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ABSTRACT 

The present study had several objectives.  It sought to determine if deficits in 

working memory subprocesses of maintenance, monitoring, and manipulation are 

specific to schizophrenia or are also present in patients with bipolar disorder.  It was of 

interest to additionally determine if working memory deficits are present in the relatives 

of schizophrenia patients and relatives of bipolar disorder patients.  Finally, the 

association between the COMT Val158Met polymorphism and working memory ability 

in schizophrenia patients, bipolar disorder patients, and the relatives of these patient 

groups was investigated.   

Genotyping data and performance scores for the Spatial Delayed Response Task 

(i.e. maintenance), Self Ordered Pointing (i.e. monitoring), Digit Span Backwards (i.e. 

low demand manipulation) and Letter Number Sequencing (i.e. high demand 

manipulation) were collected for schizophrenia patients, bipolar disorder patients, 

relatives of schizophrenia patients, relatives of bipolar disorder patients, and 

nonpsychiatric controls.  Results showed worse performance on the maintenance, low 

demand manipulation, and high demand manipulation working memory subprocesses for 

schizophrenia patients compared to nonpsychiatric controls and bipolar disorder patients.  

The relatives of schizophrenia patients also demonstrated impairment in low demand 

manipulation and high demand manipulation, as well as a trend for worse maintenance 

performance compared to nonpsychiatric controls.  Although no genotype group 

differences were revealed when examined in a sample combining all diagnostic groups, a 

few genotype group differences were detected when examined within a sample of 
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schizophrenia patients.  These results will be discussed.  The results suggest that 

schizophrenia and bipolar disorder have distinct pathophysiologies, manipulation is 

promising as an endophenotype for schizophrenia-relevant disease genes, and there may 

be Val158Met genotype group differences in working memory within schizophrenia 

patients.        
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INTRODUCTION AND LITERATURE REVIEW 

Evolutionarily, the prefrontal cortex (PFC) is a recently developed structure 

considered to be responsible for the higher-order cognitive functions that are unique to 

humans and other higher primates.  Informational and technological achievements of our 

species are a direct result of the human PFC’s capacity for executive functions such as 

inhibition, abstraction, ordering, problem solving, and working memory.  Not 

surprisingly, PFC abnormalities have been implicated in distinctively human afflictions 

such as psychiatric disorders.   Within the research on mental illness, reports of patient 

PFC impairment are particularly widespread in schizophrenia. 

Pathophysiology of Prefrontal Cortex in Schizophrenia 

Neuroimaging research consistently demonstrates that schizophrenia patients have 

abnormal frontal lobe activation during tasks that require executive function (Andreasen 

et al., 1997; Barch, Sheline, Csernansky, & Snyder, 2003; Buchsbaum et al., 1992; Carter 

et al., 1998; Holmes, 2005; MacDonald III, & Carter, 2003; MacDonald III et al., 2005; 

Morey et al., 2005; Perlstein, Dixit, Carter, Noll, & Cohen, 2003; Walter et al., 2003; 

Weinberger & Berman, 1986).   Furthermore, meta-analyses support the brain imaging 

findings of diminished activity in the prefrontal cortex of schizophrenia patients during 

cognitive tasks (Davidson & Heinrichs, 2003) as well as at rest (Hill et al., 2004).  

It has been suggested that these prefrontal impairments are the result of physical 

pathology of the PFC.  This view is supported by reports of compromised cellular 

organization of the dorsolateral PFC. Postmortem investigations have revealed reduced 

volume of neuronal bodies, diminished neuropil (i.e. unmyelinated axons and dendrites of 
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gray matter neurons), and compromised synapses in the dorsolateral PFC of 

schizophrenia patients (Lewis, 1997; Selemon & Goldman-Rakic, 1999; Selemon, 

Rajkowska, & Goldman-Rakic, 1995).  Proton magnetic resonance spectroscopy, which 

can index the fitness of neuronal populations in living individuals by measuring 

concentrations of N-acetyl aspartate (NAA), has been measured in the frontal region of 

schizophrenia patients.  Generally, NAA levels will positively correlate with health of 

neurons and processes.  Studies have shown that schizophrenia patients have lower 

amounts of NAA in the frontal lobe in general (Pae et al., 2004), as well as in the 

dorsolateral PFC specifically (Bertolino et al., 1998a; Bertolino et al., 1998b; Bertolino & 

Weinberger 1999; Deicken, Zhou, Corwin, Vinogradov, & Weiner, 1997).   

Working Memory Deficits in Schizophrenia 

Generally, working memory has been described as a type of short-term memory 

within which internal representations of no-longer-available external stimuli, is held and 

processed to guide behavior for an impending task (Goldman-Rakic, 1994; D’Esposito, 

Postle, & Rypma, 2000; Stratta, Properini, Daneluzzo, Bustini, & Rossi, 2001).  

Electrophysiological research using primates has demonstrated that working memory is 

localized in the PFC (Goldman-Rakic, 1999b).  Such research has shown that, during 

oculomotor as well as manual delayed response tasks of spatial working memory, 

neurons of the PFC increase their rate of firing during the delay stage where stimuli must 

be held online for an impending response (Goldman-Rakic, 1994, 1999b).  Furthermore, 

it has been reported that when subjects produce errors during the delay period of such 
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tasks, single-unit recordings of corresponding PFC neurons indicate a commensurate 

failure of firing activity (Goldman-Rakic, 1999b).   

Ever since it was presented as an alternative to the short-term memory paradigm 

of the late 1960’s, Baddeley and Hitch’s (1974) model of working memory has endured 

as the most widely accepted conceptualization of working memory.  Baddeley’s (2000) 

current version of the model consists of verbal, visuospatial, and episode (i.e. integrated 

verbal and visuospatial information) storage buffers as well as a central executive that 

coordinates the flow of information to, from, and between the three buffers.  Although 

the central executive does coordinate basic maintenance of information in working 

memory, it also performs more complex functions of controlling and regulating processes 

regarding simultaneous tasks, switching between multiple strategies, selectively attending 

to relevant stimuli, inhibiting irrelevant stimuli, suppressing inappropriate behavior, 

switching of attention, and manipulation of retained material (Baddeley, 1996; Baddeley 

& Della Sala, 1998).   

It has been proposed that working memory can be best understood if organized 

into distinct subprocesses (Baddeley, 1996; Baddeley & Hitch, 1974). Maintenance, 

monitoring, and manipulation have been researched as subprocesses of working memory. 

Maintenance would require only retaining information for impending use while 

monitoring might involve extensive updating of working memory contents.  

Manipulation would include not only maintenance but also the performance of cognitive 

operations upon the retained material (e.g sequencing or planning).  In this view, the 

central executive not only coordinates the sensory storage buffers for the maintenance of 
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information in working memory, it is also capable of the higher-order functions of 

monitoring and manipulation. 

Maintenance 

One of the most consistent findings regarding working memory in schizophrenia 

is the observation that patients display impaired accuracy on spatial delayed response 

tasks.  This type of task requires the participant to maintain in memory, the location of a 

briefly presented target cue and after a delay period, indicate the target’s remembered-

location.  Delayed response tasks can be considered maintenance tasks of working 

memory.  Schizophrenia patients are inaccurate regarding the target location when tested 

with the widely-used visuomotor version of the task (Carter, Mintun, Nichols, & Cohen, 

1997; Chey, Lee, Kim, Kwon, Shin, 2002; Glahn, et al., 2006; Keefe et al., 1995; Kim, 

Glahn, Nuechterlein, & Cannon, 2004; Leiderman & Strejilevich, 2004; Minor & Park, 

1999; Pukrop et al., 2003; Ross, Harris, Olincy, & Radant, 2000; Silver, Feldman, Bilker, 

& Gur, 2003; Snitz, Curtis, Zald, Katsanis, & Iacono, 1999; Spindler, Sullivan, Menon, 

Lim, & Pfefferbaum, 1997; Stratta, Properini, Daneluzzo, Bustini, & Rossi, 2001; 

Zuffante et al., 2001).  This finding has also consistently held true for schizophrenia 

patients administered spatial delayed response tasks with an oculomotor approach 

(Everling, Krappman, Preuss, Brand, & Flohr, 1998; Krappmann, & Everling, 1998; 

McDowell et al., 2001; McDowell & Clementz, 1996; Park, 1997; Park, 1999; Park & 

Holzman, 1992; Park & Holzman, 1993; Park, Holzman, & Goldman-Rakic, 1995; Park, 

Puschel, Sauter, Rentsch, & Hell, 1999; Partiot et al., 1992; Raine et al., 1992; Ross et al., 
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1998).  This deficit has even been demonstrated in acutely psychotic (Park et al., 1999) as 

well as chronic (Silver et al., 2003) schizophrenia patients.   

Only a single study has reported no differences between schizophrenia patients 

and healthy controls on a spatial delayed response task (Seidman et al., 1995).  

Examination of the methodology used in this study reveals that the researchers used an 

unorthodox approach to administering their version of a spatial delayed response task.  

Although it is conventional for the task to have several (usually eight) possible target 

locations, the Seidman group only required their participant to select from two target 

locations.  Also, the task is usually conducted so that the participant is only briefly 

exposed to the target stimulus (e.g. a dot flashed in one of eight possible target locations).  

However, the spatial delayed response task of Seidman and colleagues involved opening 

a curtain that separated the experimenter and participant, the experimenter placing a 

penny in one of two wells, and then having the participant remember the target location 

while the curtain is closed during the delay period.  Seidman et al. (1995) suggest that 

their inconsistent finding might be due to their task procedure, which they concede is 

considerably more simplistic than the conventional delayed response task approach.  

Monitoring 

Self-ordered working memory tasks generally involve presenting a participant 

with an array of items and for each trial, the participant must select only one item that 

s/he has never previously selected.  For each trial, the locations of all the items in the 

array are randomly repositioned so that the participant can only rely upon her/his memory 

of the previously selected items rather than their location.  It has been suggested that the 
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self-ordered tasks require working memory functions beyond mere maintenance as they 

additionally involve the monitoring (e.g. updating) of working memory contents 

(Conklin, Curtis, Calkins, & Iacono, 2005; Wagner & Smith, 2003).  

A few investigations have examined self-ordered working memory tasks in 

schizophrenia.  For all of these studies, schizophrenia patients exhibited less competence 

at the self-ordered task than normal controls (Chey et al., 2002; Conklin et al., 2005; 

Ganzevles & Haenen, 1995; Stone, Gabrieli, Stebbins, & Sullivan, 1998; Zuffante et al., 

2001).  Also, young individuals at very high risk for development of psychosis 

demonstrated a deficit in self-ordered task performance when compared to healthy adults 

(Wood et al., 2003).  These researchers later found that, of the participants in the very 

high risk group, the ones who eventually developed psychosis had worse performance 

than those who did not.   

Manipulation 

While there is emerging interest in the parsing of working memory into various 

separable processes, substantial evidence is accumulating for a specific distinction 

between maintenance and manipulation.  D’Esposito and colleagues have reported 

functional magnetic resonance imaging (fMRI) findings of greater dorsolateral PFC 

activation in healthy volunteers during manipulation than during maintenance conditions 

(D’Esposito et al., 1998; D’Esposito, Postle, Ballard, & Lease, 1999; Postle, Berger, 

D’Esposito, 1999).  This greater dorsolateral PFC activation in healthy volunteers has 

been similarly observed during manipulation conditions even when compared to 
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conditions of increasing memory set size which places heavy demands upon maintenance 

(Glahn et al., 2002).  

These working memory subprocesses have been compared in patients with 

schizophrenia.  Kim, Glahn, Nuechterlien, & Cannon (2004) described that patients with 

this illness exhibited performance deficits when compared to controls during both 

maintenance-only as well as maintenance-and-manipulation conditions.  They further 

reveal that, compared to controls, the patients’ performance during the latter was 

disproportionately worse than in the former.  Although it has been found that 

schizophrenia patients also produce greater dorsolateral PFC activation in manipulation 

versus maintenance conditions, their degree of increased activation is significantly less 

than that produced by healthy controls (Cannon et al., 2005; Tan, Choo, Fones, & Chee, 

2005).    

The Letter Number Sequencing task is a test from the Wechsler Adult Intelligence 

Scale, Third Edition-Revised (WAIS-III-R) that requires the participant to manipulate the 

contents of working memory.  For each trial in this task, the participant is presented with 

increasingly longer strings of alternating letters and numbers and must first recite the 

numbers in ascending order followed by the letters in alphabetical order.  Only a handful 

of published studies have compared schizophrenia patients to healthy adults on this test 

of working memory’s manipulation subprocess.  Each of these studies has found worse 

performance in the patients (Conklin et al., 2005; Gold, Carpenter, Randolph, Goldberg, 

& Weinberger, 1997; Goldberg et al., 1998; Pukrop et al., 2003).  Consistent with the 

supposition that such sequencing taps higher order executive functions, McGurk et al. 
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(2004) indicated that Letter Number Sequencing ability correlated with scores from a 

well-known working memory test of set-shifting and inhibition (Wisconsin Card Sort 

Test, WCST) in their group of older, poor outcome schizophrenia patients.   

In the Digit Span Backwards subtest of the WAIS-III-R, after being presented 

with a series of digits, the participant must recite the items in reverse order.  Each trial 

consists of an increasingly longer series of digits.  Performance on this test is considered 

to be a measure of working memory. Because the presented stimuli must be reversed, this 

task can more specifically address the working memory process of manipulation.  

Regarding the Digit Span Backwards, only three studies found no working 

memory difference between schizophrenia patients and normal controls (Chan, Yip, & 

Lee, 2004; Chen, Chen, & Lieh-Mak, 2000; Park & Holzman, 1992).  The majority of 

experiments that have compared these two groups on the Digit Span Backwards have 

reported impairment in schizophrenia patients (Alptekin et al., 2005; Bozikas, Kosmidis, 

Kiosseoglou, & Karavatos, 2006; Brebion, Amador, Smith, Gorman, 1998; Conklin et al., 

2000; Conklin et al., 2005; Glahn et al., 2006; Karatekin & Asarnow, 1998; Kiefer, Apel, 

& Weisbrod, 2002; Moritz, et al. 2002; Muller et al. 2005; Salame, Danion, Peretti, & 

Cuervo, 1998; Silver et al., 2003; Stefansson & Jonsdottir, 1996; Stone et al., 1998; 

Stratta et al., 1997).  A meta-analysis by Aleman, Hijman, de Haan, & Kahn (1999) also 

resulted in a large effect size for the Digit Span Backwards.  Careful examination of the 

methodology of the three discrepant Digit Span Backwards studies yielded no 

irregularities that could account for the inconsistent results except perhaps their mutual 

lack of a control condition to verify intact maintenance ability. 
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To summarize, schizophrenia patients appear to have a deficit in the maintenance 

subprocess of working memory.   The abundant findings of impaired patient performance 

on delayed response tasks support this assertion.  Also, individuals with schizophrenia 

have been found to display faulty monitoring ability.  Although only a few experiments 

have been conducted to examine this subprocess of working memory, every self-ordered 

pointing study has reported the deficit in the patients compared to healthy controls.  

Lastly, schizophrenia patients have consistently exhibited difficulty in the manipulation 

of temporarily stored information.  This finding was a consistent result of many Digit 

Span Backwards investigations and has been reported for every Letter Number 

Sequencing study.  

The Genetics of Schizophrenia 

Multiple lines of epidemiological evidence converge in support of a substantial 

genetic component in schizophrenia.  It has been reported that monozygotic twins are 

concordant for schizophrenia at a rate significantly greater than that of dizygotic twins: 

i.e. 48% vs. 17%  (Gottesman, 1991).  Despite the 1% prevalence in the general 

population, relatives of schizophrenia patients manifest greater disease risk with greater 

degree of relatedness (Gottesman, 1991).  Although biological relatives of schizophrenic 

adoptees have higher rates of schizophrenia than control adoptees, children who are 

adopted by a parent who later develops schizophrenia do not go on to develop 

schizophrenia at an increased rate.  Perhaps the most compelling epidemiological 

evidence comes from the finding that the offspring of monozygotic twins who are 

disconcordant for schizophrenia have equivalent rates of developing the condition 
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(Gottesman & Bertelson, 1989).  Further support for a genetic component in 

schizophrenia comes from heritability estimates that are generally high: 65-85% 

(Cannon, Kaprio, Lonnqvist, Huttunen, & Koskenvuo, 1998) and 80% (Cardno & 

Gottesman, 2000; Sullivan, Kendler, & Neale, 2003). 

Although genetic investigations have been able to identify the relevant gene(s) 

responsible for some illnesses with simple Mendelian inheritance where a single gene has 

major effect (e.g. Huntington’s Disease), studies on illnesses with complex patterns of 

inheritance (e.g. most psychiatric disorders) have been less fruitful.  Evidence that 

schizophrenia cannot be due to a single gene comes from examination of familial risk 

patterns (Risch, 1990).  Epidemiological research largely supports a polygenic model in 

which there are multiple genes where each has small effect (Cannon, Gasperoni, van Erp, 

& Rosso, 2001).  To this, the multifactorial model postulates an additional layer in which 

multiple environmental factors interact with polygenic loci to develop illness. Yet, 

according to McGue, Gottesman, & Rao (1985), data for twin concordance as well as 

degree of diminishing risk in first-, second-, and third-degree relatives does not reflect the 

additive gene effects that would be present in a multifactoral model.  Instead, it is more 

likely that multiple epistatic gene-gene as well as gene-environment interactions are 

occurring in addition to additive gene effects.  Because of this extremely complex 

additive and epistatic relationship, susceptibility genes will appear to account for a 

smaller share of genetic variance when examined individually (Kendler & Eaves, 2005).   

To date, linkage studies in schizophrenia have yielded few consistent results 

(Weinberger, 2001).  The lack of statistical power to detect genes of such small effect 
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may be the result of several potential impediments.  False negatives may occur when 

susceptibility gene carriers are not classified as such.  This may happen when clinical 

heterogeneity is created by conditions such as incomplete penetrance.  For example, a 

carrier of predisposing genes might not reach diagnostic threshold if requisite 

environmental factors do not interact with such genes.  False positives occur when 

patients, who appear to manifest the disease phenotype, do not actually share the same 

genotype.  This causal heterogeneity can often be the result of phenocopies (i.e. when 

different causes appear to produce the same illness).  For example, neurological damage 

from chronic substance abuse might manifest in schizophrenia-like symptoms.  Also, 

according to Cannon et al. (2001), it is possible that locus heterogeneity arises when a 

variety of different gene combinations may lead to a similar schizophrenia phenotype. 

 The weak validity of current diagnostic criteria has been faulted as a chief reason 

for the array of false positives and negatives that plague the search for schizophrenia 

susceptibility genes.  According to Risch & Merikangas (1996), the fallacious connection 

between genotype and clinical presentation undermines the ability to detect linkage even 

in studies that include thousands of affected sibling pairs.  Gottesman and Bertelsen’s 

(1989) finding of equal schizophrenia risk in the children of discordant monozygotic 

twins clearly indicates that clinical expression is not a true indicator of the presence of 

predisposing genes.   

Working Memory Deficit as an Endophenotype in Relatives of Schizophrenia Patients 

The diagnosis of schizophrenia is likely a manifestation of a complex array of 

defects of the central nervous system and probably reflects the sequelae of multiple 
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predisposing genes and environmental factors.  To increase the statistical power of 

genetic studies, it has been proposed that the groups of interest need to be classified using 

an approach more objective than the traditional phenotype of clinical diagnosis (Cannon 

et al., 2000; Egan et al., 2001; Finkelstein, 1998; Ho, Wassink, O’Leary, Sheffield, & 

Andreasen, 2005; Sponheim, Iacono, Thuras, & Beiser, 2001).  Intermediate phenotypes 

are more reliably present and measurable in individuals who possess the relevant 

genotype.  Theoretically, these endophenotypes are the direct product or effect of a 

particular genotype and can be used as a behavioral or biological indicator of the 

presence of disease-relevant genes.  Its use provides a more direct means of studying the 

expression of illness genotypes (Cannon, 2005).  The unaffected relatives of 

schizophrenia patients are carriers of genes that predispose for the illness.  The power of 

molecular genetic studies can be increased by the inclusion of relatives who carry the 

disease gene(s), as reflected by the presence of an endophenotype of schizophrenia, 

despite the fact that the relatives may not express the clinically recognized disorder 

(Cannon et al., 2001; Cannon et al., 2000).     

 Callicott et al. (2003) reported that schizophrenia patients and their non-

schizophrenic siblings demonstrated similarly excessive fMRI response in the right 

dorsolateral PFC during a working memory task.  This finding suggests that genetic 

vulnerability for the disease is expressed more strongly by way of cognition than by way 

of clinical diagnosis.  According to Weinberger (2005), although the various 

schizophrenia-relevant genes each have small effect on clinical expression, they exact 

much greater effect at the level of cortical function.  The relatives of schizophrenia 
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patients are ideal candidates for experimental investigation because they carry the genetic 

liability for the disease but are free of the confounding variables inherent in patient 

populations (e.g. lower education levels, chronic hospitalization, medication effects).   

A considerable number of investigators have proposed working memory function 

as a promising candidate endophenotype for schizophrenia as much evidence indicates it 

is related to genetic risk for the disorder.  Goldberg et al. (1995) reported that among 

monozygotic twins discordant for schizophrenia, the unaffected twins exhibited WCST 

performance intermediate between the affected twins and healthy twin controls.  The 

difference between unaffected and control twins trended toward significance.  Cannon et 

al. (2000) compared monozygotic and dizygotic twins discordant for schizophrenia and 

found greater degree of spatial working memory deficits with increasing degree of shared 

genes.  In a similar vein, Glahn and colleagues examined spatial working memory 

function in healthy control twins as well as monozygotic and dizygotic twins discordant 

for schizophrenia.  They found that greater working memory impairment was associated 

with greater genetic loading of disease genes (Glahn et al., 2003). 

Maintenance 

A small number of experiments have been conducted on the relatives of 

schizophrenia patients using the Spatial Delayed Response Task.   Of these few 

experiments examining the maintenance subprocess of working memory, two have found 

that the relatives of patients demonstrated less accuracy than controls on the oculomotor 

version (McDowell et al., 2001; Park, Holzman, & Goldman-Rakic, 1995).  Meanwhile, 

another oculomotor experiment reported the unusual finding of less accuracy among 
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parents of schizophrenia patients who had a negative family history of the disease 

although this was not found to be true for the parents with a positive history of the 

disorder (Ross et al., 1998).  It should be noted that the these researchers classified the 

parents as positive- or negative-family history based upon interviews with the parents 

themselves as well as from reports by other relatives identifying a “potential 

schizophrenic relative.”  Therefore, in this study, the validity of the family history 

classification may be questionable.  In a recent meta-analysis that included examination 

of Spatial Delayed Response Task accuracy, the effect size for the difference between 

patients’ relatives and controls was among the largest effect sizes revealed (Snitz, 

MacDonald III, & Carter, 2006).   

Schizotypal offspring of schizophrenia patients have been found to have age-

related deficits on the oculomotor version of the Spatial Delayed Response Task when 

compared to controls and nonschizoptypal offspring of patients (Diwadkar, Montrose, 

Dworakowski, Sweeney, & Keshavan, 2006).  The authors interpret this finding as 

evidence that schizotypal offspring experience increasing working memory impairment 

as they reach the common age of onset for schizophrenia.  Clinically high risk 

adolescents (i.e. exhibiting prodromal symptoms of schizophrenia) have been 

investigated as well and were shown to be less accurate on the task than low risk controls 

(Smith, Park, & Cornblatt, 2006).  Furthermore, it was observed that high risk offspring 

of patients produced less fMRI activation in the dorsolateral PFC and inferior parietal 

cortex while performing this task (Keshavan et al., 2002).  Although the degree of genetic 

vulnerability in the prodromal high risk adolescents cannot be ascertained from the 



 

  15 

information provided in the Smith et al. (2006) article, the findings regarding schizotypal 

and high risk offspring of schizophrenia patients provide support for the suggestion that 

genetic risk for schizophrenia is associated with impacted performance on the Spatial 

Delayed Response Task.   

Monitoring 

With regard to the monitoring subprocess of working memory, only two 

experiments were found that evaluated the ability of patients’ relatives on self-ordered 

tasks.  Conklin et al. (2005) reported that healthy controls required fewer trials than the 

relatives to solve the task.  Unfortunately, the only other study converted the self-ordered 

task performance scores to z-scores to average them with scores from various other tasks 

(Staal, Hijman, Hulshoff Pol, & Kahn, 2000).  For example, the investigators pooled and 

averaged z-scores from the Digit Span Forwards and two self-ordered tests to analyze the 

results of these tasks together under an Attention task domain.  While differences were 

found in the Attention domain between patients and controls as well as patients and 

relatives, there was no significant difference between relatives and controls.  Because the 

z-scores for various tasks were pooled, it is not possible to report on group differences on 

the self-ordered tasks per se.  Also, an experiment that assessed youth at ultra high risk 

for psychosis found that this group made more errors on a self-ordered search task than 

the normal comparison group (Wood et al., 2003).   

Manipulation 

Working memory tasks like the Letter Number Sequencing and Digit Span 

Backwards tasks, which tap the manipulation subprocess have also been investigated in 
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the relatives of patients.  Only one study measured Letter Number Sequencing in the 

relatives; this study found that relatives performed this task better than the patients but 

worse than the healthy controls (Conklin et al., 2005).  Four studies in the existing 

literature have reported that the patients’ relatives exhibit a deficit on the Digit Span 

Backwards version compared to controls (Conklin et al., 2000; Conklin et al., 2005; 

Laurent et al., 1999; Trandafir, Meary, Schurhoff, Leboyer, & Szoke, 2006).  Uleland, 

Oie, Landro, & Rund. (2004) indicated that their group of adolescents with schizophrenia 

spectrum disorders also showed this deficit.  Regarding the Digit Span Backwards, the 

Snitz et al. (2006) meta analysis reported a small to medium effect size for the 

performance difference between patients’ relatives and normal controls. 

However, seven other studies failed to find any difference between relatives and 

healthy volunteers on the Digit Span Backwards (Appels et al., 2003; Chen et al., 2000; 

Gochman et al., 2004; Ismail, Cantor-Graae, & McNiel, 2000; Keri, Kelemen, Benedek 

& Janka, 2001; Schubert, & McNeil, 2005; Shedlack et al., 1997).  There are several 

possible explanations for why no difference was revealed.  Relatives who consent to 

participate could be fundamentally different than relatives who could not be contacted or 

chose not to participate.  That is, recruitment of patients’ relatives may have been 

susceptible to a bias toward higher functioning parents and siblings who likely have less 

genetic risk for the disorder.  In fact, Ismail and colleagues (Ismail et al., 2000) conceded 

that the attrition rate among their group of patients’ siblings was high.  Perhaps if the 

ultimately noncompliant relatives instead continued to participate, the results regarding 

group differences would have been very different.  Also, Keri et al. (2001) pointed out 
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that their group of patients had a milder course of illness and that their relatives had high 

IQ, education, and psychosocial functioning.  It is possible that this group of relatives is 

not representative of a genetically at-risk population.  Of these studies that did not find 

Digit Span Backwards differences between the patients’ relatives and the healthy 

controls, most of the investigators pointed out that their sample sizes were small.  So it is 

possible that many of these studies lacked the statistical power necessary to reveal any 

group differences.  

In summary, several lines of evidence indicate that a genetic component for 

working memory is conferred more often than the psychiatric condition.  This would 

suggest that working memory function would be a better index of genetic diathesis than 

clinical diagnosis.  Investigations that focus on the relatives of schizophrenia patients can 

provide an attractive means of examining the usefulness of working memory deficits as 

an endophenotype for genetic liability to schizophrenia.  The few studies that have 

assessed the maintenance subprocess of working memory performance on the Spatial 

Delayed Response Task have generally shown impairment in the relatives of 

schizophrenia patients. Regarding the monitoring subprocess of working memory, the 

conflicting findings of only two self-ordered test studies have been reported for relatives.  

Clearly, there is a need to further investigate the monitoring subprocess to more fully 

examine high levels of manipulation during working memory subprocesses.  For 

experiments on the manipulation component of working memory in schizophrenia 

patients’ relatives, the only study that examined the Letter-Number Sequencing task 

revealed impairment in the relatives.  The manipulation function of the Digit Span 
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Backwards has also been examined but the findings have not been consistent.  In a review 

of meta-analyses assessing the relatives of schizophrenia patients, Heydebrand (2006) 

stated that a deficit on so-called “maintenance-plus” executive tasks (i.e. monitoring, 

manipulation, etc.) was the most consistent impairment revealed.     

Specificity of the Working Memory Deficit Among Bipolar Disorder Patients 

It is important to determine whether the widely reported observations of 

neuropsychological deficits in schizophrenia patients are specific to that illness or 

common to psychiatric disorders in general.  As currently prevailing theories regarding 

the pathophysiology of schizophrenia have implicated the dorsolateral PFC, there is much 

interest in specifically determining if executive cognition, such as working memory 

function, is affected in bipolar disorder.  Among psychiatric illness groups, bipolar 

disorder patients constitute a particularly desirable comparison group for schizophrenia 

patients as both illnesses are commonly associated with premorbid impairment, 

psychosis, clinically disorganized presentation, and mood-related symptoms.  Working 

memory impairment in bipolar disorder patients might suggest that such deficits are 

associated with symptom severity and are general to psychiatric illness rather than 

specific to schizophrenia.  Unfortunately, very few studies have been conducted to 

specifically investigate working memory performance in bipolar disorder and even less 

have compared this executive ability between this bipolar disorder and schizophrenia.  

Furthermore, the extant literature addressing this matter has been inconsistent.   

Review of Evidence Reporting Intact Working Memory in Bipolar Disorder 
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There have been reports from several studies to suggest that affective disorders do 

not confer a deficit in working memory. Park (1997) and Park and Holzman (1992; 1993) 

reported that their groups of schizophrenia patients evinced dysfunction on an 

oculomotor delayed response working memory task while their group of bipolar disorder 

patients did not.  Similarly, Clark, Iversen, and Goodwin (2001) did not find significant 

performance differences between their groups of healthy controls and bipolar disorder 

patients with mania on the Cambridge Neuropsychological Test Automated Battery 

(CANTAB) spatial working memory test.   According to Harmer, Clark, Grayson, and 

Goodwin, (2002), working memory impairment is not a core component of bipolar 

disorder.   

Review of Evidence Reporting a Working Memory Deficit in Bipolar Disorder 

According to Coffman, Borenstein, Olson, Schwartzkopf, and Nasrallah (1990), 

neuropsychological deficits have been routinely reported in bipolar disorder patients. The 

findings of some studies have pointed to the performance difficulties of bipolar disorder 

patients on tests that include aspects of working memory (Coffman et al., 1990; Ferrier, 

Stanton, Kelly, & Scott, 1999).  On a spatial working memory task (i.e. self-ordered 

searching) of the CANTAB, Sweeney, Kmiec, and Kupfer (2000) described their group 

of mixed and manic bipolar disorder patients as having a performance detriment when 

compared to healthy controls.  In several investigations that had compared bipolar 

disorder patients and healthy controls, the patient group demonstrated impaired working 

memory on the Digit Span Backwards while their performance on the Digit Span 
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Forward remained intact (Ferrier et al., 1999; Gourovitch et al., 1999; Thompson et al., 

2005).  

Furthermore, despite the belief that cognitive impairment recedes with episode 

recovery, various reports indicate that neuropsychological deficits endure into the 

euthymic and remission phases of the bipolar disorder (Asarnow & MacCrimmon, 1981; 

Bearden, Hoffman, & Cannon, 2001; Coffman et al., 1990; Ferrier & Thompson, 2002; 

Ferrier et al., 1999; Hawkins et al., 1997; Kusumo & Vaughn, 1997; Seidman, 2002; 

Tam, Sewell, & Deng, 1998; Zubieta, Huguelet, O’Neil, Giordani, 2001).  Such deficits 

have been shown to include executive function (Cavanagh, Beck, Muir, and Blackwood, 

2002; Van Gorp, Altshuler, Theberge, Wilkins, & Dixon, 1998; Zubieta et al., 2001).  

Studies have submitted evidence to suggest that deficits in working memory are among 

the cognitive impairments that persist into periods of euthymia.  When compared to 

nonpsychiatric controls, individuals with euthymic bipolar disorder have exhibited 

working memory deficits on self-ordered pointing and Digits Span Backwards tasks but 

no difference on Digits Span Forwards (Thompson et al., 2000; Thompson et al., 2001a; 

Thompson et al., 2001b; Thompson et al., 2005). 

Additionally, euthymic bipolar disorder patients have displayed less competence, 

but more brain activation, during an n-back working memory task (a spatial and object 

working memory n-back version) when compared to healthy controls (Adler, Holland, 

Schmithorst, Tchfarber, & Strakowski, 2004).  The brain activation of the healthy 

controls and the bipolar disorder patients were in the dorsolateral PFC as well as other 

areas that have previously been identified as part of the working memory circuitry.   The 
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authors proposed that the increased blood flow of the patient group in these areas likely 

reflects a difference in cognitive or physiological strategy.  Support for this notion comes 

from the results of various brain imaging investigations that suggest functional or 

structural irregularity within euthymic bipolar disorder patients (Courtney, Ungerleider, 

Keil, Haxby, 1997; Goldman-Rakic 1996; Strakowski, Delbello, Adler, Cecil, & Sax, 

2000).  These findings are in contrast to another fMRI investigation that compared the n-

back skills of healthy controls and euthymic bipolar disorder patients (Monks et al., 

2004). Although there were no performance differences, the bipolar disorder patients 

produced less activation in frontal, temporal, and parietal areas.  The authors concluded 

that the patients are less able to utilize frontal lobe networks relevant to executive 

cognition.   

Review of Evidence Comparing Working Memory Performance Between Bipolar 

Disorder Patients and Schizophrenia Patients 

In his review regarding cognitive differences between schizophrenia and bipolar 

disorder, Goldberg (1999) stated that the greater working memory impairment of the 

former population uniquely distinguishes it from bipolar disorder.  There are some 

researchers who concede that bipolar disorder patients do indeed exhibit working 

memory deficits however, these researchers insist such impairment is much worse in 

schizophrenia patients.  Gourovitch et al. (1999) compared monozygotic twins discordant 

for bipolar disorder to healthy, monozygotic twin controls on a battery of tests to include 

the Brown-Petersen memory task (i.e. verbal working memory task with distraction 

delay).  The procedure for the Brown-Petersen task involves participants being presented 
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with four words that must be recalled after a 15-sec distraction delay requiring the 

naming of colors.  Although there were no differences on the Digit Span Forwards or 

Backwards, on the Brown-Petersen task, the healthy control group scored a greater 

number of total correct responses than the unaffected twin group, which scored better 

than the affected twin group.  Also, the healthy group created less task intrusions than the 

affected twin group, which produced fewer intrusions than the unaffected twin group.  

According to the researchers, this surprising latter finding may be because the affected 

twins understand their propensity for errors and consequently performed more cautiously 

while the unaffected twin group may not yet recognize their own deficits and thus 

responded with less inhibition.  Despite these findings, Gourovitch and colleagues argue 

that the cognitive insufficiency of these bipolar disorder groups was much less severe 

than an earlier-studied group of schizophrenia patients (Goldberg et al., 1990).   

Gooding and Tallent (2001) compared schizophrenia and bipolar disorder patients 

on tests of spatial working memory (i.e. Spatial Delayed Response Task) and inhibition 

(i.e. antisaccade task).  The authors hypothesized that both patient groups would show 

difficulty in inhibition.  Of particular interest then, was whether the inhibition impairment 

in both groups is mediated by working memory ability.  On the Spatial Delayed Response 

Task, the schizophrenia group was less accurate than the bipolar disorder and 

nonpsychiatric control groups.  Although the bipolar disorder group was somewhat less 

accurate than the control group, this difference was not significant.  Also on this task, the 

schizophrenia group was slower than the bipolar disorder group, which was slower than 

the control group.  The results for the antisaccade task were similar:  schizophrenia 



 

  23 

patients produced more errors than the bipolar disorder patients, who made more errors 

than the controls.  The authors found a correlation between antisaccade and Spatial 

Delayed Response Task performance only in the schizophrenia group and, using 

mediational analysis, they further demonstrated that the antisaccade task performance in 

this patient group was mediated by working memory ability.  Therefore, the authors 

concluded that although both patient groups exhibited inhibition impairment, the 

underlying mechanism for the impairment is different in these two groups.  According to 

Gooding and Tallent, poor antisaccade performance in the bipolar disorder patients is 

likely due to impulsivity-related disinhibition, while in schizophrenia, the disinhibition is 

associated with working memory.  These findings lend support to the view that similar 

cognitive defects in schizophrenia and bipolar disorder are the result of different 

pathophysiological processes.  

In contrast to the aforementioned body of research, one study by Glahn et al. 

(2006) reported equally poor Digit Span Backwards performance among bipolar disorder 

(with as well as without psychosis), schizoaffective, and schizophrenia patients compared 

to nonpsychiatric controls.  The results further indicated that, regardless of illness group, 

patients with a lifetime history of psychosis demonstrated compromised ability on their 

version of the Spatial Delayed Response Task.  Also, examination of their version of the 

Spatial Delayed Response Task reveals a procedure very different from that 

conventionally used to assess the maintenance subprocess of working memory.  

Traditional Spatial Delayed Response Tasks have typically measured accuracy in terms 

of distance, in millimeters, between the actual location of a briefly flashing single target 
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stimulus and the participant’s response estimating that location.  However, in the Glahn 

study, participants were presented up to five simultaneous target stimuli for two seconds 

and performance was recorded as trials that were either correct or incorrect.  It is possible 

that this task approach differs from conventionally-used procedures to a degree that might 

interfere with the results being directly comparable to the findings of the existing body of 

research. 

Summary of Working Memory in Bipolar Disorder 

With regard to the maintenance subprocess of working memory as measured by 

Spatial Delayed Response Task, studies have generally revealed no differences between 

bipolar disorder patient and control groups.  With the exception of Glahn et al. (2006), 

who used an unconventional task procedure, every study that has included schizophrenia 

patients has reported a worse deficit in the schizophrenia patients compared to the bipolar 

disorder patients.  Regarding the monitoring subprocess of working memory as measured 

by self-ordered or n-back tasks, studies have revealed worse performance in bipolar 

disorder patients compared to nonpsychiatric controls.  However, the only study that 

included schizophrenia patients in the assessment found that they were impaired on 

monitoring while the bipolar disorder group was not (Badcock, Michie, & Rock, 2005).  

On the Digit Span Backwards test, which reflects the working memory subprocess of 

manipulation, studies have found impairment in bipolar disorder patients relative to 

controls (Ferrier et al., 2000; Thompson et al., 2000).  Glahn et al. (2006) has been the 

only study to directly compare bipolar disorder and schizophrenia patient groups on the 

Digit Span Backwards.  Although Glahn and colleagues reported impairment in these 



 

  25 

patient groups compared to healthy controls, their calculation of the score did not 

incorporate the Forwards condition as a baseline control.  The only other study to 

examine schizophrenia patients reported that although their bipolar disorder patients were 

impaired, the impairment was not as severe as that in an earlier studied group of 

schizophrenia patients (Gourovitch et al., 1999).  

In sum, it appears very consistent that schizophrenia patients have a deficit in all 

three subprocesses of working memory.  For bipolar disorder patients however, the 

evidence most strongly supports the perspective that although bipolar disorder patients 

may have some working memory deficits, they are likely not as severe as those in 

schizophrenia patients.  It is critical to note that very few studies have been done to 

directly compare schizophrenia and bipolar disorder on these subprocesses.  However, of 

the few studies that have compared schizophrenia and bipolar disorder patients, all but 

one has revealed a more severe deficit in schizophrenia.  According to Bearden et al. 

(2001), the performance of bipolar disorder patients on neurocognitive tests is generally 

worse than that of nonpsychiatric controls but better than that of schizophrenia patients.  

Consequently, it has been suggested that the differential degree of impairment in these 

illnesses reflects differential pathophysiology.    However, it is also possible that 

cognitive impairments demonstrated by bipolar disorder patients might be a consequence 

of factors such as general psychiatric state, disease-specific brain pathology, or a 

genotype specific to bipolar disorder. 

Working Memory Performance in Relatives of Bipolar Disorder Patients 
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The scant data regarding working memory performance in relatives of bipolar 

disorder patients have been mixed and not easily comparable due to inclusion of different 

participant groups.  Ferrier, Chowdhury, Thompson, Watson, and Young (2004) found 

that unaffected first-degree relatives of individuals with bipolar disorder showed greater 

impairment than nonpsychiatric controls on verbal (i.e. Digit Span Backwards) and visual 

(i.e. CANTAB spatial span) tests of working memory. A couple of studies have 

compared twins discordant for bipolar disorder and reported that the ill twin group 

performed worse than the non-ill co-twin group on the Digit Span Backwards, Visual 

Span Backward, and the Brown-Petersen task (Gourovitch et al., 1999; Kieseppa et al., 

2004). This finding seems to suggest that working memory impairment in bipolar 

disorder is associated with clinical state rather than genetic liability.  Only one study 

exists that compared relatives of schizophrenia and bipolar disorder patients.  Keri et al. 

(2001), reported that the siblings of individuals with schizophrenia, but not healthy 

controls or the siblings of individuals with bipolar disorder, evidenced inadequate ability 

on a spatial working memory task.  No differences were reported between the groups on 

forward or backward versions of the Digit Span.  In summary, these few findings 

generally seem to parallel the studies have compared bipolar disorder and schizophrenia 

patients: the relatives of bipolar disorder patients may have some working memory 

impairments but probably not to the degree of severity found in the relatives of 

schizophrenia patients.  Although the overall pattern of evidence seems to suggest that 

working memory impairment may not be an endophenotype for bipolar disorder, this 
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does not preclude the possibility that other endophenotypes exist for this likely 

genetically-influenced condition.   

COMT 

The finding that schizophrenia patients and their clinically healthy relatives both 

exhibit impaired executive function indicates that alleles that uniquely impact prefrontal 

cognition may predispose schizophrenia.  Among the proposed candidate genes for 

schizophrenia, is COMT whose protein product is an enzyme called catechol-O-

methyltransferase (COMT).  This enzyme metabolizes catecholamines such as dopamine.  

COMT is uniquely interesting for several reasons.  Unlike many of the other candidate 

genes, COMT’s polymorphisms are functional and their effects on dopamine catabolism 

demonstrate a clear mechanism by which neurocognition in schizophrenia can be 

influenced.  The COMT gene is located at chromosomal area 22q11.  Velocardiofacial 

syndrome (VCFS) is the result of a deletion in this area and it has been found that VCFS 

patients have increased risk for schizophrenia (Harrison & Weinberger, 2004).  Also, the 

occurrence of 22q11 deletion happens significantly more often in schizophrenia patients 

than in the general population (Karayiorgou et al., 1995).  Furthermore, several linkage 

studies suggest that this region of the genome is associated with schizophrenia (Lewis et 

al., 2003). 

If COMT’s sequence of bases contains guanine at position 472 in long mRNA 

(position 322 in short mRNA), a valine amino acid will be produced at the 158
th

 codon of 

the membrane-bound form.  If the sequence has an adenine substitution for guanine, the 

codon will give rise to methionine.  Until recently, many researchers were propagating 
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reports that, at body temperature, the Valine (Val158) allele produces a version of COMT 

that is stable and has a four-fold increase in activity beyond that of the more thermolabile 

Methionine (Met158) variant.  However, Shield, Thomae, Eckloff, Wieben, & 

Weinshilboum (2004) have pointed out that early studies were conducted at erroneous 

temperatures and that, at true body temperature, the Val158 polymorphism generates a 

COMT version with two times the activity of the Met158 allele.  Nevertheless, 

individuals with a Val/Val genotype would experience a greater degree of catecholamine 

inactivation than would individuals with a Met/Met genotype (Weinberger, 2001).   

Because there are few dopamine reuptake transporters in the PFC, the termination 

of dopamine in this region occurs largely due to the enzymatic action of COMT.  This is 

in contrast to the striatum (i.e. caudate and putamen) which, with its abundance of 

dopamine transporters, terminates the neuromodulator predominantly by reuptake.  

Evidence for this differential distribution has been demonstrated in numerous studies.  

COMT knockout mice exhibit normal levels of dopamine in the striatum but substantially 

increased concentrations in the PFC (Gogos et al., 1998).  In rodents and humans, it has 

been found that COMT mRNA is predominantly expressed in prefrontal neurons 

(Matsumoto et al., 2003).  Post mortem investigations have similarly suggested that the 

Val allele is associated with heightened COMT activity in the PFC and consequently 

decreased levels of prefrontal dopamine (Perlman, Weickert, Akil, & Kleinman, 2004).  

(Weinberger, 2001; Weinberger, 2005).  In both rats and humans, the administration of 

COMT inhibitors was able to improve performance on a working memory task 

(Gasparini, Fabrizio, & Bonifati, 1997; Lijequist, Haapalinna, Ahlander, Li, & 
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Mannisto,1997).   These findings seem to support the suggestion that COMT influences 

the regulation of prefrontal dopamine. 

The Role of Dopamine 

A large body of accumulated evidence indicates that schizophrenia patients 

exhibit aberrant physiological activity (i.e. either hyperactivation or hypoactivation) in 

the PFC while performing tasks that rely upon executive function.  Using fMRI, several 

investigators have reported PFC overactivation in schizophrenia patients who displayed 

impaired performance during executive tasks of working memory (Callicott et al., 2000; 

Manoach et al., 1999). This overactivation has been described by Tunbridge, Harrison & 

Weinberger (2006) as being the result of inefficient prefrontal function, requiring an 

increased amount of activation for a given degree of performance compared to healthy 

controls.   

Although PFC hyperactivation has been reported, it is PFC hypoactivation that 

has been particularly, and consistently, associated with schizophrenia patient 

performance during working memory tasks (Weinberger 2001).  It has been suggested 

that the findings of reduced PFC activity in both non-psychiatric human subjects 

(Callicott & Weinberger, 1999) as well as non-human primates (Funahashi, Bruce, & 

Goldman-Rakic, 1989; Funahashi, Bruce, & Goldman-Rakic, 1991) during conditions 

that consume more than one’s available working memory resources, implicates PFC 

underactivation in schizophrenia patients to be the result of an inability to meet 

processing demands. 



 

  30 

According to Tunbridge et al. (2006), dopamine has an inverted U-shape 

relationship with PFC activity where intermediate levels of dopamine support a 

maximally performing PFC and low or high levels of dopamine are associated with 

compromised PFC operation.  In terms of PFC activation, low or high levels of dopamine 

may be manifested respectively as hypoactivation (insufficient processing) or 

hyperactivation (inefficient processing).  It has been proposed that dopamine regulates 

PFC activation by modulating the excitatory effects of glutamate as well as the inhibitory 

effects of local GABA cells (Weinberger, 2001).  During working memory performance, 

dopamine coordinates the firing of pyramidal neurons by potentiating the excitatory 

action of sustained inputs as well as dampening the signal from transient inputs.  In other 

words, dopamine assists in increasing the signal to noise ratio within contexts involving 

working memory.  Bilder, Volavka, Lachman, & Grace (2004) suggest that the Met158 

allele increases the PFC signal to noise ratio and consequently improves the working 

memory subprocess of maintenance.  The authors warn, however, that this maintenance 

stability may have the effect of weakening the mental flexibility necessary for the 

working memory subprocess of updating (i.e. monitoring).  

Weinberger (1987) contends that prefrontal dopamine underactivation may have 

the downstream effect of mesolimbic dopamine overactivation.  It has been proposed that 

the high-activity Val allele can have a two-fold effect on dopamine: 1) reduces dopamine 

signaling in the PFC, and 2) increases it in the mesoencephalic region of the brain 

(Harrison & Weinberger, 2004).  This differential regulatory effect provides a mechanism 

to account for the observed hypofrontality and putative mesencephalic 
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hyperdopaminergia in schizophrenia.  PFC is generally able to inhibit mesolimbic 

dopamine using prefrontal projections that use GABA to inhibit mesoencephalic neurons 

directly or indirectly further upstream at the level of the midbrain.  Therefore, COMT has 

the ability to modulate dopamine activity in the PFC as well as in mesoencephalic areas:  

the low activity Met158 allele can allow for more prefrontal dopamine which 

consequently inhibits mesolimbic dopamine, while the high activity Val158 allele can 

reduce PFC dopamine which consequently allows for increased mesolimbic dopamine.  

The low activity Met158 allele appears to contribute to intermediate PFC dopamine 

levels and consequently, an optimally performing PFC.   The high activity Val158 allele 

produces reduced PFC dopamine levels which may cause insufficient or inefficient PFC 

activity. 

Other investigators explain the variations of hypo- and hyperactivation as a 

function of differences in experimental context (Hofer & Weiss, 2002) and task 

parameters such as cognitive demand, strategy, or motivation (Manoach et al. 1999). 

COMT Association Studies  

Association studies in schizophrenia attempt to determine if a particular allele is 

present in the patient group more often than in the non-psychiatric comparison group.  

Several studies have reported an association between schizophrenia and COMT 

polymorphisms or haplotypes in Chinese (Li et al., 2000), French (De Chaldee et al., 

1999), and Jewish (Horowitz, Shifman, Rivlin, Pisante, & Darvasi, 2005; Shifman et al., 

2002) populations.  With specific regard to COMT alleles, findings from association 

studies involving American (Egan et al., 2001; Wonodi, Stine, Mitchell, Buchanan,  & 
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Thaker, (2003), Palestinian (Kremer et al., 2003), Chinese (Li et al., 1996), Irish (Chen, 

Wang, O’Neil, Walsh, & Kendler, 2004), and French (De Chaldee et al., 1999) 

populations, have suggested that the Val allele is associated with schizophrenia.  Other 

investigations involving American (Egan et al., 2001), Candian (Joober et al., 2002), 

Caucasian and Japanese (Kunugi et al., 1997) as well as Chinese (Fan et al., 2005) 

participants similarly found Val associated with the psychiatric condition although the 

finding did not reach significance.  Other studies have not found significant association 

between COMT and schizophrenia in Caucasian-American (Ho et al., 2005; Strous, Bark, 

Woerner, & Lachman, 1997), Indian (Semwal et al., 2001), Chinese (Fan et al., 2002; 

Tsai, Hong, Liao, Lai, & Liou, 2004), Taiwanese (Chen, et al. 1997; Liou, Tsai, Hong, 

Wang, & Lai, 2001), Japanese (Inada, Nakamura, Iijima, 2003), Korean (Joo et al., 

2005), French (De Chaldee et al., 2001), and Bulgarian (Williams et al., 2005) 

populations nor in patients from the United Kingdom (Daniels et al., 1996; Wei, & 

Hemmings, 2000).   

Three meta-analyses have examined the results of association studies regarding 

COMT alleles and schizophrenia.  The Glatt, Faraone, & Tsuang (2003) study indicated 

that there was evidence to suggest that the Val158 allele has an association with 

schizophrenia in European, but not Asian, samples.  The Fan et al. (2005) meta-analysis 

initially indicated that no association was found between the Val158 variant and 

schizophrenia in European or Asian samples.  However, the authors explain that if the 

Shifman et al. (2002) study on Ashkenazi Jews of European ancestry is included in the 

analysis, a significant association between Val158 and schizophrenia is revealed for 
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European samples.  In their meta-analysis, Munafo, Bowes, Clark, & Flint (2005) 

reported that a significant association between the Val158 allele and schizophrenia was 

found.  However, after excluding studies containing controls whose allele frequencies 

departed from Hardy-Weinberg equilibrium, the association was no longer significant.  

Inconsistent findings among association studies of complex diseases like 

schizophrenia are common for several reasons.  Although the likelihood of detecting the 

susceptibility gene of a simple, single-gene illness is low, in the case of complex, multi-

gene diseases, it is less difficult to happen upon one of the genes initially.  However, the 

power of follow up studies to replicate the finding is usually low.  The use of small 

sample sizes yields low statistical power and consequently increases the frequency of 

false positive and false negative findings as well as failure to replicate.  Also, many 

association studies of schizophrenia have used the case-control approach, which can 

suffer from false positive results when population stratification occurs as a consequence 

of inadequately-matched controls.   Additionally, the power of molecular genetic studies 

on schizophrenia has been weakened by the reliance on clinical diagnosis to define the 

disease phenotype.  The power of genetic studies would likely be improved by using 

larger sample sizes, family-based approaches, and an endophenotype to classify the 

proband group. 

Genotyping Studies of COMT Val158Met Polymorphism and Working Memory 

Function 

 Numerous investigations have sought to determine if the COMT Val158Met 

polymorphism is associated with neurocognition or prefrontally mediated behavior.  



 

  34 

Barnett et al. (2007) reported that, within a large sample of children, better performance 

on a working memory task that involved recalling the number of dots presented on a 

computer screen, was associated with greater Met158 allele loading.  Diamond, Briand, 

Fossella, & Gehlbach (2004) found that children with the Met/Met genotype 

demonstrated better performance on one test sensitive to dorsolateral PFC function (i.e. 

dots mixed task) but not another (i.e. self-ordered pointing task).  Examining healthy 

volunteers, Malhotra et al. (2002) similarly reported that individuals homozygous for Met 

produced less perseverative errors on the WCST than those with other genotypes.  

Assessing healthy adults on a variety of working memory tests, Bilder et al. (2002) 

reported that the only task that required manipulation (i.e. Letter Number Sequencing) 

demonstrated genotype differences where those homozygous for Met performed the best 

while those homozygous for Val were the worst.  These authors point out that genotype 

differences were not found for the Spatial Delayed Response Task, which only requires 

maintenance, nor for the n-back which places demands on monitoring.  It was suggested 

that higher-order working memory processing like manipulation is more directly related 

to the COMT gene than other working memory subprocesses. Also, Bruder et al. (2005) 

found that genotype and WCST scores shared variance to generally the same degree as 

the other studies (i.e. 2%).  They reported that the Met allele was associated with better, 

though nonsignificant, Letter Number Sequencing performance though they did not find 

any genotype differences on WCST performance.  Generally, these various genotyping 

studies in normal controls appear to provide support for Bilder’s suggestion that the 
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manipulation subprocess of working memory may be more sensitive to COMT than the 

other subprocesses. 

The COMT Val158Met polymorphism has been studied in schizophrenia patients 

and their siblings during various working memory tasks.  Using an n-back task that 

places high demands on monitoring, Goldberg et al. (2003) reported that, across groups 

and conditions, those with the Val/Val genotype were the least accurate, those with 

Met/Met were the most accurate, and heterozygotes were intermediate.  Across 

conditions, schizophrenia patients were less accurate than both healthy controls and 

siblings while the siblings trended toward worse accuracy than controls.  Woodward, 

Jayathilake, and Meltzer (2006) reported that among mostly unmedicated schizophrenia 

patients, Met homozygotes performed better than Val homozygotes on the Auditory 

Consonant Trigram Test of working memory.  Although the authors anticipated that 

performance of the Met homozygote group would improve after treatment with 

clozapine, this did not occur.  However they suggest that the atypical antipsychotic 

medication likely raised PFC dopamine to beyond the level of maximal performance 

along the inverted U-shaped function curve, as described by Tunbridge et al. (2006).  On 

0-, 1-, and 2-back tasks, Diaz-Asper et al. (2008) reported that Val homozygotes 

performed worse than heterozygotes or Met homozygotes within their combined sample 

of schizophrenia patients, relatives of schizophrenia paitents, and nonpsychiatric controls.  

They also found a main effect of diagnostic group where the patients performed worse 

than the patients’ relatives, who performed worse than the controls.  Using a combined 

score of the WCST perseverative errors and Continuous Performance Test-AX (CPT-
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AX) errors, Galderisi et al. (2005) did not find any differences between patients divided 

by deficit or non-deficit subtypes of schizophrenia.  However, they did find that the Val 

homozygotes performed at levels below that of the participants with other genotypes.  

They further reported that the COMT polymorphism accounted for 6.6% of the variance 

on these tasks.  Egan et al. (2001) similarly found worse WCST performance in Val 

homozygotes than other genotypes and worse performance among schizophrenia patients 

and their siblings than in healthy controls.  The COMT polymorphism accounted for 4% 

of the variance for frequency of perseverative errors.  As indexed by fMRI activation, Val 

homozygotes were less efficient than heterozygotes, who were less efficient than Met 

homozygotes.  Furthermore, these authors’ association study revealed that the Val allele 

was transmitted more often to the patients than the Met allele. Joober et al. (2002) 

reported that the Met homozygotes displayed a trend for less perseveratve errors on the 

WCST than the other genotypes.  This study also indicated a nonsignificant finding of 

higher Val allele frequency in the schizophrenia patients.  

Although the majority of COMT genotyping studies have generally reported 

disadvantages related to the Val allele, two studies did not find any genotype differences 

among schizophrenia patients and controls.  Although Ho et al. (2005) did observe more 

PFC activation in Val homozygotes than Met homozygotes during an n-back task, 

genotype groups did not differ on the WCST or Digit Span Backwards.  A study by 

Minzenberg et al. (2006) that included individuals with schizotypal personality disorder, 

nonschizotypal personality disorders, and nonpsychiatric controls, found no genotype nor 

diagnostic group differences on the WCST or a visuospatial working memory task (i.e. 
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DOT task).  Among a sample that combined schizophrenia patients and nonpsychiatric 

controls, Bosia et al. (2007) found no differences between genotype groups on a digit 

sequencing working memory task.  For these studies with seemingly discrepant findings 

regarding COMT Val158Met genotype, examination of methodology did not reveal any 

irregularities that could account for the inconsistent results.  Generally though, the 

majority of genotyping studies in schizophrenia patients and their relatives appear to 

indicate that the Val allele is associated with compromised executive function in a dose-

dependent fashion. 

Populations at high risk for schizophrenia have been investigated in genotyping 

studies as well.  Rosa et al. (2004) examined a group of schizophrenia spectrum and 

psychosis patients as well as their relatives.  Patients produced more WCST perseverative 

errors than their siblings.  Although no genotype differences were shown for the patient 

group, in siblings, Val homozygotes performed worse than other genotypes on the 

WCST.  Similarly, while no allele association was detected in the patient group, in the 

sibling group, the Met allele was found to be associated with less WCST perseverative 

errors.  In young, male volunteers who scored high for self-reported schizotypy 

symptomatology, Avrampoulus et al. (2002) determined that individuals homozygous for 

the Val allele produced the highest schizotypal scores.  In these various genotyping 

studies of groups at high risk for schizophrenia, the degree of genetic risk for the disorder 

was never examined.  However, it is interesting that, like the findings for schizophrenia 

patients and their relatives, it appears that the Val allele is related to deficient executive 

function in a dose-dependent fashion.   
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Specificity of COMT Val158Met Polymorphism 

Schizophrenia and bipolar disorder have historically been characterized as distinct 

psychiatric illnesses as emphasis has been placed the symptoms that allow them to be 

differentially diagnosed.  Yet, according to Maier, Hofgen, Zobel, & Rietschel (2005), 

convincing evidence has yet to be provided for justifying the differential taxonomy of 

these two disorders and recent research evidence is now challenging their distinction (see 

Berretini et al., 2003 for review).  Maier et al. point out that, besides the obvious 

symptom overlap, both illnesses are associated with enlarged ventricles, diminished 

hippocampal size, and similar cognitive impairments.   

Genetic studies are similarly suggesting overlap in schizophrenia and bipolar 

disorder.  For example, linkage analyses have implicated chromosome 22 in bipolar 

disorder (Detera-Wadleigh et al., 1999; Edenberg et al., 1997; Mujaheed et al., 2000).  

Examining families with psychotic mood disorders, Potash et al. (2003) reported linkage 

to 22q12.  With regard specifically to COMT, Shifman et al. (2004) revealed an 

association between bipolar disorder and a COMT haplotype that was previously found to 

be associated with schizophrenia (Shifman et al., 2002).  Meta-analyses have been 

conducted by several researchers in an attempt to elucidate the specificity of 

susceptibility loci.  Based upon the findings from their meta-analysis, Badner and 

Gershon (2002) concluded that 22q contains a predisposing locus common to both 

schizophrenia and bipolar disorder.  The authors further propose 22q11 as the foremost 

candidate region for bipolar disorder.  However, a rank-based genome scan meta-analysis 

examination of 18 bipolar disorder genome scan data sets failed to find a region that 
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achieved genomewide significance.  As evidence has implicated chromosome 22 

involvement in bipolar disorder, patients with this psychiatric condition constitute an 

appealing comparison group for any study examining the specificity of genetic effects in 

schizophrenia.  

It is important to note that of the few genetic studies that have examined COMT 

Val158Met alleles related to bipolar disorder, there are only reports of association with 

the Met allele (Arias et al., 2006; Lachman et al., 1996; Rotondo et al., 2002).  This Met 

association has been similarly reported in genotyping studies of obsessive-compulsive 

disorder (Karayiorgou et al., 1997; Karayiorgou et al., 1999), panic disorder (Woo, Yoon, 

Yu, 2002), and aggression (Rujescu, Giegling, Gietl, Hartmann, & Moller, 2003).  

Regarding studies of COMT alleles in bipolar disorder, only the Met allele has been 

implicated.  This is in stark contrast to the widespread reports of schizophrenia 

associations with the Val allele.  No studies exist which jointly examine the association 

between the maintenance, monitoring, and manipulation components of working memory 

performance and COMT Val158Met alleles in either bipolar disorder patients or their 

relatives.   

COMT Val158Met Polymorphism Interaction with Other Loci 

 Research studies have examined working memory with consideration to possible 

interactions between the COMT’s Val158Met polymorphism and: 1) other genes, as well 

as 2) COMT’s other polymorphisms.  For example, although Meyer-Lindenberg et al. 

(2006) found an increased prefrontal inefficiency on a 2-back task for Val158Met 

heterozygotes and Val homozygotes, than Met homozygotes, they reported that 
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increasingly stronger associations were associated with increasing inclusion of other 

COMT polymorphism loci.  The authors suggest that effects on the PFC of Va158Met 

allele carriers will vary contingent upon that allele’s haplotype relationship with other 

regions on the COMT gene.   

 Other studies have investigated working memory within the context of the COMT 

Val158Met polymorphism’s interaction with other genes.  Using fMRI during the n-back 

task, Tan et al. (2007) found disproportionately inefficient dorsolateral PFC activation 

when participants carried both the COMT Val158 allele and the A allele of a gene for a 

metabotropic glutamate receptor (i.e GRM3).  In contrast, the authors report that the 

Met158 homozygote genotype reduced the inefficient effects of the GRM3-A allele.   

 In their genotyping study, Roffman et al. (2008) used a continuous performance 

task where working memory contents are maintained and scanned (Sternberg Item 

Recognition Paradigm) to evaluate brain activation of schizophrenia patients and 

nonpsychiatric controls.  Among schizophrenia patients but not controls, the T allele of 

the MTHFR gene’s C677T polymorphism was associated with decreased activation of the 

PFC and insular cortex.  Additionally, reduced activation was associated with the 677T 

and Val158 alleles in schizophrenia patients but 677C and Met158 alleles in controls.  

According to the authors, the COMT and MTHFR genes interact wherein the 677T allele 

produces further PFC deficiency in the Val158 carriers among schizophrenia patients.   

 On a working memory task of maintenance of phonological and serial word order 

(Word Serial Position Test), Xu et al. (2007) found that the presence of the C allele for 

the DRD2 gene’s C957T polymorphism was associated with worse performance than the 
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T allele among those with a Met/Met genotype for the COMT Val158Met polymorphism.   

Furthermore, no differences were revealed for the n-back or Spatial Delayed Response 

Task.  Although the findings may appear to conflict with other studies regarding the 

Met158 allele, the authors suggest that the DRD2 gene likely modifies the effects of the 

COMT gene.   

 These various results regarding relationships among the COMT haplotypes as well 

as between COMT and other genes seem to indicate that the PFC effect of the COMT 

Val158Met genotype may vary depending upon its interactions with other loci.   
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LITERATURE SUMMARY AND OBJECTIVES OF THE PRESENT 

INVESTIGATION 

It has been posited that the effects of disease genes are more greatly exhibited in 

cognition than as a clinical symptom profile (Weinberger 2005).  Specific neurocognitive 

performance may serve as an observable reflection of susceptibility genes.  Unlike 

clinical diagnosis, which is generally qualitative, quantitative endophenotypes can take 

advantage of the power of available statistical analyses.   A wide array of research 

evidence indicates that working memory impairment may reflect heritable liability for 

schizophrenia and thus is promising as an endophenotype for the illness.   

In contrast, very few studies have explored working memory in patients with 

bipolar disorder; an illness some have claimed may overlap with schizophrenia (Maier, 

Hofgen, Zobel, & Rietschel, 2005; Berretini, 2003).  Even fewer have directly compared 

bipolar disorder patients’ performance to that of schizophrenia patients.  It is important to 

determine whether working memory deficits are specific to schizophrenia or also present 

in other psychiatric disorders such as bipolar disorder.  Determining the specificity of 

such impairments would provide valuable insight regarding potential similarities or 

differences in the underlying neuropathology of schizophrenia and bipolar disorder.  For 

example, if equivalent working memory defects are revealed in both schizophrenia and 

bipolar disorder, the neurodevelopmental theory (Weinberger, 1987) purported in 

schizophrenia pathophysiology might be extended to bipolar disorder.  Extant findings 

generally suggest that bipolar disorder patients have working memory impairment but not 

to degree of severity present in schizophrenia.  Examination of the maintenance, 
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monitoring, and manipulation subprocesses of working memory could further elucidate 

the nature of working memory impairment within these two disorders and consequently 

provide clues to their pathophysiology.  To date, no single study has compared all three 

working memory subprocesses of maintenance, monitoring, and manipulation in 

schizophrenia as well as bipolar disorder patient groups.   

The first question of interest to the present study regards whether deficits in 

the working memory subprocesses of maintenance, monitoring, and manipulation 

are specific to schizophrenia patients or are also present in patients with bipolar 

disorder.  The present study will directly compare the performance of these two patient 

populations on the Spatial Delayed Response Task (i.e. maintenance), Self-Ordered 

Pointing (i.e. monitoring), and the Digit Span Backwards as well as Letter Number 

Sequencing tests (i.e. manipulation).  It should be noted that although these tasks 

predominantly measure their respective subprocess of working memory, there might be 

some degree of overlap between the subprocesses measured by the tasks.  For example, 

maintenance is a requirement of all of these tasks while the updating component of 

monitoring is likely present in the manipulation tasks.  It should further be recognized 

that the distraction task present during the Spatial Delayed Response Task involves not 

only maintenance, but also the higher order requirement of shielding maintained 

information from the interference.  

To determine if working memory function can be a strong endophenotype for 

schizophrenia, its specificity in relatives must also be explored. Observing a deficit in the 

nonpsychiatric relatives would suggest that the impairment could serve as an 
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endophenotype for genetic risk for the disorder.  It will be important to determine if the 

deficit is present in the relatives of both disorders as such would indicate that the 

compromised working memory ability may reflect an endophenotype common to 

psychiatric disorders in general.  However, detecting the impairment in the relatives of 

only one of these patient groups would suggest the deficit could serve as an 

endophenotype for that specific illness’ disease genes.   Such endophenotypes are the 

direct product or effect of a particular genotype and can be used as a behavioral indicator 

of the presence of disease-relevant genes.  The statistical power of molecular genetic 

studies can be increased by the inclusion of relatives who demonstrate an illness 

endophenotype since doing so would classify sample groups using an approach more 

objective and reliable than the traditional phenotype of clinical diagnosis.  Using working 

memory impairment to identify nonpenetrant carriers of disease genes could increase the 

power of genetic linkage studies by recruiting group samples that are more etiologically 

homogeneous.  

The findings from the comparison of the relatives of schizophrenia as well as 

bipolar disorder patients appear to parallel the findings of studies that have compared the 

patient groups.  However the number of studies is very few.  Only one study has directly 

compared the relatives of bipolar disorder and schizophrenia patients for working 

memory ability (Keri et al., 2001).  On a spatial working memory task, this study found a 

deficit in the siblings of individuals with schizophrenia when compared with healthy 

volunteers and siblings of bipolar disorder patients. Until further research is done 

comparing the relatives of individuals with these two illnesses, the specificity of this 
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potential endophenotype is uncertain.  To date, no single study has been conducted to 

include the maintenance, monitoring, as well as manipulation subprocesses of working 

memory to directly compare the relatives of bipolar disorder and schizophrenia patients. 

The second question of interest to the present study asks whether 

impairment in working memory subprocesses exists in the relatives of schizophrenia 

and bipolar disorder patients.  Consequently, the maintenance, monitoring, and 

manipulation performance of relatives of schizophrenia patients and relatives of bipolar 

disorder patients will be directly compared.   

The finding that schizophrenia patients and their clinically healthy relatives both 

exhibit impaired executive function indicates that alleles that uniquely impact prefrontal 

cognition may predispose schizophrenia.  Despite various reports of linkage to 

schizophrenia-relevant chromosome regions, very few association or genotyping studies 

have been conducted with regard to bipolar disorder.  As the COMT gene provides a 

mechanism that accounts for the differential regulation of dopamine observed in 

schizophrenia, it would be worthwhile to explore whether the Val158 allele demonstrates 

any associations with bipolar disorder.  To date, no single study exists that examines the 

association between working memory subprocesses of maintenance, monitoring, and 

manipulation and COMT alleles in either bipolar disorder patients or their relatives.  Such 

a study would explore the utility of working memory processes as a way to perhaps 

distinguish bipolar disorder and schizophrenia and increase understanding regarding the 

relationships between genotype and phenotype in these illnesses. 
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The final question to be investigated in the present study regards whether the 

Val158Met polymorphism of the COMT gene is associated with compromised 

working memory subprocess abilities in schizophrenia and bipolar disorder patients 

and their relatives.  To be examined in the present study is whether subprocess deficits 

are more common among particular COMT genotypes of the Val158Met polymorphism 

(i.e. Val/Val, Met/Met, or heterozygotes) in nonpsychiatric controls as well as across and 

within schizophrenia as well as bipolar disorder patient and relative groups.  This analysis 

would also directly assess whether working memory impairments in schizophrenia are 

endophenotypic consequences of the COMT gene. 

To further investigate the usefulness of working memory impairment as an 

endophenotype for schizophrenia disease genes, the present study will additionally 

conduct side-by-side comparisons of the various subprocesses of working memory in 

schizophrenia patients and their relatives.  To determine if any subprocess defects are 

specific to schizophrenia, the relatives of both schizophrenia and bipolar disorder patients 

will be compared.  
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METHODS 

Participants 

 All participants in this experiment were among the individuals who took part in 

the Cognitive Deficits and Genetics (CDG) study which took place between the years of 

2000 and 2004 and endeavored to examine cognitive, psychophysiological, biological, 

and behavioral indicators of vulnerability to schizophrenia.  All participants gave written 

informed consent and were compensated for their participation.    The CDG study 

protocol was approved by the Minneapolis Veterans Affairs Medical Center and 

University of Minnesota Institutional Review Boards and underwent annual reviews of 

the consent process.   

All patients spoke fluent English, were literate, did not have a history of illicit 

drug dependence, had not recently received electroconvulsive treatment, had not 

sustained a clinically significant head injury, had never received a diagnosis of mental 

retardation, and had no history of neurological or systemic disease known to affect 

central nervous system functioning.  All participants were examined for visual acuity 

using the standard Snellen procedure.  If necessary, they wore corrective lenses during 

testing.   

Patients were included in the study if they had a history of psychosis or manic 

episodes; this was later confirmed based upon a structured interview.  Diagnoses were 

acquired from all patients by completing the Diagnostic Interview for Genetic Studies 

(DIGS) (Nurnberger et al., 1994) with a trained doctoral-level clinical psychologist.  

Based upon information from the interview, current symptomatology was rated using the 



 

  48 

Scale for the Assessment of Positive Symptoms (SAPS) (Andreasen, 1984) and the 24-

item version of the Brief Psychiatric Rating Scale (BPRS) (Lukoff, Nuechterlein, 

Ventura, 1986).  The medical history record as well self-report information was used to 

determine medical history and medication status.  The interviewer completed the 

Operational Criteria for Psychotic Illness (OPCRIT) (McGuffin, Farmer, Harvey, 1991) 

after referring to all available clinical information.  The OPCRIT was later completed a 

second time by a different doctoral-level psychologist and diagnostic differences were 

resolved during consensus meetings during which OPCRIT items of disagreement were 

again reviewed. 

 First-degree biological relatives (i.e. parents, siblings, and adult offspring) of 

patients were first identified from interviews with patients and, by telephone or written 

correspondence, invited to participate in the study.  Relatives of schizophrenia and 

bipolar disorder patients were excluded from participation if they did not meet the same 

general and medical criteria as the patients.  The only exception to this was that relatives 

who had past illicit drug dependence were included since it was of interest to study as 

many relatives as possible from each family.  

Nonpsychiatric control participants were recruited from responses to posted 

announcements at community libraries, fitness centers, the Minneapolis Veterans Affairs 

Medical Center, and in newsletters for veterans and fraternal organizations.  They were 

excluded from participation if they had lifetime or family histories of psychotic 

symptoms, affective disorder, previous diagnosis of substance dependence disorder, or 
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current diagnosis of substance use, as defined by the Diagnostic and Statistical Manual of 

Mental Disorders, Fourth Edition (DSM-IV, American Psychiatric Association, 1994).   

A doctoral-level psychologist or trained and supervised research assistant used the 

Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I) (First, Spitzer, 

Gibbon, & Williams, 1996) to measure psychopathology in first-degree relatives and 

nonpsychiatric controls.  The SCID-I was initially performed by telephone and later 

reviewed and confirmed in-person with a doctoral-level psychologist or a trained, 

advanced graduate student who had no knowledge of the diagnosis.  Nonpsychiatric 

controls and relatives were assessed with the Structured Clinical Interview for DSM-IV 

Axis I Personality Disorders Personality Questionnaire (SCID-II-PQ) (Ekselius, 

Lindstrom, von Knorring, Bodlund, & Kullgren, 1994).  After reviewing the SCID-II-PQ 

responses, the interviewer completed further inquiries using the necessary sections of the 

SCID-II Interview (First, 1997).  The interviewer used the Structured Interview for 

Schizotypy (SIS) (Kendler, Lieberman, & Walsh, 1989) to acquire ratings for 

schizotypal, schizoid, and paranoid personality disorders.  A consensus procedure that 

adhered to the guidelines of Leckman and colleagues (Leckman, Sholomskas, Thompson, 

Belanger, Weissman, 1982) was completed to acquire lifetime Axis I and II diagnosis 

status in relatives and controls.  This process was performed by a doctoral-level 

psychologist or trained, advanced graduate student who reviewed the SCID-I, SCID-II, 

SIS, medical history, and family informant information.  Control and first-degree 

biological relatives of patients were assessed for schizotypal symptomatology using the 

Schizotypal Personality Questionnaire (SPQ) (Raine, 1991).  Intelligence quotients were 
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derived using a short form assessment consisting of the Vocabulary and Block Design 

subtests of the Wechsler Adult Intelligence Scale, Third Edition (WAIS-III) 

(Psychological Corporation, 1997).   It has been demonstrated that the combination of the 

Vocabulary and Block Design subtests of the WAIS-III results in a short form assessment 

that can be used to provide gross estimates of Full Scale IQ (Ringe, Saine, Lacritz, 

Hynan, & Cullum, 2002).  Jeyakumar, Warriner, Raval, and Ahmad (2004) found that 

this dyadic combination of Vocabulary and Block Design WAIS-III subtests results in a 

valid and reliable estimate of IQ.   

Assessment of Working Memory Subprocesses 

 To measure the working memory subprocess of maintenance, a computerized 

visual-manual version of the Spatial Delayed Response Task was administered.  Each 

participant was seated in a quiet, dimmed room and seated before a computer monitor 

where her/his eyes were 23.5 cm from the computer monitor.  Participants were advised 

to remain still and were observed by the experimenter who ensured participants’ heads 

did not move.  At the beginning of each trial, the participant fixated on a small, black 

asterisk in the center of the monitor screen.  After 2 seconds, a target stimulus was briefly 

presented at one of 16 possible locations that were equidistant in a circle configuration 

4.5 cm from the fixation.  A small black dot was used as the target stimulus.  The 

participant was instructed to mark the position of the target stimulus by using a light pen 

to touch that position location on the monitor screen.   

 Three conditions were presented, each varying in either the duration of time the 

participant had to wait before making their response or the type of interference presented 
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during the delay duration.  Before actual testing in each of the three conditions, practice 

trials were completed by the participant to verify comprehension of the task instructions.  

 The three experimental conditions employed wherein the target was briefly 

presented for 200 msec were .5 sec delay, 6 sec delay involving a verbal semantic 

categorization interference task, and 6 sec delay involving a spatial interference task.   

After the target flash, the screen would darken for the delay period, and its later 

lightening would cue the participant to make her/his response.  The conditions of delay 

with interference served to ensure that participants were not cheating by holding their 

gaze at the to-be-remembered target location.  During the condition requiring the delay 

with verbal interference task, the target stimulus (i.e. small black dot) would disappear 

followed by the serial presentation of various words, only one of which was not 

consistent with the semantic category that the rest of the words belonged to.  This delay 

period ended with the participant audibly stating the word that was inconsistent with the 

semantic category.  

 During the condition requiring the delay with spatial interference, the 

disappearance of the target stimulus was followed by the presentation of a circle with a 

line through it.  At this point, the participant had already been instructed to remain 

visually focused on the initial fixation asterisk.  After the appearance of the circle and 

line, a second asterisk was presented and the participant was required to audibly indicate 

if the second asterisk had been located higher than or lower than the circle and line. 

 For every trial, the distance between the target location and the response location 

was calculated and transformed into an error score in mm.  There were sixteen .5 sec 
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delay trials, sixteen 6 sec delay with verbal interference trials, and sixteen 6 sec delay 

with spatial interference trials.  

 The monitoring subprocess of working memory was assessed by administering 

the computerized Self Ordered Pointing task from the Curtis, Zald, and Pardo (2000) 

study which was modeled after Petrides and Milner (1982).  For this task, participants 

were seated in a quiet, dimmed room with their head stabilized by a chinrest that 

positioned their eyes 27 cm from the computer monitor.  For the task, 11 geometric line 

drawings of objects were displayed in a 3 x 4 array and the participant was instructed to 

use the light-pen to select, in any order, an object only once.  The objects were designed 

and drawn to be unusual items that did not resemble existing real-world objects which 

were easily named.  Participants were instructed to avoid choosing the same object more 

than once.  After each time the participant made a selection, the objects were randomly 

rearranged within the presentation matrix and this also served as a cue to initiate the next 

selection.  The end of the task occurred when all objects had been chosen or when 30 

trials had been given, whichever happened first. To prevent participants from using the 

randomization of object presentation to their advantage by selecting objects exclusively 

from one location in the matrix, a black square would overlap the location of the most 

recent response and would not accept selection for the upcoming trial.   After completion 

of the task, the number of trials necessary to complete the task was calculated.  

 The Digit Span Backwards task of the WAIS-III was used to assess a low-demand 

manipulation subprocess of working memory.  For this task, the participant had to recite 

in reverse order, a series of digits immediately after the series was presented at a rate of 
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one per second.  Each trial consisted of an increasingly longer series until the participant 

consecutively failed three trials of the same length.  The maximum number of digits 

correctly recalled in a series was recorded.  

   To examine a high-demand manipulation subprocess of working memory, the 

Letter Number Sequencing task from the WAIS-III was administered.  For each trial, a 

series of alternating letters and numbers were read to the participant at a rate of one per 

second.   To respond, the participant was to recall aloud, first the numbers in ascending 

order, and then the letters in alphabetical order.   The number of items increases by one 

until the participant consecutively fails three trials of the same series length.  After the 

task, the number of items of in the longest series of correctly-recalled items is calculated.  

According to Conklin et al. (2005), since the Digit Span Backwards only requires 

alphabetizing of letters while the Letter Number Sequencing task involves both 

alphabetizing as well as numerical ordering, the former places low demands on 

manipulation while the latter requires a higher degree of manipulation processing. 

Genotyping 

We determined the COMT Val 108/158 Met genotype for each individual by a 

restriction fragment length polymorphism technique.  Whole blood was collected on 

Whatman FTA Matrix specimen collection cards.  Punches from the FTA blood cards 

were then prepared for PCR analysis according to Whatman FTA protocol.  The washed 

punch was used directly for PCR amplification (single nucleotide polymorphism rs4680) 

(forward primer 5’ tactgtggctactcagctgtgc 3;: reverse primer 5’gtgaactggtgtgaacacc 3’).  

Amplification was carried out as described by Bergman-Jungestrom and Wingren 
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(Bergman-Jungestrom & Wingren, 2001).  PCR reactions were initially denatured at 94 

degrees Celsius for 3 minutes followed by 39 cycles of denaturation at 93 degrees for 45 

seconds and annealing at 55 degrees for 1 minute and extension at 72 degrees for 1 

minute with a final 4 minute extension at 72 degrees.  The PCR products were digested 

with Nla III (New England Biolabs) for 3 hours at 37 degrees followed by incubation at 

60 degrees for 20 minutes to denature the enzyme.  The digestion was then separated by 

polyacrylamide gel electrophoresis and the digestion products visualized by staining with 

ethidium bromide.  The COMT Val allele has a G at position 1947 yielding a 114 base 

pair fragment after digestion with Nla III whereas the COMT Met allele has an A at this 

position which allows digestion of the 114 base pair fragment into two products of 96 and 

18 base pairs.  The entire sample of participants was in Hardy Weinberg equilibrium, X
2
 

= (1, n=216) = .66, p=.41.   
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RESULTS 

Comparison of Patient Diagnostic Groups on Individual Tasks 

Normality  

 The working memory performance of schizophrenia patients, bipolar disorder 

patients, and nonpsychiatric controls were compared to investigate specificity of 

impairment on this cognitive function.  Before conducting parametric tests on the group 

data for working memory performance, distribution graphs and results from tests of 

normality, skewness, and kurtosis were first examined.  Although the tests of normality 

(i.e. Shapiro-Wilk’s W) indicated non-normal distribution of data, the appropriateness of 

parametric analyses was ensured by a lack of any significant skewness or kurtosis.  This 

was confirmed by considering the reasonability of scores in the distributions and finding 

Fisher’s Kurtosis scores and SPSS skewness scores that were below 2 or above -2; limits 

deemed generally acceptable (George & Mallery, 2001).   Levene’s Tests for 

homogeneity of variance were conducted on the data for each working memory task.   

Only the Digit Span Backwards demonstrated a lack of equal variances between the 

groups and therefore for any relevant t-tests, the output for unequal variances will be 

referenced.  

Demographics 

Table 1 summarizes the demographic characteristics of the nonpsychiatric control 

group as well as the patient groups.  Since age differences were found among the original 

sample of patients and nonpsychiatric controls in this analysis, the groups were made 

more similar by limiting participants to those older than 23 years and younger than 65.  
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With this modified age range, an One Way Univariate ANOVA indicated no group 

differences for age (F=1.69, df=2,153, p=.19).  A Chi Square indicated that there was no 

difference between patient groups in their proportions of ethnic groups X
2
(3, n=84)=4.16, 

p=.24.  For the respective schizophrenia as well as bipolar disorder patient groups, the 

percentages within each ethnic group were as follows:  Anglo Saxon 85.5% and 96.6%, 

Eastern European 5.5% and 0%, Native American 1.8% and 3.4%, and African American 

7.3% and 0%.   

A Chi Square test revealed a significant difference between the proportions of 

males and females for these groups, X
2 
(2, n=156) = 14.4, p=.001).  To avoid any 

confounds that could be attributed to differences in gender composition, gender was 

made a between-subjects factor in all tests of patients’ working memory performance.     

An One Way Univariate ANOVA (F=4.65, df=2,153, p=.01) revealed that the 

nonpsychiatric controls (p=.003) had more years of education than the schizophrenia 

patients.  The bipolar disorder patients showed a similar trend (p=.08) for more education 

than schizophrenia patients.  However, ANCOVAs were not performed using Education 

as a covariate since there was a concern that statistical correction of the shared variance 

between Education and working memory performance would obscure a genuine group 

effect.  It has been argued that statistically controlling for nuisance variables, like 

Education, would be misleading as it could reduce the effects of disease genes that are 

responsible for both working memory performance and the schizophrenia diagnosis 

(Meehl, 1971). 
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Intelligence quotients were determined using the short form combination of the 

Vocabulary and Block Design subtests of the WAIS-III.    An One Way Univariate 

ANOVA (F=16.5, df=2,152, p<.0005) on IQ score indicated that schizophrenia patients 

had lower IQ scores than bipolar disorder patients (p<.0005) as well as nonpsychiatric 

controls (p<.0005). Pearson Product Moment Correlations collapsed across all participant 

groups indicated that performance on the spatial interference condition of Spatial 

Delayed Response Task (r=-.31, df=108, p=.001), verbal interference condition of Spatial 

Delayed Response Task (r=-.30, df=108, p=.001), sensorimotor control condition of 

Spatial Delayed Response Task (r=-.21, df=108, p=.03), Self Ordered Pointing (r=-.27, 

df=141, p=.001), Digit Span Backwards (r=.47, df=153, p<.0005), and Letter Number 

Sequencing (r=.44, df=149, p<.0005) were significantly correlated with IQ.  Just as 

educational performance and persistence is likely impacted by working memory ability, 

there is concern this same cognitive process influences IQ.  Statistically controlling for 

IQ could reduce the effects of disease genes responsible for both working memory 

performance and the schizophrenia diagnosis.  Although ANCOVAs with IQ as a 

covariate will be provided as a supplement to the standard ANOVAs, the interpretive 

focus will be on the results of the standard ANOVAs.   

To evaluate whether antipsychotic medication was influencing cognitive function, 

Pearson Product Moment Correlations examined for an association between 

chlorpromazine (CPZ) equivalents and the performance of schizophrenia as well as 

bipolar disorder patients on each working memory task.  The lack of relationship for the 

spatial interference condition of the Spatial Delayed Response Task (r=.03, df=59, 
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p=.82), verbal interference condition of the Spatial Delayed Response Task (r=-.03, 

df=59, p=.82), Self Ordered Pointing task (r=.09, df=59, p=.46), Digit Span Backward 

task (r=-.09, df=59, p=.49), and Letter Number Sequencing task (r=-.03, df=59, p=.84) 

ensured that any group differences on working memory performance cannot be due to 

antipsychotic medication differences between patients. 

Working Memory Performance 

To probe the maintenance subprocess of working memory, a Two Way Repeated 

Measures ANOVA was performed on Spatial Delayed Response Task performance 

where Diagnostic Group (Nonpsychiatric Controls, Schizophrenia Patients, and Bipolar 

Disorder Patients) and Gender (Male and Female) were between-subjects factors while 

Type of Interference (Spatial and Verbal) was the within-subjects factor.  Although there 

was no main effect for Gender (F=.19, df=1,105, p=.66, !
2
=.002), there was a main effect 

revealed for Diagnostic Group (F=4.19 df=2,105, p = .01, !
2
=.074).  A follow up One 

Way ANOVA comparing diagnostic groups collapsed across both interference conditions 

was conducted and Figure 1 shows the main effect of Diagnostic Group (F=4.36, 

df=2,108, p=.01, !
2
=.075) where the schizophrenia patients (M=15.03, SD=5.17, n=39) 

were significantly less accurate than nonpsychiatric controls (M=12.07, SD=4.12, n=43, 

p=.004) in spatial working memory across both types of interference conditions.  

Although bipolar disorder patients (M=13.09, SD=4.34, n=29, p=.36) did not differ from 

nonpsychiatric controls, there was a trend where the bipolar disorder patients were more 

accurate than the schizophrenia patients (p=.09).  Additionally, Figure 2 shows there was 

a main effect for Type of Interference (Greenhouse-Geisser, F=13.37, df=1,105, p<.0005, 
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!
2
=.117) where spatial interference (M=14.32, SD=6.00) produced greater impairment 

than verbal interference (M=12.35, SD=4.41) in participant accuracy.  There were no 

Gender X Type of Interference (Greenhouse-Geisser, F=.02, df=1,105,p=.89, !
2
=.000), 

Diagnostic Group X Gender (F=.27, df=2,105,p=.76, !
2
=.005), Diagnostic Group X Type 

of Interference (Greenhouse-Geisser, F=2.43, df=2,104, p=.09), nor Diagnostic Group X 

Gender X Type of Interference interactions (Greenhouse-Geisser, F=1.15, df=2,105, 

p=.32, !
2
=.021).

1
  An ANCOVA with IQ as covariate found no main effect for 

Diagnostic Group (F=1.87, df=2, 106, p=.16, !
2
=.034), no main effect for Type of 

Interference (F=1.02, df=1, 106, p=.31, !
2
=.010), and no Diagnostic Group X Type of 

Interference interaction (F=1.06, df=2, 106, p=.35, !
2
=.020).   

The results of the standard ANOVAs on the Spatial Delayed Response Task 

appear to indicate that schizophrenia patients are less able than nonpsychiatric controls at 

maintaining information in working memory. The findings also suggest that spatial 

interference impaired performance on the task more than verbal interference.  

To explore the monitoring subprocess of working memory, a Two Way 

Univariate ANOVA was conducted on Self Ordered Pointing task performance where 

                                                 
1 An One Way ANOVA on the Spatial Delayed Response Task’s sensorimotor control 

condition showed a trend for a difference between Diagnostic Groups in accuracy 

(F=2.59, df=2,108, p=.08) where the schizophrenia patients (M=6.97, SD=2.57, n=39) 

were less accurate than the nonpsychiatric controls (M=5.94, SD=2.08, n=43, p=.03).  

The bipolar disorder patients (M=6.11, SD=1.54, n=29) differed in performance from 

neither the nonpsychiatric controls (p=.75) nor the schizophrenia patients (p=.10).  The 

trend for a difference between the nonpsychiatric controls and the schizophrenia patients 

was lost after an ANCOVA with IQ as a covariate (F=.90, df=2,102, p=.41).  Since only 

a trend was revealed, these results ultimately indicate that the groups failed to have 

significant differences in perceptual performance and motor control during the Spatial 

Delayed Response Task. 
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Diagnostic Group and Gender were between-subjects factors.  There was no main effect 

found for Diagnostic Group (F=1.98, df=2,138, p=.14, !
2
=.03) nor Gender (F=.87, 

df=1,138, p=.35, !
2
=.006).  Additionally, there was no Diagnostic Group X Gender 

interaction (F=.12, df=2,138, p=.89, !
2
=.002).  The findings of a lack of performance 

differences between any of the diagnostic groups seems to indicate that bipolar disorder 

and schizophrenia patients do not differ from nonpsychiatric controls or each other in the 

working memory subprocess of monitoring.  

To investigate a low-demand manipulation subprocess of working memory, a 

Two Way Univariate ANOVA was conducted on Digit Span Backward task performance 

where Diagnostic Group and Gender were between-subjects factors.  Figure 3 shows the 

main effect for Diagnostic Group (F=7.84, df=2,149, p=.001, !
2
=.09) where the 

schizophrenia patients (M=4.49, SD=1.04, n=59) recalled significantly shorter strings of 

reversed number stimuli than nonpsychiatric controls (M=5.54, SD=1.48, n=65, p<.0005) 

as well as bipolar disorder patients (M=5.48, SD=1.50, n=31, p<.001).  Bipolar disorder 

patients did not differ from nonpsychiatric controls (p=.85).  There was no main effect for 

Gender (F=1.06, df=1,149, p=.30, !
2
=.007) and no Diagnostic Group X Gender 

interaction (F=.08, df=2,149, p=.92, !
2
=.001).  The main effect of Diagnostic Group 

remained (F=3.03, df=2,151, p=.05, !
2
=.04) after conducting an ANCOVA with IQ as a 

covariate.  These results suggest that a task requiring a low level of working memory 

manipulation is able to reveal a difference between the psychiatric groups where 

schizophrenia patients have impaired ability for the working memory subprocess of 

manipulation compared to bipolar disorder patients and nonpsychiatric controls. 
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To examine a high-demand manipulation subprocess of working memory, a Two 

Way Univariate ANOVA was done on Letter Number Sequencing task performance 

where Diagnostic Group and Gender were between-subjects factors.  Figure 4 shows the 

main effect of Diagnostic Group (F=6.86, df=2,146, p=.001, !
2
=.09) where schizophrenia 

patients (M=4.71, SD=.94, n=55) sequenced and reported significantly shorter strings of 

alphabetic and numeric items than nonpsychiatric controls (M=5.59, SD=.98, n=66, 

p<.0005) and bipolar disorder patients (M=5.32, SD=1.17, n=31, p=.007).  Bipolar 

disorder patients and nonpsychiatric controls (p=.22) did not differ from each other.  The 

main effect of Diagnostic Group remained after performing an ANCOVA with IQ as a 

covariate (F=5.41, df=2,147, p<.005, !
2
=.07).  There was no main effect for Gender 

(F=1.27, df=1,146, p=.26, !
2
=.009) and no Diagnostic Group X Gender interaction 

(F=.10, df=2,145, p=.90, !
2
=.001).  These results seem to confirm that schizophrenia 

patients demonstrate a detectable deficit in high-demand manipulation performance 

which isn’t present in nonpsychiatric controls or bipolar disorder patients.   

After comparing the diagnostic groups on a variety of tasks that focus on different 

types of working memory, the findings suggest that the maintenance and manipulation 

subprocesess of working memory are compromised specifically in schizophrenia patients 

and can possibly serve as a cognitive marker that distinguishes it from bipolar disorder.  

Comparison of Relative Groups on Individual Tasks 

Normality  

 The working memory performance of nonpsychiatric controls, relatives of 

schizophrenia patients, and relatives of bipolar disorder patients were compared to 
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investigate the utility of working memory impairment as a possible endophenotype for 

genetic risk to schizophrenia or bipolar disorder.  Before conducting parametric tests on 

the group data for working memory performance, distribution graphs and results from 

tests of normality, skewness, and kurtosis were first examined.  Although the tests of 

normality (i.e. Shapiro-Wilk’s W) indicated non-normal distribution of data, the 

appropriateness of parametric analyses was ensured by a lack of any significant skewness 

or kurtosis.  This was confirmed by considering the reasonability of scores in the 

distributions and finding Fisher’s Kurtosis scores and SPSS skewness scores that were 

below 2 or above -2; limits deemed generally acceptable (George & Mallery, 2001).  

Levene’s Tests for homogeneity of variance were conducted on the data for each working 

memory task.   Only the Digit Span Backwards demonstrated a lack of equal variances 

between the groups and therefore for any relevant t-tests, the output for unequal variances 

will be referenced. 

Demographics 

Table 2 summarizes the demographic characteristics of the nonpsychiatric control 

group as well as the groups of patients’ relatives.  Since age differences were found for 

the original sample of patients’ relatives and nonpsychiatric controls in this analysis, the 

groups were made more similar by limiting participants to those older than 24 years and 

younger than 68.  With this modified age range, an One Way ANOVA for Age indicated 

no significant difference between the groups (F=1.87, df=2,168, p=.16).  A Chi Square 

indicated that there was no difference between relative groups in their proportions of 

ethnic groups X
2
(4, n=103)=6.67, p=.15.  For the relatives of schizophrenia patients as 
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well as relatives of bipolar disorder patients, respective percentages in each ethnic group 

were as follows:  Anglo Saxon 94.6% and 93.1%, Eastern European 0% and 3.4%, 

Russian 0% and 3.4%, Mexican Hispanic 1.4% and 0%, and African American 4.1% and 

0%.   

A Chi Square indicated that were was no significant difference between the 

groups in the proportion of males and females; group membership and gender appear to 

be independent of each other, X
2
(2, n=170)=1.72, p=.42.  However, Faraone et al., (1999) 

have previously reported Diagnostic Group x Gender interactions with regard to 

performance on tasks of verbal as well as visual memory.  Specifically, it was found that, 

among the nonpsychotic relatives of schizophrenia patients, the performance deficit of 

the female relatives as compared to females controls, was worse than the performance 

deficit of the male relatives as compared to male controls.  In consideration of the 

potential association between gender and memory, statistical tests included gender as a 

between-subjects factor in the analysis of relatives’ data to account for any gender 

effects.   

An One Way ANOVA for IQ did not reveal significant differences between the 

groups (F=1.73, df=2,166, p=.18).  An One Way ANOVA for Years of Education 

revealed a trend where the patients’ relatives (F=2.91, df=2,166, p=.06) had less years of 

education than nonpsychiatric control participants.  Paired comparison tests showed that 

the control participants had more years of education than the relatives of bipolar disorder 

patients (p=.03) and indicated a trend for more years of education than the relatives of 

schizophrenia patients (p= .08). 
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Working Memory Performance 

For the Delayed Response Task, a Two Way Repeated Measures ANOVA was 

performed with Diagnostic Group (Nonpsychiatric Controls, Relatives of Schizophrenia 

Patients, and Relatives of Bipolar Disorder Patients) and Gender (Male and Female) as 

between-subjects factors while Type of Interference (Spatial and Verbal) was the within-

subjects factor.  There was a trend for a main effect of Diagnostic Group (F=2.57, 

df=2,133, p=.08, !
2
=.037).  Figure 5 shows that the relatives of schizophrenia patients 

(M=13.68, SD=3.69, n=66, p=.02) demonstrated less accuracy in maintenance of spatial 

information than nonpsychiatric controls (M=12.01, SD=4.1, n=47).  See Table 3 for 

comparisons of means and standard deviations for each diagnostic group.  The relatives 

of bipolar disorder patients (M=12.72, SD=2.99, n=26) did not differ from either the 

nonpsychiatric controls (p=.44) or the relatives of schizophrenia patients (p=.26).  To 

confirm the effect trend of Relative Group while controlling for any dependencies of 

Family Membership, a mixed model ANOVA with a fixed factor of Relative Group and 

random factor of Family Membership was conducted on the Spatial Delayed Response 

Task data for relatives of schizophrenia patients (Wald Z=.375, p=.71).  The results of the 

mixed model ANOVA (t=-2.41, df=65, p=.02) confirmed the trend that the relatives of 

schizophrenia patients (M=13.76, SE=.48) were less accurate than the nonpsychiatric 

controls (M=12.00, SE=.73).  Family membership was very weakly associated with 

Spatial Delayed Response Task performance as reflected by an intraclass correlation of 

.07 between these two factors.   Although there was no main effect of Gender (F=.28 

df=1,133, p=.59, !
2
=.002), there was a main effect for Type of Interference (Greenhouse-
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Geisser, F=23.45, df=1,133, p<.0005, !
2
=.15) where spatial interference (M= 13.81, 

SD=4.55) created greater impairment than the verbal interference (M= 12.07, SD=3.74).  

A follow up t-test (t=-5.75, df=138, p<.0005) confirmed that the spatial interference 

condition produced greater impairment in accuracy than the verbal interference condition.  

Although there was no Diagnostic Group X Type of Interference (Greenhouse-Geisser, 

F=1.38, df=2,133, p=.25, !
2
=.02) nor Diagnostic Group X Gender (F=.55, df=2,133, 

p=.58, !
2
=.008) interaction, there was a significant interaction between Type of 

Interference and Gender (Greenhouse-Geisser, F=4.90, df=1,133, p=.03, !
2
=.036) where 

females showed significantly greater impairment in accuracy when presented with 

interference that contained spatial stimuli (M=14.1, SE=.60) rather than verbal stimuli 

(M= 11.81, SE=.50).  For males, there was no difference between accuracy during spatial 

(M=13.02, SE=.56) and verbal (M=12.17, SE=.47) interference conditions.
2
   

These Spatial Delayed Response Task results for patients’ relatives groups share 

some similarity to the results reported for the patients groups.  Similar to the maintenance 

deficit exhibited by schizophrenia patients, findings of the standard ANOVA showed a 

trend for a maintenance deficit among the relatives of schizophrenia patients.  

Specifically, the results showed that relatives of schizophrenia patients had a trend for 

less accuracy than the nonpsychiatric controls.  Also, the results of the mixed model 

ANOVA suggest that when variance due to family membership is controlled for, the 

difference trend between relatives of schizophrenia patients and nonpsychiatric controls 

                                                 
2 An One Way ANOVA on the Spatial Delayed Response Task’s sensorimotor control 

condition showed no difference between Diagnostic Groups in accuracy (F=.35, df=2, 

136, p=.70, !2 =.005). 
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remained.  Once again, findings show that when a spatial working memory task uses 

spatial stimuli as the delay period interference, it causes greater maintenance impairment 

than verbal stimuli.   Lastly, findings showed a Gender X Type of Interference interaction 

where, for females, the performance during spatial interference is worse than the verbal 

interference. 

On the Self Ordered Pointing task, a Two Way Univariate ANOVA did not 

indicate a main effect for Diagnostic Group (F=1.89, df=2,147, p=.15, !
2
=.025) or 

Gender (F=.09, df=1,147, p=.77, !
2
=.001), and did not show a Diagnostic Group X 

Gender interaction (F=.50, df=2,147, p=.60, !
2
=.007).  These findings on Self Ordered 

Pointing resonate the same lack of group differences seen in the analysis on the patient 

and nonpsychiatric control groups.     

For the Digit Span Backwards, Figure 6 shows the Two Way Univariate 

ANOVA’s main effect of Diagnostic Group (F=4.77, df=2,159, p=.01, !
2
=.057) where 

the relatives of schizophrenia patients (M=4.76, SD=1.09, n=71, p=.002) recalled less 

reversed number stimuli than nonpsychiatric controls (M=5.46, SD=1.49, n=68).  

Relatives of bipolar disorder patients (M=5.04, SD=1.22, n=26) did not differ from 

nonpsychitatric controls (p=.16) or relatives of schizophrenia patients (p=.35).  However, 

there was no Gender main effect (F=1.48, df=1,159, p=.32, !
2
=.006) nor Diagnostic 

Group X Gender interaction (F=.005, df=2,159, p=.99, !
2
=.000). These findings appear 

to mirror those seen earlier for the schizophrenia patients in that the relatives of 

schizophrenia patients similarly show impairment on a task that requires a low level of 

working memory manipulation.   Also, to further examine the effect of Relative Group 
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while controlling for any dependencies of Family Membership, a mixed model ANOVA 

with a fixed factor of Relative Group and random factor of Family Membership was 

conducted on the Digit Span Backwards data for relatives of schizophrenia patients.  

Family Membership explained a significant amount of covariance (Wald Z=2.41, 

p=.016).  Nevertheless, mixed model results (t=2.85, df=88, p=.005) confirmed the 

difference between relatives of schizophrenia patients (M=4.74, SE=.19) and 

nonpsychiatric controls (M=5.45, SE=.25) and an intraclass correlation of .42 suggested 

that the performance of relatives of schizophrenia patients was moderately affected by 

studying individuals from the same family. 

 For the Letter Number Sequencing Task, Figure 7 shows the Two Way 

Univariate ANOVA’s main effect for Diagnostic Group (F=3.69, df=2,159, p=.03, 

!
2
=.044) where the relatives of schizophrenia patients (M=5.10, SD=1.16, n=70, p=.006) 

sequenced and reported less items than the nonpsychiatric controls (M=5.59, SD=.96, 

n=69).  The relatives of bipolar disorder patients (M=5.27, SD= .92, n=26) did not differ 

from nonpsychiatric controls (p=.17) or relatives of schizophrenia patients (p=.48).  

However, there was no Gender main effect (F=.67, df=1,159, p=.41, !
2
=.004) nor 

Diagnostic Group X Gender interaction (F=2.23, df=2,159, p=.10, !
2
=.029).  Once again, 

these findings suggest that the relatives of schizophrenia patients, like the schizophrenia 

patients, show impairment on a task that requires a high level of working memory 

manipulation.  However, to further examine the effect of Relative Group while 

controlling for any dependencies of Family Membership, a mixed model ANOVA with a 

fixed factor of Relative Group and random factor of Family Membership was conducted 
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on the Letter Number Sequencing data for relatives of schizophrenia patients.  Family 

Membership explained a significant amount of covariance (Wald Z=3.032, p=.002).  

Nevertheless, mixed model results (t=2.33, df=106, p=.02) uphold the difference between 

relatives of schizophrenia patients (M=5.14, SE=.15) and nonpsychiatric controls 

(M=5.61, SE=.19) and an intraclass correlation of .43 suggested that Family Membership 

did exert moderate effects on the performance of relatives of schizophrenia patients.  The 

overall results of the standard ANOVAs for the working memory performance of 

relatives of patients bear a striking similarity to the results seen for the patients.  Just as 

schizophrenia patients exhibited maintenance and manipulation deficits not present in 

bipolar disorder patients, the relatives of schizophrenia patients also demonstrate a 

manipulation deficit and trend for maintenance deficit not seen in relatives of bipolar 

disorder patients.  These findings provide support for the use of maintenance and 

manipulation as endophenotypes for disease genes associated with schizophrenia per se, 

rather than psychiatric disorders in general.  

Comparison of Genotype Groups on Individual Tasks (Includes All Groups) 

Normality  

To assess possible cognitive differences among genotype groups of the COMT 

Val158Met polymorphism, genotype groups’ performance was compared using a sample 

that included the nonpsychiatric controls as well as all patient and relative groups.  

Before conducting parametric tests on the group data for working memory performance, 

distribution graphs and results from tests of normality, skewness, and kurtosis were first 

examined.  Although the tests of normality (i.e. Shapiro-Wilk’s W) indicated non-normal 
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distribution of data, the appropriateness of parametric analyses was ensured by a lack of 

any significant skewness or kurtosis.  This was confirmed by considering the 

reasonability of scores in the distributions and finding Fisher’s Kurtosis scores and SPSS 

skewness scores that were below 2 or above -2; limits deemed generally acceptable 

(George & Mallery, 2001).  Levene’s Tests for homogeneity of variance were conducted 

on the data for each working memory task.   Only the Digit Span Backwards and Spatial 

Interference condition of the Spatial Delayed Response Task demonstrated a lack of 

equal variances between the groups and therefore for any relevant t-tests, the output for 

unequal variances will be referenced. 

Demographics    

 Table 4 summarizes the demographic characteristics of each Genotype Group.  

The genotype group samples included participants older than 22 and younger than 68.  

One Way Univariate ANOVAs for Age (F=.09, df=2,213, p=.91), Years of Education 

(F=2.16, df=2,212, p=.11), and IQ (F=1.05, df=2,213, p=.35) indicated no difference 

between the genotype groups.  A Chi Square indicated that there was no difference 

between genotype groups in their proportions of ethnic groups X
2
(24, n=209)=28.27, 

p=.25.  See Table 5 for the percentages of each ethnicity in each group.  A Chi Square 

indicated there was no difference between the observed and expected numbers of males 

and females in these Genotype Groups, X
2
(12, n=209)=20.54, p=.06. 

Working Memory Performance 

  Although an One Way Repeated Measures ANOVA for Spatial Delayed 

Response Task did not show a Genotype Group effect (F=.88, df=2,179, p=.41, !
2
=.010), 
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there was a main effect for Type of Interference (Greenhouse-Geisser, F=30.35, 

df=1,179, p<.0005, !
2
=.145).  As seen throughout earlier analyses, a follow up t-test 

(t=6.14, df=181, p<.0005) indicated that the spatial interference (M=14.44, SD=5.34) 

produced greater impairment than the verbal interference (M=12.49, SD=3.92).  There 

was no Genotype Group X Type of Interference interaction (Greenhouse-Geisser, 

F=1.46, df=2,179, p=.24, !
2
=.016).  One Way Univariate ANOVAs for the remaining 

tasks of Self Ordered Pointing (F=.23, df=2,188, p=.80, !
2
=.002), Digit Span Backwards 

(F=.43, df=2,210, p=.65, !
2
=.004), and Letter Number Sequencing (F=1.42, df=2,205, 

p=.24, !
2
=.014) did not reveal differences between the Genotype Groups.  Although we 

compared each genotype group on the battery of working memory tasks, there was a 

surprising lack of effect of COMT genotype. 
3
 

Comparison of Genotype Groups and Patient Groups on Individual Tasks (Includes 

Patient Groups Only) 

Working Memory Performance 

 To understand if variation in the genotypes would be associated with variation in 

working memory performance within the groups, genotype groups and diagnostic groups 

were first investigated among the patient samples.  These samples included participants 

older than 22 years and younger than 68 years.  A Chi Square indicated that there was no 

difference between genotype groups in their proportions of ethnic groups X
2
(3, 

n=82)=4.11, p=.25.  For schizophrenia as well as bipolar disorder patients, the respective 

percentages of ethnicity for each group were as follows: Anglo Saxon 85.2% and 96.4%, 

                                                 
3 Mixed model ANOVAs were not pursued since there were no significant effects to 

consider with respect to variance attributable to family membership. 
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Eastern European 5.6% and 0%, Native American 1.9% and 3.6%, and African American 

7.4% and 0%.   

A Two Way Repeated Measures ANOVA for the Spatial Delayed Response Task 

was conducted using Diagnostic Group (Schizophrenia Patients and Bipolar Disorder 

Patients) and Genotype Group (Val/Val, Heterozygotes, and Met/Met) as between-

subjects factors and Type of Interference (Spatial and Verbal) as the within-subjects 

factor.  Although the ANOVA did not show a Diagnostic Group X Genotype Group 

interaction (F=1.00, df=2,60, p=.37, !
2
=.032), it did reveal a trend for a Diagnostic 

Group X Genotype Group X Type of Interference interaction (F=2.76, df=2,60, p=.07, 

!
2
=.084).  To compare Genotype Groups within each patient group, follow up One Way 

Repeated Measures ANOVAs were separately performed for first schizophrenia patients, 

then bipolar disorder patients.
4
  For schizophrenia patients, there was no main effect of 

Genotype Group (F=2.03, df=2,35, p=.15, !
2
=.10) and no Genotype Group X Type of 

                                                 
4
 The three way interaction was also explored by examining spatial and verbal 

interference condition scores separately in follow up One Way ANOVAs comparing 

patient groups within each Genotype Group.  For Val homozygotes, a follow up One 

Way Univariate ANOVA was conducted to compare spatial interference condition 

performance between patient groups.  Figure 8 shows the main effect (F=5.10, df=1,20, 

p=.03) of Diagnostic Group where the schizophrenia patients with a Val/Val genotype 

(M=18.07, SD=6.1, p=6.1, n=15) were less accurate than bipolar disorder patients with 

the same alleles (M=12.64, SD=2.3, n=7).   Follow up One Way ANOVAs comparing 

spatial interference condition performance of patient groups showed no main effects 

when restricted to only Met homozygotes (F=2.45, df=1,14, p=.14) or Heterozygotes 

(F=.03, df=1,26, p=.86).  Follow up One Way ANOVA similarly comparing verbal 

interference condition performance of patient groups showed no main effects for Val 

homozygotes (F=.46, df=1,20, p=.50), Met homozygotes (F=1.07, df=1,14, p=.32), or 

Heterzygotes (F=1.37, df=1,26, p=.25).  The three way Diagnostic Group X Genotype 

Group X Type of Interference interaction indicates that among Val homozygotes, spatial 

interference more greatly impaired the schizophrenia patients than bipolar patients on 

accuracy. 
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Interference interaction (F=1.75, df=2,35, p=.19, !
2
=.091). For bipolar disorder patients, 

there was no main effect of Genotype Group (F=.04, df=2,25, p.96, !
2
=.003), no main 

effect of Type of Interference (F=2.02, df=2,25, p=.17, !
2
=.075), and no Genotype X 

Type of Interference interaction (F=1.19, df=2,25, p=.32, !
2
=.075).  The main effect of 

Type of Interference interaction (F=12.18, df=1,35, p=.001, !
2
=.258) was followed up 

with a t-test (t=-3.18, df=37, p=.003) that showed the spatial condition (M=16.60, 

SD=7.21) produced greater accuracy impairment than the verbal condition (M=13.53, 

SD=4.5).  

Although the initial Two Way Repeated Measures ANOVA did not reveal a 

Genotype Group effect (F=1.29, df=2,60, p=.28, !
2
=.04), it did show the earlier-seen 

main effect for Diagnostic Group (F=5.65, df=1,60, p=.02) where the schizophrenia 

patients were less accurate than bipolar disorder patients.  When it showed the earlier-

seen main effect for Type of Interference (Greenhouse-Geisser, F=11.91, df=1,60, 

p=.001, !
2
=.166), a follow up t-test (t=3.61, df=65, p=.001) indicated that spatial 

interference impaired accuracy more than the verbal interference.  There was no 

Diagnostic Group X Type of Interference interaction (Greenhouse-Geisser, F=2.72, 

df=1,60, p=.10, !
2
=.043) nor Genotype Group X Type of Interference interaction 

(Greenhouse-Geisser, F=.13, df=2,60, p=.88, !
2
=.004). 

To summarize, for the Delayed Response Task, the genotype groups did not differ 

when examined within each patient group.  The main effects of Diagnostic Group (i.e. 

bipolar disorder patients were more accurate than schizophrenia patients on a spatial task 

of maintenance working memory) and Type of Interference (i.e. spatial interference 
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creates greater impairment to accuracy than verbal interference) reflect results reported 

earlier. 

 A Two Way ANOVA for Self Ordered Pointing indicated that there was no 

Genotype Group effect (F=.99, df=2,73, p=.37, !
2
=.027) nor Diagnostic Group X 

Genotype Group interaction (F=2.34, df=2,72, p=.10, !
2
=.060).  Figure 9 shows the main 

effect for Diagnostic Group (F=12.64, df=1,73, p=.001) where the schizophrenia patients 

(M=25.66,  SD=10.90, n=50) required more trials to solve the task than bipolar disorder 

patients (M=18.76, SD=6.95, n=29).  Although the patient-only sample examined earlier 

did not find diagnostic group differences, the finding of such diagnostic group differences 

in this analysis could be due to the fact that the samples of these two analyses vary in the 

following ways: 1) the age range of this sample (i.e. older than 22 years and younger than 

68) differs slightly from the patient-only sample examined earlier (i.e. older than 23 years 

and younger than 68), 2) this sample does not include the nonpsychiatric controls and, 3) 

this sample only includes those patients with genotyping data.   

A Two Way ANOVA performed on the Digit Span Backwards showed the 

earlier-reported main effect for Diagnostic Group (F=19.70, df=1,82, p<.0005, !
2
=.194) 

where the bipolar disorder patients recalled more reversed items than the schizophrenia 

patients.  Although the Two Way ANOVA for Digit Span Backwards did not show a 

Genotype Group effect (F=.70, df=2,82, p=.50, !
2
=.017), Figure 10 shows there was a 

Diagnostic Group X Genotype Group interaction (F=5.35, df=2,82, p=.007, !
2
=.115).  

Follow up One Way ANOVAs comparing Genotype Groups were performed separately 
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for first schizophrenia patients and then bipolar disorder patients.
5
  For schizophrenia 

patients, a trend (F=2.64, df=2,55, p=.08, !
2
=.088) indicated that the Heterozygote group 

(M=4.80, SD=.91, n=25) recalled more items than the Val/Val group (M=4.10, SD=.85, 

n=20, p=.03).  The Met/Met group (M=4.54, SD=1.4, n=13) did not differ from either the 

Val/Val (p=.23) or Heterozygote (p=.46) groups.  For bipolar disorder patients, there was 

no main effect for Genotype Groups (F=2.43, df=2,27, p=.11, !
2
=.152).  For the Digit 

Span Backward, schizophrenia patients with a Heterozygote genotype demonstrated 

better low-demand manipulation working memory than Val homozygotes.  The main 

effect of diagnostic group (i.e. schizophrenia patients could not reverse and recall as 

many digits as bipolar disorder patients) reflected the results found earlier.  

A Two Way ANOVA conducted on Letter Number Sequencing revealed the 

earlier-reported main effect for Diagnostic Group (F=13.78, df=1,78, p<.0005, !
2
=.150) 

where the bipolar disorder patients recalled and sequenced more items than the 

schizophrenia patients.  Although the Two Way ANOVA for Letter Number Sequencing 

did not show a Genotype Group effect (F=.09, df=2,78, p=.92, !
2
=.002), Figure 11 shows 

                                                 
5
 To further examine the Diagnostic Group X Genotype Group interaction, follow 

up One Way ANOVAs comparing patient groups were separately performed within each 

Genotype Group.   For Val homozygotes, a main effect for Diagnostic Group (F=23.44, 

df=1,26, p<.0005) indicated that the schizophrenia patients ((M=4.10, SD=.85, n=20) 

recalled less reversed items than the bipolar disorder patients (M=6.25, SD=1.5, n=8).  

For Met homozygotes, a main effect for Diagnostic Group (F=4.86, df=1,21, p=.04) 

showed that the bipolar disorder patients (M=5.80, SD=1.3, n=10) outperformed the 

schizophrenia patients (M=4.54, SD=1.4, n=13).  For Heterozygotes, there was no main 

effect of Diagnostic Group (F=.09, df=1,35, p=.76).  The Diagnostic Group X Genotype 

Group interaction for Val homozygotes is similar to the Delayed Response Task results 

where the schizophrenia patients were impaired compared to the bipolar disorder patients.  

The interaction for Met homozygotes similarly revealed schizophrenia patients were 

impaired compared to bipolar disorder patients. 
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there was a Diagnostic Group X Genotype Group interaction (F=5.49, df=2,78, p=.006, 

!
2
=.123).   Follow up One Way ANOVAs comparing Genotype Groups were performed 

separately for first schizophrenia patients and then bipolar disorder patients.
6
  For the 

schizophrenia patients, a main effect (F=3.43, df=2,51, p=.04, !
2
=.119) indicated that the 

Heterozygote group (M=5.04, SD=.75, n=24) sequenced and recalled more items than the 

Met/Met group (M=4.25, SD=.75, n=12, p=.02) and trended to sequence and recall less 

items than the Val/Val group (M=4.56, SD=1.15, n=18, p=.09).  The Val and Met 

homozygotes did not differ from each other (p=.37).  For bipolar disorder patients, no 

main effect for Genotype Groups were found (F=2.14, df=2,27, p=.14, !
2
=.137).   For the 

Letter Number Sequencing Task, schizophrenia patients with a Heterozygote genotype 

demonstrated better high-demand manipulation working memory than those with a Met 

homozygote genotype.  The main effect of Diagnostic Group (i.e. schizophrenia patients 

                                                 
6
 To further examine the Diagnostic Group X Genotype Group interaction, follow 

up One Way ANOVAs comparing patient groups were separately performed within each 

Genotype Group.  For Val homozygotes, a main effect of Diagnostic Group (F=5.37, 

df=1,24, p=.03) indicated that the schizophrenia patients (M=4.56, SD=1.1, n=18) 

recalled less items than the bipolar disorder patients (M=5.63, SD=.92, n=8).  For Met 

homozygotes, a main effect (F=16.54, df=1,20, p=.001) indicated that the bipolar 

disorder patients (M=5.80, SD=1.0, n=10) outperformed the schizophrenia patients 

(M=4.25, SD=.75, n=12).  For Heterozygotes, there was no main effect of Diagnostic 

Group (F=.15, df=1,34, p=.70).  The Diagnostic Group x Genotype Group interaction for 

this high-demand manipulation task mirrored the results for Delayed Response Task and 

Digit Span Backward where once again, among Val homozygotes, the bipolar patients 

performed better than schizophrenia patients.  That is, for the Letter Number Sequencing 

task, the bipolar disorder patients were able to sequence and recall more items than the 

schizophrenia patients.  For Met homozygotes, the Letter Number Sequencing results 

showed this same patient group difference; a difference that was earlier found for Met 

homozygotes on the Digit Span Backward. 
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could not sequence and recall as many items as bipolar disorder patients) reflected results 

found earlier.   

Comparison of Genotype Groups and Relative Groups on Individual Tasks (Includes 

Relative Groups Only) 

Working Memory Performance 

To further understand if variation in the genotypes would be associated with 

variation in working memory performance within the groups, genotype groups and 

diagnostic groups among the patients’ relative groups were examined next.  These 

samples included participants older than 22 years and younger than 68 years.  A Chi 

Square indicated that there was no difference between genotype groups in their 

proportions of ethnic groups X
2
(4, n=100)=6.53, p=.16. For relatives of schizophrenia 

patients as well as relatives of bipolar disorder patients, the respective percentages of 

ethnicity for each group were as follows: Anglo Saxon 94.4% and 93.1%, Eastern 

European 0% and 3.4%, Russian 0% and 3.4%, Mexican Hispanic 1.4% and 0%, and 

African American 4.2% and 0%. 

A Two Way Repeated Measures ANOVA for the Delayed Response Task was 

conducted using Diagnostic Group (Relatives of Schizophrenia Patients and Relatives of 

Bipolar Disorder Patients) and Genotype Group (Val/Val, Heterozygotes, and Met/Met) 

as between-subjects factors and Type of Interference (Spatial and Verbal) as the within-

subjects factor.  The ANOVA revealed no main effect of Diagnostic Group (F=.36, 

df=1,85, p=.55, !
2
=.004) or Genotype Group (F=.95, df=2,85, p=.39, !

2
=.022) and no 

Diagnostic Group X Genotype Group interaction (F=.03, df=2,85, p=.97, !
2
=.001).  
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When the earlier-reported main effect for Type of Interference (Greenhouse-Geisser 

F=9.60, df=1,85, p=.003, !
2
=.101) was found, the follow up t-test (t=-4.93, df=90, 

p<.0005) indicated that spatial interference (M=14.47, SD=4.54, n=91) created greater 

impairment than the verbal interference (M=12.61, SD=3.59, n=91).  There was a trend 

for a Diagnostic Group X Type of Interference interaction (Greenhouse-Geisser F=3.27, 

df=1,85, p=.06, !
2
=.042).  Figure 12 shows there was also a Genotype Group X Type of 

Interference interaction (Greenhouse-Geisser F=4.80, df=2,85, p=.01, !
2
=.102)

7
.  Once 

again for the Spatial Delayed Response Task, the use of spatial stimuli (M=14.47, 

SD=4.54, n=91) as the delay period interference produced greater deficits in maintenance 

ability than verbal stimuli (M=12.61, SD=3.58, n=91).
 
 There was no Diagnostic Group X 

Genotype Group X Type of Interference interaction (Greenhouse-Geisser F=1.15, 

df=2,85, p=.32, !
2
=.026).   For the Spatial Delayed Response Task, there was no 

difference between the genotype groups within the relatives of schizophrenia patients and 

relatives of bipolar disorder patients. 

A Two Way ANOVA on the Self Ordered Pointing task indicated that there was 

no main effect for Diagnostic Group (F=.66, df=1,81,  p=.42, !
2
=.008), no main effect 

for Genotype Group (F=.26, df=2,81, p=.77, !
2
=.006), nor Diagnostic Group X Genotype 

Group interaction (F=1.86, df=2,81, p=.16, !
2
=.044).   

                                                 
7 A follow up One Way ANOVA comparing the spatial interference performance of the 

genotype groups (F=2.7, df=2, 88, p=.07) confirmed that the Heterozygote maintenance 

ability (M=15.37, SD=4.35, n=45) was impaired compared to Met homozygotes 

(M=12.83, SD=3.89, n=26, p=.02) but not Val homozygotes (M=14.59, SD=5.30, n=20, 

p=.19).  Heterozygotes and Val homozygotes did not differ from each other (p=.51).  A 

follow up One Way ANOVA comparing the verbal interference performance of the 

genotype groups showed no main effect of Genotype Groups (F=.009, df=2,88, p=.99). 
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A Two Way ANOVA on the Digit Span Backwards indicated that although there 

was no main effect for Diagnostic Group (F=.28, df=1,91, p=.59, !
2
=.003) or Genotype 

Group (F=.79, df=2,91, p=.45, !
2
=.017), there was Diagnostic Group X Genotype Group 

interaction (F=3.54, df=2,91, p=.03, !
2
=.072).  Follow up One Way Univariate ANOVAs 

compared Genotype Groups, first for relatives of schizophrenia patients and then for 

relatives of bipolar disorder patients.
8
  No main effects of Genotype Group were found 

for either relatives of schizophrenia patients (F=.97, df=2,67, p=.38, !
2
=.028) or relatives 

of bipolar disorder patients (F=2.46, df=2,24, p=.11, !
2
=.170).  For the Digit Span 

Backwards, there was no difference between the genotype groups within the relatives of 

schizophrenia patients and relatives of bipolar disorder patients. 

A Two Way ANOVA on the Letter Number Sequencing task indicated that there 

was no main effect for Diagnostic Group (F=.29, df=1, 90, p=.59, !
2
=.003) and no 

Diagnostic Group X Genotype Group interaction (F=.59, df=2, 90, p=.55, !
2
=.013).  

Although there was a trend for a main effect for Genotype Group (F=2.56, df=2, 90, 

p=.08, !
2
=.054), a follow up One Way ANOVA did not reveal any significant differences 

between the Genotype Groups (F=1.99, df=2,93, p=.14, !
2
=.041).  For the Letter Number 

                                                 
8
 The Diagnostic Group X Genotype Group interaction was further examined by 

conducting One Way Univariate ANOVAs comparing relatives groups within each 

separate genotype group.  Figure 13 shows a follow up One Way ANOVA (F=6.77, 

df=1,47, p=.01) conducted only for Heterozygotes showed that the relatives of bipolar 

disorder patients (M=5.38, SD=1.0, n=13) reversed and recalled more digits than the 

relatives of schizophrenia patients (M=4.61, SD=.87, n=26).  For Met homozygotes 

(F=1.00, df=1,23, p=.33) as well as Val homozygotes (F=2.07, df=1,21, p=.16), there 

were no main effects.   
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Sequencing task, there was no difference between the genotype groups within the 

relatives of schizophrenia patients and relatives of bipolar disorder patients.  

For these analyses, it was of specific interest to see if there would be variation 

among genotype groups when examined within each relative group.  Surprisingly, there 

appeared to be no differences between genotype groups within the separate groups of 

relatives of schizophrenia patients as well as bipolar disorder patients.   

Comparison of Groups Across Tasks (Includes All Groups) 

Demographics 

Of additional interest was whether the diagnostic groups would differ across 

working memory subprocesses, as indexed by the tasks included in the present 

experiment.  Table 6 summarizes the demographic characteristics of each Diagnostic 

Group examined across tasks. When participants were restricted to only those older than 

22 years and younger than 68, an One Way Univariate ANOVA revealed that the groups 

did not differ in their ages (F=1.82, df=4,190, p=.126).  A Chi Square test revealed a 

significant difference between the observed and expected numbers of males and females 

for the diagnostic groups, X
2
(4, n=195) =16.01, p=.003).  Consequently, Gender was 

made a between subjects variable along with Diagnostic Group in the Repeated Measures 

ANOVA examining working memory performance across all tasks.   

 An One Way Univariate ANOVA on IQ score (F=5.70, df=4,189, p<.0005) 

indicated that the schizophrenia patients had a lower IQ than the nonpsychiatric controls 

(p=.001), bipolar disorder patients (p<.0005), relatives of schizophrenia patients 

(p=.001), and relatives of bipolar disorder patients (p=.001).  In addition, the relatives of 
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schizophrenia patients had lower IQ than the bipolar disorder patients (p=.08).  Pearson 

Product Moment Correlations collapsed across all participant groups indicated that the z-

scores for working memory performance on the Digit Span Backwards (r=.44, df=189, 

p<.0005), Letter Number Sequencing (r=.46, df=187, p<.0005), Self Ordered Pointing 

(r=.25, df=191, p=.001), verbal interference condition of the Spatial Delayed Response 

Task (r=.31, df=191, p<.0005), and spatial interference condition of the Spatial Delayed 

Response Task (r=.29, df=191, p<.0005) were significantly correlated with IQ.  As 

expected, the sensorimotor condition of the Spatial Delayed Response Task was not 

correlated with IQ (r=.04, df=191, p=.55).  ANCOVAs with IQ as a covariate were 

conducted to compare group performance on working memory tasks. 

An One Way Univariate ANOVA (F=2.41, df=4,189, p=.05) revealed that the 

schizophrenia patients had less years of education than nonpsychiatric controls (p=.004), 

bipolar disorder patients (p=.06), and relatives of schizophrenia patients (p=.09).  In 

addition, the relatives of the bipolar disorder patients had less education than the 

nonpsychiatric controls (p=.07).  For reasons stated earlier, ANCOVAs were not 

performed using Education as a covariate.  

Working Memory Performance 

To examine performance across the various types of working memory tasks, a 

Two Way Repeated Measures ANOVA was performed where Diagnostic Group 

(Nonpsychiatric Controls, Schizophrenia Patients, Bipolar Disorder Patients, Relatives of 

Schizophrenia Patients, and Relatives of Bipolar Disorder Patients) and Gender (Male 

and Female) were between-subjects factors while Task (DRT Verbal, DRT Spatial, Self 
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Ordered Pointing, Digit Span Backwards, and Letter Number Sequencing) was the 

within-subjects factor.  There as no main effect for Gender (F=.07, df=1,177, p=.78, 

!
2
=.000), no Gender X Diagnostic Group interaction (F=.09, df=4,177, p=.98, !

2
=.002), 

no Task x Gender interaction (F=1.38, df=4,708, p=.24, !
2
=.008), no Task X Diagnostic 

Group interaction (F=.88, df=16,708, p=.57, !
2
=.020), or Task X Gender X Diagnostic 

Group interaction (F=.79, df=16,708, p=.69, !
2
=.018).  When examined with an 

ANCOVA with IQ as covariate, the results for Gender (F=.13, df=1,176, p=.72, 

!
2
=.001), Gender X Diagnostic Group (F=.23, df=4,176, p=.92, !

2
=.005), Task X 

Diagnostic Group (Greenhouse-Geisser F=.83, df=16,704, p=.65, !
2
=.02), Task X 

Gender (Greenhouse-Geisser F=1.39, df=4,704, p=.23, !
2
=.008), and Task X Gender X 

Diagnostic Group (Greenhouse-Geisser F=.76, df=16,704, p=.71, !
2
=.017) were changed 

little. 

There was a main effect of Diagnostic Group (F=3.96, df=4,177, p=.004, 

!
2
=.082).  When examined with an ANCOVA with IQ as covariate, the main effect for 

Diagnostic Group remained (F=2.32, df=4,176, p=.059, !
2
=.050).  A follow up One Way 

ANOVA comparing Diagnostic Groups on the average of all tasks’ z-scores, confirmed 

the main effect (F=4.39, df=4,190, p=.002, !
2
=.085) and indicated that the performance 

of schizophrenia patients (M=.55, SD=.61, n=36) was impaired compared to 

nonpsychiatric controls (M=-.01, SD=.63, n=44, p<.0005), bipolar disorder patients (M=-

.14, SD=.76, n=29, p=.002), relatives of bipolar disorder patients (M=-.13, SD=.47, n=25 

p=.009), relatives of schizophrenia patients (M=-.30, SD=.56, n=61, p=.057) while the 
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relatives of schizophrenia patients demonstrated impaired performance compared to 

nonpsychiatric controls (p=.02).  See Figure 14.   

There was also a main effect of Task (F=.7.17, df=4,708, p<.0005, !
2
=.039).  

When examined with an ANCOVA with IQ as covariate, the main effect of Task 

remained (F=4.66, df=4,704, p=.001, !
2
=.026).  Follow up t-tests indicated that the Self 

Ordered Pointing task (M=.07, SD=.86, n=193) did not produce as much impairment as 

the verbal interference condition of the Spatial Delayed Response Task (t=-4.26, df=192, 

p<.0005, M=-.29, SD=.95, n=193), spatial condition of the Spatial Delayed Response 

Task (t=-4.05, df=192, p<.0005, M=-.27, SD=1.01, n=193), Digit Span Backward task 

(t=4.61, df=189, p<.0005, M=-.31, SD=.84, n=190), and Letter Number Sequencing task 

(t=4.93, df=188, p<.0005, M=-.40, SD=1.09, n=189).  See Figure 14.   Follow up t-tests 

indicated that the verbal interference condition of the Spatial Delayed Response Task did 

not differ from the spatial condition of the Spatial Delayed Response Task (t=-.30, 

df=193, p=.76), Digit Span Backward (t=-.14, df=189, p=.89), or Letter Number 

Sequencing (t=-.39, df=189, p=1.09).  The spatial condition of the Spatial Delayed 

Response Task did not differ from Digit Span Backward (t=.43, df=189, p=.67) or Letter 

Number Sequencing (t=1.36, df=188, p=.17).  Also, the Digit Span Backward did not 

differ from the Letter Number Sequencing (t=1.27, df=188, p=.20).     

 To summarize, when diagnostic groups were compared on working memory 

performance collapsed across tasks, it was found that schizophrenia patients were more 

impaired than nonpsychiatric controls, bipolar disorder patients, relatives of bipolar 

disorder patients, and relatives of schizophrenia patients.  Additionally, relatives of 
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schizophrenia patients were more impaired than nonpsychiatric controls.  When 

examining for differences between the various working memory tasks, only the Self 

Ordered Pointing task differed from the rest of the tasks in that it did not appear to reveal 

any deficits.  Specifically, this task of the monitoring subprocess of working memory did 

not appear to reveal deficits compared to the tasks that reflected the maintenance and 

manipulation subprocesses of working memory.    

 Since previous research by Conklin, Curtis, and Iacono (2000) found a monitoring 

deficit in schizophrenia patients and their relatives compared to nonpsychiatric controls, 

the finding that most groups required less trials to complete the Self Ordered Pointing 

task than the nonpsychiatric controls was surprising.  As far as it is known, no inadvertent 

but systematic aberration occurred in the administration of the SOP task and influenced 

the groups’ performance.  Despite this, Figure 14 shows that the schizophrenia patients 

constituted the only group that did not outperform the nonpsychiatric controls, although 

their performance difference from nonpsychiatric controls was not significant.  The other 

notable, pattern visible in Figure 14 is the gradient of performance for the various groups 

which shows: 1) the relative groups performed similar to each of their respective patient 

groups and, 2) the bipolar disorder spectrum groups did worse than the nonpsychiatric 

controls but better than the schizophrenia spectrum groups.     
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DISCUSSION 

The first question examined in the present study was whether deficits in the 

working memory subprocesses of maintenance, monitoring, and manipulation were 

specific to schizophrenia patients or also present in bipolar disorder patients.  

Schizophrenia patients were found to have impaired ability for maintenance as measured 

by a visuomotor version of the Spatial Delayed Response Task.  Compared to both 

nonpsychiatric controls and bipolar disorder patients, they also demonstrated deficits in 

low and high demand manipulation as measured by the Digit Span Backwards and Letter 

Number Sequencing tasks, respectively.  These results are in line with previous research 

that has reported deficits in schizophrenia patients compared to nonpsychiatric controls in 

maintenance using the Spatial Delayed Response Task (Glahn et al., 2006; Kim et al., 

2004; Leiderman et al., 2004), low demand manipulation as measured by the Digit Span 

Backwards (Alptekin et al., 2005; Bozikas et al., 2006; Conklin et al., 2005; & Glahn et 

al., 2006), and high demand manipulation as measured by the Letter Number Sequencing 

task (Conklin et al., 2005; Gold et al., 1997; Goldberg et al., 1998; Pukrop et al., 2003).  

Only two previous studies have directly compared schizophrenia and bipolar disorder 

patients on working memory subprocesses.  The present results replicate a study by 

Gooding & Tallent (2001), which found a maintenance impairment (as measured by the 

Spatial Delayed Response Task) in schizophrenia patients compared to nonpsychiatric 

controls and bipolar disorder patients.  For low demand manipulation using the Digit 

Span Backwards, the present results replicated the finding by Gourovitch et al. (1999) 

who did not find a Digit Span Backwards deficit in monozygotic twins discordant for 
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bipolar disorder compared to nonpsychiatric controls.  However, Gourovitch and 

colleagues did find a deficit in affected co-twins for the Brown Peterson Task (a 

maintenance task of verbal working memory with distraction delay, see description 

earlier). A focus of the Gourovitch study was to compare the cognitive performance of 

the bipolar disorder patients to an earlier-studied group of schizophrenia patients.  

Although Gourovitch and colleagues did not report the results of the comparison for 

individual tasks, they did report that the deficits found in the bipolar disorder patients 

were much more mild than those seen in the schizophrenia patients.  Unlike studies by 

Thompson and colleagues (2001a; 2005) that reported low demand manipulation 

impairment (as measured by the Digit Span Backwards) in bipolar disorder patients 

compared to nonpsychiatric controls, the present study did not find low demand 

manipulation deficits in bipolar disorder patients. The first of the studies by Thompson 

and colleagues (2001a) was reported in the form of a poster abstract and therefore 

experimental details reported are few.  The second of the Thompson studies (2005) used 

54 bipolar disorder Type I patients, 9 bipolar disorder Type II patients, and 5 rapid 

cycling patients; half of all patients had previously received ECT.  In contrast, the present 

study excluded patients with a history of ECT treatment as it is possible that excitotoxic 

seizures produced by the procedure may create brain damage that results in cognitive 

deficits.  It is possible that the bipolar disorder patients of both studies by Thompson and 

colleagues were impaired by the effects of ECT treatments.  

In the present study, schizophrenia patients also demonstrated deficits in 

monitoring compared to bipolar disorder patients but only for samples of those over 22 
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and under 68 years of age and for whom genotyping data was available.  Earlier studies 

(Chey et al., 2002; Conklin et al., 2005) have reported a monitoring deficit (as measured 

by the Self Ordered Pointing task) in schizophrenia patients compared to nonpsychiatric 

controls.  In addition, although earlier studies reported a monitoring deficit in bipolar 

disorder patients compared to nonpsychiatric controls (Thompson et al., 2001a; 2005), 

the present study did not find a performance difference between these groups.  As stated 

earlier, these early studies by Thomson did differ from the present experiment by using 

patients with a history of ECT.  The present experiment’s gamut of results regarding the 

Self Ordered Pointing task has been generally peculiar and it is uncertain what factors 

may account for this. 

In the present study, diagnostic groups were also compared on working memory 

performance collapsed across all tasks of working memory subprocesses.  The 

performance of schizophrenia patients was worse than the nonpsychiatric controls, 

bipolar disorder patients, relatives of bipolar disorder patients, as well as relatives of 

schizophrenia patients.  As working memory has been identified as an executive function 

of the PFC, the present findings provide support for the suggestion that schizophrenia is 

associated with an abnormally functioning PFC and likely has pathophysiology related to 

that brain area.  The lack of impairment in bipolar disorder patients on any of the working 

memory subprocess tasks suggests that the PFC is not greatly affected in this patient 

population.  These results add strength to the body of research evidence that indicates  

schizophrenia and bipolar disorder are distinct illnesses with differing pathophysiologies.   
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The second question examined in the present study was whether the relatives 

of schizophrenia patients and relatives of bipolar disorder patients would manifest 

deficits in the working memory processes of maintenance, monitoring, and 

manipulation.  Although no differences were revealed between nonpsychiatric controls 

and the patients’ relative groups in monitoring (as measured by Self Ordered Pointing), 

the relatives of schizophrenia patients showed poorer performance than nonpsychiatric 

controls in low and high demand manipulation as measured by the Digit Span Backwards 

and Letter Number Sequencing tasks, respectively, and a trend for poorer performance in 

maintenance (using the Spatial Delayed Response Task).  Although these results differ 

from Conklin et al. (2005) which reported a monitoring deficit in relatives of 

schizophrenia patients compared to nonpsychiatric controls, the present findings support 

previous studies that have found the relatives of schizophrenia patients impaired 

compared to nonpsychiatric controls with regard to maintenance using the oculomotor 

Spatial Delayed Response Task (McDowell et al., 2001; Park et al., 1995), low demand 

manipulation using the Digit Span Backwards (Conklin et al., 2005; Trandafir et al., 

2006), and high demand manipulation using the Letter Number Sequencing task (Conklin 

et al., 2006).  Only one previous study has directly compared relatives of schizophrenia 

patients and relatives of bipolar disorder patients on maintenance (using a high demand 

spatial working memory task with delay) and low demand manipulation using the Digit 

Span Backwards (Keri et al., 2001).  Similar to the present study, they found a 

maintenance deficit in relatives of schizophrenia patients compared to relatives of bipolar 

disorder patients and nonpsychiatric controls.  Whereas the present study showed the 
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relatives of schizophrenia patients had a low demand manipulation deficit compared to 

nonpsychiatric controls, Keri et al. (2001) found no difference between relatives of 

schizophrenia patients, nonpsychiatric controls, and relatives of bipolar disorder patients.  

Keri and colleagues (2001) did point out that their group of patients had a milder course 

of illness and that their relatives had high IQ, education, and psychosocial functioning.  It 

is possible that their group of relatives was not representative of a genetically at-risk 

population.  Also, although there has been a report of a low demand manipulation deficit 

in the relatives of bipolar disorder patients, as measured by the Digit Span Backwards 

(Ferrier et al., 2004), the present experiment did not find working memory deficits in the 

relatives of bipolar disorder patients.   Unlike the relatives of bipolar disorder patients 

included in the present study, those of Ferrier and colleagues included individuals with 

previous Axis I disorders (e.g. Major Depressive Disorder, Panic Disorder, and Social 

Phobia).   

It should be noted that when the present analyses were rerun with the variance due 

to same family membership accounted for, all differences remained significant.   This 

would suggest that differences between families were not underlying the performance 

difference between relatives of schizophrenia patients and nonpsychiatric controls in 

maintenance as well as low and high demand manipulation.  Considering these results, 

impairments in maintenance and manipulation appear to be a promising endophenotypes 

for schizophrenia-relevant disease genes.  As mentioned earlier, diagnostic groups were 

also compared on working memory performance collapsed across all tasks of working 

memory subprocesses.  The relatives of schizophrenia patients demonstrated worse 
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performance than nonpsychiatric controls.  This finding provides further support for a 

working memory-related endophenotype for schizophrenia vulnerability genes.   

The third question examined in the present study was whether the COMT 

Val158Met polymorphism genotypes (i.e. Val homozygotes, heterozygotes, and Met 

homozygotes) would differ from each other in maintenance, monitoring, and 

manipulation.  When genotype groups were compared within a sample composed of 

every participant, regardless of diagnostic group, no differences were revealed for any of 

these working memory subprocesses.  As reviewed earlier, various research studies have 

similarly reported a lack of genotype group differences.  A previous study that 

investigated these genotype groups in healthy children found no differences on the 

monitoring task of Self Ordered Pointing (Diamond et al., 2004).  Bilder et al. (2002) 

reported no differences in genotype gropus on the Spatial Delayed Response Task and n-

back for their sample of nonpsychiatric controls.  Bruder et al. (2005) similarly found no 

genotype group differences for the WCST in their sample of controls.  A study that 

compared these genotype groups in healthy adults found no significant differences on the 

WCST or the high demand manipulation task of Letter Number Sequencing, although it 

was observed that the Met allele was associated with better, though nonsignificant, 

performance on the Letter Number Sequencing than the Heterozygote and Val 

homozygote genotype groups (Bruder et al., 2005).  In examining schizophrenia patients 

and nonpsychiatric controls, Bosia et al. (2007) reported no differences between genotype 

groups on a digit sequencing working memory task.  Ho et al. (2005) also found no 

differences among genotype groups for the WCST and Digit Span Backwards.   
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Although much of the previous research has reported a cognitive advantage 

associated with greater Met158 allele loading, a considerable number of studies have 

reported a lack of working memory differences among the genotype groups.  Tunbridge 

et al. (2006) suggested that multiple factors could contribute to an individual’s PFC 

dopamine status along the inverted U-curve.  Hypofrontal dopamine could be a 

consequence of increasing age after the PFC has already reached maturity.  Trait-related 

factors such as ADHD and Parkinson’s Disease would similarly render below-optimal 

levels of dopamine.  State-related variables such as stress or amphetamine psychosis 

could push an individual beyond dopamine’s zone of peak PFC performance.   

COMT Val158Met genotype might also interact with various factors to influence 

PFC function.  For example, Smyrnis et al. (2007) reported no Val158Met genotype 

group differences on spatial working memory but findings from their structural equation 

modeling indicate that, cognitive performance worsened with greater presence of 

negative schizotypy.  In addition, increases in Val allele loading had a modulating effect 

upon the cognition-schizotypy relationship that led the authors to suggest that, among 

individuals exhibiting a high degree of negative schizotypy, greater degree of cognitive 

impairment may result from increased presence of Val allele.   

The results of Meyer-Lindenberg et al. (2006), Tan et al. (2007), and Roffman et 

al. (2008), and Xu et al. (2007) provided evidence that COMT Val158Met interacts with 

other genes as well as other COMT polymorphisms to affect working memory 

performance.  Several of these studies have suggested that such interactions may account 
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for previous findings reporting discrepant results in the COMT Val158Met genotyping 

literature.   

In the present study, when genotype groups were compared within separate 

samples for each diagnostic group, a couple of interesting results were found.  Genotype 

groups did not differ from each other on maintenance or monitoring when compared 

within schizophrenia, bipolar disorder, relatives of schizophrenia patients, as well as 

relatives of bipolar disorder patients.  The genotype groups also did not differ from each 

other on low or high demand manipulation within either patients’ relative groups.  

However, for low demand manipulation, there was a trend regarding the performance for 

schizophrenia patients where Val homozygotes demonstrated poorer performance than 

heterozygotes.  Also, for high demand manipulation performance of schizophrenia 

patients, the Met homozygotes were impaired compared to heterozygotes who trended 

impairment compared to Val homozygotes.   

No previous studies have compared COMT Val158Met polymorphism genotype 

groups within schizophrenia for the subprocesses of maintenance, monitoring, or 

manipulation using the same tasks as the present study.  However, previous experiments 

that have used the executive tasks of n-back or WCST (i.e. tasks that likely include 

maintenance and monitoring) have generally found that the Val homozygotes perform 

worse than the heterozygote and Met homozygote groups (Egan et al., 2001; Galderisi et 

al., 2005; Goldberg et al., 2003; Joober et al., 2002).  The authors of these previous 

studies generally argue that the Val allele is likely associated with reduced prefrontal 

dopamine and poorer executive function while the Met allele would increase prefrontal 
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dopamine and relate to better executive functioning.  The present finding in 

schizophrenia patients of a trend for worse low demand manipulation in Val 

homozygotes than in heterozygotes somewhat support the previous research.  Although 

this finding was derived from a schizophrenia patient sample, it is also somewhat in 

agreement with Bilder and colleagues’ (2002) results for nonpsychiatric controls which 

found poorer Val homozygote performance for manipulation.  Bilder et al. (2002) 

suggested that the higher order working memory subprocess of manipulation is more 

directly related to the COMT gene than the other working memory subprocesses.              

However, the present research also found among schizophrenia patients that the 

Met homozygotes demonstrated high demand manipulation impairment compared to the 

heterozygotes who trended a deficit compared to the Val homozgyotes.  Considering the 

existing literature on genotype group performance differences in executive function, this 

result was surprising.  An inverted U-shaped function has been purported where 

intermediate levels of dopamine are associated with a maximally performing PFC while 

low and high levels of dopamine relate to an inefficiently performing PFC (Tunbridge et 

al., 2006).  If the intermediate Val allele loading of Val158Met polymorphism 

heterozygotes can be considered intermediate in its effect on prefrontal dopamine, then 

the present result of worse Met homozygote manipulation than heterozygotes is 

explainable by this U-shaped function theory.  However, it does not explain the present 

trend for worse heterozygote manipulation than Val homozygotes and this theory would 

be inconsistent with the existing genotyping studies in schizophrenia.   
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There were several weakness of the present study.  Analyses included small 

sample sizes for patient groups and relatives of bipolar disorder patients.   Although the 

schizophrenia patient group demonstrated clear deficits for all working memory 

subprocesses, it is possible that subtle impairments in bipolar disorder patients and their 

relatives might have been revealed with larger samples included in the analyses.  Another 

issue regarded the peculiar results of the monitoring task, Self Ordered Pointing.  Except 

for the schizophrenia patients, all groups scored better on this task than the 

nonpsychiatric controls although the differences were not significant.  As no unusual 

aspects of presentation, administration, or scoring are known of, it is unclear why the Self 

Ordered Pointing results were peculiar.  Future studies on specific working memory 

processes may greatly benefit from continuing to explore whether subprocess 

impairments are associated with particular COMT genotypes.  Also, it might be useful for 

future researchers to determine the transmission of alleles associated with impairment in 

specific types of working memory subprocesess.   
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Appendix A 

Table 1 

Demographic Characteristics of Patient Groups and Nonpsychiatric Controls 

  

 Diagnostic Group 

 Schizophrenia Bipolar Disorder Controls 

 (n=59) (n=31) (n=66) 

 

 

Gender (% females) 16.9 22.6 47 

Age (in years) 

    M 46.2 43.2 43.5 

    SD 7.7 9.7 9.9 

Education (in years) 

    M 14.1* 15.3 15.8 

    SD 2.5 2.2 3.8 

IQ 

    M 97.3** 111.3 109.6 

    SD 12.5 17.0 12.7 

 

 

*p=.003 for difference from nonpsychiatric controls 

**p<.0005 for difference from nonpsychiatric controls and bipolar disorder patients 
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Appendix B 

Table 2 

Demographic Characteristics of Relative Groups and Nonpsychiatric Controls 

 

  

 Diagnostic Group 

 Schizophrenia Bipolar Disorder Controls 

 Relatives Relatives  

 (n=73) (n=28) (n=69)  

 

 

Gender (% females) 57.5 46.4 48.5 

Age (in years) 

    M 49.1 47.3 45.7 

    SD 8.8 12.8 10.8 

Education (in years) 

    M 14.7 14 15.3 

    SD 2.5 3.1 3.8 

IQ 

    M 105 109.2 109.1 

    SD 15.2 13.7 12.8 
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Appendix C 

Table 3  

Mean Raw Scores and Standard Deviations for Relative Groups and Nonpsychiatric Controls

 __________________________________________________________________________________ 

 SZREL BPREL NC F p !2  
ICC

 
 

 M (SD) N M (SD) N M (SD) N     

_____________________________________________________________________________________________________ 

DRT Combined 13.68
a
 (3.6) 66 12.72 (2.9) 26 12.01 (4.1) 47 2.57 .08 .037 .07  

DRT Spatial 14.80
b
 (4.5) 66 13.08 (3.9) 26 12.81 (4.8) 47 3.11 .05 .044 .07 

DRT Verbal 12.57 (3.5) 66 12.35 (3.4) 26 11.21 (4.1) 47 1.94 .15 .028 .00 

Self Ordered Pointing 20.63 (7.4) 62 20.28 (6.2) 25 23.26 (9.4) 66 1.89 .15 .025 .17  

Digit Span Backward 4.76
c
 (1.1) 71 5.04 (1.2) 26 5.46 (1.5) 68 4.77 .01 .057 .42 

Letter Number Sequencing 5.10
d
 (1.2) 70 5.27 (.9) 26 5.59 (.9) 69 3.69 .03 .044 .43 

SZREL=relatives of schizophrenia patients, BPREL=relatives of bipolar disorder patients, NC=nonpsychiatric controls 

The F statistic is for the group effect.  !2
 represents the effect size of group from ANOVA computation.  ICC is intraclass correlation 

reflecting family-level variance adjusted for proband diagnosis.  M=Mean, SD=Standard Deviation, N=sample size 

DRT Combined data is for average of spatial and verbal interference scores on Spatial Delayed Response Task 
a
 paired comparisons difference from nonpsychiatric controls p=.02 for main effect trend of p=.06, 

b
 p=.02 for difference from 

nonpsychiatric controls, 
c
 p=.002 for difference from nonpsychiatric controls, 

d 
p=.006

 
for difference from nonpsychiatric controls. 
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Appendix D 

Table 4 

Demographic Characteristics of Genotype Groups 

_______________________________________________________________________ 

  

 Genotype Group                  

 _________________________________________________    

   Val/Val  Heterozygote Met/Met 

    

 (n = 56) (n = 102) (n = 56) 

_______________________________________________________________________ 

 

Gender (% females) 42.9 43.1 30.4 

Age (in years)   

 M 46.1  46.6 45.9 

 SD 9.4 9.5 10.4 

Education (in years)  

 M 15.1 14.4 15.4 

 SD 4.1 2.6 2.7 

IQ   

 M 103.4 105.6 107.5 

 SD 15.9 13.8 15.9 
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Appendix E 

 

Table 5 

Ethnicity of Genotype Groups 

_______________________________________________________________________ 

  

 Genotype Group                  

 _________________________________________________    

   Val/Val  Heterozygote Met/Met 

    

 (n = 56) (n = 102) (n = 56) 

_______________________________________________________________________ 

 

Anglo Saxon 87% 93.1% 90.7% 

Eastern European 0% 3% 3.7% 

Russian 0% 0% 1.9% 

Mexican Hispanic 1.9% 0% 0% 

Native American/Alaska Native 0% 2% 0% 

African American 11.1% 2% 1.9% 

Other 0% 0% 1.9% 
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Appendix F 

Table 6 

Demographic Characteristics of Diagnostic Groups Across Tasks  

   Diagnostic Group                  

 ______________________________________________________________________________ 

 Nonpsychiatric Schizophrenia Bipolar Disorder Relatives of Relatives of 

 Controls Patients Patients Schizophrenia Bipolar Disorder 

 (n=44) (n=36) (n=29) (n=61) (n=25) 

_____________________________________________________________________________________________________ 

Gender (% females) 38.6 19.4 24.1 54.1 52.0 

Age (in years)   

 M 48.3 45.3 43.5 48.6 46.7  

 SD 10.4 8.5 9.6 8.6 12.2 

Education (in years)  

 M 15.8 13.8 
1 2 3

 15.2  14.9  14.4 
4
  

 SD 4.6 2.8 2.2 2.4 2.2   

IQ   

 M 107.7 
a
 96.8

 b
 111.7

 c
 106.2 

a
 108.5 

a
  

 SD 11.2 13.1 15.9 14.2 14.1  

1
 p=.004 for difference from nonpsychiatric controls, 

2
 p=.06 for difference from bipolar disorder patients, 

3
 p=.09 for difference from 

relatives of schizophrenia patients, 
4
 p=.07 for difference from nonpsychiatric controls, 

a
 p=.001 for difference from schizophrenia 

patients, 
b
 p<.0005 for difference from bipolar disorder patients, 

c
 p=.08 compared with relatives of schizophrenia patients 
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Appendix G 

 

 
 

 

Figure 1.  For patient groups and controls, average amount of impairment to accuracy on 

Spatial Delayed Response Task, collapsed across spatial and verbal interference 

conditions.  Error bars represent standard errors of the mean.  *p=.004 for difference 

from nonpsychiatric controls.  



 

  139 

 

 

Appendix H 

 

 
 

 

 

Figure 2. For patient groups and controls, average amount of impairment to accuracy on 

Delayed Response Task caused by different types of interference conditions.  Error bars 

represent standard errors of the mean.   * p<.0005 for difference from Verbal interference 

condition.     
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Appendix I 

 

 
 

 

 

Figure 3. For patient groups and controls, average number of reversed items recalled on 

the Digit Span Backward.  Error bars represent standard errors of the mean. * p<.0005 for 

difference from nonpsychiatric controls. **p<.001 for difference from schizophrenia 

patients.   
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Appendix J 

 

 
 

Figure 4. For patient groups and controls, average number of items sequenced and 

recalled on the Letter Number Sequencing Task.  Error bars represent standard errors of 

the mean. * p<.0005 for difference from nonpsychiatric controls. **p<.007 for difference 

from schizophrenia patients.   
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Appendix K 

 

 
 

 

 

Figure 5. For relative groups and controls, average amount of impairment to accuracy on 

Delayed Response Task, collapsed across spatial and verbal interference conditions.  

Error bars represent standard errors of the mean. * p=.02 for difference from 

nonpsychiatric controls.  
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Appendix L 

 

 
Figure 6. For relative groups and controls, average number of reversed items recalled on 

the Digit Span Backward.  Error bars represent standard errors of the mean. * p=.002 for 

difference from nonpsychiatric controls. 
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Appendix M 

 

 
 

 

 

Figure 7. For relative groups and controls, average number of items sequenced and 

recalled on the Letter Number Sequencing Task.  Error bars represent standard errors of 

the mean. * p=.006 for difference from nonpsychiatric controls.  
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Appendix N 

 

 
 

Figure 8. For all genotype and patient groups, average amount of impairment to accuracy 

on the Delayed Response Task caused by spatial interference.  Error bars represent 

standard errors of the mean. * p=.03 for difference from bipolar disorder patients with 

Val/Val genotype.  
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Appendix O 

 

 
 

 

Figure 9. For all genotype and patient groups, average number of trials required to 

complete the Self Ordered Pointing Task.  Error bars represent standard errors of the 

mean. * p=.001 for difference from bipolar disorder patients, collapsed across genotype 

groups.  
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Appendix P 

 

 
 

 

 

Figure 10. For all genotype and patient groups, average number of reversed items 

recalled on the Digit Span Backward.  Error bars represent standard errors of the mean.   

* p<.0005 for difference from Val homozygote bipolar disorder patients. ** p=.04 for 

difference from Met homozygote bipolar disorder patients. *** p=.08 for difference 

between schizophrenia patients with Heterozygote genotype. 
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Appendix Q 

 

 
 

 

 

Figure 11. For all genotype and patient groups, average number of items sequenced and 

recalled on the Letter Number Sequencing Task.  Error bars represent standard errors of 

the mean.  * p=.03 for difference from Val homozygote bipolar disorder patients.          

** p=.001 for difference from Met homozygote bipolar disorder patients. *** p=.02 for 

difference from schizophrenia patients with Met homozygote genotype.  
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Appendix R 

 

 
 

 

 

Figure 12.  For all genotype and relative groups, average amount of impairment to 

accuracy on the Delayed Response Task caused by spatial interference.  Error bars 

represent standard errors of the mean.     * p=.02 for difference from Met homozygote 

genotype, collapsed across Diagnostic Groups. 
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Appendix S 

 

 
 

 

 

Figure 13. For all genotype and relative groups, average number of reversed items 

recalled on the Digit Span Backward.  Error bars represent standard errors of the mean.   

* p=.01 for difference from relatives of bipolar disorder patients with Heterozygote 

genotype. 
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Appendix T 

 

 
 

 

 

Figure 14. For all patient, relative, and nonpsychiatric control groups, the mean z-score 

difference from nonpsychiatric controls across tasks.  a = p<.0005 for difference from 

nonpsychiatric controls.  b = p=.002 for difference from bipolar disorder patients.            

c = p=.009 for difference from relatives of bipolar disorder patients.  d = p=.057 for 

difference from relatives of schizophrenia patients.  e = p=.02 for difference from 

nonpsychiatric controls. 1 = p<.0005 for difference from verbal interference condition of 

Spatial Delayed Response Task.  2 = p<.0005 for difference from spatial condition of 

Spatial Delayed Response Task.  3 = p<.0005 for difference from Digit Span Backward.  

4 = p<.0005 for difference from Letter Number Sequencing. 

 


