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Mental health problems in children and adolescents range from 
10 to 20% of the population (Dray et al., 2017; Polanczyk et al., 
2015). Moreover, these symptoms seem to persist and potentially 
could become more severe with age (McGrath et al., 2016). It is 
well known, for instance, that adolescents with depression are 
more likely to have depression when adults, and are more likely 
to show antisocial behaviors as adults (Agerup et al., 2015). Thus, 
and considering the negative consequences associated with mental 
disorders, public health systems are devoting more and more 
resources to the prevention, detection, and intervention of these 
problems and related phenomena (Fonseca-Pedrero, Pérez-Álvarez 
et al., 2021).

The identifi cation of specifi c correlates for emotional and 
behavioural problems during adolescence and prior to transitioning 

to clinically severe problems, may help us to elucidate risks 
and protective factors, as well as etiological mechanisms and 
developmental pathways that mitigate, delay or even prevent the onset 
of clinical outcomes (Polanczyk et al., 2018). Thus, studies including 
phenotypically characterized samples of children and adolescents 
before they have developed mental health problems are still needed 
in order to incorporate different measures, including genetic, brain, 
psychological, and neurobehavioural markers as well as social and 
cultural factors that may help us to articulate prophylactic and more 
effective interventions (Calkins et al., 2015; Fonseca-Pedrero, 2021). 
In particular, adolescence is a key period of human development 
in which neurodevelopmental changes take place (Spear, 2013). 
Neurodevelopmental changes in the brain (e.g., pre-frontal cortex) 
are related to the development of executive functions (EFs) (e.g., 
decision-making, organization, impulse control, and planning for the 
future) and the emotional system, allowing the refi nement of cognitive, 
social, and emotional skills (Blakemore & Robbins, 2012).

Previous studies have shown the close relation between 
neurocognitive functioning and mental problems in children and 
teenagers (Blanken et al., 2017; Caspi et al., 2020; Hobson et al., 2011). 
For instance, Hobson et al. (2011) found that EFs were associated 
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with the occurrence of internalizing and externalizing problems. It is 
believed that neurocognitive impairments  may be implicated in the 
onset of mental illness (Fusar-Poli et al., 2012; Mewton et al., 2017). 
For example, defi cits in neurocognition were related according to 
Schoemaker et al. (2012) to an increase in disruptive behaviour and 
more externalizing problems in general. In addition, children with 
attentional defi cit hyperactivity disorder children (ADHD) revealed 
problems in inhibition (K. Schoemaker et al., 2014). Similar results 
have been found in psychotic disorders (Fonseca-Pedrero, Debbané 
et al., 2021). For instance, those youths who endorse psychotic 
symptoms are neurocognitively delayed across the age range (Gur et 
al., 2014) and had reduced accuracy and slower speed scores across 
neurocognitive domains (Calkins et al., 2014).

Neurocognitive factors like working memory have been 
proposed to play an important role in processing information 
and decision-making which may lead to impairments in social 
functioning (McQuade et al., 2013). Different studies show that 
there are different neurocognitive profi les linked to internalizing and 
externalizing symptoms. Thus, more externalizing symptoms were 
related to a decrease in attention and executive domains, whereas 
diffi culties in verbal fl uency and memory were associated with 
internalizing symptoms (Blanken et al., 2017). Also, Merikangas 
et al. (2017) found, in a large community-based family study, that 
participants with mood disorders showed poorer social cognition 
and complex cognition, though directionality is as always diffi cult 
to ascertain. Therefore, the study of neurocognitive performance in 
adolescents at risk for mental health problems is relevant in order to 
transcend symptom-based classifi cations and incorporate phenotypic 
biomarkers for integration with psychological problems. 

Considering this background, evaluation combining traditional 
assessment of mental health problems with neurocognition may 
help to create developmental pathways of cognitive development 
in internalizing and externalizing problems (Gur et al., 2014). The 
study of brain-behavior phenotypes in different developmental 
stages can contribute to detecting life course characteristics related 
to psychological vulnerability and so provide tools for staging 
and intervention (Moore et al., 2017). Nonetheless, rigorous 
neuropsychological investigations spanning adolescent mental health 
are limited, and neurobehabioural markers have not been thoroughly 
examined. To date, few studies have investigated a broad cognitive 
profi le in individuals with emotional and behavioural problems. Thus, 
the main goal of this study was to characterize the neurocognitive 
phenotype of adolescents at risk for mental health problems by 
comparing them with low risk-healthy adolescents. Considering 
previous literature, we hypothesized that adolescents at psychometric 
risk would show a wide range of defi cits across neurocognitive 
domains compared to those adolescents at low-risk. Defi cits in 
executive functions and social cognition domains were also expected 
to be higher in those adolescents at risk for mental health problems.

Method

Participants

Stratifi ed random cluster sampling was conducted at the 
classroom level, in an approximate population of 15,000 students. 
Different public and concerted Educational Centers of Compulsory 
Secondary Education and Vocational Training, in addition to 
different socio-economic levels were considered. In order to create 
the different layers, the geographical zone and the educational 

stage were considered. The initial sample was composed of N = 
1881 participants. Those students with a score higher than 3 in 
the Oviedo Infrequency Scale (Fonseca-Pedrero et al., 2009) (n = 
104), older than 19 years (n = 170), or that did not fi nished the rest 
(n = 76) were eliminated. Thus, the sample was composed of 1509 
students, 667 males (44.3%) from 34 educational centers and 98 
classrooms. The mean age was 16.5 years (SD = 1.36), with age 
ranging from 14 to 19 years. The age distribution was as follows: 
14 years (n = 200; 13.3%), 15 years (n = 313; 20.8%), 16 years (n = 
381; 25.3%), 17 years (n = 365; 24.2%), 18 years (n = 174; 11.6%), 
and 19 years (n = 73; 4.8%).

With the aim to compare at high-risk and low-risk adolescents, 
two different groups were established. For the psychometric risk 
group, attending to previous research (Fonseca-Pedrero et al., 2017) 
a SDQ Total diffi culties’ score higher than 20 points was considered 
as indicator of inclusion criterion. Participants who reported a 
diagnosis of past or present mental health disorders were deleted from 
the study. A total of 67 adolescents were selected attending to this 
criterion. With the aim to minimize the infl uence of outliers, z-scores 
lower than -3 and higher than 3 of the computerized neurocognitive 
battery were eliminated from the sample. Thus, a sample of n = 48 
(24 males), with a mean age of 16.2 years old (SD = 1.20) were 
included in the high-risk group. In order to stablish an equivalent 
comparison group, participants from the control individuals were 
randomly selected attending to gender and age parameters of the 
risk group. The sample of the comparison group was comprised of n 
= 48 (24 males), with a mean age of 16.1 years old (SD = 1.19).

Instruments
 
The Penn Computerized Neurocognitive Battery (CNB) (Gur 

et al., 2010, 2012). The CNB is a single computerized battery 
that combines tests from multiples batteries, which is one of its 
main strengths. The CNB was developed with the aim to attend 
to large-scale genomics studies. With the aim to administer the 
CNB, a system developed at University of Pennsylvania (U.S) 
was employed. The CNB takes about one hour to be completed 
and includes 14 different tasks that assess fi ve different domains 
including executive functions (abstraction and mental fl exibility, 
attention, working memory), episodic memory (words, faces, and 
shapes), complex cognition (verbal reasoning, non-verbal reasoning, 
and spatial processing), social cognition (emotion identifi cation, 
emotion intensity differentiation, and age differentiation), and 
sensorimotor speed (motor, sensorimotor). 

The following specifi c task were used: Penn Conditional 
Exclusion Test, The Penn Continuous Performance Test, and 
Letter N-back test were used to assess executive functions. The 
Penn Word Memory Test, the Penn Face Memory Test, and the 
Visual Object Learning Test were used to analyze memory. The 
Children’s version of the Penn Verbal Reasoning Test, Penn Matrix 
Reasoning Test, and the Penn Line Orientation Test were used 
to assess complex cognition. The Penn Emotion Identifi cation 
Test, Penn Emotion Differentiation Test, and the Penn Age 
Differentiation Test were used to analyze social cognition domain. 
The CNB is composed of different neurobehavioural indicators 
and different tasks that are prepared to assure the relation between 
measures in these task and brain systems in children. Moreover, 
previous studies have shown adequate psychometric properties 
(Gur et al., 2012). Aside of those tests developed to only measure 
speed, the other test includes measures of accuracy and speed. 
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Instructions and vocabulary for verbal stimuli were simplifi ed 
from the adult CNB. The Motor Praxis task and Finger Tapping 
Test were evaluated in sensorimotor domain. 

The following platform was used: https://penncnp.med.upenn.
edu/webcnp.pl. According to previous works (Gur et al., 2012; Moore 
et al., 2015) the web based platform for the CNB was established 
with Perl CGI, HTML, a mySQL database and the Apache web 
server; tests were developed by means of Adobe Flash®. Using this 
platform ant tests, the scores are generated automatically.

Adaptation of the battery into Spanish was performed using a back 
translation procedure in accordance with international guidelines 
for translation of psychological measures (Muñiz et al., 2013). A 
panel of experts translated the American English original version of 
the CBN adolescent version into Spanish. Then, another bilingual 
researcher, familiar with American culture, translated this version 
into English. A third panel of researchers compared the two English 
versions (original and translated). All process were supported by the 
Brain Behavior Laboratory, Department of Psychiatry, University 
of Pennsylvania Perelman School of Medicine, Philadelphia (U.S).

The Strengths and Diffi culties Questionnaire (SDQ) (Goodman, 
1997). The SDQ self-reported form, was developed with the 
intention to measure emotional and behavioural problems. A total 
of 25 items, distributed in fi ve subscales composed the SDQ. The 
different subscales are: Emotional symptoms, Conduct problems, 
Hyperactivity, Peer problems, and Prosocial behaviour. The SDQ 
items are presented in a three-option Likert response format (Not 
True = 0, Somewhat True = 1, Certainly True = 2). Consequently, 
the score on each subscale goes from 0 to 10 points. The sum 
of the diffi culties subscales (all of them besides the Prosocial 
behaviour) display the Total diffi culties score. The Spanish version 
(www.sdqinfo.org) of the instrument, validated in previous studies 
(Ortuño-Sierra et al., 2015) was used.

The Oviedo Infrequency Scale (INF-OV) (Fonseca-Pedrero et 
al., 2009). The INF-OV is an instrument developed to determine 
participants responding in a dishonest manner. The INF-OV 
contains a total of 12 items with a 5-point Likert- scale format (1 = 
Completely Disagree; 5 = Completely Agree). The guidelines for test 
construction were attended to develop the instrument. An example 
of items of the INF-OV is: “I know someone that wears glasses”. 
Those students that reveal three or more incorrect responses are 
eliminated from the sample. This measuring instrument has been 
administrated in previous works (Fonseca-Pedrero et al., 2009).

Procedure

The research was approved by the Department of Education of 
the Government of La Rioja and the Ethical Committee of Clinical 
Research of La Rioja (CEICLAR). Administration took place 
under the supervision of the researchers. 

The CNB and self-reports were administered by assessors 
trained in a standard protocol. Thus, those CNB tasks requiring a 
greater cognitive effort (e.g. Matrix reasoning) were either preceded 
or followed either by a break, or a test involving motor speed (e.g., 
fi nger tapping). The CNB order and some other conditions created 
to prevent fatigue and frustration were followed attending to Gur 
et al. (Gur et al., 2012) recommendations and participants were 
offered breaks every 20 minutes approximately. Both measures 
were administered collectively, in groups of 10 to 30 students, 
during normal school hours and in a classroom specially prepared 
for this purpose. Participant were informed about the voluntary 

nature of the study and no incentive was provided for participation. 
Parents or legal guardians gave informed consent for participants 
under 18 years old.

Data analyses

For the present study, raw scores for accuracy and speed for 
each test were calculated and converted then z-transformed to their 
standard equivalents attending to means and standard deviations for 
the entire sample. In order to facilitate interpretation and to make 
it consistent, higher z-scores always refl ect better performance 
(i.e., higher accuracy and shorter responses correspond to higher 
z-scores). As so, response time z-scores were multiplied by -1, so 
that slower response time is refl ected in lower z-scores. 

Descriptive statistics for accuracy, speed, and effi ciency measures 
of the fi ve neurobehavioural domains of the CNB were calculated 
attending to the risk and no-risk mental health status. Second, 
a MANCOVA was performed taking the four neurocognitive 
domains (Executive Function, Memory, Complex Cognition, Social 
Cognition, and sensorimotor in the case of speed) as the dependant 
variables and the two groups derived from the SDQ scores (high-risk 
VS. low-risk) as the fi xed factor. For the analysis, gender and age 
were controlled as covariates that could affect the results. Partial eta 
squared (partial η2) was employed as an effect-size estimate. SPSS 
22.0 was used for data analyses (IBM Corp Released, 2013).

Results

Descriptive statistics for the neurocognitive domains

A total of 96 participants from the community-derived sample 
of adolescents (n= 1509) were selected as high-risk (n = 48) and 
low-risk (n = 48) attending to the SDQ Total diffi culties scores 
(20 points). Descriptive statistics for all the z-scores in the 
neurobehavioural functions attending to accuracy, speed, and 
effi ciency are shown in Table 1.

Table 1
Descriptive statistics for the total sample, the low-risk, and high-risk groups 

(low and high risk for health mental problems)

     Group

Low Risk High Risk Total

Neurobehavioural Domain M SD M SD M SD

Accuracy
Executive Function
Episodic Memory
Complex Cognition
Social Cognition

1.06
1.12
1.19
0.62

0.93
1.28
1.41
1.06

0.09
-0.05
-0.90
-0.03

1.32
1.99
2.28
2.27

0.58
0.53
0.14
0.29

1.24
1.76
2.16
1.79

Speed Domains
Executive Function
Episodic Memory
Complex Cognition
Social Cognition
Sensorimotor

0.63
1.66
0.98
1.45
0.11

1.71
1.88
1.67
1.92
1.02

-0.40
-0.68
-1.22
-1.14
-0.08

1.37
1.99
1.30
1.52
1.04

0.12
0.49
-0.12
0.16
0.02

1.62
2.25
1.85
2.16
1.03

Efi cciency
Executive Function
Episodic Memory
Complex Cognition
Social Cognition

1.69
2.78
2.17
2.07

1.62
2.12
2.52
2.16

-0.31
-0.73
-2.12
-1.16

1.68
2.85
3.01
3.04

0.69
1.03
0.02
0.45

1.92
3.06
3.50
3.08
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Accuracy performance across neurocognitive domains by groups

After controlling for the effects of the participant’s gender 
and age, results of the MANCOVA with the accuracy scores of 
neurocognitive domains as dependent variables and the two groups 
(at-risk vs. low-risk) as fi xed factor, showed a main effect for group 
(λ = 0.706, F

(4,89,000)
 = 9.268, p ≤ 0.001, partial η² = 0.294) (see Table 

2). The ANOVAs revealed statistically signifi cant differences by 
group in Executive Function (F

(1,92)
 = 17.349, p ≤ 0.001, partial η² 

= 0.159), Episodic Memory (F
(1,92)

 = 32.906, p ≤ 0.001, partial η² 
= 0.112), Complex Cognition (F

(1,92)
 = 29.498, p ≤ 0.001, partial η² 

= 0.243), but not for Social Cognition domain (F
(1,92)

 = 3.392, p ≥ 
0.05, partial η² = 0.036). The effect sizes found were large. Youths 
at high mental risk showed a signifi cant decrease in performance 
accuracy across these neurocognitive domains compared to those 
at low-risk.

Speed performance across neurocognitive domains by groups

The MANCOVA on speed scores showed a main effect for group 
(λ = 0.502, F 

(5, 88,000)
 = 17.493, p ≤ 0.001, partial η² = 0.498). As 

shown in Table 3, the ANOVAs indicated that participants speed 
scores in the fi ve different domains differed signifi cantly according 
to the group in Executive Function (F

(1,92)
 = 10.934, p ≤ 0.001, 

partial η² = 0.106), Episodic Memory (F
(1,92)

 = 35.107, p ≤ 0.001, 
partial η² = 0.276), Complex Cognition (F

(1,92)
 = 51.395, p ≤ 0.001, 

partial η² = 0.358), and Social Cognition domains (F
(1,92)

 = 53.017, 
p ≤ 0.001, partial η² = 0.366). Large effect size were found. 
However, no statistically signifi cant differences were found for 
Sensorimotor domain (F

(1,92)
 = 0.804, p ≥ 0.05, partial η² = 0.009). 

Youths at-risk showed a signifi cant decrease in speed performance 
(slower time) across these neurocognitive domains compared to 
low-risk group.

Effi ciency performance across neurocognitive domains by groups

When attending to the effi ciency (means values of accuracy and 
speed scores) in the four domains, the MANCOVA scores showed 
a main effect for group (λ = 0.485, F

(4,89,000)
 = 23.599, p ≤ 0.001, 

partial η² = 0.515). Results from the ANOVAs can be seen in Table 
4. As can be seen, adolescents of both groups differed signifi cantly 
in effi ciency performance scores in Executive Function (F

(1,92)
 = 

34.758, p < 0.001, partial η² = 0.274), Episodic Memory (F
(1,92)

 = 
46.126, p < 0.001, partial η² = 0.334), Complex Cognition (F

(1,92)
 

= 57.792, p < 0.001, partial η² = 0.386), and Social Cognition 
domains (F

(1,92)
 = 35.952, p < 0.001, partial η² = 0.281). Large 

effect size were also found. Individuals at-risk showed a signifi cant 
decrease in effi cient scores across these neurocognitive domains 
compared to low-risk group.

Discussion

To date we still have limited knowledge of the neurocognitive 
performance correlates of adolescents at psychometric high risk for 
mental health problems. In order to address this gap of knowledge, 
we set out to assess the neurocognitive performance in adolescents 
at high and low risk for mental health problems. The present work, 
to the best of our knowledge, is one of the fi rst studies analysing 
the association bewtween neurobehavioral functioning and mental 
health problems in a community derived sample of adolescents 
from the general population. Results found in the present study have 
demonstrated that adolescents at risk of mental health problems, 
measured by means of the SDQ Total diffi culties scores, performed 
signifi cantly lower in accuracy, speed, and effi ciency than those with 
low risk of mental health problems in fi ve neurobehavioural functions 
(e.g., Executive Functions, Episodic Memory, Complex Cognition, 
Social Cognition, and Sensorimotor Speed), with the exception of 
accuracy for Social Cognition and Sensorimotor speed.

Results as to the accuracy performance in four different domains 
indicated that at risk adolescents had a lower performance on all 
the domains besides Social Cognition. These results are somehow 
similar to those found in previous studies. For instance, the study of 
Merikangas et al. (2017) indicated that people with mood disorders 
had worst social cognition and complex cognition. Similarly, 
Blanken et al. (2017) found worst performance on neurocognitive 

Table 2
Accuracy neurocognitive performance scores by group (low and high risk for 

mental health problems)

Group

Low Risk High Risk p
partial 
η2

Neurobehavioural Domain M SD M SD

Executive Function 1.059 0.164 0.092 0.164 < 0.001 0.159

Episodic Memory 1.118 0.243 -0.054 0.243 < 0.001 0.112

Complex Cognition 1.179 0.270 -0.892 0.270 < 0.001 0.243

Social Cognition 0.616 0.246 -0.026 0.246 ≥ 0.05 0.036

Table 3
Speed neurocognitive performance scores by group (low and high risk for 

mental health problems)

Group

Low Risk High Risk p
partial 
η2

Neurobehavioural Domain M SD M SD

Executive Function 0.961 0.230 -0.529 0.23 < 0.001 0.106

Episodic Memory 3.195 0.242 -0.909 0.242 < 0.001 0.276

Complex Cognition 1.534 0.231 -1.286 0.231 < 0.001 0.358

Social Cognition 1.848 0.245 -1.201 0.245 < 0.001 0.366

Sensorimotor 0.372 0.220 0.026 0.220 ≥ 0.05 0.009

Table 4
Effi ciency neurocognitive performance scores by group (low and high risk for 

mental health problems)

Group

Low Risk High Risk p
partial 
η2

Neurobehavioural Domain M SD M SD

Executive Function 1.692 0.240 -0.31 0.24 < 0.001 0.274

Episodic Memory 2.774 0.364 -0.721 0.364 < 0.001 0.334

Complex Cognition 2.161 0.398 -2.113 0.398 < 0.001 0.386

Social Cognition 2.066 0.381 -1.161 0.381 < 0.001 0.281
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task in children both with internalizing and externalizing problems. 
However, the study of Blanken et al. (2017) found no statistically 
signifi cant differences in executive functions and episodic memory. 
The results found in our study revealed that adolescents at risk 
for mental health problems did not differ, compared to those at 
low risk, on social cognition when accuracy was tested. It maybe 
that aspects like executive functioning or complex cognition have 
a bigger impact on mental health that social cognition, although 
signifi cant differences were found on social cognition both in 
speed and effi ciency performance. Previous research indicated the 
key role of social cognition in predicting mental health problems 
(Cotter, 2018; Santamaría-García et al., 2020), so further research 
should analyzed the results found in the present study.

Analyses of variance for speed performance revealed that 
adolescents at risk were slower on all the neurobehavioural functions 
compared to non-risk adolescents. Specifi cally, adolescents 
showed lower scores on all the domains except Sensorimotor. 
Previous research has been variable in this regard: For example, 
the work of Merikangas et al. (2017) found no relation between 
mood disorders in speed of neurocognitive performance. 

With regards to effi ciency, signifi cant differences were 
found between the high risk and low-risk groups on all the 
neurobehavioural functions. To date, few studies have reported 
data about effi ciency impairments and its relationship with mental 
health problems. However, global defi cits in executive functions 
have been found to be linked with externalizing symptoms (Loge 
et al., 1990). According to Blanken et al. (2017), children with 
internalizing symptoms are more likely to show impairments 
in verbal fl uency and memory while those with externalizing 
symptoms show defi cits in attention/executive functioning 
domains. The present study reveals that individuals and high-risk 
have a lower performance on all the domains when effi ciency is 
tested. The differences found in this study are consistent with the 
idea of a lower ability to internally regulate behaviour and inhibit 
disruptive conduct in those children and adolescents with general 
neurocognitive defi cits (K. Schoemaker et al., 2014).

A signifi cant percentage of children and adolescents present 
mental health diffi culties throughout their life, often with long 
term health and personal, academic, familiar, social and economic 
impacts (Drabick & Kendall, 2010). In addition, adolescence 
sees specifi c neurocognitive changes that allow the refi nement 
of neurocognitive skills but may also be related to an increase in 
the vulnerability to certain mental health problems (Blakemore & 
Robbins, 2012; Spear, 2013). Overall our fi ndings are consistent 
with the idea that a range of disruptions in emotional and behavioral 
areas of development are frequently accompanied by impairments 
in other areas, such as neurocognitive domains, and indicating 
possibly a common underlying neurodevelopmental disorder 

(Basten et al., 2013). Our results are consistent with fi ndings 
that mental health problems are closely linked to neurocognitive 
functioning both in children and teenagers (Blanken et al., 2017; 
Hobson et al., 2011), after, during and before to transition to 
clinical outcome. These fi ndings offer the possibility to detect 
cognitive endophenotypes in order to understand etiological 
mechanisms, develop prevention and early detection strategies, 
and therapeutic targets in mental health fi eld (Gottesman & Gould, 
2003). Endophenotypic measures of specifi c cognitive domains 
combined with reliable information of mental diffi culties can help 
us to better understand the prognosis of these problems and are a 
useful and relevant starting point for researchers, clinicians and 
professionals of education in order to stablish targets for treatment 
interventions.

Results of the present study should be understood in light 
of the following limitations. First, the cross-sectional nature 
of the study precludes the interpretation of the neurocognitive 
performance. Thus, it is not possible to stablish whether 
differences in neurobehavioural assessment precede or postdate 
the onset of mental diffi culties. It is not known, for example, 
whether our sample contained individuals with diagnosed or 
undiagnosed neurodevelopmental disorders. Future longitudinal 
follow-up studies could expand the understanding and correlation 
of neurocognitive functions and mental health problems. Second, 
to detect individuals at high risk for mental health problems the 
SDQ were used as proxy indicator. Although this measure has 
been proved to be a useful screening tool, the inclusion of other 
measures, including interviews and hetero-informant measures 
may help to further determine participants at risk of mental health 
problems. Finally, no previous information were collected about 
family history of mental disorders.

Notwithstanding these limitations, results found in the present 
study show specifi c and relevant relations between mental health 
problems and neurocognitive impairment during adolescence. By 
comparing risk and non-risk groups of adolescents, the present study 
provides information that contributes to a deeper understanding of 
the underlying aetiology of mental health problems in a relevant 
stage of the development. Future studies could continue the study 
of phenotypic measures of cognitive domains with specifi c mental 
health problems and combine these measures with neuroimaging, 
genomic, contextual factors, and clinical evaluation. All these may 
help to characterize the different developmental pathways that 
explain typical and non-typical development.
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