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Disruption of visual percepts by a subsequent stimulus
(ie, backward masking) has been consistently noted in
schizophrenia, with some evidence that this fragility in early
perception is present in people with genetic liability for
the disorder. Given the potential of backward masking
paradigms to mark neural processes that confer risk for
schizophrenia, it is important to test the diagnostic specific-
ity of abnormalities in visual perception. Tomore fully assess
whether masking visual stimuli reveals a marker of genetic
liability (ie, endophenotype) specific to schizophrenia, we
tested 44 people with the disorder, 29 people with bipolar
disorder, 56 first-degree biological relatives of people with
schizophrenia, 26 first-degree biological relatives of people
with bipolar disorder, and 43 nonpsychiatric control par-
ticipants using a magnocellular-biased visual backward
masking procedure that included target-to-mask onset asyn-
chronies ranging from 0 to 80 ms. Relatives of people with
schizophrenia who were without schizophrenia spectrum dis-
orders exhibited impaired performance compared with
nonpsychiatric control participants and relatives of people
with bipolar disorder when a visual mask interrupted early
perception (eg, 27 ms). A similar vulnerability of early pro-
cesses was noted in people with schizophrenia, yet they also
had impaired performance when masks occurred at later
time points (ie, 80 ms). Performance deficits were not attrib-
utable to intellectual function, measures of attention and
memory, symptomatology, or medication dosage. Bipolar
patients and their relatives failed to exhibit deficits on the
backward masking task. Fragility of early visual percepts
appears to mark genetic liability specific to schizophrenia
and may serve as an endophenotype for the disorder.
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Introduction

Abnormalities in the early processing of visual stimuli
may mark genetic risk for schizophrenia.1 Individuals

with schizophrenia exhibit a protracted interruption in
perceiving a visual stimulus when it is followed by a visual
‘‘mask.’’2 Because the mask obstructs perception of an
object that occurred before it, the phenomenon is termed
‘‘backward masking.’’ Studies have shown the deficit to
be stable over time in people with schizophrenia3,4 and
not an epiphenomenon of antipsychotic medications.5–7

Researchers have also found both remitted schizophrenia
patients7 and healthy first-degree biological relatives of
schizophrenia patients8–11 to have visual percepts that
are unusually vulnerable to a subsequentmasking stimulus.
Although backward masking anomalies are present in

individuals with schizophrenia who are symptom-free as
well as potential genetic carriers for the disorder, an im-
portant requirement for a marker of genetic risk specific
to a disorder (ie, endophenotype12) is that the abnormal-
ity is absent in individuals with genetic liability for other
mental disorders.13,14 Because of a failure to find specific
points of genetic variation reliably associated with clini-
cally defined mental disorders (see Gershon et al15 for
commentary), there has been a renewed suggestion that
endophenotypes (ie, intermediate phenotypes) are impor-
tant to dissecting the genetic contributions to specific
disorders.16 To more completely examine early visual pro-
cessing anomalies as markers of genetic liability for schizo-
phrenia, we assessed backward masking performance in
clinically stable outpatients with schizophrenia and bipo-
lar disorder, first-degree biological relatives of individuals
with schizophrenia or bipolar disorder, and nonpsychiat-
ric control participants. Although a few studies have con-
trasted backward masking effects across schizophrenia
and bipolar disorder,11,17,18 no published study has in-
cluded diagnostic group comparisons for both patients
and relatives to more fully test a visual perceptual abnor-
mality against endophenotype criteria.
Researchers have used masking paradigms in an at-

tempt to determine whether the magnocellular (M) or
parvocellular (P) division of the visual processing stream
underlies backward masking anomalies in schizophrenia
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(for a review, see Green et al19). Cells of the M system
transiently fire and generally function to identify the
location of objects. Objects that are moving and of
low-spatial frequency and contrast preferentially activate
M cells while cells of the P system generally subserve the
analysis of object features.20 P cells fire in a relatively
sustained manner and are preferentially activated by
high-spatial frequency, high contrast, stationary, and
chromatically colored objects.

To date, evidence appears to point to M-biased tasks
yielding visual masking anomalies associated with genetic
liability for schizophrenia. Three studies of unaffected
first-degree relatives of schizophrenia patients revealed
greater abnormalities with M-biased tasks (ie, location
and blurred-target identifications) as compared with
P-biased tasks (simple identification).8,9,11 Importantly,
2 of the studies8,11 revealed performance deficits in unaf-
fected siblings only for short delay periods between the
target stimulus and mask (ie, less than 60 ms) suggesting
that a fragility of M-biased early perceptual processes is
associated with genetic risk for schizophrenia. Also,
Bedwell et al10 used a red background to suppress the
M system and contrasted performance with a gray back-
ground on location and identification tasks. They showed
performance of controls was lower when a red back-
ground was used, but that there was no difference for rel-
atives of schizophrenia patients. Although there was no
group difference in backward masking, the authors sug-
gested the data were consistent with M cell hyperactivity
in the relatives. The one study failing to show an effect in
first-degree biological relatives of individuals with schizo-
phrenia failed to use a location condition (ie, M-biased)
in their task.21 One study contrasting schizophrenia, de-
pressed, and healthy individuals revealed that schizo-
phrenia was associated with a location task-masking
deficit purportedly independent of ‘‘intellectual decline,’’
while such a deficit was absent in depression.22

Individuals with bipolar disorder and their biological
relatives appear to have mostly intact performance onM-
biased visual masking tasks. In the only published study
contrasting relatives of schizophrenia and relatives of bi-
polar patients, Keri et al11 used both location (M-biased)
and identification (P-biased) masking tasks and found
normal performance in relatives of bipolar patients while
demonstrating greater performance deficits on the loca-
tion than on the identification task in relatives of schizo-
phrenia patients. Similarly, 2 other studies have shown an
absence of visual backwardmasking abnormalities in off-
spring of individuals with bipolar disorder.23,24 Most
investigations revealing backward masking dysfunction
in bipolar patients employed paradigms requiring the
participant to determine the identity of objects (ie, a
P-system–biased task)25,26 or studied bipolar disorder par-
ticipants with ongoing psychotic symptomatology.27,28

When M-biased tasks have been used, different patterns
ofmasking for bipolar disorder and schizophrenia patients

are evident.17,29 Specifically, bipolar disorder patients
with mild symptomatology generally fail to show a back-
ward masking dysfunction,30,31 and instead lifetime his-
tory of psychosis in bipolar disorder appears predictive of
increased errors on backward masking paradigms.23

We carried out the present study to directly test the spec-
ificity of backward-masking elicited perceptual deficits to
schizophrenia. A marker specific to the genetic vulnerabil-
ity for schizophrenia may be valuable in identifying genes
relevant to schizophrenia and not bipolar disorder and ide-
ally point the way toward etiologic mechanisms unique to
schizophrenia. For this study, we used an M-biased back-
ward-masking task provided byGreen et al32 that required
participants to identify the location of a masked object.
We hypothesized that schizophrenia patients and their rel-
atives would exhibit backward-masking dysfunction, par-
ticularly at brief target-mask stimulus onset asynchronies
(SOA’s), while bipolar patients and relatives of bipolar
patients would exhibit near normal performance.

Methods

Participants

As part of a larger family study of severe mental disor-
ders, 44 schizophrenia patients, 29 bipolar disorder
patients, 56 first-degree biological relatives of schizophre-
nia patients, 26 first-degree biological relatives of bipolar
patients, and 43 nonpsychiatric control participants com-
pleted a visual backward masking procedure. Table 1
presents the characteristics of participants. We recruited
schizophrenia and bipolar participants from the outpa-
tient clinics of theMinneapolis VAMedical Center, com-
munity support programs for the mentally ill, and a
county mental health clinic. Research staff identified
first-degree biological relatives of probands by completing
a pedigree from the patient’s report. Study staff identified
potential nonpsychiatric control participants through
posted announcements at community libraries, fitness
centers, theMinneapolis VAMedical Center, and in news-
letters for veterans and fraternal organizations. All partic-
ipants completed an informed consent process and the
Minneapolis VA Medical Center and University of Min-
nesota Institutional Review Boards approved the study
protocol. Diagnoses and symptomatology were assessed
with standardized structured interviews and question-
naires that are described in the online supplementary
material and have been reported elsewhere.33,34

Visual Backward Masking Procedure

The present study employed a computerized visual back-
ward masking procedure that has been used by others to
reveal masking deficits in schizophrenia. Please see Green
et al32 for a detailed description of the masking proce-
dure. Stimuli were presented on a 17$NEC 150 Hz mon-
itor that was positioned 1 m from the participants’ eyes.
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Room lighting was constant across subjects, measured
using a photographic light meter, and provided
indirectly by a lamp with its fixture pointed toward
the ceiling. Participants had corrected acuity of at least
20/32; however, 1 schizophrenia patient, 2 relatives of
bipolar patients, and 1 relative of a schizophrenia patient
had 20/40 acuity, and 1 control had 20/50 acuity. Target
stimuli were dark gray and appeared on a white back-
ground and consisted of a square with a gap in the middle
of one side.
Participants first completed a procedure to determine the

critical stimulus intensity (CSI) for the masking task. The
CSI procedure consisted of participants having to verbally
identify the side of the square that had a gap in it (top, side
and bottom). During the CSI procedure, stimuli were pre-

sented for 13 ms and without a mask. The gray scale of the
target was adjusted until a gray scale level where the par-
ticipant would obtain about 84% correct. This threshold
was determined by computing the average of 6 gray scale
adjustment reversals (eg, progressively lighter to progres-
sively darker grays). Six participants failed to establish
a CSI and did not proceed onto the backward masking
task due to poor performance or inconsistent responding.
The CSI procedure guaranteed that all participants could
accurately perceive unmasked stimuli.
After establishing a participant’s CSI, staff administered

a target location taskwith a high-energy visualmask.A trial
consisted of a 300ms fixation cross, 100ms blank screen, 13
ms target, a variable posttarget period, and then a 26 ms
mask. The participant’s task was to identify the location

Table 1. Characteristics of Participants

Variable

Schizophrenia
Patients

Bipolar
Disorder
Patients

Relatives of
Schizophrenia

Patients

Relatives of
Bipolar
Disorder
Patients

Nonpsychiatric
Controls

Statistic P Value
n = 42 n = 36 n = 53 n = 35 n = 43

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years) 44.7 (10.5) 42.9 (9.5) 48.3 (10.0) 46.7 (13.5) 48.0 (15.1) F4,204 = 1.5 ns

Percent female 21a,b,c 28a,b,c 60 49 53 v2(4) = 20.2 <.00051

Year of education 14.1 (2.8) 14.9 (2.2) 14.8 (2.4) 14.4 (2.1) 15.7 (4.6) F4,204 = 1.7 ns

Estimated IQ 99.4 (12.1)a,b,c,d 109.3 (16.5) 107.2 (13.9) 109.0 (13.0) 111.1 (10.9) F4,204 = 4.9 .001

BPRS total score 41.4 (11.5)d 38.4 (9.8) NA NA NA F1,73 = 1.5 ns

Reality distortion 2.01 (1.5)d 0.69 (1.20) NA NA NA F1,75 = 18.5 <.0005

Formal thought
disorder

1.10 (1.11) 1.08 (1.18) NA NA NA F1,75 = 0.0 ns

Negative
symptoms

1.64 (0.90)d 0.76 (0.69) NA NA NA F1,75 = 22.4 <.0005

Cluster A
symptoms

NA NA 1.2 (1.9)c 0.7 (1.8) 0.3 (0.6) F2,126 = 4.2 .017

SPQ total score NA NA 15.4 (9.6)c 11.4 (11.9) 9.5 (6.2) F2,122 = 4.7 .010

Perceptual
aberration

NA NA 1.6 (1.9) 1.4 (1.6) 1.0 (1.2) F2,122 = 1.7 ns

Magical ideation NA NA 2.8 (2.5) 2.5 (2.8) 2.7 (2.4) F2,122 = 0.9 ns

Physical
anhedonia

NA NA 12.9 (5.5) 13.4 (6.0)c 10.9 (4.6) F2,122 = 2.5 .088

Social anhedonia NA NA 8.9 (6.0)c 7.2 (5.8) 6.1 (4.7) F2,122 = 3.0 .054

Note: Four relatives of schizophrenia patients had schizophrenia spectrum conditions (1 with schizoaffective disorder, 2 with schizoid
personality disorder, and 1 with schizophrenia) and 2 relatives of bipolar disorder patients exhibited these conditions (1 with delusional
disorder and 1 with paranoid personality disorder). ns, not significant; IQ, intelligence quotient; Estimated IQ was derived from Block
Design and Vocabulary subtests of the Wechsler Adult Intelligence Scale - Third Edition (WAIS-III). BPRS, Brief Psychiatric Rating
Scale; NA, not assessed. The Scale for the Assessment of Negatives Symptoms and Scale for the Assessment of Positive Symptoms were
used to derive scores on symptom factors of Reality Distortion (average global rating for Delusions and Hallucinations), Positive
Formal Thought Disorder (global rating), and Negative Symptoms (average global rating for affective blunting, alogia, anhedonia-
asociality, and avolition-apathy). Cluster A symptoms were assessed using the Structured Interview for Schizotypy. SPQ, Schizotypal
Personality Questionnaire. Perceptual Aberration, Magical Ideation, Physical Anhedonia, and Social Anhedonia were assessed through
self-report questionnaires. lDenotes significance level for chi-square test.
aDifferent from Relatives of Schizophrenia Group mean, P < .05.
bDifferent from Relatives of Bipolar Group mean, P < .05.
cDifferent from Control Group mean, P < .05.
d Different from Bipolar Group mean, P < .05.
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(for a review, see Green et al19). Cells of the M system
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location of objects. Objects that are moving and of
low-spatial frequency and contrast preferentially activate
M cells while cells of the P system generally subserve the
analysis of object features.20 P cells fire in a relatively
sustained manner and are preferentially activated by
high-spatial frequency, high contrast, stationary, and
chromatically colored objects.

To date, evidence appears to point to M-biased tasks
yielding visual masking anomalies associated with genetic
liability for schizophrenia. Three studies of unaffected
first-degree relatives of schizophrenia patients revealed
greater abnormalities with M-biased tasks (ie, location
and blurred-target identifications) as compared with
P-biased tasks (simple identification).8,9,11 Importantly,
2 of the studies8,11 revealed performance deficits in unaf-
fected siblings only for short delay periods between the
target stimulus and mask (ie, less than 60 ms) suggesting
that a fragility of M-biased early perceptual processes is
associated with genetic risk for schizophrenia. Also,
Bedwell et al10 used a red background to suppress the
M system and contrasted performance with a gray back-
ground on location and identification tasks. They showed
performance of controls was lower when a red back-
ground was used, but that there was no difference for rel-
atives of schizophrenia patients. Although there was no
group difference in backward masking, the authors sug-
gested the data were consistent with M cell hyperactivity
in the relatives. The one study failing to show an effect in
first-degree biological relatives of individuals with schizo-
phrenia failed to use a location condition (ie, M-biased)
in their task.21 One study contrasting schizophrenia, de-
pressed, and healthy individuals revealed that schizo-
phrenia was associated with a location task-masking
deficit purportedly independent of ‘‘intellectual decline,’’
while such a deficit was absent in depression.22

Individuals with bipolar disorder and their biological
relatives appear to have mostly intact performance onM-
biased visual masking tasks. In the only published study
contrasting relatives of schizophrenia and relatives of bi-
polar patients, Keri et al11 used both location (M-biased)
and identification (P-biased) masking tasks and found
normal performance in relatives of bipolar patients while
demonstrating greater performance deficits on the loca-
tion than on the identification task in relatives of schizo-
phrenia patients. Similarly, 2 other studies have shown an
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spring of individuals with bipolar disorder.23,24 Most
investigations revealing backward masking dysfunction
in bipolar patients employed paradigms requiring the
participant to determine the identity of objects (ie, a
P-system–biased task)25,26 or studied bipolar disorder par-
ticipants with ongoing psychotic symptomatology.27,28

When M-biased tasks have been used, different patterns
ofmasking for bipolar disorder and schizophrenia patients

are evident.17,29 Specifically, bipolar disorder patients
with mild symptomatology generally fail to show a back-
ward masking dysfunction,30,31 and instead lifetime his-
tory of psychosis in bipolar disorder appears predictive of
increased errors on backward masking paradigms.23

We carried out the present study to directly test the spec-
ificity of backward-masking elicited perceptual deficits to
schizophrenia. A marker specific to the genetic vulnerabil-
ity for schizophrenia may be valuable in identifying genes
relevant to schizophrenia and not bipolar disorder and ide-
ally point the way toward etiologic mechanisms unique to
schizophrenia. For this study, we used an M-biased back-
ward-masking task provided byGreen et al32 that required
participants to identify the location of a masked object.
We hypothesized that schizophrenia patients and their rel-
atives would exhibit backward-masking dysfunction, par-
ticularly at brief target-mask stimulus onset asynchronies
(SOA’s), while bipolar patients and relatives of bipolar
patients would exhibit near normal performance.

Methods

Participants

As part of a larger family study of severe mental disor-
ders, 44 schizophrenia patients, 29 bipolar disorder
patients, 56 first-degree biological relatives of schizophre-
nia patients, 26 first-degree biological relatives of bipolar
patients, and 43 nonpsychiatric control participants com-
pleted a visual backward masking procedure. Table 1
presents the characteristics of participants. We recruited
schizophrenia and bipolar participants from the outpa-
tient clinics of theMinneapolis VAMedical Center, com-
munity support programs for the mentally ill, and a
county mental health clinic. Research staff identified
first-degree biological relatives of probands by completing
a pedigree from the patient’s report. Study staff identified
potential nonpsychiatric control participants through
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centers, theMinneapolis VAMedical Center, and in news-
letters for veterans and fraternal organizations. All partic-
ipants completed an informed consent process and the
Minneapolis VA Medical Center and University of Min-
nesota Institutional Review Boards approved the study
protocol. Diagnoses and symptomatology were assessed
with standardized structured interviews and question-
naires that are described in the online supplementary
material and have been reported elsewhere.33,34

Visual Backward Masking Procedure

The present study employed a computerized visual back-
ward masking procedure that has been used by others to
reveal masking deficits in schizophrenia. Please see Green
et al32 for a detailed description of the masking proce-
dure. Stimuli were presented on a 17$NEC 150 Hz mon-
itor that was positioned 1 m from the participants’ eyes.
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Room lighting was constant across subjects, measured
using a photographic light meter, and provided
indirectly by a lamp with its fixture pointed toward
the ceiling. Participants had corrected acuity of at least
20/32; however, 1 schizophrenia patient, 2 relatives of
bipolar patients, and 1 relative of a schizophrenia patient
had 20/40 acuity, and 1 control had 20/50 acuity. Target
stimuli were dark gray and appeared on a white back-
ground and consisted of a square with a gap in the middle
of one side.
Participants first completed a procedure to determine the

critical stimulus intensity (CSI) for the masking task. The
CSI procedure consisted of participants having to verbally
identify the side of the square that had a gap in it (top, side
and bottom). During the CSI procedure, stimuli were pre-

sented for 13 ms and without a mask. The gray scale of the
target was adjusted until a gray scale level where the par-
ticipant would obtain about 84% correct. This threshold
was determined by computing the average of 6 gray scale
adjustment reversals (eg, progressively lighter to progres-
sively darker grays). Six participants failed to establish
a CSI and did not proceed onto the backward masking
task due to poor performance or inconsistent responding.
The CSI procedure guaranteed that all participants could
accurately perceive unmasked stimuli.
After establishing a participant’s CSI, staff administered

a target location taskwith a high-energy visualmask.A trial
consisted of a 300ms fixation cross, 100ms blank screen, 13
ms target, a variable posttarget period, and then a 26 ms
mask. The participant’s task was to identify the location
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Schizophrenia
Patients

Bipolar
Disorder
Patients

Relatives of
Schizophrenia

Patients

Relatives of
Bipolar
Disorder
Patients

Nonpsychiatric
Controls

Statistic P Value
n = 42 n = 36 n = 53 n = 35 n = 43

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years) 44.7 (10.5) 42.9 (9.5) 48.3 (10.0) 46.7 (13.5) 48.0 (15.1) F4,204 = 1.5 ns

Percent female 21a,b,c 28a,b,c 60 49 53 v2(4) = 20.2 <.00051

Year of education 14.1 (2.8) 14.9 (2.2) 14.8 (2.4) 14.4 (2.1) 15.7 (4.6) F4,204 = 1.7 ns

Estimated IQ 99.4 (12.1)a,b,c,d 109.3 (16.5) 107.2 (13.9) 109.0 (13.0) 111.1 (10.9) F4,204 = 4.9 .001

BPRS total score 41.4 (11.5)d 38.4 (9.8) NA NA NA F1,73 = 1.5 ns

Reality distortion 2.01 (1.5)d 0.69 (1.20) NA NA NA F1,75 = 18.5 <.0005

Formal thought
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1.10 (1.11) 1.08 (1.18) NA NA NA F1,75 = 0.0 ns

Negative
symptoms

1.64 (0.90)d 0.76 (0.69) NA NA NA F1,75 = 22.4 <.0005
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NA NA 1.2 (1.9)c 0.7 (1.8) 0.3 (0.6) F2,126 = 4.2 .017
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NA NA 12.9 (5.5) 13.4 (6.0)c 10.9 (4.6) F2,122 = 2.5 .088

Social anhedonia NA NA 8.9 (6.0)c 7.2 (5.8) 6.1 (4.7) F2,122 = 3.0 .054

Note: Four relatives of schizophrenia patients had schizophrenia spectrum conditions (1 with schizoaffective disorder, 2 with schizoid
personality disorder, and 1 with schizophrenia) and 2 relatives of bipolar disorder patients exhibited these conditions (1 with delusional
disorder and 1 with paranoid personality disorder). ns, not significant; IQ, intelligence quotient; Estimated IQ was derived from Block
Design and Vocabulary subtests of the Wechsler Adult Intelligence Scale - Third Edition (WAIS-III). BPRS, Brief Psychiatric Rating
Scale; NA, not assessed. The Scale for the Assessment of Negatives Symptoms and Scale for the Assessment of Positive Symptoms were
used to derive scores on symptom factors of Reality Distortion (average global rating for Delusions and Hallucinations), Positive
Formal Thought Disorder (global rating), and Negative Symptoms (average global rating for affective blunting, alogia, anhedonia-
asociality, and avolition-apathy). Cluster A symptoms were assessed using the Structured Interview for Schizotypy. SPQ, Schizotypal
Personality Questionnaire. Perceptual Aberration, Magical Ideation, Physical Anhedonia, and Social Anhedonia were assessed through
self-report questionnaires. lDenotes significance level for chi-square test.
aDifferent from Relatives of Schizophrenia Group mean, P < .05.
bDifferent from Relatives of Bipolar Group mean, P < .05.
cDifferent from Control Group mean, P < .05.
d Different from Bipolar Group mean, P < .05.
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of the target in terms of being to the upper left, upper right,
lower left, or lower right of fixation (1 visual degree dis-
placement from fixation). No fixation cross was displayed
during the target, mask, or target-mask intervening period.
Participants verbally reported the perceived location of the
target to the experimenter who pressed the appropriate key
and then administered the next trial when the participant
was prepared. A chance level of performance was 25%.
The time between the onset of the target and the onset
of the mask (ie, SOA) varied between 0, 13, 27, 40, 53,
67, and 80 ms, and 12 trials per condition were presented.
A select set of attention, memory, and other cognitive tests
were also administered to participants and are described in
the online supplementary materials.

Results

Preliminary Analyses

Participant characteristics are reported in table 1. The
5 participant groups were of similar age and education.

Individuals with schizophrenia had lower estimated intel-
ligence by about a SD, as compared with the other
groups. Both patient groups had a lower percentage of
female participants, which is indicative of the sample
largely deriving from a Veterans Affairs medical center
(Male and female participants failed to differ on anymea-
sure of performance for the backward masking task.
When gender was included as a factor in analyses, group
effects were essentially identical to when gender was
excluded from analyses.). The 2 patient groups predom-
inantly consisted of stable outpatients and did not differ
in terms of severity of overall symptomatology as mea-
sured by the Brief Psychiatric Rating Scale, while individ-
uals with schizophrenia had more reality distortion
(hallucinations and delusions) and negative symptom-
atology than bipolar disorder participants.
The first-degree biological relatives of schizophrenia

patients showed elevated rates of Cluster A personality
disorder symptoms as rated on interview and self-
reported schizotypal characteristics as measured by the
Schizotypal Personality Questionnaire (SPQ) and Social

Table 2. Performance on Visual Perceptual, Attention, and Memory Tasks by Group

Variable

Schizophrenia
Patients

Bipolar
Disorder
Patients

Relatives of
Schizophrenia

Patients

Relatives of
Bipolar
Disorder
Patients

Nonpsychiatric
Controls

ANOVA
Statistic P Value

n = 42 n = 36 n = 53 n = 35 n = 43
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

CSI 22.5 (8.2) 18.3 (8.7) 20.5 (9.7) 21.9 (10.3) 21.1 (10.5) F4,204 = 1.1 ns

Visual perception: backward
masking (% correct)
Mean all SOA’s 34.8 (10.9)a,b,c,d 42.5 (10.8) 40.7 (11.8) 41.0 (12.5) 43.0 (12.0) F4,204 = 3.3 .012

27 ms SOA 29.0 (11.9)b,c,d 36.8 (16.5) 30.8 (14.8)b,d 38.6 (14.0) 35.7 (13.6) F4,204 = 3.5 .009

Sustained visual attention: DS-CPT

Perceptual sens(d#) 2.45 (0.88) 2.25 (0.95) 2.58 (1.00) 2.26 (0.93) 2.56 (1.21) F4,197 = 0.9 ns

Threshold (lnb) .74 (.78) .91 (.77) .67 (.99) .93 (.73) .74 (.99) F4,197 = 0.7 ns

Visual search: SPAN (% correct)

3-Item array 92.6 (7.9)a,b,c 94.0 (5.1) 96.3 (3.7) 96.0 (3.9) 95.7 (5.0) F4,187 = 3.5 .009

12-Item array 78.8 (9.9)a 82.3 (9.0) 83.0 (8.3) 80.9 (6.7) 80.5 (7.5) F4,187 = 1.6 ns

Working memory/attention

Digit span 17.0 (8.1)c 18.1 (6.7) 16.4 (3.5) 17.1 (4.1) 19.0 (4.6) F4,202 = 1.6 ns

Letter number sequence 9.4 (2.2)a,b,c 10.3 ( 2.7)c 10.5 ( 2.6)c 11.3 (1.9) 11.9 (2.7) F4,188 = 6.3 <.0005

Episodic verbal memory

CVLT list A 42.7 (12.8)a,b,c,d 51.2 (10.4) 49.4 (11.9)b,c 55.8 (7.8) 54.3 (9.0) F4,188 = 8.8 <.0005

Note: ns, not significant; CSI, Critical Stimulus Intensity level (which reflected the level of contrast to ensure similar performance on
unmasked stimuli across participants); SOA, interval between onsets of target and mask; DS-CPT, Degraded-Stimulus Continuous
Performance; SPAN, Span of Apprehension Test; CVLT List A, Total is the total items recalled from list A over 5 trials of the
California Verbal Learning Test.
aDifferent from Relatives of Schizophrenia Group mean, P < .05.
bDifferent from Relatives of Bipolar Group mean, P < .05.
cDifferent from Control Group mean, P < .05.
dDifferent from Bipolar Group mean, P < .05.
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Anhedonia scales. The first-degree biological relatives of
bipolar disorder patients had greater self-reported phys-
ical anhedonia than nonpsychiatric control participants.
The psychophysical control procedure that individual-

ized contrast thresholds generated similar CSI values
across groups (see table 2) indicating that no one group
had a disadvantage in viewing target stimuli.

Backward Masking Task Performance

To test whether schizophrenia as compared with bipolar
disorder was associated with a disproportionately large
impairment in identifying the location of backwardly
masked stimuli, we carried out a MANOVA of target lo-
cation accuracy in people with schizophrenia, bipolar dis-
order, and nonpsychiatric control participants. The
analysis of patients allowed testing of whether backward
masking performance deficits were specific to the clinical
disorder of schizophrenia. Figure 1 depicts performance
on the backward masking task for people with schizo-
phrenia, bipolar disorder, and nonpsychiatric control
participants. The analysis revealed amain effect of group,
F2,118 = 6.89, P = .001, and SOA, Wilk’s Lambda = .44,
F6,113 = 26.64, P < .0005, with performance improving
from SOA 13–27 ms and thereafter to longer SOA’s. Fol-
low-up ANOVA’s showed that the 3 groups differed at
SOA’s of 13, 27, 53, and 80 ms. Paired comparisons

for each of these SOA’s revealed that schizophrenia
patients had worse target location accuracy than controls
at 13, 27, 53, and 80 ms. People with schizophrenia also
had lower performance than bipolar disorder individuals
at 27, 53, and 80 ms. These findings were indicative of
schizophrenia patients failing to maintain the masked
visual percept to the same degree as bipolar patients.
Bipolar patients showed no target location deficits across
the SOA’s (all P’s > .22).
To examine whether genetic liability for schizophrenia

was associated with impaired performance by a backward
mask, we conducted a MANOVA of target location ac-
curacy in first-degree biological relatives of schizophrenia
patients, first-degree biological relatives of bipolar disor-
der patients, and control participants. This analysis of
relatives allowed testing of whether backward masking
performance deficits were specific to genetic liability
for schizophrenia. Figure 2 depicts performance on the
backward masking task for the groups of relatives and
nonpsychiatric control participants. The analysis yielded
a main effect of SOA,Wilk’s Lambda = .39, F6,123 = 31.57,
P < .0005, and an interaction of group and SOA, Wilk’s
Lambda = .84, F12, 246 = 1.87,P = .04, but nomain effect of
group. The main effect of SOA reflected that performance
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Fig. 2. Target location mean accuracy with SEs for first-degree
biological relatives of people with schizophrenia, first-degree
biological relatives of people with bipolar disorder, and
nonpsychiatric control participants as a function of stimulus onset
asynchrony (SOA) between target and visual mask. Three-group
ANOVA for each SOA: *P < .05. Follow-up paired comparisons:
a5 P< .10 for relatives of schizophrenia with lower accuracy than
controls and b 5 P < .05 for relatives of schizophrenia with lower
accuracy than relatives of bipolar disorder. When relatives affected
by schizophrenia-spectrumconditionswere excluded, thedifference
between relatives of schizophrenia patients and control participants
became significant (P 5 .034) and the difference between the 2
groups of relatives remained (P 5 .012).
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Fig. 1. Target location mean accuracy with SEs for schizophrenia,
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a function of stimulus onset asynchrony (SOA) between target and
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up paired comparisonswithP< .05: a5 schizophrenia group lower
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of the target in terms of being to the upper left, upper right,
lower left, or lower right of fixation (1 visual degree dis-
placement from fixation). No fixation cross was displayed
during the target, mask, or target-mask intervening period.
Participants verbally reported the perceived location of the
target to the experimenter who pressed the appropriate key
and then administered the next trial when the participant
was prepared. A chance level of performance was 25%.
The time between the onset of the target and the onset
of the mask (ie, SOA) varied between 0, 13, 27, 40, 53,
67, and 80 ms, and 12 trials per condition were presented.
A select set of attention, memory, and other cognitive tests
were also administered to participants and are described in
the online supplementary materials.

Results

Preliminary Analyses

Participant characteristics are reported in table 1. The
5 participant groups were of similar age and education.

Individuals with schizophrenia had lower estimated intel-
ligence by about a SD, as compared with the other
groups. Both patient groups had a lower percentage of
female participants, which is indicative of the sample
largely deriving from a Veterans Affairs medical center
(Male and female participants failed to differ on anymea-
sure of performance for the backward masking task.
When gender was included as a factor in analyses, group
effects were essentially identical to when gender was
excluded from analyses.). The 2 patient groups predom-
inantly consisted of stable outpatients and did not differ
in terms of severity of overall symptomatology as mea-
sured by the Brief Psychiatric Rating Scale, while individ-
uals with schizophrenia had more reality distortion
(hallucinations and delusions) and negative symptom-
atology than bipolar disorder participants.
The first-degree biological relatives of schizophrenia

patients showed elevated rates of Cluster A personality
disorder symptoms as rated on interview and self-
reported schizotypal characteristics as measured by the
Schizotypal Personality Questionnaire (SPQ) and Social

Table 2. Performance on Visual Perceptual, Attention, and Memory Tasks by Group

Variable

Schizophrenia
Patients

Bipolar
Disorder
Patients

Relatives of
Schizophrenia

Patients

Relatives of
Bipolar
Disorder
Patients

Nonpsychiatric
Controls

ANOVA
Statistic P Value

n = 42 n = 36 n = 53 n = 35 n = 43
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

CSI 22.5 (8.2) 18.3 (8.7) 20.5 (9.7) 21.9 (10.3) 21.1 (10.5) F4,204 = 1.1 ns

Visual perception: backward
masking (% correct)
Mean all SOA’s 34.8 (10.9)a,b,c,d 42.5 (10.8) 40.7 (11.8) 41.0 (12.5) 43.0 (12.0) F4,204 = 3.3 .012

27 ms SOA 29.0 (11.9)b,c,d 36.8 (16.5) 30.8 (14.8)b,d 38.6 (14.0) 35.7 (13.6) F4,204 = 3.5 .009

Sustained visual attention: DS-CPT

Perceptual sens(d#) 2.45 (0.88) 2.25 (0.95) 2.58 (1.00) 2.26 (0.93) 2.56 (1.21) F4,197 = 0.9 ns

Threshold (lnb) .74 (.78) .91 (.77) .67 (.99) .93 (.73) .74 (.99) F4,197 = 0.7 ns

Visual search: SPAN (% correct)

3-Item array 92.6 (7.9)a,b,c 94.0 (5.1) 96.3 (3.7) 96.0 (3.9) 95.7 (5.0) F4,187 = 3.5 .009

12-Item array 78.8 (9.9)a 82.3 (9.0) 83.0 (8.3) 80.9 (6.7) 80.5 (7.5) F4,187 = 1.6 ns

Working memory/attention

Digit span 17.0 (8.1)c 18.1 (6.7) 16.4 (3.5) 17.1 (4.1) 19.0 (4.6) F4,202 = 1.6 ns

Letter number sequence 9.4 (2.2)a,b,c 10.3 ( 2.7)c 10.5 ( 2.6)c 11.3 (1.9) 11.9 (2.7) F4,188 = 6.3 <.0005

Episodic verbal memory

CVLT list A 42.7 (12.8)a,b,c,d 51.2 (10.4) 49.4 (11.9)b,c 55.8 (7.8) 54.3 (9.0) F4,188 = 8.8 <.0005

Note: ns, not significant; CSI, Critical Stimulus Intensity level (which reflected the level of contrast to ensure similar performance on
unmasked stimuli across participants); SOA, interval between onsets of target and mask; DS-CPT, Degraded-Stimulus Continuous
Performance; SPAN, Span of Apprehension Test; CVLT List A, Total is the total items recalled from list A over 5 trials of the
California Verbal Learning Test.
aDifferent from Relatives of Schizophrenia Group mean, P < .05.
bDifferent from Relatives of Bipolar Group mean, P < .05.
cDifferent from Control Group mean, P < .05.
dDifferent from Bipolar Group mean, P < .05.
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Anhedonia scales. The first-degree biological relatives of
bipolar disorder patients had greater self-reported phys-
ical anhedonia than nonpsychiatric control participants.
The psychophysical control procedure that individual-

ized contrast thresholds generated similar CSI values
across groups (see table 2) indicating that no one group
had a disadvantage in viewing target stimuli.

Backward Masking Task Performance

To test whether schizophrenia as compared with bipolar
disorder was associated with a disproportionately large
impairment in identifying the location of backwardly
masked stimuli, we carried out a MANOVA of target lo-
cation accuracy in people with schizophrenia, bipolar dis-
order, and nonpsychiatric control participants. The
analysis of patients allowed testing of whether backward
masking performance deficits were specific to the clinical
disorder of schizophrenia. Figure 1 depicts performance
on the backward masking task for people with schizo-
phrenia, bipolar disorder, and nonpsychiatric control
participants. The analysis revealed amain effect of group,
F2,118 = 6.89, P = .001, and SOA, Wilk’s Lambda = .44,
F6,113 = 26.64, P < .0005, with performance improving
from SOA 13–27 ms and thereafter to longer SOA’s. Fol-
low-up ANOVA’s showed that the 3 groups differed at
SOA’s of 13, 27, 53, and 80 ms. Paired comparisons

for each of these SOA’s revealed that schizophrenia
patients had worse target location accuracy than controls
at 13, 27, 53, and 80 ms. People with schizophrenia also
had lower performance than bipolar disorder individuals
at 27, 53, and 80 ms. These findings were indicative of
schizophrenia patients failing to maintain the masked
visual percept to the same degree as bipolar patients.
Bipolar patients showed no target location deficits across
the SOA’s (all P’s > .22).
To examine whether genetic liability for schizophrenia

was associated with impaired performance by a backward
mask, we conducted a MANOVA of target location ac-
curacy in first-degree biological relatives of schizophrenia
patients, first-degree biological relatives of bipolar disor-
der patients, and control participants. This analysis of
relatives allowed testing of whether backward masking
performance deficits were specific to genetic liability
for schizophrenia. Figure 2 depicts performance on the
backward masking task for the groups of relatives and
nonpsychiatric control participants. The analysis yielded
a main effect of SOA,Wilk’s Lambda = .39, F6,123 = 31.57,
P < .0005, and an interaction of group and SOA, Wilk’s
Lambda = .84, F12, 246 = 1.87,P = .04, but nomain effect of
group. The main effect of SOA reflected that performance
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Fig. 2. Target location mean accuracy with SEs for first-degree
biological relatives of people with schizophrenia, first-degree
biological relatives of people with bipolar disorder, and
nonpsychiatric control participants as a function of stimulus onset
asynchrony (SOA) between target and visual mask. Three-group
ANOVA for each SOA: *P < .05. Follow-up paired comparisons:
a5 P< .10 for relatives of schizophrenia with lower accuracy than
controls and b 5 P < .05 for relatives of schizophrenia with lower
accuracy than relatives of bipolar disorder. When relatives affected
by schizophrenia-spectrumconditionswere excluded, thedifference
between relatives of schizophrenia patients and control participants
became significant (P 5 .034) and the difference between the 2
groups of relatives remained (P 5 .012).
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Fig. 1. Target location mean accuracy with SEs for schizophrenia,
bipolar disorder, and nonpsychiatric control participants as
a function of stimulus onset asynchrony (SOA) between target and
visualmask.Three-groupANOVAforeachSOA:*P< .05.Follow-
up paired comparisonswithP< .05: a5 schizophrenia group lower
accuracy than control group and b 5 schizophrenia group lower
accuracy than bipolar disorder group.
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improved across every increase in SOA (0–13 ms, 13–27
ms, and so on). The interaction of group and SOA was
specifically evident for performance from 13–27 ms,
F2,128 = 6.29, P = .003, which indicated the failure of
one group to escape from masking effects like others. Fol-
low-up ANOVA’s revealed a group effect for the 27 ms
SOA (F2,131 = 3.36, P = .04) but no other SOA, with rel-
atives of schizophrenia patients showing a trend toward
worse performance than controls (P < .10) and signifi-
cantlyworse performance than relatives of bipolar patients
(P = .01). Importantly, when 6 relatives with schizophrenia
spectrum diagnoses were excluded, the difference between
relatives of schizophrenia patients and controls became
significant (P = .03) and all previously reported effects
for relatives remained the same (Four individuals with
spectrum disorders were relatives of schizophrenia
patients, while 2 were relatives of bipolar patients. The
spectrum relatives of schizophrenia patients had slightly
higher backward masking performance than the spectrum
relatives of bipolar patients, and thus their exclusion
moved the group difference at the 27ms SOA from a trend
to significant.). Therefore, impaired performance was in-
dependent of schizophrenia-spectrum disorders in the rel-
atives. Note in figure 2 that mean location accuracy values
decreased from 13–27 ms SOA for relatives of schizophre-
nia patients, while accuracy improved for relatives of bi-
polar patients. Thus, the effects of the mask on location
identification were the strongest at 27 ms for the relatives
of schizophrenia patients, with performance nearly
equaling that of individuals with schizophrenia (30.8
and 29.0%, respectively) as compared with the nonpsy-
chiatric controls, relatives of individuals with bipolar dis-
order, and bipolar disorder patients (35.7, 38.6, and 36.8,
respectively). Table 2 presents results of paired compar-
isons for overall masking performance and at the 27 ms
SOA.

Other Measures of Visual Attention and Cognition

To understand how abnormalities in early visual per-
ception may be associated with other visual attention
functions35,36 and cognitive deficits, we examined the per-
formance of participants on measures of sustained visual
attention, visual search, and working and episodic mem-
ory. Table 2 presents means, SDs, and participant group
comparisons for the attention and cognitive indices. In-
terestingly, no deficits were evident on measures of sus-
tained visual attention (d# [perceptual sensitivity] and lnb
[response threshold]) and the more demanding visual
search condition (SPAN 12-item array) (An absence of
deficit in schizophrenia patients on the degraded-stimulus
continuous performance test (DS-CPT) may reflect the
selection of schizophrenia probands of similar levels of
educational attainment to controls, as compared with
studies (eg, Kumar et al37) of people with schizophrenia
having more marked educational and intelligence defi-
cits.). Backward masking task performance in the schizo-

phrenia patients and their relatives was minimally
associated with sustained visual attention and visual
search performance with only a modest association be-
tween mean masking task performance with d# from
the DS-CPT, r(95) = .22, P = .03. Thus, early visual per-
ception abnormalities in schizophrenia patients and their
relatives revealed through backward masking were not
secondary to other attentional processes. Individuals
with schizophrenia as well as their first-degree biological
relatives were impaired in working memory that required
manipulation of material in memory (Letter Number
Sequencing) and episodic verbal memory; however, nei-
ther of these measures were associated with backward
masking task performance consistent with visual percep-
tion abnormalities being independent of higher level cog-
nitive functions. Additionally, estimated intelligence was
generally uncorrelated with backward masking task per-
formance in relatives of people with schizophrenia (all
r’s< .19) and those with the disorder (all r’s< .28, except
r(42) =.37 at SOA 40 ms).

Symptomatology and Clinical Correlates

To determine whether performance deficits on the back-
wardmasking task were associated with symptomatology
or other clinical factors, we examined a variety ofmeasures
of psychopathology. For schizophrenia patients, masking
task performance was unrelated to measures of overall
symptomatology or dimensions of psychotic symptom-
atology (all r’s < .30). For relatives of individuals with
schizophrenia, worse performance at the 27 ms SOA
was associated with lower levels of schizotypal signs as
measured by the SPQ, r(50) = .32, P = .03, and a lower
number of cluster A personality disorder symptoms,
r(52) = .28, P = .04. Although in the unexpected direc-
tion, the association indicates that poor masking task
performance in the relatives of schizophrenia patients
was not secondary to schizotypal symptomatology.
Finally, for the 28 schizophrenia and bipolar patients
whowere taking antipsychotic medication and had dosage
information available, there was no association between
chlorpromazine equivalents and performance on the back-
ward masking task (all r’s < .31).

Discussion

This first direct test contrasting performance of schizo-
phrenia and bipolar disorder patients, as well as their
first-degree biological relatives, on a backward masking
paradigm provided evidence that an early visual percep-
tual deficit is an indicator of genetic liability specific to
schizophrenia. When a visual masking stimulus with a
27 ms SOA interrupted early perceptual processes, biolog-
ical relatives of schizophrenia patients without schizophre-
nia spectrum disorders exhibited poor identification of
target locations compared with nonpsychiatric control
participants and relatives of bipolar patients. A similar
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failure of early visual perception to escape the effects of
a mask was noted in schizophrenia probands when com-
pared with bipolar probands and control participants;
however, individuals with schizophrenia also had impaired
target location identification when masks occurred at the
longest SOA (ie, 80ms). The vulnerability of early percepts
to a visual mask was not accounted for by misperception
of the target because the groups showed no difference in
the contrast level required to discern the target (ie, CSI).
Additionally, groups were well matched on demographic
characteristics. Ways in which the patient and relative
groups deviated from the control group (gender composi-
tion, estimated IQ, select attention and memory measures,
symptomatology, and medications) failed to be associated
with target location performance during early visualmasks.
Thus, findings point to the fragility of early visual percepts
marking genetic liability for schizophrenia and possibly
serving as an endophenotype specific to the disorder.
Although a magnocellular(M)-biased task was selec-

tively employed (ie, target location, not identity), the
presence of deficits only at short SOA’s in relatives of
schizophrenia patients argues for abnormal M-type pro-
cesses within early visual areas as most reflective of genetic
liability for schizophrenia. The early perceptual deficit in
relatives is most evident at the first SOA where the target
andmask donot overlap in time (ie, 27ms). At 0 and 13ms
SOAs, the target and mask images overlap and may well
be processed as a single stimulus. The first point where the
mask is a separable event in time is at 27 ms when there is
a 14 ms gap between the offset of the target and the onset
of themask. It is then that themasking performance deficit
is present in the relatives of schizophrenia patients.
Previous investigations that included both M-biased

and P-biased masking tasks have yielded evidence that
individuals who carry genetic risk for schizophrenia pri-
marily exhibit deficits on tasks tapping magnocellular
rather than parvocellular processes.8,11 Results of electro-
physiological studies suggest that aberrations in gamma
range oscillations noted in individuals with schizophrenia
during masking paradigms may reflect an aspect of the
neural underpinnings of impaired performance seen in
the disorder.38 Also, functional magnetic resonance im-
aging (MRI) has revealed that people with schizophrenia
fail to activate the lateral occipital complex during mask-
ing paradigms39 and that the region appears to interact
less richly with other aspects of the neural architecture
supporting visual object perception.40 Interestingly,
when transcranial magnetic stimulation is used to inter-
rupt processes of the occipital lobe, similar impairments
in task performance are seen in schizophrenia patients and
healthy control participants.41 It may be that anomalies
in gamma oscillations and lateral occipital hemodynamic
response reflect the more generalized impairment in per-
ceiving masked visual stimuli observed in schizophrenia
rather than the specific early perceptual abnormalities
noted in the present study and by other researchers.8,11

Indeed, abnormal lateral occipital complex function during
masking paradigms appears not tomark genetic liability for
the disorder.42

In summary, a direct comparison of people with schizo-
phrenia, bipolar disorder, and their first-degree biological
relatives on a magnocellular-biased visual masking task
showed that deficient performance was specific to schizo-
phrenia and genetic liability for the disorder. People with
bipolar disorder or genetic liability for bipolar disorder
showed intact visual perception during masking. The early
perceptual deficit shared by people with schizophrenia and
their biological relatives appears not to result from other
aspects of the disorder because performance generally
failed to be associated with levels of symptomatology, im-
paired attention and memory, and medication dosage.
Given recent concern with traditional approaches to clas-
sifying mental disorders, quantitative markers of genetic li-
ability for severe psychopathology may serve to guide
development of a more etiologically valid classification sys-
tem. In this way, visual backward masking may be a prom-
ising marker for schizophrenia, but it is presently of
questionable value in individual differential diagnostic as-
sessment. Nonetheless, the findings from the present study
suggest that fragile early percepts mark genetic liability for
schizophrenia and that the neural processes, which account
for these abnormalities may lie in early visual areas.
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improved across every increase in SOA (0–13 ms, 13–27
ms, and so on). The interaction of group and SOA was
specifically evident for performance from 13–27 ms,
F2,128 = 6.29, P = .003, which indicated the failure of
one group to escape from masking effects like others. Fol-
low-up ANOVA’s revealed a group effect for the 27 ms
SOA (F2,131 = 3.36, P = .04) but no other SOA, with rel-
atives of schizophrenia patients showing a trend toward
worse performance than controls (P < .10) and signifi-
cantlyworse performance than relatives of bipolar patients
(P = .01). Importantly, when 6 relatives with schizophrenia
spectrum diagnoses were excluded, the difference between
relatives of schizophrenia patients and controls became
significant (P = .03) and all previously reported effects
for relatives remained the same (Four individuals with
spectrum disorders were relatives of schizophrenia
patients, while 2 were relatives of bipolar patients. The
spectrum relatives of schizophrenia patients had slightly
higher backward masking performance than the spectrum
relatives of bipolar patients, and thus their exclusion
moved the group difference at the 27ms SOA from a trend
to significant.). Therefore, impaired performance was in-
dependent of schizophrenia-spectrum disorders in the rel-
atives. Note in figure 2 that mean location accuracy values
decreased from 13–27 ms SOA for relatives of schizophre-
nia patients, while accuracy improved for relatives of bi-
polar patients. Thus, the effects of the mask on location
identification were the strongest at 27 ms for the relatives
of schizophrenia patients, with performance nearly
equaling that of individuals with schizophrenia (30.8
and 29.0%, respectively) as compared with the nonpsy-
chiatric controls, relatives of individuals with bipolar dis-
order, and bipolar disorder patients (35.7, 38.6, and 36.8,
respectively). Table 2 presents results of paired compar-
isons for overall masking performance and at the 27 ms
SOA.

Other Measures of Visual Attention and Cognition

To understand how abnormalities in early visual per-
ception may be associated with other visual attention
functions35,36 and cognitive deficits, we examined the per-
formance of participants on measures of sustained visual
attention, visual search, and working and episodic mem-
ory. Table 2 presents means, SDs, and participant group
comparisons for the attention and cognitive indices. In-
terestingly, no deficits were evident on measures of sus-
tained visual attention (d# [perceptual sensitivity] and lnb
[response threshold]) and the more demanding visual
search condition (SPAN 12-item array) (An absence of
deficit in schizophrenia patients on the degraded-stimulus
continuous performance test (DS-CPT) may reflect the
selection of schizophrenia probands of similar levels of
educational attainment to controls, as compared with
studies (eg, Kumar et al37) of people with schizophrenia
having more marked educational and intelligence defi-
cits.). Backward masking task performance in the schizo-

phrenia patients and their relatives was minimally
associated with sustained visual attention and visual
search performance with only a modest association be-
tween mean masking task performance with d# from
the DS-CPT, r(95) = .22, P = .03. Thus, early visual per-
ception abnormalities in schizophrenia patients and their
relatives revealed through backward masking were not
secondary to other attentional processes. Individuals
with schizophrenia as well as their first-degree biological
relatives were impaired in working memory that required
manipulation of material in memory (Letter Number
Sequencing) and episodic verbal memory; however, nei-
ther of these measures were associated with backward
masking task performance consistent with visual percep-
tion abnormalities being independent of higher level cog-
nitive functions. Additionally, estimated intelligence was
generally uncorrelated with backward masking task per-
formance in relatives of people with schizophrenia (all
r’s< .19) and those with the disorder (all r’s< .28, except
r(42) =.37 at SOA 40 ms).

Symptomatology and Clinical Correlates

To determine whether performance deficits on the back-
wardmasking task were associated with symptomatology
or other clinical factors, we examined a variety ofmeasures
of psychopathology. For schizophrenia patients, masking
task performance was unrelated to measures of overall
symptomatology or dimensions of psychotic symptom-
atology (all r’s < .30). For relatives of individuals with
schizophrenia, worse performance at the 27 ms SOA
was associated with lower levels of schizotypal signs as
measured by the SPQ, r(50) = .32, P = .03, and a lower
number of cluster A personality disorder symptoms,
r(52) = .28, P = .04. Although in the unexpected direc-
tion, the association indicates that poor masking task
performance in the relatives of schizophrenia patients
was not secondary to schizotypal symptomatology.
Finally, for the 28 schizophrenia and bipolar patients
whowere taking antipsychotic medication and had dosage
information available, there was no association between
chlorpromazine equivalents and performance on the back-
ward masking task (all r’s < .31).

Discussion

This first direct test contrasting performance of schizo-
phrenia and bipolar disorder patients, as well as their
first-degree biological relatives, on a backward masking
paradigm provided evidence that an early visual percep-
tual deficit is an indicator of genetic liability specific to
schizophrenia. When a visual masking stimulus with a
27 ms SOA interrupted early perceptual processes, biolog-
ical relatives of schizophrenia patients without schizophre-
nia spectrum disorders exhibited poor identification of
target locations compared with nonpsychiatric control
participants and relatives of bipolar patients. A similar
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failure of early visual perception to escape the effects of
a mask was noted in schizophrenia probands when com-
pared with bipolar probands and control participants;
however, individuals with schizophrenia also had impaired
target location identification when masks occurred at the
longest SOA (ie, 80ms). The vulnerability of early percepts
to a visual mask was not accounted for by misperception
of the target because the groups showed no difference in
the contrast level required to discern the target (ie, CSI).
Additionally, groups were well matched on demographic
characteristics. Ways in which the patient and relative
groups deviated from the control group (gender composi-
tion, estimated IQ, select attention and memory measures,
symptomatology, and medications) failed to be associated
with target location performance during early visualmasks.
Thus, findings point to the fragility of early visual percepts
marking genetic liability for schizophrenia and possibly
serving as an endophenotype specific to the disorder.
Although a magnocellular(M)-biased task was selec-

tively employed (ie, target location, not identity), the
presence of deficits only at short SOA’s in relatives of
schizophrenia patients argues for abnormal M-type pro-
cesses within early visual areas as most reflective of genetic
liability for schizophrenia. The early perceptual deficit in
relatives is most evident at the first SOA where the target
andmask donot overlap in time (ie, 27ms). At 0 and 13ms
SOAs, the target and mask images overlap and may well
be processed as a single stimulus. The first point where the
mask is a separable event in time is at 27 ms when there is
a 14 ms gap between the offset of the target and the onset
of themask. It is then that themasking performance deficit
is present in the relatives of schizophrenia patients.
Previous investigations that included both M-biased

and P-biased masking tasks have yielded evidence that
individuals who carry genetic risk for schizophrenia pri-
marily exhibit deficits on tasks tapping magnocellular
rather than parvocellular processes.8,11 Results of electro-
physiological studies suggest that aberrations in gamma
range oscillations noted in individuals with schizophrenia
during masking paradigms may reflect an aspect of the
neural underpinnings of impaired performance seen in
the disorder.38 Also, functional magnetic resonance im-
aging (MRI) has revealed that people with schizophrenia
fail to activate the lateral occipital complex during mask-
ing paradigms39 and that the region appears to interact
less richly with other aspects of the neural architecture
supporting visual object perception.40 Interestingly,
when transcranial magnetic stimulation is used to inter-
rupt processes of the occipital lobe, similar impairments
in task performance are seen in schizophrenia patients and
healthy control participants.41 It may be that anomalies
in gamma oscillations and lateral occipital hemodynamic
response reflect the more generalized impairment in per-
ceiving masked visual stimuli observed in schizophrenia
rather than the specific early perceptual abnormalities
noted in the present study and by other researchers.8,11

Indeed, abnormal lateral occipital complex function during
masking paradigms appears not tomark genetic liability for
the disorder.42

In summary, a direct comparison of people with schizo-
phrenia, bipolar disorder, and their first-degree biological
relatives on a magnocellular-biased visual masking task
showed that deficient performance was specific to schizo-
phrenia and genetic liability for the disorder. People with
bipolar disorder or genetic liability for bipolar disorder
showed intact visual perception during masking. The early
perceptual deficit shared by people with schizophrenia and
their biological relatives appears not to result from other
aspects of the disorder because performance generally
failed to be associated with levels of symptomatology, im-
paired attention and memory, and medication dosage.
Given recent concern with traditional approaches to clas-
sifying mental disorders, quantitative markers of genetic li-
ability for severe psychopathology may serve to guide
development of a more etiologically valid classification sys-
tem. In this way, visual backward masking may be a prom-
ising marker for schizophrenia, but it is presently of
questionable value in individual differential diagnostic as-
sessment. Nonetheless, the findings from the present study
suggest that fragile early percepts mark genetic liability for
schizophrenia and that the neural processes, which account
for these abnormalities may lie in early visual areas.
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