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Background: Studies in child and adolescent offspring of 
patients with schizophrenia or bipolar disorders may help 
understand the influence of neurodevelopmental factors 
on the premorbid phenotype of these disorders. Aims: To 
assess whether a combination of neurodevelopmental fac-
tors discriminates between young offspring of patients with 
schizophrenia (SzO) or bipolar disorder (BpO) and com-
munity controls (CcO). To assess the association between 
these factors and rates of psychiatric diagnoses in high 
risk (HR) youth. Methods: One hundred thirty-three HR 
offspring (47 SzO and 86 BpO) and 84 CcO, aged 6–17, 
underwent cross-sectional clinical, neurocognitive, and 
structural neuroimaging assessment. Information on peri-
natal events and early childhood development was also 
obtained. General linear mixed models were performed to 
assess group discrimination and association with lifetime 
axis I  psychiatric disorders. Results: Multivariate analy-
ses revealed that greater neurological soft signs (NSS), less 
total grey matter volume (GMV) and a higher frequency of 
obstetric complications discriminated HR offspring from 
CcO. When comparing each group individually, greater 
NSS and a higher frequency of obstetric complications 
discriminated SzO from CcO, and BpO from CcO, while 
lower intelligence also discriminated SzO from CcO and 
from BpO. Within HR offspring, lower intelligence and 
less total GMV were associated with lifetime incidence of 
psychiatric disorders. Conclusions: Both SzO and BpO 
showed evidence of neurodevelopmental insult, although 
this may have a greater impact in SzO. Lower intelligence 

and less total GMV hold potential as biomarkers of risk 
for psychiatric disorders in HR youth.

Key words:  schizophrenia/bipolar disorder/relatives/ 
neurodevelopmental disorders/neuroimaging

Introduction

Evidence of both a phenomenological and etiological 
overlap between schizophrenia and bipolar disorder1 has 
challenged the traditional diagnostic categorization of 
the 2 conditions.2 However, one of the remaining areas of 
controversy concerns the developmental trajectories pre-
ceding clinical onset of these disorders.3,4 The neurodevel-
opmental hypothesis of schizophrenia was put forward in 
the late 20th century, and suggested that a combination 
of genetic and environmental factors led to neurobiologi-
cal changes in the pre- and perinatal period, increasing 
risk for the disorder later in life.5–7 Since then, a large 
evidence base has been accumulated in support of this 
model in schizophrenia, from epidemiological, cognitive, 
imaging, and molecular studies.8 With the turn of the 
21st century a number of authors sought to investigate 
whether neurodevelopmental abnormalities also played a 
role in the pathophysiology of bipolar disorders,9,10 how-
ever, this line of enquiry has yielded equivocal findings. 
Substantial uncertainty remains as to the impact and 
timing of developmental disruption in bipolar disorder,11 
and its similarities and differences with schizophrenia.
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The study of child and adolescent offspring of pro-
bands with schizophrenia or bipolar disorder has the 
potential to help increase understanding on the pre-
morbid phenotype of these disorders. Familial high-risk 
(HR) studies are underpinned by the fact that offspring 
of probands with these disorders carry a 10%–15% risk 
of developing the disease,12 and therefore constitute 
enriched samples for identifying inherited gene and gene–
environment effects which may impact on risk for the dis-
orders. An additional advantage of this kind of sample 
is that it provides the opportunity to assess changes in 
brain and behavior during what is considered a “critical” 
neurodevelopmental window.13

Studies ranging back to the 1950s have yielded evidence 
of developmental risk factors and antecedents in offspring 
of patients with schizophrenia (SzO), including obstetric 
and perinatal complications, delayed psychomotor mile-
stones or greater neurological soft signs (NSS).14–17 In off-
spring of patients with bipolar disorder (BpO), 3 studies 
so far have provided mixed evidence of an association 
between adverse perinatal events and later affective dis-
orders, however they failed to employ a control group.18–20 
We are aware of no other studies reporting on early child-
hood development or neurological abnormalities in young 
BpO. A reduction in intelligence has emerged consistently 
across SzO samples,21 while in BpO, despite reports of 
specific deficits in terms of executive function, memory, 
and attention,22,23 evidence regarding general intelligence 
is equivocal.23,24 With the advent of magnetic resonance 
imaging, convergent findings have pointed to global and 
localized grey matter volume (GMV) reduction in young 
SzO25–28 but not in BpO,29,30 although there have been 
reports on regional volumetric increases in healthy BpO,31 
and decreases in BpO with mood disorders.32

Birth cohort- and population-based studies have added 
to the evidence obtained from familial HR designs, and 
have confirmed associations between the presence of 
perinatal events, delayed development and reduced intel-
ligence with later schizophrenia outcomes.33–37 Such 
studies have provided more limited evidence of associa-
tions between perinatal events, motor function and cog-
nition and later bipolar disorders, with overall weaker 
effects.33–35,38,39 Advanced paternal age, which has been 
associated with delayed development40 and an increased 
risk of autism,41 has also been associated with higher rates 
of schizophrenia,42 and in some,43,44 yet not all45 studies, 
of bipolar disorder. More recently, advanced maternal 
age has also been associated with risk of schizophre-
nia,46 while there is limited evidence for this association 
in bipolar disorder.43–45 Although the data so far suggests 
some degree of specificity of developmental factors for 
schizophrenia,33–35 the paucity of studies assessing both 
conditions prospectively limits capacity for drawing 
conclusions.4

In this context, we set out to examine whether a range 
of “neurodevelopmental factors” discriminated between 

child and adolescent SzO or BpO and offspring of com-
munity controls (CcO). We focused on a combination of 
risk factors and antecedents considered to index neuro-
developmental disruption, some of which were reported 
by caregivers (parental age, obstetric complications, birth 
weight, difficulties in acquisition of language, motor, 
reading/writing skills, and elimination disorders) and 
others measured in offspring (NSS, general intelligence 
and global and lobar measures of GMV). We also set out 
to assess the potential clinical significance of these fac-
tors: although child and adolescent SzO and BpO have 
yet to reach the peak age of onset of the bipolar disorders 
and schizophrenia, they present with a range of mental 
health conditions at rates above those of the general 
population.47 It has been demonstrated that the presence 
of a nonspecific mental health disorder in youth is a risk 
factor in itself  for later major psychiatric outcomes.48–50 
Therefore, we sought to investigate whether the presence 
of neurodevelopmental factors were associated with psy-
chiatric diagnoses during childhood and adolescence.

Methods

Sample

The study was conducted in the Child and Adolescent 
Psychiatry Department of the Hospital Clinic of 
Barcelona, Spain and Hospital General Gregorio 
Marañón, Spain. The Department of Psychiatry and 
Psychology of the Hospital Clinic and the Adult 
Psychiatry Unit of Hospital General Universitario 
Gregorio Marañón provided support in terms of recruit-
ment of proband parents. The protocol was approved by 
the ethics review board at each site. All participants pro-
vided written informed consent/assent, parents provided 
informed consent and offspring provided assent. Further 
details on this sample can be found in Sanchez et al.51

Patients with a diagnosis of schizophrenia or bipolar 
disorder with offspring aged 6–17  years were identified 
and offered to participate in the study. All parents were 
outpatients at the time of recruitment with the excep-
tion of 2 mothers with schizophrenia who were admit-
ted to chronic inpatient units. The exclusion criteria for 
proband parents were: intellectual disability and drug or 
medically induced psychosis or mania. Exclusion criteria 
for offspring included intellectual disability, head injury 
with loss of consciousness, or severe neurological condi-
tions. Community control parents were recruited through 
advertisements posted in primary health care centers and 
other community locations within the same geographi-
cal area as the patients. The exclusion criteria were intel-
lectual disability, severe neurological illness, and personal 
or first-degree family history of schizophrenia or bipo-
lar spectrum disorders. All offspring of community con-
trol parents aged 6–17 years were invited to participate 
in the study; exclusion criteria were the same as for HR 
offspring.
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Forty-seven SzO, 86 BpO (60 parents with bipolar 
I and 26 with bipolar II disorders; 39 BpO [45.3%] had 
a parent with a history of psychotic symptoms), and 84 
CcO were included.

Clinical and Neurocognitive Assessment

The assessment of the participating family was carried 
out at the outpatient service of the Child and Adolescent 
Psychiatry Department of each hospital. The families 
received compensation for their time and travel expenses. 
Parental and offspring interviews were conducted by dif-
ferent team members, each blind to the others’ assess-
ment. Clinical diagnoses in both parents were assessed 
by adult psychiatrists with the Structured Interview for 
DSM-IV disorders,52 Spanish version. Offspring were 
assessed by child and adolescent psychiatrists using The 
Schedule for Affective Disorders and Schizophrenia for 
School-Age Children—Present and Lifetime,53 Spanish 
version. Socioeconomic status was assessed with the 
Hollingshead scale,54 where highest parental educational 
and employment status were registered. Obstetric com-
plications were assessed with the Lewis Scale55 which 
assesses events occurring both during pregnancy (such 
as infections—syphilis or rubella, Rh incompatibility, 
pre-eclampsia or bleeding) and during labor (premature 
rupture of membranes, twin births, mechanical complica-
tions of umbilical cord, instrumentalization, or cesarean) 
and need for an incubator or postpartum reanimation. 
Presence of any reported complication was categorized 
dichotomously. Parents’ age at birth was also registered. 
Information on difficulties/delay in attainment of devel-
opmental milestones was obtained from parents/care-
givers, including psychomotor, language, and reading/
writing skills; elimination disorders were evaluated using 
the Kiddie-SADS-PL. These were categorized jointly in 
a dichotomous variable as “childhood developmental 
difficulties.” Pubertal development was assessed using a 
self-report pictorial questionnaire according to Tanner 
criteria.56

Intelligence was assessed using the Spanish ver-
sion of  the Wechsler Intelligence Scale for Children-
Fourth Edition (WISCIV).57 This intelligence battery is 
designed to evaluate intellectual abilities in children and 
adolescents aged between 6 and 16 years old. WISC-IV 
provides 4 composite scores: verbal comprehension, 
perceptual reasoning, working memory, and process-
ing speed. Previous studies have demonstrated that the 
working memory and processing speed indices may 
be impaired in HR offspring,58,59 therefore, in order to 
avoid the influence of  each of  these domains on the full 
scale intelligence quotient, the General Ability Index, 
derived from the Verbal Comprehension and Perceptual 
Reasoning indices was used as an index of  intelli-
gence level.60 This index will be referred to as “general 
intelligence.”

The presence and severity of NSS were assessed using 
the Neurological Evaluation Scale.61 This scale consists 
of 26 items (14 of which are scored separately right/left 
body) covering “Sensory integration,” “Motor coordina-
tion,” and “Sequencing of complex motor acts.” Higher 
total scores reflect greater neurological impairment. 
Neurocognitive assessments were performed by neuro-
psychologists with experience in child and adolescent 
population, blinded to parental status.

Neuroimaging Processing and Analysis

Details of image acquisition are provided in Supplement 
1.  Analyses were performed employing Statistical 
Parametric Mapping version 8, in a Matlab R2010a envi-
ronment. Images were reoriented according to the ante-
rior–posterior commissure line. Given the age range of 
the sample, customised tissue probability maps were cre-
ated from the control group (n = 83), and were employed 
for tissue segmentation. The same maps were applied to 
the whole sample, as performed in a previous study.62 An 
inter-site compatibility study62 confirmed a high intra-
class  correlation coefficient for total GMV (r  =  .98) 
among healthy participants scanned at the 2 sites. We 
also set out to analyze GMV for brain structures most 
commonly implicated in offspring of probands with 
schizophrenia or bipolar disorders.26–28,31 Parcellations 
defined by the Automated Anatomical Labeling atlas63 
corresponding to frontal, temporal, parietal lobes, and 
hippocampal–parahippocampal complex were correg-
istered to the anatomical space of each patient using 
their grey matter probability map. Corregistration was 
performed using the inverse nonlinear deformations 
obtained with Diffeomorphic Anatomical Registration 
Through Exponentiated Lie Algebra (DARTEL).64 All 
images were inspected for anatomical accuracy by an 
experienced technician (JP). GMV for each brain region 
of interest was extracted and retained for analyses.

Statistical Analysis

First, we examined the effect of group (SzO, BpO, CcO) 
on sociodemographic and clinical variables employing 
general linear mixed models and binary logistic regres-
sion, with family membership and site as random vari-
ables. For dichotomous dependent outcomes, the odds 
ratio and 95% confidence intervals (CIs) were also com-
puted. The effect of group on factors considered to be 
associated with neurodevelopment—parental age, obstet-
ric complications, birth weight, childhood developmen-
tal difficulties, NSS, general intelligence, and measures 
of GMV—were also assessed. Where significant, age, 
sex, and total intracranial volume (for GMV), were 
included. Given its association with group (decreased 
status in schizophrenia patients65) the effect of socioeco-
nomic status was also examined: analyses of clinical and 
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neurodevelopmental variables are presented with and 
without including this variable in the models.

Neurodevelopmental factors showing an effect of 
group (P-value < .10) were then included as explana-
tory variables in a multivariate binary logistic regression 
model, aimed at discriminating groups at a pairwise level 
(all HR offspring vs CcO, SzO vs CcO, BpO vs CcO, SzO 
vs BpO). We used a backward stepwise selection proce-
dure, whereby at each step the least significant variable 
from the model was discarded, until all variables in the 
model reached P-values <.10. In order to avoid overfit-
ting, the number of variables that could enter the multi-
variate model was limited using the P < m/10 rule.66

We also set out to assess whether neurodevelopmen-
tal factors were associated with a lifetime history of axis 
I  psychopathology in HR offspring: the same variables 
were included in a multivariate binary logistic regres-
sion model following a comparable procedure to the one 
above, with lifetime axis I psychopathology categorized 
dichotomously as outcome variable. For this analysis, 
given the low incidence of cases, the 2 HR groups were 
considered jointly.

In order to evaluate the performance of the models 
we used received operational curve (ROC) methodology, 
computed using the predicted probability values of each 
model. The area under the curve (AUC) is reported for 
each model.

A 2-sided type I  error of 5% was used for all tests. 
Statistical analyses were performed with PASW 
Statistics20 and R v.3.3.1.

Results

Sociodemographic and clinical information are depicted 
in table 1. Groups were comparable in terms of sex, age, 
and percentage of pre-pubertal children. SzO had lower 
socioeconomic status than CcO and than BpO. SzO had 
higher rates of lifetime axis I disorders than CcO and than 
BpO, and BpO had higher rates than CcO. Specifically, 
SzO exhibited higher rates of attention deficit hyperactiv-
ity disorder (ADHD) and oppositional defiant disorder 
than CcO and than BpO. When controlling for socioeco-
nomic status, differences in rates of lifetime axis I disor-
ders and ADHD between SzO and CcO, and in ADHD in 
SzO relative to both BpO and CcO, remained unchanged, 
while the effects of oppositional defiant disorder achieved 
trend-level, and differences in lifetime axis I  disorders 
between SzO and BpO became nonsignificant. No par-
ticipant met criteria for psychosis or a bipolar spectrum 
disorder. Rates of psychopharmacological treatment 
in SzO were higher than in CcO and BpO (medications 
consisted of stimulants and selective serotonin reuptake 
inhibitors, with the exception of one BpO with a history 
of treatment with risperidone 0.25 mg/day).

Group differences in neurodevelopmental factors are 
displayed in table 2. There were group effects in obstetric 

complications and NSS (SzO more than CcO and BpO 
more than CcO), general intelligence (SzO less than CcO 
and than BpO) and total GMV (SzO less than CcO). 
There were also group effects in childhood developmental 
difficulties (SzO more than CcO and than BpO); assess-
ment of this measure as a continuous variable yielded 
similar group effects (F = 8.8, P < .001). There were no 
significant effects in either parental age or birth weight. 
There was an effect of socioeconomic status on rates of 
obstetric complications and general intelligence, however, 
inclusion of this variable in the model did not change sig-
nificant group effects.

Multivariate analysis (table 3) revealed that, when con-
sidering HR offspring jointly, these were discriminated 
from CcO by obstetric complications, NSS and total 
GMV (AUC  =  0.85; 95% CI  =  [0.80–0.90], P < .001). 
Obstetric complications, NSS and general intelligence 
distinguished SzO from CcO (0.88 [0.82–0.94], P < .001), 
obstetric complications and NSS discriminated BpO from 
CcO (0.85 [0.80–0.90], P < .001), and general intelligence 
distinguished SzO from BpO (0.82 [0.75–0.89], P < .001). 
Childhood developmental difficulties did not contribute 
significantly to any of the above models. For the sake of 
illustrating the results, general intelligence and GMV are 
plotted for each of the 3 groups in figure 1.

Within HR offspring, lifetime psychopathology was 
associated with total GMV and general intelligence 
(AUC = 0.75, 95% CI: 0.67–0.84, P < .001; table 4).

The above results were confirmed in the subsample 
that had not received psychopharmacological treatment 
(Supplement 2), with the exception of the effect of GMV 
toward discrimination of HR offspring, and the associa-
tion between general intelligence and psychopathology. 
Results of between group comparisons employing only 
the healthy control group are presented in Supplement 3.

Discussion

To the best of our knowledge, this is the first study to 
perform a comparison of child and adolescent offspring 
of patients with schizophrenia, offspring of patients with 
bipolar disorder and community controls integrating 
data from different modalities. We have demonstrated 
that a combination of neurodevelopmental factors—
antecedents of obstetric complications, NSS, and total 
GMV—was able to distinguish between HR offspring and 
controls with what has been considered good discrimina-
tion performance.67 When assessed independently, SzO 
and BpO were each distinguished from CcO by obstetric 
complications and NSS, although in SzO, general intel-
ligence also contributed to group discrimination.

Our findings concerning higher rates of obstetric com-
plications in HR offspring are unsurprising, given the 
reported increase in perinatal adverse outcomes in par-
ents with major psychiatric disorders, widely supported 
by studies in the field of obstetrics and pediatrics.68 
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However, the fact that NSS had an independent contribu-
tion to group discrimination of both SzO and BpO rela-
tive to CcO, regardless of the increased rates of obstetric 
complications and the effects of psychotropic medica-
tions, is noteworthy. There is longstanding evidence of 
minor neurologic alterations in patients with schizophre-
nia,69 while findings in samples of patients with bipolar 
disorder are more recent.69–71 Comparative studies in clin-
ical samples so far have reported on higher rates of NSS 
in both patient groups relative to controls,72–74 although 
one sample suggested that these may be more salient in 
schizophrenia than in bipolar disorder.74 Adult relatives 
of probands with bipolar disorder have been associ-
ated with greater NSS than in controls,70,75 although we 
are unaware of any study so far reporting on NSS in 
child and adolescent BpO. A recent meta-analysis76 has 
confirmed evidence of greater NSS in adult relatives T
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Fig. 1. Scatterplot representing the relationship between general 
intelligence and total grey matter volume between groups. SzO, 
offspring of probands with schizophrenia; BpO, offspring of 
probands with bipolar disorder; CcO, offspring of community 
controls.

Table 4. Prediction of Lifetime History of Axis I Disorders

All High Risk Offspring

OR [95% CI] t P

General intelligence 0.96 [0.93–0.99] −2.6 .009
Total grey matter volume 0.99 [0.98–0.99] −2.2 .026

Note: OR, odds ratio; CI: confidence interval. Binary logistic 
regression model including family and site as random variables, 
adjusted for sex.
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of probands with schizophenia, although results were 
weaker in younger samples.16,17,77 Our findings are the first 
to report on comparative rates of NSS in child and ado-
lescent SzO and BpO: although NSS were numerically 
higher in SzO, NSS were significantly higher than CcO in 
both HR groups. NSS are thought to reflect disruption in 
cortico-basal ganglia-cerebellar connections.78 In a sub-
group of the current sample we have recently identified 
differences in resting state connectivity in a left cortical-
basal ganglia network, which was significantly reduced 
in SzO relative to CcO, but not in relation to BpO, and 
was associated with GMV of the left caudate nucleus in 
SzO.79 This was independent of ADHD diagnosis or the 
effects of psychotropic medication. It is therefore likely 
that our clinical observations reflect gene–environment 
effects common to both SzO and BpO, which may have a 
stronger biological signature in SzO.

SzO showed a GMV decrease relative to CcO and BpO 
at a univariate level. Although GMV is a dynamic mea-
sure, approximately 75% of brain volumes are determined 
by early childhood, and are thought to reflect early devel-
opmental processes.80 We have previously demonstrated 
that GMV decrease is present in SzO independently of 
age,62 and that reduction of global cortical surface area, 
which has been closely associated with GMV, is present 
in childhood and adolescence over 2 points in time.81 At 
a multivariate level, GMV decrease was detected when 
assessing both groups jointly, and may not have emerged 
in the contrasts for SzO versus CcO or BpO due to a com-
paratively stronger effect of intelligence in the model. 
Higher rates of childhood developmental difficulties were 
also detected in SzO relative to CcO and BpO, however 
this did not distinguish between groups in multivariate 
analyses, also likely related to a stronger effect of intel-
ligence, obstetric complications and NSS.

Intelligence clearly distinguished between SzO and 
BpO. The single study so far to directly compare young 
SzO and BpO23 failed to identify group differences in full 
scale intelligence, which may have been related to a lack 
of power, although it did identify working memory and 
attentional deficits in SzO and BpO relative to controls, 
respectively. Our findings are in keeping with a number 
of studies pointing to lower intelligence in first-degree 
relatives of patients with schizophrenia in relation to 
controls,21 in contrast to the mixed evidence from studies 
in bipolar relatives.22–24 A  more recent meta-analysis of 
comparative studies between schizophrenia and bipolar 
disorder concluded that reductions in premorbid intelli-
gence in bipolar disorder were only detected in retrospec-
tive studies, and thus concurs with our own prospective 
observations.82

Taken together, our evidence points to a potential con-
tinuum of neurodevelopmental disruption between SzO 
and BpO, both from a qualitative (number of domains 
affected) and quantitative (effect sizes, comparative accu-
racy of discriminatory models) perspective. Although not 

a primary outcome measure of the study, the higher rates 
of ADHD, considered to be a disorder of neurodevelop-
ment,83 in SzO relative to CcO, with intermediate values 
for BpO, also concurs with this notion. Our observations 
are in keeping with results from molecular and genetic 
studies in patient samples, which have demonstrated that 
although the impact is greater in schizophrenia, bipolar 
disorders are also associated with a degree of alteration 
in neuromaturational processes.84–89

Our second objective aimed to assess the clinical rel-
evance of these findings: GMV and intelligence were 
independently associated with lifetime axis I  psychopa-
thology in HR youth, which may index greater risk of 
later schizophrenia or bipolar disorder in these youth.48–50 
Kendler et  al90 in a recent conscript study, reported an 
inverse relationship between scholastic achievement at 
age 16 and risk for schizophrenia; this association was 
weaker in individuals who later developed bipolar dis-
order. In an earlier cohort study assessing neuropsycho-
logical performance at age 7,91 both children who later 
developed schizophrenia or bipolar disorder performed 
worse than controls, although impairment was more 
severe in those who went on to develop schizophrenia. 
Interestingly, the presence of a positive family history in 
first-degree relatives significantly increased the severity 
of childhood neuropsychological impairment for schizo-
phrenia but not for bipolar disorder, which resonates 
with our own findings. Neuroimaging studies in familial 
HR youth have revealed an association between a lon-
gitudinal decrease in total and fronto-temporal volume 
and schizophrenia outcomes in young adult SzO,92 while 
regional GMV predicted prodromal symptomatology at 
follow-up in an adolescent sample of SzO.27 Although 
GMV reduction does not appear to characterize young 
BpO as a group,29,30 it has been shown to identify those 
who go on to develop mood symptoms,32 which is in 
keeping with (a) our lack of case–control neuroimaging 
differences in BpO, and (b) the fact that, when considered 
together with SzO, total GMV was associated with axis 
I psychopathology, and therefore may serve in future to 
distinguish those HR offspring who will develop a major 
psychiatric outcome.48

Limitations

The above data is limited by a number of  shortcomings. 
First, data on perinatal events and childhood develop-
ment are dependent on recall capacity of  the parents; 
hence our decision to focus on a small number of  objec-
tive items. We also lacked information on maternal 
substance misuse, smoking or psychopharmacological 
treatment during pregnancy, or on minor gestational 
events which have later been associated with psychiatric 
outcomes such as influenza or urinary tract infections,93 
which will ideally need to be assessed in studies includ-
ing newborn offspring. Parents of  children with a history 



1216

G. Sugranyes et al

of developmental problems may have been more moti-
vated to participate in the study, however control fami-
lies were screened for this and excluded if  this was their 
main reason for participating in the study. In proband 
families we also consider it unlikely that this could have 
driven our findings: families were approached following 
a systematic procedure, and over 85% of families who 
were contacted went on to participate in the study.51 Our 
experience is that parents with schizophrenia or bipolar 
disorder are eager for their offspring to participate in 
such studies regardless of  whether they have presented 
with previous developmental difficulties. We also priori-
tized sample size at the expense of  having to accommo-
date our neuroimaging analyses to a multicenter design, 
hence our focus on a measures of  total and regional brain 
volumes rather than more refined measures of  brain 
morphology. Patients with schizophrenia, especially, 
are known to have low fertility rates,94 which is why we 
decided to recruit from 2 sites. Furthermore, we decided 
against comparing between subtypes of  bipolar disorder 
in order to minimize multiple comparisons. There was 
a proportion of  offspring receiving psychopharmaco-
logical medication; however, results in the unmedicated 
subsample were very similar, and risk of  exclusion of 
the more severely affected offspring and subsequently 
those carrying greatest illness-related effects must also be 
taken into account. Finally, although psychopathology 
in HR youth has been associated with adult outcomes, 
only long-term follow-up will allow to elucidate which 
of  these neurodevelopmental factors are predictive of 
schizophrenia or bipolar disorder.

Conclusions

We provide evidence of a potential continuum of neuro-
developmental insult between SzO and BpO. Clinicians 
should be alerted to the potential association between 
lower intelligence and total GMV and risk for psychopa-
thology, which may index increased risk for adverse clini-
cal outcomes in HR youth.

Supplementary Material

Supplementary data are available at Schizophrenia 
Bulletin online.
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