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Abstract

Symptoms resembling the attentional deficit hyperactivity disorder (ADHD) are frequently observed in young relatives at

risk for schizophrenia (HR). We examined the frequency of the ADHD syndrome and its relationship to psychosis related

psychopathology and neurobehavioral abnormalities in young HR subjects (n = 29) and healthy comparison subjects (HC;

n = 30). Thirty-one percent of HR subjects (n = 9) had ADHD as a lifetime Axis-I diagnosis (HR-A). Compared to healthy

comparison subjects, the HR-A group had impaired neurological function. The HR-A group but not the HR subjects without

ADHD had higher scores on the Chapman’s magical ideation and perceptual aberration scales. Thus, ADHD-like features are

more prevalent in the HR population than the one described in the general population and are associated with more frequent

psychosis-like clinical features. Longitudinal studies can clarify whether an ‘‘ADHD subgroup’’ within HR subjects predict an

increased risk for future emergence of schizophrenia.

D 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

It is currently widely believed that schizophrenia is

a neurodevelopmental disorder based on clinical,

epidemiological, and neuropathological evidence

(Murray and Lewis, 1987; Weinberger, 1987). How-

ever, the neurodevelopmental deviations that may

predate the clinical manifestations of the illness have

not been precisely characterized. One approach to

study the early developmental and neurobehavioral

markers of vulnerability to psychosis is to evaluate the

first-degree relatives of schizophrenia patients who

have an increased risk for developing the illness

(Gottesman and Shields, 1982). Impaired attention is

frequently seen among patients with schizophrenia

and their high-risk (HR) relatives and has been

considered as one of the robust markers of risk for

the eventual emergence of the illness (Erlenmeyer-

Kimling et al., 2000). Attention deficits have been

shown to be present throughout the course of the

illness in schizophrenia, are evident even before the

illness starts, persist during treatment and are heritable

(Cornblatt and Keilp, 1994).
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It is unclear whether the impairment in attention in

the population at risk for schizophrenia is associated

with the clinically diagnosed Attention Deficit Hyper-

activity Disorder (ADHD). It has been shown earlier

that the motor, perceptual, and attentional difficulties

observed in the offspring of schizophrenia patients

resemble the behavioral pattern defined as ADHD in

the Diagnostic and Statistical Manual of Mental Dis-

orders (DSM) (Marcus et al., 1987). In a retrospective

study, Gomez et al. (1981) reported that 32% of the

psychiatric inpatients reported symptoms similar to

ADHD in their childhood. Only the psychosis sub-

group of these inpatients had a significantly elevated

incidence of attentional deficits. Prospective studies of

children who eventually developed schizophrenia have

reported an increased prevalence of attentional impair-

ments (Cornblatt and Keilp, 1994). A high-risk study

of 207 adolescent children of schizophrenic mothers

showed that subjects who subsequently developed

schizophrenia had a higher frequency of attentional

impairments during childhood (Parnas et al., 1982).

Menkes et al. (1967) followed 14 hyperkinetic children

at a child outpatient psychiatric clinic and four of them

were found to develop psychosis. While this (28%)

high incidence could be due to biased selection of

severely ill children, it does raise the question whether

ADHD represents a factor for the emergence of psy-

chotic disorders.

It is an intriguing question whether ADHD-like

features in young relatives at risk for schizophrenia

are associated with an increased frequency of schiz-

ophrenia-related psychopathology or ‘‘psychosis-

proneness’’. Such psychosis proneness may underlie

an inherited liability to schizophrenia (Lenzenweger

and Moldin, 1990; Meehl, 1989). Several studies have

documented the predictive value of subtle psychopa-

thological manifestations for future emergence of

psychosis. In particular, two scales, the magical idea-

tion and perceptual aberrations (Chapman et al., 1994)

have some predictive value. Some (Barnes et al.,

2000; Lenzenweger et al., 1991), though not all

studies (Franke et al., 1994; Laurent et al., 1999),

suggest a relation between the psychometrically iden-

tified psychosis-proneness and attentional impair-

ment. However, it is unclear whether such psychosis

proneness is related to the attentional impairment in

children and adolescents with a genetic predisposition

to schizophrenia.

In this study, we examined the neurobehavioral

parameters and psychosis proneness scores among a

series of young offspring and siblings of schizophrenia

patients (HR relatives) and a group of healthy compar-

ison subjects. We hypothesized that the psychopa-

thological features such as ADHD would be more

frequent among HR relatives. We also predicted

that the putative neurobehavioral indicators of vul-

nerability to schizophrenia (attentional measures,

neurological abnormalities), as well as psychosis

proneness scores will be elevated in the ADHD

group as compared to the HC subjects and the HR

subjects without any Axis-I psychiatric disorder.

2. Methods

This study was carried out at the Western Psychi-

atric Institute and Clinic (WPIC) of the University of

Pittsburgh Medical Center. The study was approved

by the Institutional Review Board of the University of

Pittsburgh Medical Center. After a complete descrip-

tion of the study to the subjects, written informed

consent was obtained. The parent/guardian also pro-

vided an informed consent for subjects whose age are

less than 18. HR subjects were recruited by approach-

ing parents who were patients in the Schizophrenia

Services, and children and adolescents known to have

a parent or sibling with schizophrenia from the Child

Psychiatry Services.

2.1. Subjects

Structured clinical interviews were used; Schedule

for Affective Disorder and Schizophrenia for School-

Age Children (K-SADS) (Ambrosini et al., 1989) for

ages 15 and below or the Structured Clinical Interview

for DSM disorders (SCID) (First et al., 1995) for ages

16 and above. Interviews were conducted by trained

interviewers and diagnoses were made using all the

clinical and structured interview data at consensus

meetings that included a senior psychiatrist. Diagno-

ses were made based on the Diagnostic and Statistical

Manual of Mental Disorders (American Psychiatric

Association, 1994). We excluded HR subjects that met

any of the following criteria: (a) lifetime diagnosis of

any DSM-IV psychotic disorder (since we were inter-

ested in identifying prepsychotic precursors); (b) full
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scale IQ less than 70; (c) significant history of, or

current, medical illness; (d) lifetime substance use

disorder; (e) pregnancy or lactation; and (f) neuro-

logical disorders, epilepsy, family history of heredi-

tary neurological disorder or head injury with loss of

consciousness greater than 30 min. The HC subjects

also met the above exclusion criteria and were also

free of any Axis-I psychiatric disorder.

Subjects included 29 high-risk (HR) relatives (26

offspring and 3 siblings; age 9–22; 15 males and 14

females) and 30 healthy controls (age 9–22; 15.16

F 4.69 years; 15 males and 15 females). The diag-

nostic breakup was as follows: no Axis-I psychopa-

thology (HR-N) (n = 10), those with Axis-I pathology

but not ADHD (HR-NA) (n = 10) and those with

ADHD as their Axis-I diagnoses (HR-A) (n = 9).

The mean ages were 16.21F 2.82 years for HR-N,

and 16.31F 3.67 years for HR-NA, and younger

(12.51F 2.18 years) for the HR-A group. The age

distribution did not significantly differ between the

HC and HR groups (F = 1.84; df = 55; p = 0.15). HR-

N group had a male/female ratio of 4:6; the HR-NA

had a male/female ratio of 4:6 and the HR-A group

had a male/female ratio of 7:2. The sex distributions

did not differ between the HC and the three HR

groups (Chi square = 3.56; df = 3; p = 0.31). The IQ

did not differ between the groups (HC: 111.56F17.0;

HR-N: 110.14F 13.7; HR-NA: 96.28F 17.32; and

HR-A:106F 17.02; F = 1.63; df = 43; p = 0.20).

The percentage of HR subjects with a DSM-IV

diagnosis of ADHD was 31% (n = 9), of whom two

were of the inattentive type, one was of the hyper-

active subtype, and six were of the combined subtype.

The HR-A subjects had the following conditions in

addition to ADHD: generalized anxiety disorder,

n = 2; oppositional defiant disorder, n = 2; bipolar

disorder, n = 1. The diagnostic breakup among the

HR-NA group was as follows: depressive disorder,

n = 5; adjustment disorder, n = 1; separation anxiety

disorder, n = 1; opposition defiant disorder, n = 2; and

simple phobia, n = 1.

2.2. Neurobehavioral assessments

The Continuous Performance Task (CPT)-Identical

Pair version (Cornblatt et al., 1989) was selected for

its ability to detect attentional impairments in the HR.

CPT is frequently used to assess the severity of

ADHD (Levy and Hobbes, 1997), as well as in

high-risk studies of schizophrenia (Cornblatt and

Keilp, 1994). Stimuli (four digit numbers or shapes)

were presented on a computer screen (display time: 50

ms; interstimulus interval: 950 ms) and participants

were instructed to press a button when the same

stimulus appears consecutively. Scoring was com-

pleted by the computer; scores on dV (d prime) are

indicative of perceptual sensitivity (decreased signal/

noise discrimination). Decreased dV scores are indi-

cative of attentional impairment.

The Buchanan and Heinrichs Neurological Eval-

uation Scale (NES) (Buchanan and Heinrichs, 1989)

is a structured instrument for the assessment of

neurological signs in schizophrenia and was admin-

istered to all subjects. We used a slightly modified

version, with the inclusion of the palmomental reflex

(Sanders et al., 1994). Total scores were computed,

as well as the subscale scores (motor coordination,

sensory integration, and motor sequencing) for anal-

ysis.

The HR subjects were assessed using two of the

Chapman psychosis-proneness scales. The perceptual

aberration and magical ideation scales (Chapman et

al., 1978; Eckblad and Chapman, 1983), in partic-

ular, were chosen because they have been shown to

have some predictive power for future psychosis

(Chapman et al., 1994). An example of an item on

the Perceptual Aberration Scale is ‘‘Parts of my bo-

dy seem occasionally dead or unreal’’ (keyed true).

An example of an item on the magical ideation

scale is ‘‘Good luck charms don’t work’’ (keyed

false). These scales have been used in adolescent

populations in previous studies (Obiols et al.,

1999).

2.3. Data analyses

Data were checked for normality (Shapiro and

Wilks W statistic) before conducting the parametric

comparisons. When the distributions were nonnormal,

appropriate transformations were carried out (square

root transformations for the schizotypy scores). Stat-

istical comparisons were between groups using the

Analyses of Variance (ANOVA). Post-hoc compari-

sons were carried out, where appropriate, using the

Neumann–Keuls tests. Alpha was set at p < 0.05

(two-tailed).
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3. Results

We compared the four groups for CPT (digits and

shapes) dV scores, neurological soft sign scores, and

psychosis proneness scores on the Chapman scale

(magical ideation and perceptual aberration). Table 1

shows the group comparisons. CPT dV scores (digits)

were significantly lower for HR subjects with ADHD

as compared to the HR-N subjects. Significant group

differences were seen in the NES scores; post-hoc

tests revealed that the total average, motor coordina-

tion, and sensory integration subscale scores of the

NES were increased in the HR-A group compared to

the HR-N group. The sensory integration and motor

coordination scores were also elevated in the HR-A

group in comparison to the HC group. The motor

sequencing was significantly higher in both the HR-

A and HR-NA subjects, in contrast to the HR-N

group.

Significant group differences were seen in the

psychosis proneness scores. Using the post-hoc tests,

the magical ideation scale scores (square root trans-

formed) were significantly elevated in the HR-A

group, compared to the HC group; the perceptual

aberration scale scores were elevated in the HR-A

group compared to both the HC and HR-N groups

(Table 1 and Fig. 1a and b).

4. Discussion

A central feature common to ADHD and schizo-

phrenia is the attentional dysfunction. In our study, we

observed that the HR subjects with ADHD performed

poorly on the CPT (digits) as compared to the HR

subjects without any psychopathology. Earlier studies

have shown that both high-risk offspring and schizo-

phrenia patients have deficits in attention and poor

performance on the CPT (Cornblatt and Keilp, 1994).

Deficits in cognitive tasks involving the earliest phase

of visual information processing by backward mask-

ing have been observed in schizophrenia (for review,

see McClure, 2001), as well as ADHD (Rund et al.,

1995). Both schizophrenia and ADHD children have

deficits in verbal and spatial working memory (Kar-

atekin and Asarnow, 1998b). Both disorders may be

associated with diminished capacities of sensory/

memory buffers and/or the availability and allocation

of attentional resources.

The HR-A subjects also had more abnormal neuro-

logical soft signs compared to the HC subjects and the

HR-N relatives. The motor sequencing task of the

NES, which requires the mediation of the prefrontal

cortex, showed significant impairment in the HR-A

group as compared to the HR-N group. However, this

was not specific to the HR-A group, the HR-NA

Table 1

Comparison of high-risk (HR) and healthy comparison subjects on neurobehavioral measures and psychometric indices of psychosis-pronenessa

HC HR-N HR-NA HR-A F (df) p Post hoc comparisons (Neumann–Keuls)

NES

Sensory integration 0.38 (0.32) 0.31 (0.19) 0.50 (0.29) 0.71 (0.31) 3.42 (52) 0.02 HR-A>HC; HR-A>HR-N

Motor coordination 0.20 (0.29) 0.13 (0.16) 0.53 (0.53) 0.62 (0.31) 5.77 (52) 0.002 HR-A>HC; HR-A>HR-N

Motor sequencing 0.61 (0.55) 0.25 (0.31) 0.92 (0.53) 1.06 (0.65) 4.44 (52) 0.007 HR-A>HR-N HR-NA>HR-N

Total average 0.40 (0.27) 0.32 (0.13) 0.51 (0.32) 0.66 (0.27) 3.11 (52) 0.03 HR-A>HR-N

CPT

Digits 1.21 (0.83) 1.71 (0.53) 1.32 (0.84) 0.64 (0.61) 2.93 (42) 0.04 HR-A<HR-N

Shapes 1.52 (0.85) 1.65 (0.76) 1.18 (0.92) 0.81 (0.96) 1.74 (42) 0.17

Chapman scales

Magical ideation 1.16 (0.82) 1.69 (0.62) 1.87 (1.20) 2.56 (1.27) 5.57 (55) 0.002 HR-A>HC

Perceptual aberration 0.73 (0.83) 0.91 (0.86) 1.62 (0.98) 2.02 (1.33) 5.47 (55) 0.002 HR-A>HC; HR-A>HR-N

a ANOVA. Healthy comparison subjects (HC), HR subjects with attention deficit disorder (HR-A), HR subjects with other psychopathology

(HR-NA), and HR subjects with no psychopathology (HR-N).
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subjects also had smaller elevations in this NES

subscale. Dysfunction of the prefrontal cortex may

mediate these neurological deficits (Buchanan and

Heinrichs, 1989) and attentional deficits (Keilp et

al., 1997); thus, these abnormalities point to a dys-

function in the prefrontal cortex in HR-A subjects

similar to what is implicated in schizophrenia (Rund

et al., 1999; Rund et al., 1995). In visual search tasks,

both disorders (ADHD and schizophrenia) have a

normal rate of parallel search but a slow rate of serial

search. The impairment in the serial search in both

ADHD and schizophrenia indicates that the neural

connections in the frontal cortex and thalamus are

inefficient (Karatekin and Asarnow, 1998a). These

observations are also consistent with neuroimaging

evidence implicating the prefrontal cortex in the path-

ophysiology of schizophrenia (Andreasen, 1999; Gil-

bert et al., 2000), as well as ADHD (Rubia et al.,

1999). Thus, HR-A subjects may represent a subgroup

of HR relatives who have neurobiological alterations

similar to those observed in schizophrenia and ADHD;

this suggests that they may be at an enhanced risk for

developing the illness when they reach the age of risk

for schizophrenia.

The observed elevations in the psychosis proneness

scores among the HR-A subjects merit comment.

Both psychosis-proneness or schizotypy (Chapman

et al., 1994) and attentional impairments (Cornblatt

and Keilp, 1994) have been considered to reflect an

increased risk for the emergence of schizophrenia

among the predisposed individuals. It follows, there-

fore, that young relatives at familial risk for schizo-

phrenia, if they have features of both ADHD and

psychosis proneness, are at a particularly heightened

vulnerability to develop the illness. Prospective fol-

low-up studies are therefore critically needed to

examine this ‘‘enriched’’ high-risk group of prepsy-

chotic relatives. Early identification of schizophrenia

and related psychotic illnesses in such persons is

likely to improve overall outcome and may even have

a preventive value (Yung et al., 1998).

The possibility of some patients with schizophrenia

having features similar to attentional deficit syndrome

might be of therapeutic relevance. Earlier authors had

argued (Bellack et al., 1987) that ADHD represents a

precursor to schizophrenia in a distinct subtype of

schizophrenia termed as ‘‘attention deficit disorder

psychosis’’, which has a much varied symptomatol-

ogy, anamnesis, therapeutic response (lack of/poor

response to neuroleptics and favorable response to

amphetamine-like drugs and tricylics), and outcome.

Schizophrenia patients with history of childhood

ADHD, compared to those without ADHD have more

disturbances in the psychomotor development, a

higher rate of soft neurological signs, emergence of

childhood psychosis at a younger age, a poor response

to neuroleptics, and a poorer outcome (Elman et al.,

1998). Anecdotal case reports (Pine et al., 1993) of

adult patients with ADHD and comorbid atypical

psychosis suggest improvement following the treat-

ment with a psychostimulant. It has been suggested

earlier that stimulants may improve a unique, poorly

Fig. 1. Psychosis proneness scores (means, standard errors, and

standard deviations) in healthy comparison subjects (HC), HR

subjects with attention deficit disorder (HR-A), HR subjects with

other psychopathology (HR-NA), and HR subjects with no

psychopathology (HR-N). Panel A presents the magical ideation

scale and Panel B presents the perceptual aberration scale scores

(square root transformed).
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characterized group of chronically psychotic, neuro-

leptic refractory patients (Chiarello and Cole, 1987).

Amphetamine has been reported to benefit cognitive

function (Kirrane et al., 2000) and negative symptoms

(van Kammen and Boronow, 1988) in schizophrenia

and related spectrum disorders. Bellack et al. (1987)

even suggested that a trial of stimulants could be used

as a ‘‘therapeutic test’’ to differentiate schizophrenic

syndrome and ADHD psychosis. However, the pos-

sibility that such treatment could lead to the emer-

gence of psychosis among individuals at risk for

schizophrenia should not be overlooked (Vitiello,

2001).

Our observation of a higher incidence of ADHD in

the HR subjects (31%) as compared to the general

population, 4–12% in primary care settings (Brown et

al., 2001), raises the question of whether ADHD

patients in general have a higher risk for developing

psychosis in their adulthood. Literature on this issue is

controversial. Anecdotal case reports suggest that

some ADHD patients may eventually develop psy-

chosis (Schmidt and Freidson, 1990), though it is

unlikely if this is a common outcome of ADHD. A

retrospective study (Russell et al., 1989) in schizo-

phrenic children suggested that 40% of the subjects

had a premorbid history of attentional problems and

hyperactivity suggestive of ADHD. However, a pro-

spective study of children with ADHD, who were

followed up 15–21 years later, showed that 33% de-

veloped mental disorder; most of them had antisocial

personality disorder and nonalcoholic substance use

disorder, and none developed psychosis (Mannuzza et

al., 1998). These disparities might be related to the

possibility that ADHD is a heterogeneous syndrome;

the risk for eventual emergence of schizophrenia may

only be confined to a relatively small proportion of

subjects who are at an increased familial risk for this

disorder.

The strength of our study is that we examined

young nonpsychotic first-degree relatives of schizo-

phrenia patients who were studied during or prior to

the age range of risk for developing schizophrenia.

However, the small sample size and the lack of an

ADHD comparison group are the limitations. These

findings need to be confirmed with a larger sample

size and using long-term prospective studies. Further

studies also need to characterize the similarities and

differences in the attentional impairments in relatives

at risk for schizophrenia as compared to the ADHD

population. If confirmed, our observations suggest the

existence of a subgroup of HR individuals at an

increased risk for schizophrenia, and may help de-

tection of early vulnerability markers for schizophre-

nia.
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