelis C. Cognitive deficits in youth with familial and
clinical high risk to psychosis: a systematic review and meta-analysis. Acta Psychiatr Scand. 2014;
130: 1–15. doi: 10.1111/acps.12261 PMID: 24611632

21. Eack SM, Mermon DE, Montrose DM, Miewald J, Gur RE, Gur RC, et al. Social cognition deficits
among individuals at familial high risk for schizophrenia. Schizophr Bull. 2010; 36: 1081–1088. doi: 10.
1093/schbul/sbp026 PMID: 19366983

22. Fis NP, Cetin FC, Erturk M, Erdogan E, Dedeoglu C, Yazgan Y. Executive dysfunction in Turkish chil-
dren at high risk for schizophrenia. Eur Child Adolesc Psychiatry. 2008; 17: 424–431. doi: 10.1007/
s00787-008-0684-x PMID: 18427864

23. Maziade M, Rouleau N, Mérette C, Cellard C, Battaglia M, Marino C, et al. Verbal and visual memory
impairments among young offspring and healthy adult relatives of patients with schizophrenia and bipo-
lar disorder: selective generational patterns indicate different developmental trajectories. Schizophr
Bull. 2011; 37: 1218–1228. doi: 10.1093/schbul/sbq026 PMID: 20410238

24. Zilles D, Burke S, Schneider-Axmann T, Falkai P, Gruber O. Diagnosis-specific effect of familial loading
on verbal working memory in schizophrenia. Eur Arch Psychiatry Clin Neurosci. 2009; 259: 309–315.
doi: 10.1007/s00406-009-0001-9 PMID: 19274424

25. Bernardo M, Bioque M, Parellada M, Saiz-Ruiz J, Cuesta MJ, Llerena A, et al. Assessing clinical and
functional outcomes in a gene-environment interaction study in first episode of psychosis (PEPs). Rev
Psiquiatr Salud Ment. 2013; 6: 4–16. doi: 10.1016/j.rpsm.2012.11.001 PMID: 23206389

26. Hollingshead AB, Redlich FC. Class and mental illness. New York: Wiley; 1958.

27. American Psychiatric Association. Diagnostic and statistical manual of mental disorders (DSM-IV),
fourth ed. Washington DC: APA; 1994.

28. First MB, Spitzer R, Gibbon M. Structured clinical interview for DSM-IV Axis I disorders. Washington,
DC: American Psychiatric Press Inc; 1997.

29. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al. Schedule for affective disorders and
schizophrenia for school-age children - present and lifetime version (K-SADS-PL): Initial reliability and
validity data. J Am Acad Child Adolesc Psychiatry. 1997; 36: 980–988. PMID: 9204677

30. Gardner DMMurphy AL, O'Donnell H, Centorrino F, Baldessarini RJ. 2010. International consensus
study of antipsychotic dosing. Am J Psychiatry. 2010; 167: 686–693. doi: 10.1176/appi.ajp.2009.
09060802 PMID: 20360319

31. Kokkevi A, Hartgers C. EuropASI: European adaptation of a multidimensional assessment instrument
for drug and alcohol dependence. Eur Addict Res. 1995; 1: 208–210.

32. Cuesta MJ, Sánchez-Torres AM, Cabrera B, Bioque M, Merchán-Naranjo J, Corripio I, et al. Premorbid
adjustment and clinical correlates of cognitive impairment in first-episode psychosis. The PEPsCog
Study. Schizophr Res.2015; 164: 65–73. doi: 10.1016/j.schres.2015.02.022 PMID: 25819935

33. Wechsler D. Wechsler Adult Intelligence Scale, third ed. (Administration and Scoring Manual). San
Antonio, TX, USA: The Psychological Corporation: 1997.

34. Wechsler D. Wechsler intelligence scale for children-IV (WISC-IV), 4th ed. San Antonio, TX: Psycho-
logical Corporation; 2003.

35. Reitan RM,Wolfson D. The Halstead–Reitan neuropsychological test Battery: therapy and clinical inter-
pretation. Tucson, AZ: Neuropsychological Press; 1985.

36. Golden C. The Stroop color and word test: a manual for clinical and experimental uses. Chicago:
Stoelting Co; 1978.

37. Conners CK. Continuous performance test II. Toronto, Canada: Multi-Health Systems Inc; 2004.

Cannabis, Family and Psychosis

PLOS ONE | DOI:10.1371/journal.pone.0160949 August 11, 2016 14 / 16

http://dx.doi.org/10.1016/j.schres.2015.07.051
http://dx.doi.org/10.1016/j.schres.2015.07.051
http://www.ncbi.nlm.nih.gov/pubmed/26260081
http://dx.doi.org/10.1016/j.schres.2013.07.046
http://www.ncbi.nlm.nih.gov/pubmed/23958486
http://dx.doi.org/10.3389/fnbeh.2011.00057
http://dx.doi.org/10.3389/fnbeh.2011.00057
http://www.ncbi.nlm.nih.gov/pubmed/21949506
http://dx.doi.org/10.1080/13546805.2012.676309
http://dx.doi.org/10.1080/13546805.2012.676309
http://www.ncbi.nlm.nih.gov/pubmed/22998599
http://dx.doi.org/10.1111/acps.12261
http://www.ncbi.nlm.nih.gov/pubmed/24611632
http://dx.doi.org/10.1093/schbul/sbp026
http://dx.doi.org/10.1093/schbul/sbp026
http://www.ncbi.nlm.nih.gov/pubmed/19366983
http://dx.doi.org/10.1007/s00787-008-0684-x
http://dx.doi.org/10.1007/s00787-008-0684-x
http://www.ncbi.nlm.nih.gov/pubmed/18427864
http://dx.doi.org/10.1093/schbul/sbq026
http://www.ncbi.nlm.nih.gov/pubmed/20410238
http://dx.doi.org/10.1007/s00406-009-0001-9
http://www.ncbi.nlm.nih.gov/pubmed/19274424
http://dx.doi.org/10.1016/j.rpsm.2012.11.001
http://www.ncbi.nlm.nih.gov/pubmed/23206389
http://www.ncbi.nlm.nih.gov/pubmed/9204677
http://dx.doi.org/10.1176/appi.ajp.2009.09060802
http://dx.doi.org/10.1176/appi.ajp.2009.09060802
http://www.ncbi.nlm.nih.gov/pubmed/20360319
http://dx.doi.org/10.1016/j.schres.2015.02.022
http://www.ncbi.nlm.nih.gov/pubmed/25819935


38. Benedet MJ, Alejandre MA. Test de aprendizaje verbal España— Complutense (TAVEC). Madrid,
Spain: Tea Ediciones; 1998.

39. Loonstra AS, Tarlow AR, Sellers AH. COWATmetanorms across age, education, and gender. Appl
Neuropsychol. 2001; 8: 161–166. PMID: 11686651

40. Peña-Casanova J. Test Barcelona. Barcelona: Masson; 1990.

41. Heaton RK, Chelune GJ, Talley JL, Kay GG, Curtiss G. Wisconsin card sorting test manual (revised
and expanded). Odessa, FL: PAR Psychological Assessment Resources, Inc; 1993.

42. R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. 2014. URL http://www.R-project.org/.

43. Meijer J, Simons J, Quee P, Verweij K, Genetic Risk and Outcome of Psychosis (GROUP) investiga-
tors. Cognitive alterations in patients with non-affective psychotic disorder and their unaffected siblings
and parents. Acta Psychiatr Scand. 2012; 125: 66–76. doi: 10.1111/j.1600-0447.2011.01777.x PMID:
22013907

44. Cunha PJ, Rosa PG, Ayres AM, Duran FL. Santos LC, Scazufca M, et al. Cannabis use, cognition and
brain structure in first-episode psychosis. Schizophr Res. 2013; 147: 209–215. doi: 10.1016/j.schres.
2013.04.009 PMID: 23672820

45. VanWinkel R, Genetic Risk and Outcome of Psychosis (GROUP) Investigators. Family-based analysis
of genetic variation underlying psychosis-inducing effects of cannabis: sibling analysis and proband fol-
low-up. Arch Gen Psychiatry. 2011; 68: 148–157. doi: 10.1001/archgenpsychiatry.2010.152 PMID:
21041608

46. Bioque M, García-Bueno B, McDowell K, Meseguer A, Saiz PA, Parellada M, et al. Peripheral endocan-
nabinoid system dysregulation in first episodes of psychosis. Neuropsychopharmacology. 2013; 38:
2568–2577. doi: 10.1038/npp.2013.165 PMID: 23822951

47. Robson PJ. Therapeutic potential of cannabinoid medicines. Drug Test Anal. 2014; 6: 24–30. doi: 10.
1002/dta.1529 PMID: 24006213

48. Robles O, Blaxton T, Adami H, Arango C, Thaker G, Gold J. Nonverbal delayed recognition in the rela-
tives of schizophrenia patients with or without schizophrenia spectrum. Biol Psychiatry. 2008; 63: 498–
504. PMID: 17916332

49. Becker TM, Kerns JG, Macdonald AW, Carter CS. Prefrontal dysfunction in first-degree relatives of
schizophrenia patients during a Stroop task. Neuropsychopharmacology. 2008; 33: 2619–2625. doi:
10.1038/sj.npp.1301673 PMID: 18216774

50. Bora E, Yucel M, Pantelis C. Cognitive functioning in schizophrenia, schizoaffective disorder and affec-
tive psychoses: meta-analytic study. Br J Psychiatry. 2009; 195: 475–482. doi: 10.1192/bjp.bp.108.
055731 PMID: 19949193

51. Dickinson D, Goldberg TE, Gold JM, Elvevag B, Weinberger DR. Cognitive factor structure and invari-
ance in people with schizophrenia, their unaffected siblings, and controls. Schizophr Bull. 2011; 37:
1157–1167. doi: 10.1093/schbul/sbq018 PMID: 20351040

52. Greenwood TA, Braff DL, Light GA, Cadenhead KS, Calkins ME, Dobie DJ, et al. Initial heritability anal-
yses of endophenotypic measures for schizophrenia: the Consortium on the Genetics of Schizophre-
nia. Arch Gen Psychiatry. 2007; 64: 1242–1250. PMID: 17984393

53. Gur RE, Nimgaonkar VL, Almasy L, Calkins ME, Ragland JD, Pogue-Geile MF, et al. Neurocognitive
endophenotypes in a multiplex multigenerational family study of schizophrenia. Am J Psychiatry. 2007;
165: 813–819.

54. Hill SK, Reilly JL, Keefe RSE, Gold JM, Bishop JR, Gershon ES, et al. Neuropsychological impairments
in schizophrenia and psychotic bipolar disorder: findings from the Bipolar-Schizophrenia Network on
Intermediate Phenotypes (B-SNIP) Study. Am J Psychiatry. 2013; 170: 1275–1284. doi: 10.1176/appi.
ajp.2013.12101298 PMID: 23771174

55. Zalla T, Joyce C, Szöke A, Schürhoff F, Pillon B, Komano O, et al. Executive dysfunctions as potential
markers of familial vulnerability to bipolar disorder and schizophrenia. Psychiatry Res. 2004; 121: 207–
217. PMID: 14675740

56. GroomMJ, Jackson GM, Calton TG, Andrews HK, Bates AT, Liddle PF, et al. Cognitive deficits in early-
onset schizophrenia spectrum patients and their non-psychotic siblings: a comparison with ADHD.
Schizophr Res. 2008; 99: 85–95. PMID: 18083349

57. Hughes C, Kumari V, Das M, Zachariah E, Ettinger U, Sumich A, et al. Cognitive functioning in siblings
discordant for schizophrenia. Acta Psychiatr Scand. 2005; 111: 185–192. PMID: 15701102

58. Norman RM, Manchanda R, Malla AK, Harricharan R, Northcott S. The significance of family history in
first-episode schizophrenia spectrum disorder. J Nerv Ment Dis. 2007; 195: 846–852. PMID: 18043525

Cannabis, Family and Psychosis

PLOS ONE | DOI:10.1371/journal.pone.0160949 August 11, 2016 15 / 16

http://www.ncbi.nlm.nih.gov/pubmed/11686651
http://www.R-project.org/
http://dx.doi.org/10.1111/j.1600-0447.2011.01777.x
http://www.ncbi.nlm.nih.gov/pubmed/22013907
http://dx.doi.org/10.1016/j.schres.2013.04.009
http://dx.doi.org/10.1016/j.schres.2013.04.009
http://www.ncbi.nlm.nih.gov/pubmed/23672820
http://dx.doi.org/10.1001/archgenpsychiatry.2010.152
http://www.ncbi.nlm.nih.gov/pubmed/21041608
http://dx.doi.org/10.1038/npp.2013.165
http://www.ncbi.nlm.nih.gov/pubmed/23822951
http://dx.doi.org/10.1002/dta.1529
http://dx.doi.org/10.1002/dta.1529
http://www.ncbi.nlm.nih.gov/pubmed/24006213
http://www.ncbi.nlm.nih.gov/pubmed/17916332
http://dx.doi.org/10.1038/sj.npp.1301673
http://www.ncbi.nlm.nih.gov/pubmed/18216774
http://dx.doi.org/10.1192/bjp.bp.108.055731
http://dx.doi.org/10.1192/bjp.bp.108.055731
http://www.ncbi.nlm.nih.gov/pubmed/19949193
http://dx.doi.org/10.1093/schbul/sbq018
http://www.ncbi.nlm.nih.gov/pubmed/20351040
http://www.ncbi.nlm.nih.gov/pubmed/17984393
http://dx.doi.org/10.1176/appi.ajp.2013.12101298
http://dx.doi.org/10.1176/appi.ajp.2013.12101298
http://www.ncbi.nlm.nih.gov/pubmed/23771174
http://www.ncbi.nlm.nih.gov/pubmed/14675740
http://www.ncbi.nlm.nih.gov/pubmed/18083349
http://www.ncbi.nlm.nih.gov/pubmed/15701102
http://www.ncbi.nlm.nih.gov/pubmed/18043525


59. Derks EM, Boks MPM, Vermunt JK, and Genetic Risk and Outcome of Psychosis (GROUP) investiga-
tors. The identification of family subtype based on the assessment of subclinical levels of psychosis in
relatives. BMC Psychiatry. 2012; 12: 71. doi: 10.1186/1471-244X-12-71 PMID: 22759464

60. Bertelsen M, Jeppesen P, Petersen L, Thorup A,Øhlenschlaeger J, le Quach P, et al. Five-year follow-
up of a randomized multicenter trial of intensive early intervention vs. standard treatment for patients
with a first episode of psychotic illness: the OPUS trial. Arch Gen Psychiatry. 2008; 65: 762–771. doi:
10.1001/archpsyc.65.7.762 PMID: 18606949

61. Kahn RS, Fleischhacker WW, Boter H, Davidson M, Davidson M, Vergouwe Y, et al. Effectiveness of
antipsychotic drugs in first episode schizophrenia and schizophreniform disorder: An open randomized
clinical trial. Lancet. 2008; 371: 1085–1097. doi: 10.1016/S0140-6736(08)60486-9 PMID: 18374841

62. Davidson M, Galderisi S, Weiser M, Werbeloff N, Fleischhacker WW, Keefe RS, et al. Cognitive effects
of antipsychotic drugs in first-episode schizophrenia and schizophreniform disorder: a randomized,
open-label clinical trial (EUFEST). Am J Psychiatry. 2009; 166: 675–682. doi: 10.1176/appi.ajp.2008.
08060806 PMID: 19369319

63. Galderisi S, Davidson M, Kahn RS, Mucci A, Boter H, Gheorghe MD, et al. Correlates of cognitive
impairment in first episode schizophrenia: the EUFEST study. Schizophr Res. 2009; 115: 104–114.
doi: 10.1016/j.schres.2009.09.022 PMID: 19822407

64. Kern RS, Nuechterlein KH, Green MF, Baade LE, FentonWS, Gold JM, et al. The MATRICS Consen-
sus Cognitive Battery, part 2: co-norming and standardization. Am J Psychiatry. 2008; 165: 214–220.
doi: 10.1176/appi.ajp.2007.07010043 PMID: 18172018

65. Nuechterlein KH, Green MF, Kern RS, Baade LE, Barch DM, Cohen JD, et al. The MATRICS consen-
sus Cognitive battery, part 1: test selection, reliability, and validity. Am J Psychiatry. 2008; 165: 203–
213. doi: 10.1176/appi.ajp.2007.07010042 PMID: 18172019

Cannabis, Family and Psychosis

PLOS ONE | DOI:10.1371/journal.pone.0160949 August 11, 2016 16 / 16

http://dx.doi.org/10.1186/1471-244X-12-71
http://www.ncbi.nlm.nih.gov/pubmed/22759464
http://dx.doi.org/10.1001/archpsyc.65.7.762
http://www.ncbi.nlm.nih.gov/pubmed/18606949
http://dx.doi.org/10.1016/S0140-6736(08)60486-9
http://www.ncbi.nlm.nih.gov/pubmed/18374841
http://dx.doi.org/10.1176/appi.ajp.2008.08060806
http://dx.doi.org/10.1176/appi.ajp.2008.08060806
http://www.ncbi.nlm.nih.gov/pubmed/19369319
http://dx.doi.org/10.1016/j.schres.2009.09.022
http://www.ncbi.nlm.nih.gov/pubmed/19822407
http://dx.doi.org/10.1176/appi.ajp.2007.07010043
http://www.ncbi.nlm.nih.gov/pubmed/18172018
http://dx.doi.org/10.1176/appi.ajp.2007.07010042
http://www.ncbi.nlm.nih.gov/pubmed/18172019

