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1. Introduction
Schizotypal personality disorder (SPD) represents a diagnostic phenotype in the
schizophrenia spectrum between schizophrenia and healthy controls (HC), with genetic,
biological and behavioral characteristics shared with chronic schizophrenia (Siever and
Davis, 2004). The symptoms of SPD, while less severe, mirror those of schizophrenia,
including psychotic-like symptoms, social deficits, and cognitive impairment. Since SPD
patients share these underlying spectrum characteristics with typical schizophrenia, insights
into the pathophysiology of SPD may improve our understanding not only of this disorder,
but of schizophrenia itself (Siever and Davis, 2004). Another particularly important question
is what biological characteristics protect the SPD patients from the emergence of severe
psychosis. This phenotypic difference has been hypothesized to be related to a better
regulated (less responsive) striatal dopaminergic system in SPD compared to schizophrenia
(Kirrane and Siever, 2000; Siever and Davis, 2004).

Hyperdopaminergic activity in the striatum is thought to be related to positive symptoms and
hypodopaminergic activity in the prefrontal cortex to be related to negative ones (Davis,
1991; Siever et al., 1994). Dopamine activity can be measured both in imaging and
pharmacological intervention studies. Imaging studies have shown that patients with
schizotypal personality disorder have higher striatal dopamine release in response to
amphetamine than healthy patients, but lower than schizophrenia patients (Abi-Dargham et
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al., 2004). In one study (Mitropoulou et al., 2004) SPDs evidenced a blunted cortisol and
normal dopaminergic responses to 2-deoxyglucose (DG), in contrast to increased cortisol
and dopamine responses to 2DG in schizophrenia patients.

Visual contrast detection reflects dopaminergic functioning in the early visual system
(Harris et al., 1990; Masson et al., 1993). Dopamine enhances visual contrast detection by
inhibiting the surrounding areas of the retinal neural unit’s receptive field via the D2
receptors (Djamgoz et al., 1997). Studies in Parkinson’s Disease patients (Bodis-Wollner,
1990), patients with phenylketonuria (PKU) (Diamond and Herzberg, 1996), and animals
and humans with dopaminergic intervention (Corbe et al., 1992; Boumghar et al., 1997)
suggest these retinal dopamine activity may in some cases parallel dopamine activity in the
brain. Although the cellular mechanisms of striatal dopamine release are incompletely
understood, SPD patients demonstrate less subcortical hyperdopaminergia than patients with
schizophrenia, consistent with the hypothesis that SPD patients have less subcortical
dopaminergic hyper-responsiveness compared to patients with schizophrenia (Abi-Dargham
et al., 2004; Siever and Davis, 2004). Furthermore, SPD patients are hypothesized to have
reduced dopamine activity in the prefrontal cortex (Siever and Davis, 2004) and their
abnormal working memory and cognitive performance (Mitropoulou et al, 2005) are
inversely correlated with dopamine and memory Siever et al., 1993 and can be partially
normalized by dopaminergic agents (Siegel et al., 1996; Kirrane et al., 2003; McClure et al.,
2009). If retinal D2 receptor activity mirrors that of the brain, reduced to normal visual
contrast sensitivity might be expected in SPD, in contrast to the increased contrast
sensitivity in schizophrenia (Kéri et al., 1998; Chen et al., 2003).

Disparate results have been reported for visual contrast detection in schizophrenia patients:
Some studies show decreased contrast sensitivity (Slaghuis, 1998; Butler et al., 2001, Kéri et
al., 2002; Chen et al., 2004), others describe excessive sensitivity (Kéri et al., 1998; Chen et
al., 2003), and another reports no difference (Chen et al., 1999). One factor that may account
for these disparate findings is the different antipsychotic drugs administered to these
patients. One study hypothesized that the differences were due to the relative potency and
the respective binding strength of the different classes of antipsychotic drugs (Chen et al.,
2003). The typical antipsychotics, potent dopamine-antagonists, were associated with the
lowest visual contrast sensitivity. Atypical antipsychotics, on the other hand, are less potent
dopamine antagonists and thus do not lower contrast sensitivity as dramatically. Thus,
patients with schizophrenia on typical antipsychotic agents had lower contrast sensitivity
than HC, while those on atypical agents had the same sensitivity as HC, and those who were
not medicated had higher sensitivity (Chen et al., 2003). Indeed in the two studies that have
tested unmedicated patients thus far, superior visual contrast detection was demonstrated in
schizophrenia, even compared to HC.

Recent studies reported that SPD patients’ performance was normal in visual contrast
detection (O’Donnell et al., 2006) and abnormal in other visual tasks such as those requiring
temporal integration or working memory (Cadenhead et al., 1999; Farmer et al., 2000;
Siever et al., 2004). This pattern of results, while interesting, poses a question as to whether
visual processing in SPD is still normal when basic temporal integration is involved.
Temporal integration and storage is a fundamental aspect of visual functioning (Supèr et al.,
2001) and the temporal dynamics of contrast detection is modulated by dopamine (Masson
et al., 1993). In this study, we evaluated contrast detection of SPD patients under the
conditions for which visual information is temporally integrated.

Moreover, in order to demonstrate whether the visual contrast detection in question is
specifically related to a schizophrenia spectrum disorder or mainly due to personality
disorders unrelated to schizophrenia, it is important to examine SPD patients in comparison
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to patients who have other personality disorders (OPDs), and thus are not hypothesized to
have a dopamine abnormality affecting contrast detection. This study proposed to determine
whether SPD patients differ from patients with other personality disorders and HCs in their
ability to detect visual contrast.

2. Experimental/Materials and methods
2.1 Subjects

Twenty-one subjects with DSM-IV diagnosed schizotypal personality disorder, eighteen
healthy controls, and twelve subjects with a personality disorder unrelated to schizophrenia
(with less than 2 schizotypal traits) were recruited for this study by advertisements and word
of mouth. All participants were between the ages of 18 and 65 and were studied as
outpatients. The subject groups had no significant differences in age, gender, or years of
education (Table 1).

After informed consent was obtained, participants completed a medical evaluation and any
participants with a history of systemic medical illnesses, serious eye disorders, a history of
serious head trauma, or positive toxicology screens were excluded. The patients were
evaluated for medical illnesses by a standard battery of blood tests, including an SMA-18. A
medical history was also taken, where patients were asked about current or past eye
problems. Patients were also excluded if they met criteria for a psychotic disorder or bipolar
I, met lifetime criteria for substance dependence, had substance abuse in the last 6 months,
or were currently taking psychiatric medication.

Diagnostic evaluations were conducted by doctoral-level clinical psychologists using the
Structured Clinical Interview for DSM-IV for Axis I disorders and the Structured Interview
for DSM-IV Personality for Axis II disorders (First et al., 1997). Diagnoses were given in a
consensus meeting with an expert diagnostician in which the clinical interviewer presented
all available information on each participant. Healthy control participants had no history of
Axis I or Axis II disorders, and no first degree relatives with Axis I disorders. Those
participants who had personality disorders unrelated to schizophrenia primarily consisted of
patients with avoidant personality disorder, and all had less than 2 schizotypal traits. Patients
with Schizotypal Personality Disorder met DSM-IV criteria according to the SIDP, all
possessing at least 5 schizotypal traits.

2.2 Experimental procedure
The stimulus for contrast detection was a sinusoidal grating at varying contrast levels.
Subjects sat in a dark room at a distance of 57 cm away from the computer screen. They
were given 5 minutes to accommodate to the low light conditions before beginning the
experiment. The task presented to the subjects was to detect the presence of the stimulus at
varying temporal frequencies. In each trial the subject was exposed to 2 temporal intervals,
each paired with a distinct auditory tone. The auditory tone demarcates one interval from
another. Each interval lasted 300 msec. The gratings were presented in one of the intervals,
either the first or the second, and in the other interval, a blank screen of same luminance
level was displayed. Between the two intervals, there was a 500 msec break.

Subjects were asked to indicate whether the stimulus was present in the first or the second
interval by pressing a designated key. The spatial frequency of the stimulus was 0.5 cycles/
degree. The temporal frequencies was 0 (static), 1, 5, 10 or 15 Hz. The low spatial frequency
grating (0.5 cycles/degree) was selected for this study because using this stimulus in
previous studies yielded significant group differences between schizophrenia patients and
healthy controls (e.g. Chen et al., 2004). It was found that visual processing in schizophrenia
patients were more impaired in the presence of temporally modulated, than static, stimuli
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(Kéri et al., 2002). This study thus includes a series of temporal frequency conditions (0, 1,
5, 10, 15 Hz) and the spatial frequency was kept constant.

A psychophysical method was employed to measure contrast detection threshold (inverse of
contrast sensitivity). The adaptive staircase method determined a perceptual threshold for
each stimulus condition, which is defined as the minimum contrast level, or difference in
luminosity between the bars of the sinusoidal grating, needed for a subject to perform the
task at equivalent 79% accuracy level. Throughout a testing session, the contrast level in a
trial was increased if an incorrect response was produced in a previous trial, and decreased if
three correct responses were produced consecutively. The subjects underwent evaluation
under the 5 temporal frequency conditions and 2 times each, which resulted in a total of 10
testing sessions.

The entire procedure took approximately 40 minutes to complete.

2.3 Neuropsychological tests
The Paced Auditory Serial Addition Test (PASAT) is a test of verbal working memory and
attention. It requires subjects to listen to a list of 50 randomly selected numbers, with a 2
second pause after each number is spoken. Subjects are asked to add each adjacent pair of
numbers and to report each answer verbally. The dependent measure for this test is defined
as the number of times a subject responds correctly (Gronwall, 1977). The PASAT is
difficult for patients with SPD due to the combination of memory, attention, and mental
manipulation required (Mitropoulou et al., 2005). This specific deficit has also been
correlated with interpersonal factors in SPD patients (Mitropoulou et al., 2002).

In the N-Back test, subjects watch sequences of letters appear on a computer screen. Each
sequence represents one of three conditions. Subjects are instructed to respond each time
they see a specific letter (0-Back condition), when they see a letter that is the same as the
previous letter (1-Back condition), or when they see a letter that is the same as the one that
they saw two letters back (2-Back condition). Subjects complete each condition three times
in random order. The dependent measure for this test is calculated separately for each
condition, and is defined as the proportion of each subject’s responses that are correct
(Gevins and Cutillo, 1993). The N-Back test in particular is more difficult for patients with
SPD (McClure et al., 2008) due to the temporal integration and context processing required.
This test is of particular interest for contrast detection because Abi-Dargham (2003) has
demonstrated a relationship between N-Back scores and dopaminergic activity in SPD
patients.

The Trail-Making Test requires subjects to connect a series of numbers in sequential order.
The dependent measure used for this assessment is the number of seconds that the subject
requires in order to complete the task (Reitan et al., 1958). The trail-making test is used to
assess verbal/spatial perception and psychomotor speed. SPD patients have demonstrated
poor performance in this task thus it is a potentially useful comparison when studying visual
perceptual deficits (Mitropoulou et al., 2005).

The Wechsler Adult Intelligence Scale – Revised (WAIS-R) is a widely used and well-
validated intelligence test. This study used the vocabulary and block design portions of the
WAIS-R to assess subjects’ verbal intelligence and visuospatial ability. For the purpose of
this study, the dependent measure for this test is defined as a subject’s age-adjusted scaled
scores (Wechsler, 1981).
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3. Results
3.1 Demographics and clinical variables

The subject groups did not have significant differences in age, gender, or years of education
(Table 1). No significant correlation was found between the SPD patients’ mean contrast
detection threshold, and the severity of their illness. Illness severity was defined as the
number of DSM-IV SPD symptoms met by each patient.

3.2 Visual contrast detection
A Repeated-Measures ANOVA showed a significant effect of subject group on the contrast
detection threshold (F(2, 48) = 5.358, p = .008) (Figure 1). The effect of temporal frequency
was also significant (F(4, 192) = 43.286, p < 0.001). Contrast detection thresholds in all
groups were markedly low for the 5 Hz condition and high for the 0 Hz (static) and 15 Hz
(highly temporally modulated) conditions, a pattern consistent with findings in literature
(Kelly et al., 1979;Chen et al., 1996). There was no significant interaction between subject
group and temporal frequency (p = 0.462).

A Turkey post-hoc test indicated a significant group difference between the SPD and the HC
(p = 0.006), but not between the OPD and the HC (p = 0.438) or between the OPD and the
SPD (p = 0.248). The SPD group had higher contrast detection thresholds at all frequencies
tested.

Between SPD patients and controls, a repeated-measure ANOVA showed a significant
group effect on the threshold (F(1, 38) = 10.856, p = 0.002). Temporal frequency also had a
significant effect on detection threshold (F(4,152) = 26.885, p < 0.001). However, there was
no significant interaction between subject group and temporal frequency (p = .110).

3.3 Cognitive measures
In addition to the contrast detection paradigm, some of the SPD patients also completed a
cognitive testing session. Since not all of the patients completed the testing, we only have N-
Back data for 11 of the 21 SPD patients and the other tests for 18 of 21 patients. Although
the sample was too small to be definitive, the N-Back computer task showed a significant
correlation with contrast detection threshold (see Table 2). In particular, poor performance
on the 2-Back condition was associated with a higher contrast detection threshold at 5 Hz
(r(10)= −.769, p=.003). Significant correlation was also found between SPD patients’ mean
contrast detection threshold and performance on the Trail-making Test A (see Table 3). No
significant correlation was found between contrast detection threshold and performance on
the WAIS-R intelligence test, or the PASAT (see Table 3).

4. Discussion
This study found that the SPD patients had significantly higher visual contrast detection
thresholds (lower contrast sensitivity) across a range of temporal frequencies compared to
healthy controls. There was no significant group difference between the OPD patients and
the HCs.

4.1 Contrast detection in SPD
SPD patients’ decreased contrast sensitivity found in this study appears to be in contrast
with those found in the study by O’Donnell et al. (2006). The difference was intriguing in
that both studies were similar in terms of the characteristics of SPD patients tested. In terms
of experimental paradigm, however, there was a critical difference. In O’Donnell et al.’s
study, subjects were asked to respond immediately after each stimulus presentation (whether
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the target was present or not). In our study, subjects were asked to respond after two
stimulus presentations (whether the target was present in the first or the second
presentation). In other words, the O’Donnell et al.’s paradigm did not require temporal
integration of visual information whereas our paradigm did. The involvement of visual
integration may contribute the different results yielded in the two studies. This interpretation
is also in line with several previous findings in which SPD patients showed deficient
performance on the visual and cognitive tasks that depend upon information integration over
time (Cadenhead et al., 1999; Coleman et al., 1996; Farmer et al., 2000; Siever et al., 2002;
Barch et al., 2004; Gooding et al., 2006).

Although attention is typically impaired in SPD (Roitman et al. 1997), attention is unlikely
to be a confounding factor in this experiment. The contrast detection results cannot be
accounted for by impaired attention as this basic perceptual task does not have a significant
amount of attention. In addition, schizophrenia patients have well-documented difficulties
with attention (Heinrichs and Zakzanis, 1998), but schizophrenia patients can still perform
this task above, similar to, or below normal levels, suggesting that the attention problem is
not a primary limiting factor (Chen et al., 2003).

General eye dysfunction is also unlikely to be a significant confound. All subjects had been
screened for known eye diseases before participation. In addition, the magnitudes of the
contrast detection deficit in SPD subjects (figure 1) were not uniform across temporal
frequency, a pattern of result not consistent with a general eye pathology problem.

4.2 Schizotypal vs. other personality disorders
Unlike in SPD, contrast sensitivity in OPD does not appear to differ significantly from that
in healthy controls. No significant group difference in most stimulus conditions discounts
the notion that a personality disorder is a general factor that intrinsically adversely affects
contrast detection in SPD. This aspect of the result is thus consistent with the notion that the
contrast detection abnormality is specific to SPD among the personality disorders.

4.3 Implications for dopamine activation in the schizophrenia spectrum disorder
The superior visual contrast detection found in unmedicated schizophrenia patients relative
to HC is hypothesized to be due to hyperdopaminergic activity in the retina and is consistent
with Bleuler’s observation that patients with schizophrenia exhibit a hypersensitivity to
sensory stimuli (Bleuler, 1950). The reason why typical antipsychotics have been found to
reduce contrast sensitivity more than the atypical agents may be because the former bind
more tightly and for a longer duration to D2 receptors, including the D2 receptors in the
retina (Chen et al., 2003).

The results of our study converge with other studies (Abi-Dargham et al., 2004; Mitropoulou
et al., 2004) in suggesting that dopaminergic activity is not increased in SPD patients
compared to controls to the extent it is in patients with schizophrenia, and may even be
reduced in comparison to healthy controls in some dopamine systems such as the visual
contrast system as it appears to be in the prefrontal cortex (Siever & Davis, 2004).

Reduced dopaminergic activity in the prefrontal cortex has also been shown to negatively
impact neuropsychological tests, particularly the N-Back (Abi-Dargham, 2003). If reduced
contrast sensitivity is caused by decreased dopamine, we would expect to find a correlation
between a high detection threshold and poor performance on neuropsychological tasks. Our
data show that the most salient correlations occur between N-Back performance and contrast
threshold at 5 Hz, the same temporal frequency at which Chen et al. (2003) found clear
distinctions between schizophrenia patients on different antipsychotic medications. In
addition, we found that higher contrast detection thresholds were correlated with poorer
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performance on the Trails A task. These pieces of evidence provide further support for the
idea that the reduced dopamine activity in the PFC in SPD may extend into the retina.

The data of this study should not be presented without a few caveats. We only have
neuropsychological data for a subset of the patients and we have too little N-Back data to
draw definitive conclusions. However, the results of the N-Back test do show a significant
difference in the expected direction. The connection between Trails A and contrast
sensitivity is less clear; as the similar Trails B test does not show a correlation. Although we
did not collect neuropsychological data for control subjects, a number of previous studies
have shown group deficits in attention, working memory, and context-processing (McClure
et al., 2008; Mitropoulou et al., 2005; Roitman et al., 1997). Without more extensive
neuropsychological data, we cannot draw definitive conclusions about the cognitive deficits
associated with contrast detection.

It should also be noted that although a few studies have indicated retinal dysfunction in
schizophrenia (Balogh et al., 2008; Hébert et al., 2010), no study has directly demonstrated
altered dopamine processes at the retinal level. Using a visual task paradigm associated with
retinal and cortical functions, this study provides behavioral evidence that supports the
dopamine abnormality hypothesis.

Reduced contrast sensitivity in SPD is consistent with findings that SPD patients appear to
have reduced cortical dopaminergic activity and variable subcortical dopaminergic activity
compared to healthy controls. In contrast, their dopamine activity is consistently reduced in
comparison to schizophrenia patients (Abi-Dargham et al., 2004; Mitropoulou et al., 2004).
While an increase in dopamine activity may be related to superior contrast detection in
schizophrenia patients, reduced dopamine activity may be associated with poorer contrast
detection in SPD patients. These results highlight possible differences in dopaminergic
activity and psychophysiology between SPD and schizophrenia patients in contrast to the
numerous similarities between the two spectrum disorders (Siever and Davis, 2004). The
difference in contrast detection between SPD and schizophrenia patients suggests that
dopamine functioning in the early visual system is related to the brain mechanisms that
prevent SPD from the emergence of severe psychosis. Still, further research is needed to
identify and explain the differences between these two disorders both on the level of
neurotransmission and behavior.

The limited scope of this study leaves room for a number of future experiments. For
example, other research groups have suggested that impaired visual processing in
schizophrenia may also be modulated by NMDA/glutamate dysregulation (Butler et al.,
2005). Whether the deficient contrast detection in schizotypal personality disorder, found in
this study, is also related to the glutamatergic theory is an interesting question that remains
to be explored.

Another interesting question is how the contrast detection deficit in SPD influences their
processing of other visual information. It was found that deficits in one visual processing
domain - backward masking - appear to be related to schizotypal personality symptoms
(Cadenhead et al., 1996). Thus, a comprehensive study on different levels of visual
processing and their associations with clinical outcomes in SPD patients are warranted.
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Fig. 1.
Summary of contrast detection thresholds in SPD, HC and OPD groups Perceptual threshold
was defined as minimum difference in luminosity between the bars of the sinusoidal grating
needed for subjects to perform the task at equivalent 79% accuracy level. The X axis
represents temporal frequencies whereas Y axis represents the means of perceptual threshold
for each group. The error bars indicate one standard error
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Table 3

Correlation between contrast threshold and 2-Back performance

Temporal Frequency 2-Back
(n=11)

0 Hz

Pearson Correlation −.497

Sig. (1-tailed) .060

1 Hz

Pearson Correlation −.373

Sig. (1-tailed) .129

5 Hz

Pearson Correlation −.569*

Sig. (1-tailed) .034

10 Hz

Pearson Correlation −.769**

Sig. (1-tailed) .003

15 Hz

Pearson Correlation .014

Sig. (1-tailed) .484

Mean

Pearson Correlation −.136

Sig. (1-tailed) .345

*
Correlation is significant at the 0.05 level (1-tailed).

**
Correlation is significant at the 0.01 level (1-tailed)
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