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Abstract

Offspring of individuals with schizophrenia (SZCOf) are at an increased risk for this disorder. Neuropsychological decline
is a core feature of the disorder and researchers have reported increasing impairments in cognition during the prodromal
phase in high-risk adolescents. Additionally, factors like the presence of prodromal symptoms or specific behavioral pat-
terns could predict, together with neurocognitive functioning, the risk of conversion to severe mental disorders in SCZOff.
This study aims to compare the neuropsychological functioning of a sample of 41 SCZOff children and adolescents and 105
community control offspring (CCOff) and to develop a prediction model to examine whether neuropsychological function-
ing, clinical and behavioral factors predict subsequent risk of severe mental disorders. We collected demographic, clinical
and neuropsychological data. We found significant differences between groups in working memory, speed of processing,
verbal memory and learning, visual memory and intelligence quotient (IQ). The socioeconomic status, verbal memory,
working memory and positive prodromal symptoms predicted a significant proportion of the dependent variable variance.
In conclusion, SCZOff showed neurocognitive impairments in several neuropsychological domains compared to CCOff.
Neuropsychological functioning, environmental factors and positive prodromal symptoms could predict the risk of onset
of severe mental disorders in SCZOA.
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Introduction

< Teresa Sdnchez-Gutiérrez

teresa.sanchez @unir.net Schizophrenia (SCZ) is a neurodevelopmental disorder with

a multifactorial etiology that includes both genetic and envi-
ronmental influences [1, 2]. Its heritability has been esti-
mated to be between 60 and 90% [3]. Offspring of individu-
als with schizophrenia are at an increased risk of developing
the disorder themselves [4]. The overall risk for SCZ among
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both biological siblings and offspring ranges between 9 and
13% [5, 6]. Therefore, assessing child and adolescent off-
spring of patients diagnosed with SCZ (SCZOff) provides
an opportunity to investigate the vulnerability factors for the
illness in a sample with an elevated risk [7] and to adjust
clinical interventions considering the neurocognitive func-
tion of SCZOAf [8, 9].

Several studies explored the factors that could predict
the risk of conversion to severe mental disorders like psy-
chosis, bipolar disorder, depression or behavioral disor-
ders. Structural changes in the brain, like the decrease in
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the gray matter volume [10], greater neurological soft sings
(NSS), a higher frequency of obstetric complications and
a low intelligence quotient (IQ) [11-13] and the presence
of attenuated positive symptoms [14] are potential markers
that could work as predictors of vulnerability to psychosis.
A recent systematic review showed that SCZOAf presented
distinct developmental patterns characterized by higher rates
of obstetric complications, neurodevelopmental features
such as motor and cognitive deficits, and distinctive social
behavior than CCOff, suggesting that SCZOff are at high
risk not just for schizophrenia but for poor developmental
and general mental health outcomes [15]. Additionally, envi-
ronmental factors like socioeconomic status [16], migration
and use of cannabis [2, 17] are associated with an increased
risk for severe mental disorders’ onset.

Evidence for declining neurocognitive performance dur-
ing the development of SCZ has been widely documented
[18, 19] and has come to be regarded as a core component
of the disorder [20-23]. It has been proposed that SCZ
involves both neurodevelopmental and neurodegenerative
processes and this hypothesis is in line with the existence of
a prodromal phase with increasing impairments in cognition
and adaptive functioning in high-risk adolescents [24, 25].
Therefore, it is suggested that some neurocognitive deficits,
such as low IQ at age 7, may be associated with genetic vul-
nerability to psychoses in SCZOAT [26]. The most consistent
findings in children and adult samples of patients at genetic
risk for SCZ are difficulties in verbal memory, attention and
executive functions [27, 28].

Some studies conclude that adolescents with familial risk
for SCZ present declining performance in executive func-
tioning tasks [29, 30]. This suggests an altered maturational
trajectory during adolescence and early adulthood. A cross-
sectional study with adolescent SCZOff detected attention
deficits in asymptomatic SCZOff compared to offspring of
healthy controls [31]. Another study with 96 adolescent
and siblings SCZOff and 193 adolescent CCOff showed
significant impairments in the executive function and work-
ing memory of the SCZOff group [32]. Other impairments
were related to the verbal memory, attention and gross motor
skills in the SCZOAf group [33]. Further studies also found
significant differences in aspects of emotional perception,
verbal abilities, inhibition, visuospatial skills, working mem-
ory [34], lower performance in IQ [4], attention, verbal flu-
ency [35] and visuospatial abilities [3]. However, most of
these studies have not used comprehensive neuropsychologi-
cal batteries in homogenous samples of children and adoles-
cents offspring of patients with schizophrenia and some of
them included differential analyses not only with offspring
but also with unaffected siblings [36—40].

This study has two aims: (1) to compare the neuropsy-
chological functioning of a sample of SCZOff children and
adolescents with community control offspring (CCOff) and
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(2) to develop an optimized prediction model to examine
whether neuropsychological functioning, clinical and behav-
ioral factors predict subsequent risk of severe mental disor-
ders. We hypothesized that SCZOff would present greater
neuropsychological functioning deficits than offspring
of controls, specifically in the attention, verbal memory
and learning, executive functioning and working memory
domains. Additionally, SCZOff who were impaired at base-
line in the neuropsychological, clinical and behavioral areas
would have a higher risk to convert to severe mental disor-
ders than CCOff.

Methods
Participants

This study is part of the bipolar and schizophrenia young
offspring study (BASYS), a multi-center, longitudinal and
naturalistic study which aims to evaluate clinical, neuropsy-
chological, neurobiological and neuroimaging variables of
the child and adolescent offspring of patients with bipolar
disorder or SCZ. A sample of 41 offspring of patients with
SCZ (65.9% males, 92.7% Caucasian, age=10.4 +3.5) was
recruited from the hospitalization and outpatient settings
of the Adult Psychiatry Departments at two Spanish hos-
pitals: Hospital Clinic in Barcelona and Gregorio Marafién
University Hospital in Madrid. Inclusion criteria for SCZ
offspring comprised: (1) parental diagnosis of SCZ or
schizoaffective disorder according to DSM-IV-TR criteria,
ascertained by a psychiatrist from either of the two study
sites and (2) age inclusion criteria for offspring from both
groups ranged from 6 to 17 years old. Exclusion criteria for
the offspring included (1) intellectual disability (IQ below
70) with impaired functioning and (2) presence of current
neurological disorders or history of head trauma with loss
of consciousness. Moreover, a community control group of
105 offspring of parents without schizophrenia or bipolar
disorder diagnoses according to DSM-IV criteria (44.8%
males, 96.2% Caucasian, age=11.6+3.2) was also recruited
through advertisements in general practitioner’s centers and
other locations in the same geographical area. In the com-
munity control group, inclusion criteria (except for criterion
one) were the same as in the SCZ offspring group and diag-
nosis of psychotic spectrum disorders in parents or second-
degree relatives constituted an additional exclusion criterion.

Parents from the adult units of both the hospitals were
recruited via their psychiatrists, who checked if patients
met the inclusion criteria, had children aged between 6 and
17 years and agreed to participate in the study. Control par-
ents were recruited through advertisements posted in pri-
mary health care centers and other community locations
within the same geographical area.
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More details about the sample and the recruitment meth-
odology can be found in previous BASYS manuscripts [37,
38].

The study was approved by the participating institutions’
Ethics Committees and was performed in accordance with
the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments. Offspring older than
12 years old and parents or legal guardians signed the writ-
ten informed consent statement prior to participation.

Assessment instruments
Demographical and clinical assessment

Data about age, sex, ethnicity and parental socioeconomic
status (SES), measured with the Hollingshead—Redlich Index
of social position [41] were obtained from both SCZOAf and
CCOff groups.

The clinical assessment consisted of the following
instruments:

— Kiddie schedule for affective disorders and schizophre-
nia, present and lifetime version (K-SADS-PL) [42]. This
interview has been considered a reliable and valid instru-
ment to assess present and lifetime mental disorders in
children and adolescents up to 18 years old. The Spanish
adaptation was used in this study [43, 44]. Children from
both the SCZOAf and the control group and their parents
were interviewed individually by clinical psychiatrists
trained in the use of this interview. If applicable, lifetime
diagnoses were established and used in the data analysis.

— Structured clinical interview for DSM-IV axis I disorders
(SCID-I) [45]. This interview was used to confirm the
presence of SCZ or schizoaffective disorder in patients
with offspring meeting inclusion criteria and to verify
the absence of current mental disorders in the control
parent group. It was administered by a trained clinical
psychiatrist.

— Family history score sheet (first- and second-degree rela-
tives). This instrument was individually administered to
both of the parents in each group (SCZ and CC) to assess
the presence of any psychiatric diagnoses in family mem-
bers of first- and second-degree relatives. In the case of
the CC parents, the presence of personal psychiatric ante-
cedents in any kinship was a reason for exclusion from
the study.

— The scale of prodromal symptoms (SOPS) [46, 47] is a
19-item scale designed to measure the severity of pro-
dromal symptoms and changes over time. The SOPS
contains four subscales for positive, negative, disorgani-
zation, and general symptoms constructs. There are five
positive, six negative, four disorganization, and four gen-
eral symptom’s items.

— The strengths and difficulties questionnaire (SDQ) [48]
is a brief behavioral screening questionnaire for children
and adolescents from 3 to 16 year old. The test has 25
items divided into 5 scales of 5 items each: (1) emotional
symptoms, (2) conduct problems, (3) hyperactivity/inat-
tention, (4) peer relationship problems and (5) prosocial
behavior. We used the version for parent’s completion.

Neuropsychological assessment

Neurocognitive functioning was assessed with the following
tests and subtests:

— Intelligence quotient (IQ) the Wechsler Intelligence
Scale for Children-Fourth Edition (WISC-1V) [49] was
used to assess global IQ and different intellectual abili-
ties grouped in four indices: (1) Verbal Comprehension
Index (VCI), which measures verbal skills; (2) Percep-
tual Reasoning Index (PRI), which assesses non-verbal
and fluid reasoning; (3) Working Memory Index (WMI),
which estimates short-term ability to attend, process and
recall new information and already-stored information;
and (4) Processing Speed Index (PSI), which measures
the speed of information processing. WMI and PSI were
selected as independent indices in this study. WISC-IV
was administered in children under 16 years of age.

— Verbal memory and learning two subtests of the TOMAL
test [50] were used: (1) Story recall, which consists of
the immediate and long-term recall of three short sto-
ries and which allows the assessment of logical memory
and (2) Selective recall of words, which assessed verbal
learning by the immediate and long-term recall of 16
words. These subtests provide immediate and delayed
recall scores and a learning curve.

— Visual memory this domain was assessed with the subtest
Visual Reproduction from the Wechsler Memory Scale
IIT (WMS-III) [51] which consists of the reproduction of
five progressively more difficult figures. Due to the fact
that this test is validated in an over-16 population, direct
scores were used for statistical analysis. Furthermore,
this domain included a measure of perceptual organiza-
tion assessed with the Rey complex figure (RCF), where
participants were asked to copy and recall a complex
figure presented once [52].

— Attention sustained attention was assessed with the Con-
ner’s Continuous Performance Test (CPT) [53]. Partici-
pants were asked to press the space bar each time any
letter appeared in the screen except for the X, when par-
ticipants were required to inhibit their response. This test
included different sub-scores: omissions, commissions,
reaction time, variability of standard error, d” prime
(attentiveness) and perseverations.
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— Executive functions this domain included two tests. First,
the Stroop test [54] an inhibition-of-response test where
participants were asked to read a list of names of colors,
followed by the reading of the color of several cues and,
finally to say the ink color in which words were written
while ignoring what the words said (which was always
different from the color in which they were printed).
Interference score was included in the analyses. Sec-
ond, we administered the Wisconsin Card Sorting Test
(WCST) [55] which is a measure of planning, alternation
and inhibition strategies.

All neuropsychological raw scores were transformed into
standard equivalents and corrected by age despite from the
WMS-III scores, in which we used raw scores because of
the absence of a Spanish comparison scale for participants
younger than 16 years old. The scores for cognitive domains
were converted into scalar scores in TOMAL, and into T
scores in RCF, CPT, WCST according to the manuals of
each test. Every test provided a standardization based on age.
All cognitive scores were calculated such that higher values
indicated better performance. All of the neuropsychological
assessments were conducted by trained neuropsychologists.

Data analysis

The demographic characteristics of the samples were com-
pared between groups using the y? test for categorical vari-
ables such as sex, ethnicity and personal psychiatric anteced-
ents. Normality was checked with the Kolmogorov—Smirnoff
test and this condition was achieved in all neuropsycho-
logical variables. Inter-group mean comparisons including
quantitative variables were analyzed using parametric tests
(¢ student). Analyses of covariance were performed when
comparing the influence of the diagnostic groups on neu-
ropsychological test scores including age, sex, SES and life-
time history of axis I disorders as covariates. Intelligence
quotient was analyzed as a neurocognitive global index, but
it was afterwards included as a covariable in the neuropsy-
chological test comparisons except for those tests related to
the Weschler intelligence scale. Moreover, we ran mixed
models to test whether the results were independent of the
familial relationships between some participants. Each of
the cognitive domains was included as a dependent variable,
group and family as fixed factors and sex, SES and life-
time history of axis I disorders as covariables. Backwards-
stepwise logistic regression was performed to determine
the best set of clinical and cognitive variables that would
better predict the subjects that belong to the high risk of
psychopathology group in this specific sample. The vari-
able ‘group’ (being the offspring of parents with at least one
member with schizophrenia vs. offspring of parents controls
without psychopathology) was used as a dependent variable
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and, as independent factors, we included the cognitive vari-
ables (verbal comprehension, perceptual reasoning, working
memory, processing speed, verbal memory, visual memory,
attention, executive function), the four subscales of SOPS
(positive, negative, disorganization and general), the five
scales of the SDQ (emotional symptoms, conduct problems,
hyperactivity/inattention, peer relationship problems, proso-
cial behavior) and the socioeconomic status. The regression
model was repeated adding the variables current diagnosis
(yes/no), and the type of diagnosis as independent variable
to confirm that the clinical diagnosis did not influence the
results. All statistical analyses were conducted using SPSS
version 20.0 for Windows [56].

Results and statistical analyses
Demographics

Comparison of demographic characteristics between the
SCZOAT and control (CCOff) groups showed significant dif-
ferences in sex (y*=5.25; p=0.022), personal psychiatric
antecedents ()(2= 10.10; p=0.001) and SES (r=-7.34;
p <0.001), with the SCZOAF group presenting a higher per-
centage of males, personal psychiatric antecedents and less
SES than the CCOff group.

The most prevalent diagnoses in the SZOff group were
attention deficit hyperactivity disorder (ADHD) (46.3%),
anxiety disorders (17.1%), disruptive disorders (14.6%),
mood disorders (4.9%) and other psychiatric disorders
(4.9%). In the CCOff group, the most prevalent diagnoses
were ADHD (7.5%), anxiety disorders (5.6%), mood disor-
ders (4.7%), other psychiatric disorders (3.7%) and disrup-
tive disorders (1.9%).

Ten SZOff and one CCOff were receiving psychiat-
ric—pharmacological treatment, whereas nine SZOff and 19
CCOff were receiving psychological or psychopedagogical
treatment. However, as the number of subjects was so small,
it was not possible to run subanalyses by the type of treat-
ment (Table 1).

Neurocognitive function comparisons

Comparison of the two groups in neurocognitive func-
tion revealed significant differences in the following
domains: working memory (t=-15.48; p<0.001), speed
of processing (t=—-4.69; p<0.001), verbal memory and
learning (t=—-5.17; p<0.001), visual memory (t=—4.83;
p <0.001) and global cognitive index (IQ) (t=-15.21;
p <0.001). The SCZOAf group scored lower in all the
domains compared to the CCOff group. When controlling
for personal psychiatric antecedents in offspring of both
groups, all of the indicated domains remained significantly
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Table 1 Sociodemographic characteristics in patients with schizophrenia offspring (SCZOff) and control offspring (CCOff)

Mean* SCZOft CCOft */Student’s 7 test® p value
N=41 N=105
Sex, male N (%) 27 (65.9) 47 (44.8) 5.25 0.022%*
Race, Caucasian N (%) 38 (92.7) 101 (96.2) 0.79 0.373
Personal psychiatric antecedents, presence N (%) 20 (48.8) 24 (22.9) 10.10 0.001*
Age, mean+SD 104+3.5 11.6+3.2 -1.97 0.051
SES, mean + SD¢ 31.8+14.7 50.8+12.4 -7.34 <0.001*
Treatment, psychiatric—pharmacological/psychological or psycho- 10 (25.64)/9 (23.08) 1(0.93)/19 (17.75) 10.80 0.005*
pedagogical, N (%)
Diagnose: attention deficit hyperactivity disorder (ADHD)/anxiety = 46.3/17.1/14.6/4.9/4.9 7.5/5.6/1.9/4.7/3.7  48.90 0.001*

disorders/disruptive disorders/mood disorders/other psychiatric
disorders (%)

SES socioeconomic status

2N (%) was calculated for categorical variables and mean (standard deviation) for continuous variables

°y* was used for categorical variables and Student’s 7 test for continuous variables

different: working memory (F=21.24; p <0.001), speed
of processing (F=12.33; p=0.001), verbal memory and
learning (F=22.52; p <0.001), visual memory (F=28.06;
p<0.001) and IQ (F=17.39; p<0.001). However, when
age, sex, SES and IQ were added to the personal psychi-
atric antecedent covariable, just the verbal memory and
learning domain remained significant (see Table 2).

Information about the differences in the subtests, after
controlling for the above-mentioned covariables (including
1Q as a covariable in the subtests not related to Weschler
intelligence scale) is shown in Table 3. Within all signifi-
cant differences in the neurocognitive subtests, SCZOff
group scored lower than the CCOff group.

Table 2 shows the results obtained in the mixed
model analysis of familial independence. Two domains

were significant (verbal memory and learning (F=38.75;
p=0.004) and visual memory (F=5.003; p=0.029).

Cognitive and clinical prediction of the risk
for psychopathology

The logistic regression displayed the set of the following
variables (using the group variable as a dependent variable,
and the cognitive domains, clinical prodromes according
to SOPS and the SDQ subtests as independent variables):
socioeconomic status (B=0.09, p=0.006), verbal memory
(B=0.74, p=0.028), working memory (B=0.06, p=0.051)
and positive prodromal symptoms according to SOPS scale
(B=-0.64, p=0.007). These variables explained a signifi-
cant proportion of the dependent variable variance (65.7%).
The same model was maintained when including current

Table 2 Comparison of the neuropsychological domain assessment between SCZOff and CCOff controlled by age, sex, socioeconomic status,

1Q and personal psychiatric antecedents

Domain SCZOff CCOff F pvalue  Ancova controlling for IQ ~ Mixed model
N=28 N=93
(mean+SD)  (mean=+SD)
Intelligence quotient (GCI-WISC-IV)  94.8+15.8 107.2+£12.5 3.05 0.084 - -
Working memory 86.3+15.2 100.8+14.2 8.45  0.004 - -
Speed of processing 92.7+15.2 106.7+12.6 8.77  0.004 - -
Verbal memory and learning 9.8+1.5 11.6+1.9 11.64  0.001 F=9.71,p=0.002 F=8.75,p=0.004
Visual memory 38.8+13.7 49.5+9.5 949  0.003 F=3.32,p=0.071 F=5.003, p=0.029
Attention 529+8.6 50.4+10.0 020  0.655 F=0.11, p=0.735 F=0.37, p=0.543
Executive function 52.8+10.4 54.3+8.1 0.09 0.759 F=0.31,p=0.578 F=0.00, p=0.987

1Q was not included as a covariable when the neuropsychological domains comprised Weschler intelligence scale

Mixed model including the family codes as a random variable and age, sex, socioeconomic status, intelligence quotient and personal psychiatric

antecedents as covariables

GCI global cognitive index, SCZOff offspring of patients with schizophrenia, CCOff offspring of community controls, WISC-IV Weschler intel-

ligence scale for children
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Table 3 Comparison of the neuropsychological subtest assessment between SCZOff and CCOff controlled by age, sex, socioeconomic status, IQ

and personal psychiatric antecedents

Domain Subtests (test) SCZOff CCoff F p value
N=41 N=105
(mean + SD) (mean +SD)
Intelligence quotient (GCI-WISC-1V) VCI (WISC-1V) 9844174 107.3+12.7  3.22 0.075
PRI (WISC-1V) 97.8+17.9 107.94+13.7 1.31 0.255
Working memory WMI (WISC-1V) 86.3+15.2 100.8 +14.2 6.89 0.010
Processing speed PSI (WISC-1V) 927152 106.7+12.6 8.90 0.003
Verbal memory and learning Logical memory immediate recall (TOMAL) 10.4+2.2 12.2+2.6 2.66 0.105
Logical memory delayed recall (TOMAL) 99+2.5 11.8+2.8 3.75 0.055
Verbal learning immediate recall (TOMAL) 7.9+2.7 10.6+3.1 5.73 0.018
Verbal learning delayed recall (TOMAL) 10.5+1.8 12.0+1.7 7.22 0.008
Visual memory Visual memory immediate recall (WMS-III) 73.5+19.4 89.3+12.7 6.73 0.011
Visual memory delayed recall (WMS-III) 42.8+22.3 59.9+20.9 291 0.091
Copy (Rey) 239+8.6 29.8+5.7 5.05 0.027
Memory (Rey) 13.2+7.5 18.2+6.5 2.03 0.157
Attention Omissions (CPT) 55.1+13.0 51.6+13.0 0.90 0.344
Commissions (CPT) 49.8+9.2 48.8+10.0 0.14 0.708
Reaction time (CPT) 54.0+11.7 51.2+104 0.09 0.766
Variability (CPT) 55.1+£10.7 50.0+£12.3 0.08 0.778
D’ prime (CPT) 51.2+7.3 50.0+8.9 0.40 0.529
Perseverations (CPT) 56.0+17.9 52.4+12.3 0.25 0.617
Executive function Correct answers (WCST) 70.4+12.0 724+11.1 1.01 0.317
Errors (WCST) 53.7+£13.0 53.6+£109 0.41 0.523
Perseverations (WCST) 54.5+16.7 55.6+10.5 0.21 0.650
Perseverative errors (WCST) 55.2+16.6 55.8+10.8 0.27 0.606
Categories (WCST) 49+1.6 52+15 0.40 0.529
Interference (Stroop) 51.9+7.9 52.3+6.9 0.01 0.906

1Q was not included as a covariable when the neuropsychological domains comprised Weschler intelligence scale

WMI Working Memory Index, PSI Processing Speed Index, GCI global cognitive index, SCZOff offspring of patients with schizophrenia, CCoff
offspring of community controls, WISC-IV Weschler intelligence scale for children, TOMAL test of memory and learning, WMS Weschler mem-
ory scale, Rey Rey—Osterrieth complex figure, CPT continuous performance test, WCST Wisconsin card sorting test

diagnosis (yes/no), or the type of diagnosis in the model as
independent variables.

Discussion

The findings of this study indicate that offspring of patients
with schizophrenia are neurocognitively impaired when
compared to offspring of individuals without a diagnosis of
SCZ or genetic antecedents of psychosis. Specifically, we
found that SCZOAT obtained lower scores in verbal memory
and learning, working memory, speed of processing and vis-
ual memory than controls. These results are consistent with
previous literature showing significant differences between
SCZOff and schizoaffective disorder offspring in verbal
memory [4, 35], working memory [34, 57] and visuospatial
ability domains [3].
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The results regarding group differences in verbal mem-
ory were consistent with previous literature which suggest
that an average effect size of 0.4-0.6 for verbal declarative
memory tests on the Wechsler Memory Scale [3] or the Rey
Auditory Verbal Learning Test [35]. In a previous study,
the use of different neuropsychological tests highlighted the
importance of optimally stressing a vulnerable declarative
memory system [3]. Moreover, the differences obtained in
the information test and in the verbal IQ scores suggested
some alteration in data and language acquisition by age 11
[4].

The impairments in verbal memory and working memory
showed in the SCZOAf group, together with the presence
of low socioeconomic status and positive prodromal symp-
toms could be related to the risk of psychopathology onset.
These results are in line with previous studies that observed
impairments in working memory [32] and verbal memory.
Concretely, verbal memory deficits in childhood identified
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83% of the subjects with schizophrenia-related psychoses
[33]. Low economic status and positive prodromal symp-
toms have previously been specified as risk factors for the
development of severe mental disorders [2, 14, 16, 17], how-
ever, regarding schizophrenia, a modest increase was seen
in the incidence of schizophrenia only in offspring from the
lowest social class [58].

Our results are similar to those found in several studies
that used a wide range of working memory tests. Auditory
working memory was measured by the number of trials of
visual stimuli completed during the Counting Span task
and by the number of correctly completed statements in the
sentence span task [34]. Moreover, the auditory consonant
trigram test [35], the digit span test [3] and the compound of
the Wechsler memory scale spatial span task, the auditory
consonant trigram test, WCST and the Stroop were used to
measure working memory in a sample of 212 adolescents
with prodromal symptoms of psychosis [59]. However, this
latter study did not find significant differences in the digit
span backwards test section. The present study describes
significant results in the working memory index composed
by the digits and letters and numbers tests. This result could
be due to a higher effect for letters and numbers (which do
not require arithmetic skills) than the digits-only test. Given
that we found a group effect on the digit test in a SCZOAf
sample but not in a prodromal sample, working memory may
be more affected in the genetically at-risk sample.

We also found significant differences in the processing
speed domain between SCZ patients and control offspring.
To our knowledge, there is no previous literature addressing
this finding, which was beyond the scope of our hypotheses.
However, a study that enrolled a sample of 212 adolescents
with prodromal symptoms of psychosis and used the trail-
making test part A and the brief assessment of cognition in
schizophrenia symbol coding task concluded that processing
speed was a central deficit associated with psychosis risk
[59]. Concretely, this difference was found in the brief
assessment of cognition in schizophrenia symbol coding
task, which was described as the most pronounced difference
between ultra-high-risk patients and healthy controls [60,
61] and in first-episode psychosis [62]. Knowles et al. [63]
reported in a meta-analysis that a number of variables mod-
erated the effect size of processing speed deficits, namely
the year of publication, IQ differences between cases and
controls, and chlorpromazine equivalent daily dose. In the
current study, however, cases and controls did not differ in
1Q [63]. Nonetheless, we have identified processing speed
as a core neurocognitive deficit associated with psychosis in
a high-risk population and a good predictor of functionality
in a high-risk population [60].

Paradoxically, no differences were found in the atten-
tion and executive function domains, both of which the
previous groups have reported as essential deficits in

SCZOAt [64, 65] and a vulnerable marker in ultra-high-
risk population [66]. Nevertheless, other studies found a
lack of significant differences in tasks related to executive
function measures, such as the Stroop interference index
[4], CPT measures [3] or TOVA test [35] suggesting that
executive control of behavior was not impaired. One pos-
sible explanation could be the relationship between the age
of offspring assessment and their attention and executive
function development [67]. In this study, the mean age was
10.4 years old, whilst executive functions continue devel-
oping through the 3rd decade of life [68]. Thus, executive
and attentional functions may not show significant low
values, because more complex tasks will be required in
the short-term future, when substantial deficits would be
observed. Future studies would need to include a wide age
range comparing the performance of children, adolescents
and adult offspring of patients with SCZ.

This study has several strengths: it includes representa-
tive samples of SCZOff and community control children and
adolescents from multiple sites, making its results more gen-
eralizable. Also, we used a comprehensive neuropsychologi-
cal battery to assess a wide range of neurocognitive function
domains, including global IQ, which helps characterize the
complete picture of the neuropsychological difficulties of
offspring of patients with schizophrenia.

The results of the present study need to be interpreted
with caution in the light of a number of limitations. First,
the patient sample size was small. Nonetheless, the cogni-
tive differences appeared significant, which highlights their
magnitude. Furthermore, the groups significantly differed
in the distribution of sex and personal psychiatric history.
Although these variables were included in the neuropsycho-
logical between-group comparisons and in the mixed model
as covariables, the logistic regression did not control for this
issue. Therefore, the percentage of prediction of the model
should be interpreted with caution.

Moreover, the absence of follow-up data limits our ability
to understand the heterogeneity of neurocognitive function-
ing and its evolution. The regression model highlighted a
set of cognitive and clinical variables that were related in
this sample to the high-risk group. However, the validity
and generalizability of the model could be improved with its
replication in multiple independent samples. Finally, subtle
differences in test administration between the collaborating
sites may have attenuated our results.

We identify several paths for follow-up work: one is to
conduct complex reviews and meta-analyses of different
cognitive tests in related literature. Larger longitudinal
studies of neurocognitive function and genetic analysis
could also help characterize the cognitive endophenotype
of schizophrenia and conducting cognitive tests with func-
tional neuroimaging could help determine the physiology
of the disorder.
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The results of the present study may also have some
clinical implications. Since it seems that the offspring of
patients with schizophrenia are a high-risk population with
a well-defined cognitive and clinical endophenotype, this
subgroup merits more extensive treatment and support for
its cognitive problems, focusing on verbal memory and
learning, working memory, speed of processing and visual
memory. Moreover, the increasing evidence on neuropsy-
chological deficits in individuals at risk for schizophrenia
spectrum disorders might imply that early intervention
programs in SCZ offspring target cognitive function to
improve their efficacy [9] and that personalized interven-
tions in vulnerable individuals become decisive [8, 69].
According to the present findings, the formulation of indi-
vidualized intervention plans is essential for offspring who
have positive prodromal symptoms and low socioeconomic
status. The concurrence of these factors seems to have dif-
ferent effects on the neurocognitive function of SCZOfAf.

In conclusion, by comprehensively assessing cogni-
tive deficits through multiple measures and replication of
studies, clinical features and environmental factors, more
useful profiles of schizophrenia-vulnerable children may
be developed and used for early identification and preven-
tative therapy.
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