
Approaches for Adolescents with an Affected Family Member
with Schizophrenia

Vaibhav A. Diwadkar, PhD, Konasale M. Prasad, MD, and Matcheri S. Keshavan, MD
Department of Psychiatry, University of Pittsburgh School of Medicine, 3811 O’Hara Street, Room
441, Pittsburgh, PA 15213, USA
Matcheri S. Keshavan: keshavanms@upmc.edu

Abstract
Prospective studies of adolescents at risk for schizophrenia (high-risk studies) can shed light on
the possible premorbid precursors of schizophrenia. Recent studies have provided evidence of
neurobehavioral, brain structural, physiologic, and neurochemical deficits in adolescent
nonpsychotic high-risk relatives that may date back to childhood or earlier. These results are
collectively providing a critical window into the inter-relationships between genetic
predisposition, neurodevelopment, and premorbid indicators of risk in schizophrenia. Convergent
approaches are inherently powerful in mutually informing each other in enriching the knowledge
of the risk factors that predict the eventual onset of schizophrenia. Defining such reliable
predictors of the onset of schizophrenia may provide us with the tools to better understand the
etiology and pathophysiology of the illness, and may pave the way for innovative methods of
treatment and possibly prevention. The authors review the relevant literature in this promising
field of inquiry and summarize recent findings from high-risk studies.

Introduction: Schizophrenia, Adolescence, and Neurodevelopment
Schizophrenia is a complex and dynamic illness [1,2], with a presumed polygenic basis, that
is thought to arise from a combination of genetic, epigenetic, and environmental factors [3].
The illness has high personal and societal costs and an estimated lifetime prevalence of 1%
in the general population [4]. With no known cure, recent efforts have focused on early
therapeutic intervention in the prodromal phase of the illness, which may lead to better long-
term outcome for patients [5]. Early intervention may be better served if the nature of the
illness’ precursors, its development, and pathways to its clinical manifestation are
understood.

Recently, progress in several important technical and conceptual issues has greatly advanced
the scientific investigation of schizophrenia. The development and application of in vivo
neuroimaging techniques [6] has helped identify structural and physiologic alterations in
cortical and subcortical regions [7–9]. With an increased understanding of the
pathophysiology of the illness has come an increased emphasis on understanding its
pathogenesis. Abnormal neurodevelopment has emerged as a key construct [3].

The idea of abnormal neurodevelopment in schizophrenia dates to the earliest modern
conceptions of the illness. For example, the observation of deficits in social interaction, as
well as other behavioral deficits in childhood, was reported by Bleuler and Kraepelin (see
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[10••,11]). More recently, the argument of neurodevelopment has been articulated in a series
of influential papers. The prevailing models differ in regard to the timing of the
developmental deviations. Some authors have argued that schizophrenia arises from a “fixed
lesion” early in life that interacts with developmental processes occurring in adolescence
and young adulthood [12]. Others have argued that the illness arises from alterations in the
program of synaptic pruning in key areas of the brain during adolescence [13,14] that may
result from a combination of genetic and epigenetic factors that cause abnormal
neurodevelopment of cortical networks [15]. These models conform to the broad view of
schizophrenia as a neurodevelopmental disorder because they predict psycho- and
biopathologic events as being present much earlier in life than the phenotypic features of the
illness required for diagnosis [16]. Because the typical onset of schizophrenia is in young
adulthood, adolescence is a key developmental period in which to investigate possible
precursors of the illness, and it has been argued that schizophrenia is a disorder of brain
development during the critical period of adolescence.

Human neurodevelopment occurs along a complex yet systematic schedule that is dictated
by a combination of genetic and environmental influences [17,18], and adolescence in
particular is marked by substantial refinement in brain structures in conjunction with rapid
increases in cognitive proficiency in basic systems such as memory and language [19].
Because schizophrenia is marked by pathophysiologic deficits in key cortical and subcortical
regions and by neurocognitive deficits in memory and language, this suggests that there may
be an abnormal profile of neurodevelopment in these structures during adolescence.
Therefore, a promising approach to understanding the developmental basis of schizophrenia
is to comprehensively assess adolescent individuals who are known to be at highly elevated
risk for the illness. Adolescent first-degree relatives of schizophrenia patients form the most
important sample to fit this description.

Genetic factors are among the best-established etiologic factors in schizophrenia. Previous
twin, family, and adoption studies have provided data on the degree of risk for an individual
as the proximity to the schizophrenia proband and the number of affected relatives increase.
Epidemiologic studies indicate that first-degree relatives (HR-S) of schizophrenia patients
are at highly elevated risk for developing schizophrenia [20]. Consistent with the genetic
hypothesis, twin studies have revealed that the concordance rate for schizophrenia is much
higher in monozygotic twins (46%) than in dizygotic twins (14%). More generally, the
incidence of schizophrenia in the offspring and first-degree relatives of patients is
significantly higher than in the general population. Whereas the lifetime risk of developing
the illness in the general population is approximately 1%, offspring of patients are 12 to 40
times more likely to develop the illness than the general population [21,22]. Recent
advances in the understanding of genetic contributions to schizophrenia help further
elucidate the value of studying adolescent relatives of schizophrenia patients.

Although genetic factors are necessary, they are not sufficient to produce the illness. The
heritability of schizophrenia is estimated at 60% to 90% [20,23,24]; that is, 60% to 90% of
the total phenotypic variance is accounted for by the genetic variance. It must be emphasized
here that heritability tells us the contribution made by the genetic factors to account for the
population’s variance in a phenotype but not the relative contribution of genotype and
environment to an individual’s phenotype. Therefore, using genetic factors alone to predict
who would develop illness in the future is beset with the problem of false-positives. Nature-
nurture interactions are extremely important to consider in such predictions and are
complex. Although the risk of schizophrenia increases with greater proximity to the relative
with the illness, it also increases the possibility of sharing the environment. Earlier studies
sought to focus on teasing apart the genetic and environmental contributions to the etiology
of schizophrenia using family and adoption studies. Further studies clarified that it was the
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shared genetic material that was more important than the shared external [25] or in utero
[26] environments. These family studies also demonstrated that genetic materials are not
specific to schizophrenia as is classified in the diagnostic systems, but may be associated
with a variety of disorders and traits that are phenotypically closer to schizophrenia. These
findings led investigators to study such high-risk subjects using prospective follow-up
studies (the high-risk strategy).

Several studies of adolescents at high risk (HR) for schizophrenia were initiated in the early
1960s and 1970s, and some of these “first generation” studies have continued to date. These
studies typically involved follow-up of offspring of parents with schizophrenia, though
younger siblings and discordant monozygotic (MZ) twins also have been studied as at-risk
populations. Three HR studies—the New York Infant Study [27], the Swedish High-Risk
Study [28], and the Israeli Infant Study [29]—observed the offspring from birth onward. The
New York High-Risk Project (NYHRP) [30] and the Israeli Kibbutz High-Risk Study [31]
studied offspring from elementary school ages, and the Copenhagen High-Risk Project
(CHRP) [32] and the Edinburgh High-Risk study [33•] studied subjects from adolescence
onward. Some, but not all, of these studies have observed subjects through the risk period,
and have provided valuable data on risk for schizophrenia and related disorders. The authors
summarize some of the recent findings in the HR literature including their own work from
ongoing studies in Pittsburgh.

Psychopathology
Early HR studies showed that the risk for schizophrenia and related disorders and the cluster
A personality traits/disorders were elevated in relatives of patients with schizophrenia. Rates
of Axis I schizophrenia and related psychotic disorders among the offspring of
schizophrenia patients have ranged from 8% (NYHRP studies) to 21% (CHRP study), and
these risks have been substantially higher than in control offspring. Offspring of
schizophrenia parents also had significantly elevated risk for cluster A personality disorders
[30]. An important message from these studies was that schizophrenia in a relative gives rise
to a risk for a variety of psychopathology that can be subsumed under a broad rubric of
schizophrenia-spectrum psychopathology.

The recent studies in first-degree relatives clearly reveal advances in identifying
endophenotypic markers of the illness and discovering its premorbid precursors. The
authors’ Pittsburgh High-Risk Project has documented many of the initially identified
endophenotypes in adolescent relatives and continues to expand in scope. The essential
nature of the results is tabulated in Table 1, and some of the findings are discussed in more
detail in subsequent sections.

Neurocognitive Deficits
The strongest evidence of impairment in relatives of schizophrenia patients appears to be in
sustained attention, abstract thinking, and perceptual motor speed [34]. Among the various
neuropsychologic measures, the continuous performance test appears to be consistently
associated with liability to schizophrenia [35]. In the NYHRP, attentional impairment in
childhood predicted 58% of the HR subjects who developed schizophrenia spectrum
disorders in adulthood [36]. Attentional impairment is trait-related, stable over time, and
related to genetic vulnerability [37]. Gross motor skills also were abnormal in 75% of
offspring, while false-positive rates were 27%. Short-term verbal memory was impaired in
83% of offspring who later developed schizophrenia [38], showing a high sensitivity, but
with relatively high false-positive rates (28%). By contrast, attentional impairments had
lower sensitivity (58%) and also lower false-positive rates (18%). In summary, therefore,
attentional impairments may be among the most useful neurobehavioral measures for
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prediction of outcome in offspring at risk for schizophrenia. Data from the Pittsburgh study
indicate attentional (continuous performance test) and executive function (Wisconsin Card
Sorting Test) alterations as well as increased soft neurologic signs in young HR relatives
[38].

Magnetic Resonance Imaging Studies
Children and adolescents at risk for schizophrenia, and nonpsychotic adult relatives of
patients with schizophrenia, manifest structural brain abnormalities to a milder degree than
patients with frank psychosis. A few magnetic resonance imaging (MRI) studies of the brain
in relatives have demonstrated abnormalities in structures relevant to schizophrenia, and
many of them agree with the neuropsychologic deficits associated with HR for the illness.
Younger and older nonpsychotic relatives manifest volumetric abnormalities, especially in
the prefrontal and temporal regions, suggesting that these abnormalities, at least in part,
reflect vulnerability to the illness (see [39] for a review). The authors’ data indicate
reductions in amygdala-hippocampal volumes [40•] and superior temporal gyrus [41]; we
also have seen more prominent prefrontal gray matter reductions in HR subjects with
schizotypal characteristics [42]. Parahippocampal regional abnormalities have been
demonstrated in HR individuals and are emerging as a possible vulnerability indicator
[43,44]. Such findings are important because the parahippocampal region is involved in
verbal declarative memory. Such convergent findings of structure-function impairments
enhance the confidence with which future research may be pursued. Advances in
understanding the biologic vulnerability to schizophrenia will be facilitated by increasing the
precision of measurement of the abnormalities, by evaluating whether putatively linked risk
factors are related to each other, and by determining whether these deficits are associated
with genetic or environmental factors.

Magnetic Resonance Spectroscopy Studies
Magnetic resonance spectroscopy (MRS) offers a noninvasive way of quantifying in vivo
metabolism. Several studies using proton (1H) MRS have shown reductions in N-acetyl-
aspartate, an in vivo marker of neuronal integrity, in prefrontal and temporal brain regions in
schizophrenia (see [45] for a review). Cross-sectional data from the authors’ studies in
Pittsburgh suggest reductions in the ratio of N-acetyl-aspartate to choline in offspring at risk
for schizophrenia [46]. Similar observations have been reported in adult relatives of patients
with schizophrenia [47], suggesting that MRS can potentially shed light on neurochemical
underpinnings of the heritable diathesis in this illness.

In vivo phosphorous (31P) MRS studies have shown abnormal membrane phospholipid
metabolism in the prefrontal cortex in the early course of schizophrenia. It is unclear,
however, whether these alterations also represent premorbid risk indicators in schizophrenia.
The authors have recently reported in vivo 31P MRS data on HR children and adolescents.
We quantified the freely-mobile phosphomonoester (PME) and phosphodiester (PDE)
levels, reflecting membrane phospholipid precursors and breakdown products, respectively,
and the relatively broad signal underlying PDE and PME peaks, which is caused by less-
mobile molecules with PDE and PME moieties (eg, synaptic vesicles and phosphorylated
proteins). Compared with healthy comparison subjects, HR subjects had reductions in freely
mobile PME and increases in the broad signal underlying the PME and PDE peaks in the
prefrontal cortex. Similar observations have been reported by others [48]. These data
provide new evidence for decreased synthesis of membrane phospholipids and possibly
increased synaptic vesicles or phosphoproteins in the prefrontal cortex of young offspring at
risk for schizophrenia. These findings are similar to those observed in early course
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schizophrenia. Follow-up studies are needed to examine the predictive value of these
measures for future emergence of schizophrenia in at-risk individuals.

Functional Magnetic Resonance Imaging Studies
Using blood oxygenation level–dependent and contrast functional MRI (fMRI), it has now
become possible to study abnormal regional brain activation in adolescent HR subjects.
Although some fMRI data have been reported in the literature in adult relatives [49], few
studies have investigated child and adolescent relatives. In a preliminary study, the authors
have observed reduced activation in prefrontal brain regions in HR adolescents during a
spatial working memory task [50]. Preliminary fMRI studies have shown that performance
on these tasks of eye-movement control and working memory in these subjects result in
aberrant fMRI-measured activation in the frontal and parietal regions of the brain [51] and
the frontal eye fields, which are thought to regulate eye movement control [52]. Studies have
shown that the response of the prefrontal cortex in adult relatives is similarly inefficient to
increases in working memory demands [49], providing a measure of convergence with fMRI
results of child and adolescent relatives. Recent and future work may seek to narrow the
nature of the frontal deficit in relatives by assessing whether the presence or absence of
specific allelic genotypes modulates prefrontal function, and thereby the risk for the illness
[53].

Electrophysiologic Studies
A physiologic measure that has received attention in HR studies is eye tracking abnormality
[54], which is seen in approximately 50% of adult relatives; studies of smooth pursuit eye
movements in adolescent HR subjects have shown significant dysfunction compared with
healthy comparison subjects [55]. Eye movement studies have shown lack of age related
improvements in oculomotor delayed response performance in young HR subjects [56].
However, these measures have not been investigated as a predictor of schizophrenia risk in
prospective studies.

Cognitive evoked potentials also have been proposed as measures of liability; prolonged
latency and reduced amplitude of N100, P300, and P50 components have been observed
among relatives [57]. Abnormal auditory event potentials [58] and electrodermal hypo- or
hyper-responsiveness [59,60] also have been demonstrated, albeit less consistently.

Molecular Genetic Approaches
Schizophrenia is a clinically heterogeneous disorder. No single gene or chromosome locus
of major effect has been characterized, but several genes of small effects have been reported
to be associated with schizophrenia. Some of the replicated associations are given in Table
2.

Several of these genes affect diverse brain and neurotransmitter functions, as well as
neurodevelopmental processes. Some of them affect glutamate (eg, neuregulin, DAAO,
G72), the dopamine function (eg, catechol-O-methyltransferase), whereas others affect
signal transduction (eg, RGS4). Among these genes, there is evidence implicating RGS4,
dysbindin, neuregulin, and DISC1 as affecting neurodevelopmental processes. Furthermore,
DAAO and G72 affect glutamate signaling that is involved in neuronal migration [61,62].
By affecting neurodevelopmental processes, unique endophenotypes for each risk may
result. More importantly, the combination of these genes that is necessary or sufficient to
lead to schizophrenia is not known. The precise mechanisms linking genetic factors and
neurodevelopment in schizophrenia remain unclear, and theories will continue to evolve in
the face of rapidly accumulating data. Several studies linking genetic polymorphisms with
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specific structural or functional abnormalities in schizophrenia patients exist (eg, catechol-
O-methyltransferase, working memory, and dorsolateral prefrontal cortex perfusion) [63]. In
preliminary analyses, the authors have demonstrated dorsolateral prefrontal cortex
morphometric alterations in first-episode schizophrenia associated with specific genotypes
of RGS4 single nucleotide polymorphism in patients but not in controls [64]. This suggests
that the RGS4 polymorphisms may be interacting with other illness-related variables.
Targeting HR individuals can potentially mitigate the effect of illness variables on the
endophenotypes associated with genetic polymorphisms and could provide a clearer picture
of the premorbid endophenotype.

Family studies clearly suggest that schizophrenia does not increase the risk for nonspecific
psychopathology, but does increase the risk for phenotypes closer to schizophrenia and
cognitive deficits associated with the illness. Recent findings suggest associations between
specific genetic polymorphisms and impaired cognition and prefrontal function, suggesting
one possible etiopathologic pathway [63]. A recent multivariate prediction study in children
of parents with schizophrenia and those without reported that schizophrenia was predicted
by an interaction of genetic risk with rearing environment and disruptive school behavior
[65]. However, the genetic liability for schizophrenia-related disorders is widely dispersed
[66], and suggests that there may be multiple pathways to the heterogeneous clinical
phenotype that is currently termed schizophrenia.

Conclusions
Recent studies of adolescent relatives at risk for schizophrenia have begun to yield valuable
data concerning the possible premorbid precursors of schizophrenia in adolescence.
Observations of neurobehavioral, brain structural, physiologic, and neurochemical
alterations in adolescent HR relatives suggest that the neurobiologic diathesis of this illness
may have its beginnings in childhood or earlier. A critical question for the field is to know
the subjects that are likely to develop the illnesses later in life, and the measures that, singly
or in combination, will provide researchers with the best predictive power.

Several future directions in understanding such a complex illness may be discerned. The
first is the concurrent application of multimodal imaging techniques within patients. Thus,
fMRI and morphometric techniques can help uncover the relationship between abnormal
function and structure in key regions of the brain. This may allow researchers to understand
the precise structural deficit that causes the emergent functional abnormality. Similarly, the
concurrent use of MRS, which identifies neurochemical abnormalities in the brain and
fMRI, can provide further information on relationships between substrate pathology and its
relationship to function [67]. Second, most HR studies have been limited by small sample
sizes and cross-sectional designs. However, several groups including the Pittsburgh High-
Risk Project are expanding sample sizes conducting longitudinal follow-up designs. Other
welcome trends also are becoming evident. The fields of HR and prodromal research are
beginning to converge, such that measures of early illness, derived from the latter, may
potentially serve as outcome measures to be examined in HR subjects prospectively [68].
Third, the use of high-field neuroimaging and spectroscopy studies (4T or higher) [69] may
allow researchers to more precisely delineate the neurochemical and microstructural
alterations that may characterize the premorbid phase of schizophrenia. More sophisticated
spectral acquisitions and analysis may provide additional evidence for in vivo
neurochemical concentrations and metabolism. Fourth, the recent identification of replicable
candidate genes conferring susceptibility, such as dysbindin, neuregulin, catechol-O-
methyltransferase, and RGS4 [70•,71], provides an additional and powerful set of possible
predictive measures to examine in longitudinal HR studies. Fifth, efforts to develop
preventive interventions in symptomatic adolescent relatives provide the promise of
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preemptive illness onset and better illness management [72••]. Finally, given the large
samples needed for statistical power in HR studies, prospective multicenter studies of
carefully ascertained HR subjects, using uniform neurobiologic and genetic methods, are
critically needed for effective and timely progress in this pivotal area of schizophrenia
research.

Quite possibly the only way to understand the neurodevelopmental precursors of the illness
are to assess adolescent individuals who are genetically predisposed to the illness and in
whom this predisposition may be expressed in tangible and measurable neurodevelopmental
anomalies. Several groups around the world remain focused on uncovering the complex
epigenetic puzzle that is schizophrenia by studying adolescent relatives, and endeavor that
clearly reflects a rich synergy between basic science and potentially important applications.
A clearer understanding of premorbid alterations will help in the development of more
accurate profiles of risk and assist in earlier identification and intervention.
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Table 1

Main findings in adolescent relatives of patients with schizophrenia

Domain Main findings

Clinical High proportions of Axis I psychopathology, especially attention deficit and conduct disorders, and of Axis II
psychopathology

Neurocognitive Impaired attention, spatial working memory, and executive functions; increased neurologic abnormalities; language and
motor coordination abnormalities

Brain structure Volume reductions in amygdala and hippocampus, prefrontal cortex, thalamus, and in the superior temporal gyri

Brain function Decreased prefrontal activation with spatial working memory tasks with functional magnetic resonance imaging

Brain chemistry Decreased N-acetyl-aspartate; abnormal membrane phospholipid metabolism
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Table 2

Main findings from molecular genetic approaches

Location Gene Population studied

1q23.2 RGS4 Pittsburgh, USA; National Institute of Mental Health Clinical Global Impression scale, USA; New Delhi,
India; Wales, UK; Dublin, Ireland

6p22 DTNBP1 Ireland

8p12-21 NRG1 Iceland

13q34 G72 French-Canadian; Russia, USA

22q11 COMT Israel; China

22q11 PRODH USA

t(1q42.1; 11q14.3) DISC1 Scotland; Finland
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