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CHAPTERI

INTRODUCTION

Cognitive dysfunction is fundamenta to schizophrenia (Kragpelin & Robertson, 1971;
Bluder, 1905) and readily demondtrated on avariety of neuropsychologicad instruments (Kolb &
Whishaw, 1983). Patients with schizophreniatypically perform one to two standard deviations
below norma on avariety of measures, especidly those that assess executive functions, verba
skills, processing speed, and attention (Hoff, Riordan, O'Donnell, Morris, & Delig, 1992;
Saykin et d., 1994, Bilder et d., 2000; Fuller et d., 2002; Heinrichs & Zakzanis, 1998).
Cognitive impairment in schizophreniarelates directly to socio-vocationd functioning (Green,
Kern, Braff, & Mintz, 2000; Green, 1996), and has been reported to exert a greater influence on
functiond outcome than the presence or severity of the positive or negative symptoms of
schizophrenia (Vligan, Bow- Thomas, Mahurin, Miller, & Hagunseth, 2000). A recent review
and meta-analysis ddlineated the direct associations between neuropsychologica functions and
dimensions of outcome (Green et ., 2000). Executive skill (i.e. WCST), secondary verbd
memory, and verbd fluency were associated with community/daily living skills. Secondary
verba memory and vigilance were rdated to socid problem solving/insgrumental skills.
Immediate and secondary verba memory were associated with psychosocid skill acquigtion.
An improvement in cognitive skill may thus have important consequences for rehabilitation, and
the ducidation of particular associations between cognitive impairments and psychosocid
limitations may provide a framework for the prediction of functiona changes resulting from
trestment- gpecific changes in cognitive satus.

With few exceptions, deficits on neuropsychologica tests do not respond to treatment
with firgt generation antipsychotics (FGAS). Subtle and equivoca benefits from FGAs have
been demonstrated on measures of attention (e.g. CPT, Digit Span), but no consstent changes
have been reported on measures of generd intellect, verba skills, visud skills, executive kills,
immediate recall or delayed recal (Spohn, Lacoursiere, Thompson, & Coyne, 1977; Spohn &
Strauss, 1989; Blyler & Gold, 2000). Infact, there is speculation that FGAs may have
deleterious effects on specific cognitive skills, such as fine motor skill and procedura learning,
deficits that presumably result from pharmacologica blockade of D2 receptors &t the dorsal



griatum (Blyler & Gold, 2000; Purdon, Woodward, Mintz, & Labelle, 2002; Purdon,
Woodward, Lindborg, & Stip, 2003; Stevens et d., 2002; Bedard, Scherer, Delorimier, Stip, &
Lalonde, 1996; Bedard et a., 2000; Saint-Cyr, Taylor, & Lang, 1988; Farde et a., 1992; Kapur,
Zipursky, & Remington, 1999). Thusin some cognitive domains, traditional antipsychotics may
not only fail to improve cognitive performance, but may actudly lead to greater impairments
(Carpenter & Gold, 2002).

A body of evidence has begun to accumulate that suggests potentia cognitive benefits
from SGAs (e.g. Gdletly, Clark, McFarlane, & Weber, 1999; Buchanan, Holstein, & Breier,
1994; Bilder et d., 2002; Purdon, Malla, Labelle, & Lit, 2001). The gpparent cognitive
enhancements may relate to the novel pharmacologicd properties of SGAS, such as alower
affinity for dorsd sriatal D2 receptors and greater seretonergic activity relative to FGAs (Kapur
et a., 1999; Kapur & Seeman, 2001; Kapur & Remington, 2001). While the former attribute
likely underlies the reduced propensity of SGAs to induce EPS and procedura learning
impairment, the latter might explain the cognitive advantages of SGAs over FGAs (Médtzer,
1999; Chaudhry, Soni, Hellewell, & Degkin, 2002). Pharmacologica differences within the
SGA class may aso suggest dissociable effects on cognition. For example, cholinergic
inhibition adversdy affects cognitive kills, particularly attention and memory (Bartus &

Johnson, 1976; Frith, 1984; Spohn et d., 1989), and SGAs demondrate variability in their degree
of anticholinergic action. Both olanzapine and clozapine have sgnificant anticholiergic activity

and, therefore, may not improve aspects of attention and memory to the same degree as
rigperidone and quetigpine. This may be particular rlevant to clozapine sinceit istypicaly
prescribed at much higher doses despite having equivalent muscarinic receptor affinity as
olanzapine (Lavaaye, Booij, Linszen, Reneman, & van Royen, 2001; Richelson & Souder, 2000;
McGurk & Powchick, 2000). Similarly, within the SGA class, rigperidone has ardletively high
affinity and long dissociation latency period for D2 receptors (Lavaaye et ., 1999; Seeman,
2002), suggesting that patients receiving risperidone may be more likely to display adverse
effects associated with dopamine antagonism in the striatum including grester EPS symptoms

and reduced procedurd learning. A recent meta-andysis of EPS prevaencein clinicd trids and
preliminary evidence of reduced procedurd learning with risperidone, relative to clozapine and
olanzapine, provide support for this prediction (Leucht, Ritschel-Walz, Abraham, & Kisding,
1999; Bedard et al., 2000; Purdon et ., 2003). If EPS or procedura learning effects influence



performance on other cognitive domains, risperidone may produce a unique profile of
neuropsychological benefits reletive to other SGAS.

Although important to rehabilitation, the significant methodologicd differences that exist
across sudies undermine attempts to draw definitive conclusions on the efficacy and differential
benefits of SGAs to cognition in schizophrenia. Two earlier quantitetive reviews of published
studies up to 1998 identified ggnificant gains with SGAsin severd cognitive domains including
verbd fluency, vigilance, secondary memory, and visuomotor skills (Keefe, Silva, Perkins, &
Lieberman, 1999; Harvey & Keefe, 2001). Effect Szes, in terms of Cohen’sd, weretypicdly
within the range of 0.2 to 0.4 suggesting thet the improvements may have limited clinical
sgnificance. However, these earlier reviews were hampered by the rdatively smal number of
double blind, random assignment studies that had been carried out prior to 1998, limited
availability of data on olanzapine, and complete absence of data on quetigpine. Since 1998 the
results of over 20 sudiesinvolving SGAsincluding severd large scde NIMH and industry
sponsored dlinicd trails have been rdleased and there is now a substantia pool of data on
olanzapine s effects on cognition and results from severd investigations of quetigpine (Bilder et
a., 2002; Harvey, Green, McGurk, & Méltzer, 2003; Purdon et d., 2001; Veligan et d., 2002).

The larger number of sudies now availadle for review permits amore thorough
investigation of the cognitive improvements associated with SGAs. Specificaly, enough studies
now exig to alow an identification of potentia differences between treestments. Although
severd invedtigations have directly compared medications within the SGA class, with few
exceptions, (eg. Harvey et d., 2003), interpretation of the results have been limited by the small
number of subjects included in treatment groups (Purdon et d., 2000; Bilder et d., 2002). By
quantitatively analysing effects across sudies, meta-analysis may help to overcome these sample
gzelimitations, and help identify possble differences between treatments with respect to their
effects on cognition.

Thelarge number of studiesthat have been reported since 1998 aso make it feasible to
examine the effects of redlevant methodologica characterigtics, such as medication blind, random
assgnment of subjects, and study duration. Earlier reviews have stressed the importance of
controlling for these variables to protect againgt experimenter bias and demand characterigtics.
However, quantitative comparisons between studies that included these design features and those
that did are lacking.



A meta-analysis of SGA studies may aso be useful for addressing issues associated with
basdline medications status and practice effects. Severa investigators have speculated that the
cognitive improvements observed with SGAs may, in part, represent practice effects associated
with repeated exposures to neuropsychological test batteries and an avoidance of derogatory
effects associated with FGAs (Carpenter et d., 2002; Purdon et al., 2002; Purdon et a., 2003;
Tandon, Milner, & Jbson, 1999). Specificadly, severd FGA vs. SGA dlinicd trids have been
criticized for using doses within the FGA arm that are too high, thus impairing cognition within
the FGA comparator arm, or at least limiting the degree of improvement expected from retesting
aone, and fasdy identifying gains with SGAS, that presumably do not have Smilar negative
effects on cognition. In the case of within subjects switch studies, the absence of an unmedicated
basdline assessment does not rule out asimilar possibility that the improvements observed
following a switch to an SGA treatment reflect a release from the adverse effects associated with
FGAs rather than anovel enhancement of cognition. Support for these contentions comes from a
recent two-year investigation of rigperidone versus low dose haoperidol (Green et d., 2002) and
repested demonstrations of a complete absence of improvement in the FGA comparator arms of
severd recent clinica trids (Bilder et d., 2002; Purdon et al., 2000).

At present, over 40 studies have reported on the effects of clozapine, olanzapine,
risperidone and quetigpine on awide range of neuropsychologica tests. The studies were entered
into ameta-andysisto (1) evauate and extend the findings of the earlier meta-anayses, (2)
identify any differences between SGA medications on cognitive processes, (3) identify study
characterigtics that might be relevant to demondtrations of cognitive change, and (4) attempt to
demarcate the cognitive benefits of SGAS, if they exigt, from those that might be attributed to
practice effects.



CHAPTERI I

METHODS
Literature Search

Relevant articles were identified through extensive literature searches of computerized
databases including Psyclnfo, Medline, and Dissertation Absiracts. Key search terms included
Schizophrenia, Cognition, Neuropsychology, Neurocognition, Clozapine, Olanzapine,
Risperidone, and Quetiapine. In addition, the bibliographies of severd earlier reviews were
examined (Keefe et d., 1999; Mdtzer & McGurk, 1999; Purdon, 1999; Purdon, 2000; Harvey et
al., 2001). To ensurethat the most recently published articles were included, the online table of
contents and upcoming articles sections of the American Journal of Psychiatry, Archives of
General Psychiatry, Biological Psychiatry, British Journal of Psychiatry, Schizophrenia
Research, Neuropsychopharmacology, and Psychophar macol ogy web sites were reviewed for
rdevant articles. Also, the authors of abstracts pertaining to cognition and treatment presented at
the most recent international conference devoted to schizophrenia research (Schizophrenia
Research, 2002) were contacted to solicit preprints of manuscripts accepted for publication but
not yet in print.

Studies were included in the current meta- andyds if they met the following criteria: 1)
incluson of patients with adiagnoss of schizophrenia or schizoaffective disorder as outlined in
DSM-I111, DSM-I1I-R, DSM-IV, or ICD-9, ICD-10; 2) prospective study design with abasdine
assessment and at least one follow-up assessment; 3) trid duration of at least 1 week; 4) no
antipsychotics, asde from the study medications were administered; 5) a basdine sample size of
at least 10; 6) results of neuropsychological change to treatment were reported for &t least one of
the common testslisted in Table 1; and 7) the study was published or ‘in press in a peer
reviewed journd. Investigations of geriatric, adolescent (age <18 yrs), or high-risk populations
were not included.

Coding of Study Characterigtics

Studies were coded for author and year of publication, schizophrenia sub-type
classfication, basdline medication status, medication blind, random assgnmert, trid



medications, total subjects enrolled and the number completing the trid, trid duration, use of
dternate neuropsychological test forms when applicable, and mean tria medication dosages.
Schizophrenia sub-type classification was based on explicit descriptions contained in
each publication and conssted of three classfications: generd schizophrenia, early phase, or
treatment refractory. Medication blind was coded as double blind or open label. Open label
extensons to double blind studies were not included in this andyss with one exception (Smith et
a., 2001) because the within-group results were not reported for the end of the double-blind
phase. The number of subjects who completed the study was defined as the total number of
subjects that completed thetrid. In addition, if a study reported statistics based on the last-
observation-carried-forward (locf) method, then these values were used to cdculate effect Szes

and the number of subjects completing at least one follow-up assessment was a so reported.

Neuropsychologicd tests and Domains

An exlier meta-analyss of neurocognitive deficits in schizophrenia calculated effect
szesfor individua neuropsychologicd tests rather than combining tests into domain scores
(Heinrichs et d., 1998). For comparison purposes, the same method was utilized in the current
set of meta-andyses, dthough in severd cases highly smilar tests were combined into asingle
measure (e.g. verbd list learning). In addition, composite domains scores have aso been
caculated by averaging effect Szeswithin studies across tests that putetively tap smilar sills.
Thus, each study contributed at least one effect size for each neuropsychologicd test and
cognitive domain. Both the effect Szes for the domains and individud tests are reported. The
congtruction of the domains reported here was based upon prior reviews and earlier studies that
utilized large cognitive batteries, contemporary neuropsychologica domain constructs, and
cognitive domains identified as being epecidly relevant to outcome in schizophrenia (Purdon et
al., 2000; Purdon et d., 2001; Green et d., 2002; Bilder et d., 2002; Heaton et d., 2001; Harvey
& Keefe, 2001). Thetestsand domainsarelisted in Table 1.

The Vigilance domain included the Continuous Performance/Attention Test (CPT),
Stroop Test (Stroop color-word), and Trailmaking A Test (TMA). An aggregate score across
both visua and auditory test versons was used for the CPT score. Thisdomain is linked to

severa dimensions of outcome (Green et ., 2000).



The Working Memory domain consisted of the Verba Working Memory and Spatia
Working Memory scores. The Verba Working Memory measure included the Digit Span, Digit
Span Didraction, Paced Auditory Seria Addition, Letter-Number Span, and Consonant Trigrams
tests. The Spatid Working Memory measure included the Visud Span subtest of the WAIS-
R/ and the Spatid Working Memory Test (Meltzer et d., 1999; Green et d., 2002; Harvey et
al., 2003).

The Learning domain conssted of the Rey Serid Design Learning Test (RDLT),
paragraph recal tests (LM |; WMS-R/I11 Logical Memory | or the Story Recall Test), verbd list
learning tests (VLL 1; Cdifornia, Crawford, Hopkins or Rey Verba Learning tests, or the
Bushcke Sdlective Reminding Test), and visud reproduction tests (VR |; WMS-R/III Visud
Reproduction subtest, the Rey-Osterith/Taylor Complex Figure Test, or the Benton Visual
Retention Test).

The Cognitive Flexibility & Abstraction domain consisted of the WCST (perseverate
errors or percent perseverative errors score) and the WAIS-R/III Smilarities subtest.

The Processing Speed domain included the Digit Symbol/Moddities Test, Tralmaking B
(TMB), and the Wechlser Intelligence Scae for Children-Revised/111 (WISC-R/IT) Mazes
subtest. Thisdomain is associated with several dimensions of outcome.

The Verba Huency domain conssted of a single measure that was caculated by
combining the Controlled Ord Word Association and Category Instance Generation tests.
Verbd Fuency is strongly correlated with outcome measures of community/daily activities.

The Visuogpatiad Processing domain included the WAIS-R Block Design subtest (BD),
the Rey-Osstereith/Taylor Complex Figure Test copy score (CFTc) and avisua organization
(VOT) score derived from either the Hooper Visua Organization Test, Mooney Face Closure
Tedt, Benton Judgment of Line Orientation, or Line Drawing tests.

The Motor Skill Domain included the Finger Tapping Test (FTT) and amanud dexterity
score congsting of either the Grooved Pegboard Test or the Pin Test (GPB/PIN).

The Delayed Recall domain included avisud recdl score (VR 1I; WMS-R Visud
Reproduction |1 or the delayed RCFT), averba recdl score (LM 1I; WMS-R Logicd Memory |l
or the ddayed Story Recdll Test), and averba list learning score (VLL 11; ddayed free recdl

scores from the verbal list learning tests described above).



Cdculation of Effect Szesand Data Andysis

Typicdly, meta-andyses only include double-blind studies that randomly assgned
subjects to either a control group or an active treatment group. However, this approach would
overlook a substantia body of evidence from open-labe and single sample studies that may be
relevant to the demondtration of cognitive change from SGA treatments. In an atempt to
preserve scientific rigor without omitting potentialy important results, two andyses were
undertaken, the firgt with a conservative approach to the published literature and the second with

less consarvative restrictions.

AndyssOne

The firg andyssincluded only reports from double-blind comparisons of FGAs and
SGAs that randomly assigned patients to treatment. Hedges g was used to estimate effect 9ze
by computing the difference between the post-trestment means of SGA and FGA groups, divided
by their pooled standard deviation. Where group means and standard deviations were not
explicitly reported, Hedges g was caculated using appropriate aternative methods based on t or
F statistics as outlined by Rosenthd (1994). Where thet or F dtatistics were also not reported,
data were solicited from the origind study authors. A weighted average effect Size estimate was
cdculated for each neuropsychologica test and domain by combining data from al studies that
examined cognitive change to clozapine, olanzapine, rigperidone, or quetigpine. In caseswherea
study included more than one SGA arm, in addition to an FGA control, or multiple dosng arms,
the SGA arms were treated as separate samples and effect sizes for each arm were calculated.
Effect szes were combined according to the fixed effects mode described by Shadish &
Haddock (1994). Briefly, each effect Sze was weighted by the inverse of its associated variance
such that effect szes caculated from studies with larger sample sizes contributed more to the
overd| effect 9ze when combined. A weighted average effect Size and corresponding 95%
confidence interval (Cl) were then calculated. ClI’sthat excluded zero were consdered
sgnificant. Pogtive vaues indicate improvement and negetive vaues indicate adedline in
performance. To assess the relevance of predefined moderator variables, a measure of effect Sze
homogeneity, the Q datigtic, was dso caculated for each neuropsychologicad domain. The Q
getigtic has a chi-square digtribution with k-1 degrees of freedom, where k is the number of



effect szesbeing combined. The critical aphafor the Q satistic was set a .05. When the
assumption of homogeneity was rejected the effect Szes were combined using the random
effects modd and an analysis of moderator variables was undertaken (Hedges & Vevea, 1998).
In the moderator variable analysis, the Q Statistic was partitioned into a between groups
component, Qger, and awithin groups component, Qw. A moderator variable was considered
sgnificant if it effectively separated the effect sizes into separate categories (i.e. Qger Was
sgnificant) that did not have sgnificant within group variation (i.e. Qw was not sgnificant).

The R value was aso calculated for each significant moderator variable to assess the strength of
the relationship between moderator and dependent variables. Moderator variables included the
coded study characterigtics of basdline medication status (medicated vs. unmedicated) and
schizophrenia sub-type classification (early phase combined with generd, vs. trestment
refractory). In addition, Pearson’s R correlations were carried out for each domain to examine
possible relationships between effect Szes and trid duration or effect Szes and FGA comparator
drug dose. To avoid violations of independence in the moderator variable analysis, average
effect sizes were caculated across groups for the three studies that examined cognitive changein
more than one SGA treatment or dosing arm (Bilder et d., 2002; Velligan et d., 2002; Purdon et
al., 2000).

Andyss Two
The second andlyssincluded dl prospective studies of cognitive change that evauated

clozapine, olanzapine, risperidone, or quetigpine. The second analysisincluded al prospective
gudies, including both the double-blind and the open label studies, regardiess of whether or not
participants were randomly assigned to trestment. Investigations of cognitive change following
ashift from one SGA to another were not included. A one sample, dependent measures index of
effect Sze anadogous to Hedges' g, the mean change score divided by its standard deviation, was
used as the estimate of effect Sze (Rosenthd, 1994). Paired t-tests or alternative repeated
measures values were available to cdculate an effect size for the mgority of sudies. In sudies
that did not report change scores, an estimate of effect 9ze was derived using the procedure of
Smith, Glass, and Miller (1980), which estimates change from the pre-treatment and post-
treatment group means, divided by the standard deviations reported in the original manuscript,
and adjusted for test-retest correlations provided in a compendium of neuropsychologica tests



(Spreen & Strauss, 1998). Weighted effect sizes, 95% Cls, and Q datistics were then calculated
overdl for each neuropsychologicad measure and domain, and again within each medication
group. Asin Andyss One, when the Q statistic was rejected, effect sizes were combined
according to the random effects moddl.

The effect szes obtained in Analysis Two were compared to effect sizes obtained from
longitudina studies of the stability of neuropsychologica function in schizophreniaand controls
in order to examine the contribution of practice effects to the improvements associated with SGA
medications (Heaton et d., 2001; Sweeney, Haas, Kellp, & Long, 1991; Dikmen, Heaton, Grant,
& Temkin, 1999; Basso, Borngein, & Lang, 1999; Basso, Lowery, Ghormley, & Borngein,
2001). These studies were used because ) they examined practice effects across test-retest
intervals comparable to studies of SGASs (i.e. 6 to 18 months), b) included comprehensive test
batteries that overlapped congderably with the tests examined in the current meta-andyss and
provided enough data to calculate effect sizes, and ¢) included an appropriate number of subjects
(range 39-384). In generd, invedtigations of the longitudina stability of neuropsychologica
deficitsin schizophrenia have indicated that practice effects across repeated administrations of
neuropsychologica tests are very similar to those observed in hedthy controls (eg. Heaton et dl.,
2001; Hoff et d., 1999; Cendits, Ragland, Gur, & Gur, 1997; Rund, 1998). Thefollowing
practice related effect Szes were obtained from the above studies: Vigilance ES=0.27, Working
Memory ES=0.12, Learning ES=0.32, Processing Speed ES=0.35, Cognitive Flexibility and
Abstraction ES=0.27, Verba Fluency ES=0.16, Visuospatia Skill ES=0.36, Motor Skill
ES=0.15, Delayed Recdl ES=0.20. These effect sizes were compared to those obtained from
gudies of SGAs and if the 95% ClI identified for a given domain excluded the practice effect
sze, theimprovement was considered significantly grester than that expected from practice
aone.

Anayss Two had a sufficient number of sudiesto alow for amore comprehensve
examination of the influence that sudy characteristics might have on effect szesand
comparisons between SGA medications. Comparisons of the dichotomous variables study blind
or random assignment (controlled vs. uncontrolled), baseline medication status (unmedicated vs.
medicated), and schizophrenia sub-type classfication (early phase combined with generd, vs.
treatment refractory) were carried out as described in Analysis One (by partitioning the Q
datistic into between and within groups components) for each cognitive domain. The variables

10



study blind and random assignment were collgpsed into a single variable due to the fact that
amogt every study that was double blind also randomly assigned subjects to treetment. Thus, in
order to avoid the redundancy of carrying out two comparisons, studies that included &t least one
of these featuresin their design were coded as controlled and those that did not include either
were coded as uncontrolled. Pearson’s R correlations were carried out to examine relationships
between domain effect sizes and study duration.

In addition, contrasts between medication groups were carried out for each cognitive
domain. Group differences were examined in the same manner as moderator variables, by
partitioning the Q statistic into a between and within groups component where the between
groups component reflects the difference between medication groups and the within groups
component represents an overal measure of the variability within medication groups. In cases
were Qger Was Sgnificant, pairwise contrasts were carried out to identify specific differences
between medication groups. A weighted within medication group effect Sze was not included in
the pairwise contragtsiif it was caculated under the random effects mode!.

11



CHAPTER I

RESULTS
AndyssOne
Study Demographics

Tweve studies were included in andysisone. Effect Szes for one study could not be computed
from the information provided by the author (Kern et d., 1998). Two studies included more than
one SGA treatment arm (Purdon et ., 2000; Bilder et al., 2002) and one study randomized
subjects to two separate dose groups of the same SGA treatment (Velligan et ., 2002).
Schizophrenia sub-type classfication for the 12 studies was early phase (n=1), generd (n=5),
and treatment refractory (n=6). Basdine medication status included unmedicated (n=4) and
medicated (n=8). After excluding four reports from the same study because of discrepanciesin
the reported number of enrolled subjects (Green et d., 1997; Kern et a., 1998; Kern et d., 1999;
McGurk et d., 1997), the eight remaining (independent) studies reported retention of 43% to
93% of the enrolled patients. As expected, attrition was lower in studies with a short duration of
treatment and retention improved to arange of 55% to 93% of enrolled subjects when the last
observation was carried forward for andysis.

Trid durations ranged from 4 weeks to 104 weeks and most sudiesincluded avariety of
neuropsychologica tests. Practice effects were rdevant to indruments used in nine of the twelve
gudies, but only four of the nineincluded dternate formsin the experimenta design ((Purdon et
a., 2000; Purdon et d., 2001; Ljubin, Zakic, Mimica, Folnegovic-Smalc, & Makaric, 2000;
Smith, Infante, Singh, & Khandat, 2001). The range of average doses used for each medication
was congstent with doses recommended in the various product monographs; clozapine (410.5-
498 mg), olanzapine (11-30 mg), risperidone (5.7-11.3 mg), and quetiapine (300-600 mg). The
average dose used in the haloperidol control arms ranged from 4.5-37.9 mg.

Neuropsychologica Test Effect Szes
SGAs improved cognitive function more than FGAs in the Learning (ES=0.33),
Processing Speed (ES=0.27), Verbd Fluency (ES=0.26), and Delayed Recall (ES=0.24)
domains. Significant improvements were observed on dl tests grouped within the Learning
domain (ES=0.32-0.73), both tests of Processing Speed (DSST=0.41, TMB=0.19), and two tests
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within the Delayed Recdl domain (VLL 11=0.35, VR 11=0.31). Additiond improvements on
specific tests were observed within the Working Memory (Spatid Working Memory: ES=0.39)
and Motor SKills (FTT: ES=0.30) domains (see Table 2). The assumption of homogeneity was
not violated on any domain score and only one test, DSST, was calculated under the random
effects mode do to the presence of significant heterogeneity amongst the set of effect szes that
comprised the combined weighted effect size for this test, Zg-9=17.36, p=.027.

Study duration was sgnificantly inversaly corrdated with the Learning and Cognitive
Hexibility and Abstraction domain effect Szes, Pearson’ s r=-.87, p<.025, and r=-.92, r<.005
respectively. It was gpparent however, that the corrdations were heavily influenced by the
Green et d. (2002) study that was considerably longer, 104 weeks, than the remaining studies.
After removd of this study, a positive correlation between study duration and Cognitive
Flexibility and Abstraction domain effect Size was present, r=.90, p<.016. Comparator drug dose
was not Sgnificantly correlated with any cognitive domain, however, the correlations for
Vigilance, Learning, Cognitive Hexibility and Abstraction, and Processing Speed effect size
were dl greater than .63, p<.18, indicating that studies utilizing higher doses of ha operidol
tended to produce larger SGA effect sizesfor these domains.

Andyds Two
Study Demographics

Forty-one sudies met the criteriafor inclusion in anaysistwo. The schizophrenia sub-type
classfication included early phase (n=4), generd (n=18), and treatment refractory (n=19)
patients. Basdline medication status included unmedicated (n=11), medicated (n=29), and
unknown (n=1). Eighteen studies randomly assigned patients to trestment arms and fifteen were
double blind investigations. Two studies were angle blind. Among the studies that were not
included in Analysis One, the percentage of subjects completing the trias ranged from 45% to
100%. As expected the average percentage was high, 82%, possibly reflecting the tendency for
less controlled studies to infrequently report the number of subjectsinitialy screened or enrolled
inastudy. Follow-up assessments ranged from 1.5 weeks to 3 years and the size of the test
batteries ranged from asingle measure to 18 tests.  Thirty-two studies used neuropsychologica
tests for which dternate forms were available, but only 11 of the 32 included dternate formsin
the experimenta design. The mean and range (in parentheses) of doses under double-blind (DB)

13



conditions tended to be lower than the open label (OL) dosesin studies of clozapine: DB=454.3
(410.5-498), OL=459 (200-719), and quetiapine: DB=456.1 (300-600), OL=479.3 (319.3-750),
whereas the reverse was true for olanzapine: DB =20.3 (11-30), OL=18 (12-35.5), and
risperidone: DB=6.8 (5-11.3), OL =5.5 (2.2-8.95).

Neuropsychologica Test Effect Szes
Second Generation Treatments
The information provided by the authors of two studies was insufficient to alow
caculation of effect Szes (Mdtzer, 1992; Kern et d., 1998). The second analysis showed a
more robust SGA benefit on cognitive skills than the more conservative first andyss (see Table
3). All cognitive domains demondrated a substantial improvement on SGA medications

compared to an FGA or medication free basdine. The weighted effect sizes for the nine domains
ranged from 0.18 to 0.37. Similarly, Sgnificant improvements were observed on virtudly every
test and the effect Szesranged from alow of 0.14 on the WCST to a high of 0.61 on the DSST.
The weighted effect Sze for one domain, Vigilance, was caculated under the random effects
mode due to the presence of significant heterogeneity, ?¢r=27=44.37, p<.019.

The effect Szesfor each domain were compared to the effect Szes estimated from
practice effects (see Figure 1). The weighted effect sizes for Working Memory (95% CI=0.17-
0.39), Verba Fluency (95% Cl1=0.28-0.46), Motor Skills (95% C1=0.18-0.56), and Delayed
Recall (95% CI=0.27-0.47) were sgnificantly greater than the practice effects ESs.

Moderator Variables

Schizophrenia sub-type classification was not sgnificantly associated with any cognitive
domain nor was study duration significantly correlated with any domain effect Sze. The
moderator variable control was significantly associated with both Verba FHuency and Processing
Speed indicating that studies that did not randomize subjects to trestments or were open label
produced different effects szes compared to those that included either of these featuresin their
designs. Processing Speed effect szes cdculated from controlled studies were sgnificantly
smadler than those obtained from open label or non-random assignment studies, ES=0.26 vs. 0.47
(Qger=5.44, p<.020, Qw=44.89, p<.175, R?=.11). Recaculation of the weighted effect size for
al SGAsindicated that the Processing Speed effect Sze remained significantly greeter than zero
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after excluding studies that did not randomly assign subjects to treatment or were open label
(95% CI=0.15 — 0.37). Within medication group effect Szes decreased for clozapine,
risperidone, and quetiapine (ESs=0.28, 0.19, and 0.24 respectively), and dightly increased for
olanzapine (ES=0.56). The olanzapine and rigperidone effect Szes remained sgnificantly
greater than zero after exclusion of the less controlled studies, however, the clozapine and
quetigpine effect Szes did not.

Inthe case of Verba FHuency, the weighted effect size for controlled sudies was aso
sgnificantly smdler than that observed in uncontrolled studies, ES=0.25 vs. 0.45 (QgeT=4.13,
p<.043, Qw=30.30, p<.451, R?=.12). The weighted effect size from controlled studies remained
greater than zero though, (95% Cl1=0.13 — 0.37). Recdculation of within medication group effect
gzes after excluding the uncontrolled studies indicated that the weighted effect Szesfor
clozapine, olanzapine, and risperidone decreased dightly (ESs=0.41, 0.23, and 0.04
respectively), and increased marginally for quetigpine (ES=0.68). The effect szesfor
olanzapine, clozapine, and quetigpine gill remained sgnificantly greater than zero.

Comparison of Second Generation Medications

Pairwise comparisons between medication groups were carried out on each cognitive
domain. Significant differences between medication groups were observed on the Vigilance
(Qer=17.74, p<.0005, Qw=26.63, p<.322, R?=.40) and Verba Fluency (Qger=14.41, p<.003,
Qw=20.03, p<.951, R?=.42) domains. Follow-up contrasts within the Vigilance domain reveded
asignificant advantage for quetiapine, relative to dozapine (P¢=1=8.51, p=.004) and risperidone
(Pa=1=13.10, p=.0003), and a significant advantage of olanzapine, relative to risperidone
(P=1=7.97, p=.005).

Pairwise contrasts within the Verba Fluency domain indicated that quetigpine improved
performance to a greater extent than both risperidone (?¢=1=11.09, p=.0009) and olanzapine
(P a=1=4.30, p=.039) and clozapine improved performance to a greater extent than risperidone
(P4=1=9.19, p=.003). The pairwise contrasts were repeated after exclusion of the uncontrolled
studies due to the fact that this moderator variable was associated with verba fluency effect
gzes. After excluding the less controlled studies, the quetigpine vs. rigperidone and quetiapine
vs. olanzapine contrasts remained significant (Pg=1=10.09, p=.0009 and ?-1=4.30, p=.039) as
did the clozapine vs. risperidone contrast (P=1=9.19, p=.003).
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Within Group Effect Sizes

Clozapine was associated with sgnificant improvements from baseline to endpoint on
seven of the nine domains examined. These included improvements in Working Memory
(ES=0.25), Learning (ES=0.31), Processing Speed (ES=0.35), Cognitive Flexihility and
Abstraction (ES=0.25), Verbd Fluency (ES=0.44), Motor Skills (ES=0.64), and Delayed Recall
(ES=0.25). After comparison to anticipated practice effect vaues, only the Verba Fluency (95%
Cl1=0.28-0.60) and Motor Skills (95% CI=0.29-0.99) domain effect 9zes remained sgnificant
(see Figure 2).

Olanzapine aso sgnificantly improved performance in seven of the nine domains
examined. These included improvementsin the Vigilance (ES=0.45), Working Memory
(ES=0.33), Learning (ES=0.43), Processing Speed (ES=0.57), Verba Fluency (ES=0.28),
Visuospatia Skill (ES=0.66), and Delayed Recal (ES=0.46) domains. The Processing Speed
effect size was calculated under the random effects model, P¢=7=16.75, p<.020. When the
practice effect vaues were used as a basis of comparison, only the Working Memory (95%
Cl1=0.14-0.51) and Delayed Recall (95% Cl=0.26-0.66) domains reached significance (see
Figure 2).

Risperidone was associated with sgnificant effect Szesin 5 of the 9 cognitive domains.
These included significant improvements in Working Memory (ES=0.24), Learning (ES=0.39),
Processing Speed (ES=0.30), Visuospatia Skill (ES=0.39), and Delayed Recall (ES=0.46). The
Deayed Recal effect size (95% Cl=0.26-0.46) was significantly grester than the practice effect
gzevaue (see Figure 2).

Within the Quetigpine group, sSgnificant improvements were observed in the Vigilance
(ES=0.73), Processing Speed (ES=0.35), and Verba Fluency (ES=0.63) domains. There was
ggnificant variability among the effect Szes that made up the weighted Delayed recal domain
effect size, Pg=2=6.51, p<.039, therefore, the effect size for this domain was calcuated under the
random effects modd. The improvementsin Vigilance (95% CI=0.43-1.03) and Verba Fluency
(ES=0.36-0.90) were greater than that expected from practice done (see Figure 2). The results
for quetigpine should be interpreted cautioudy given that the effect sizes for severd domains
included relaively few studies and, in the case of visuospatid skill, were based on a single study.
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CHAPTER IV

DISCUSSION

The findings from the current set of meta- anayses indicate that SGAs improve
performance in anumber of cognitive domains. The results obtained from the current meta-
andysis of 12 double blind, random assgnment studies supported the findings of the eerlier
meta-andyss of five double blind studies that identified Sgnificant cognitive advantages with
SGAsrdativeto FGAs. The greater number of studiesincluded in the current meta- analysis of
double blind, random assgnment studies dlowed for afiner ddineation of the improvements and
indicates thet, relative to FGAs, SGAs improve performance on tests of learning and delayed
recdl, processing speed, and verba fluency. More subtle benefits were dso observed on aspects
of working memory and motor skill. In genera, there was not strong evidence that sample
characterigtics, such as trestment responsive vs. refractory or baseline medication status, had a
prominent effect on cognitive change to SGA trestment in double-blind, random assgnment
gudies. There was evidence that studies with alonger duration are associated with greater
improvement on tests of cognitive flexibility and abstraction. There was dso limited evidence
that sudies utilizing larger doses of haoperidol resulted in larger effect Szeswith SGA
treatment. Although corrdations between haoperidol dose and effect 9ze with SGA treatment
was positively corrdated with improvement in severd domains, none resched atistical
sgnificance. Nonethdess, it is anoteworthy observation and suggests that some of the benefits
observed with SGA trestments may, in part, relate to the larger doses of haloperidol used and
associated blunting of cognitive performance.

Theinduson of investigations with single trestment arms and open labd designs
supported the benefits from SGA treatments reported in double blind, random assgnment trids
and extended the potentid improvements to awider array of neuropsychologica tests. Indeed,
every cognitive domain and virtualy every neuropsychologicd test Sgnificantly improved with
SGA treastment. The effect Szesfor domains ranged from 0.18 to 0.37 and are remarkably
consistent with Harvey & Keefe's (2001) review of 20 studies. For example, Harvey & Keefe's
(2001) review identified improvements, in terms of Cohen’'sd, of 0.18 and 0.37 for executive
functions and delayed recall respectively. The results reported here for cognitive flexibility and
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abstraction and delayed recall were 0.18 and 0.39.

In contrast to prior reviews, the current meta-analysis carried out pairwise contrasts
between SGAsin order to identify possible differences between trestments. No medication
appeared superior or inferior to the other medications across al domains, but severd differences
emerged in two domains, Vigilance and Verbd Fluency. The results were generdly consstent
with predications derived from the assumption that lower dopamine activity and increased
serotonin activity may be related to cognitive benefits from novel agents, but the results were not
entirdy consistent with the assumption that increased anticholinergic properties might limit gains
in memory and attention. Risperidone, presumed to have the greatest activity at dopamine
receptors (Seeman, 2002), showed the least beneficid profile on measures of vigilance and
verbd fluency, being outperformed by quetigpine and olanzapine on vigilance, and quetigpine
and clozapine on verba fluency. The differences were quite robust and ranged from 0.3 to 0.5
gandard deviations. Clozapine, presumed to have substantia inherent anticholinergic properties,
did not sgnificantly improve any test of vigilance and it resulted in lessimprovement than
quetigpine on thisdomain. Moreover, dthough clozapine significantly improved delayed recall,
these gains were sgnificant on only onetest, VLL |1, and overdl improvement in this domain
was markedly less than that observed in the olanzapine and risperidone groups. However,
despite the presumption of significant inherent anticholinergic activity, olanzapine did not
conform to thismodd. Olanzapine led to medium to large gains on tests of vigilance and
delayed recdl. It thus gppearsthat, at least a the dosages used here, olanzapine' s anticholinergic
effects may not be sufficient to impair memory or atention. These data tend to converge on the
absence of central anticholinergic symptoms or cognitive impairment observed in patients with
Alzhiemer’ s disease treated with very low doses of olanzapine (Kennedy et d., 2001; Street et
a., 2000) and the lower incidence of cholinergic-reated Sde effects and serum anticholiergic
levels observed with olanzapine rlative to clozapine (Eschweller et ., 2002; Chengappaet d.,
2000).

Andyss Two dso examined the influence that moderator variables might have on effect
Sizes associated with SGA treatment. No widespread moderator effects were observed but afew
test- specific effects were gpparent. Studies that did not randomly assign subjects to trestment or
were open labe reported larger verba fluency and processing speed effect sizes than studies that
included ether of these feeturesin their design.  Although the effects were modest and accounted
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for ardativey amdl fraction of the variance, particularly in comparison to the differences
between trestment groups, these observations are important and indicate that factors such as
double blind and random assignment need to be considered when eva uating the literature on
cognitive change to pharmacologica trestments in schizophrenia. Overdl, the results of the
moderator variable analyses speak to the consistency of the results across different studies of
SGAs suggesting that SGA benefit is not strongly influenced by schizophrenia sub-group
classfication, basdine medication status, or trid duration. Due to the smal number of
observations within each medication group, we were not able to fully explore the effect of
moderator variables within each treestment group. Thisis unfortunate particularly in regard to
duration of trestment, where longer trids of rigperidone have failed to confirm the benefits from
short duration trias, and where longer duration trias of olanzapine have produced greater benefit
than shorter duration trials (Purdon et a., 2000; Green et al., 2002; Bilder et d., 2002; Harvey et
a., 2003). In addition, the doses of SGAS used may aso influence cognitive change. For
example, larger doses of quetigpine have been associated with grester cognitive improvement
(Vdligan et d., 2002).

The moderator analysisis an effective method for detecting systematic variability
between different studies of cognitive change to novd treatments, but it does not dlow an
assessment of more systematic chalengesto the validity of the cognitive benefits reported from
SGAsrddiveto FGAsor to the vaidity of differentid benefitswithin the SGA class. The
adjunctive use of anticholinergic medications and the failure to control for cognitive
improvements that result from prior exposure to neuropsychologica tests represent the two most
problematic chalenges to the vdidity of the SGA benefit. For example, athough the double-
blind design with random assignment to paralld treatment arms represents the gold standard for
demondrating differentia efficacy, it is open to the confounding effects of a systematic
differentiad utilization of adjunctive anticholinergic medications. In al sudieswith an FGA
control arm, emergent extra- pyramida symptomswill result in adjunctive trestment that will
typicdly indude an anticholinergic medication thet will likely interfere with cognitive skills,
particularly atention and memory. Although reports of differentid efficacy from double-blind
trids have occasondly included post-hoc andyses after Sratification by anticholinergic use (e.g.
Purdon et d., 2000), thisis not the norm, and the rdatively smal sample sizes produced by
dratification often renders the power of the study insufficient to detect an anticholinergic effect
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on cognitive change.

A second systemattic artifact relates to the possibility of practice effects that could occur
on neuropsychologica measures that are repeatedly administered to the same subject. Inthe
double-blind studies, practice effects would be expected in both the SGA and the FGA treatment
arms, and thus arelative advantage of SGAswould not likely be related to practice effects done.
However, this inference relies on the unsupported assumption that there will be no interaction
between treatment and practice (Carpenter et a., 2002). To the contrary, emerging evidence
suggests thet first generation trestments may have a detrimenta effect on new learning that may
limit the benefit of repeated exposure to the same materias (Blyler & Gold, 2001). For example,
achange to clozapine from FGAs resulted in improvement in procedurd learning that may relate
to ardease from impairment caused by the FGA (Purdon et ., 2002), and intact procedural
learning in unmedicated patients was compromised by 6 months' treatment with ha operidol but
not olanzapine (Purdon et d., 2003). Similar demongtrations of a preservation of procedura
learning with olanzagpine and clozapine compared to the apparent loss of procedura learning
induced by haloperidol, and perhaps risperidone, (Bedard et ., 1996; Bedard et al., 2000;
Stevenset d., 2002) dl tend to support the view that some of the improvements with SGAs
might result from an avoidance of derogatory effects associated with FGASs rather than anovel
enhancement of cognition. We undertook an exploratory examination of this hypothesisin
Andyss Two by comparing the effect Szes derived from studies of SGAs with those caculated
from longitudinal investigations of practice effects in schizophrenia patients and controls. After
comparison to practice effects, the effect szes for working memory, verba fluency, motor skills,
and delayed recal remained significant. Specificaly, cozapine improved verbd fluency and
motor skills, olanzapine improved working memory and delayed recal, quetiapine improved
vigilance and verbd fluency, and risperidone improved delayed recal. Thus, it gppears that
athough practice effects account for a significant portion of the cognitive improvements
observed with SGAS, there are additiond cognitive advantages with SGA treatments that exceed
those expected from retesting done. Our confidence in this finding must be tempered though by
an gppreciation of the limitations of the method used to establish the postulated practice effect
magnitudes in the current investigation. Specificdly, dthough longitudina investigations of
neuropsychologica function in schizophrenia and controls do not report considerable differences
in the degree of practice effects between groups and re-test intervals beyond three months do not
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gppreciably influence practice effects, the fact that the average practice effect vaues used here
were based on test-retest intervals that were generaly greeter than 12 monthsin duration,
whereas most cognitive change studies tend to be shorter, may have underestimated the true
amount of improvement expected from practice (Heaton et ., 2001; Hoff et d., 1999; Cendts et
al., 1997; Dikmen et d., 1999; Basso, Borngtein, & Lang, 1999; Basso et d., 2001; Sweeney et
al., 1991).

Theimprovements in cognitive performance with SGAs are in generd encouraging,
especidly when the potentia implications for socio-vocationd re-integration are considered.
The gains observed on tests of delayed verba recal may be particularly relevant as this cognitive
skill has been linked to three mgjor dimensions of outcome including community/daily activities,
socid problem solving/instrumenta skills, and psychosocid skill acquisition (Green, 1996;
Green et d., 2000). Furthermore, the differentid patterns of cognitive improvement combined
with the knowledge that specific cognitive skills are linked to separate dimensions of outcome
might also suggest that second generation treatments may be differentiated from one-another
based on their unique effects on outcome. The strong gains observed in delayed recdl with
risperidone and olanzapine suggest that these treatments may be particularly effective at
improving psychosocid skill acquigtion. Furthermore, the robust improvementsin vigilance
observed with quetigpine, and to a lesser degree olanzapine, suggest that these treatments might
have additiond benefits to functiond outcome. In contrast, clozapine srather limited effects on
delayed recall, but significant effects on verbd fluency, suggest thet it may have a grester impact
on community/daily living skills. Although direct evidence to test these predictionsis limited, a
recent double blind, random assgnment study indicated that olanzapine improved qudity of life
based rating scales to a greater extent than risperidone (Gurge et ., 2003) and earlier
investigations have indicated that olanzapine treated patients demondirate grester improvement
inwork and socid outcomes than haoperidol (Hamilton, Edgell, Revicki, & Breier, 2000). PFilot
datafrom an earlier investigation aso support the postive effects of olanzapine on functiona
outcome (Noordsy & O'Keefe, 1999). Similar improvements, rdaive to FGAS, in qudity of life
have aso been reported for quetiapine (Veligan et d., 2003). Also, arecent 2 —year, random
assgnment study examining suicide attempts in patients receiving either clozapine or olanzapine
indicated that clozapine is more effective a reducing suicide atempts and suicide related
hospita admissions than olanzapine (Mdtzer et d., 2003). One of the sudiesincluded in the
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present andlysis aso examined functiona outcome with clozapine treatment and athough the
outcome mesasure was restricted to discharge rates, the results are encouraging (Manschreck,
Redmond, Candela, & Maher, 1999). Similar, data on reduced rel apse rates have been reported
for risperidone (Chengappa et d., 1999; Csernansky, Mahmoud, & Brenner, 2002).

The cognitive improvements to SGASs appear relidble, vaid, and may be relevant to
rehabilitation, but it is prudent to conclude this discusson with emphass on the relatively small
magnitude of the observed changes. Schizophrenia patients typicaly score more than a standard
deviation below hedthy controls on many of the neuropsychologicd tests reviewed here
(Heinrichs et d., 1998). Asacdlass, the SGAsimprove al cognitive domains but the
improvement istypicdly in the range of 0.20 to 0.40 standard deviations. These results are
further attenuated when compared to anticipated practice relaed improvements. It isunlikely
that the gains will be sufficient to return patients to the vocationd leve anticipated from their
individua premorbid status. Indeed, improvements less than one standard deviation may not
have any effect on outcome (Bellack, Gold, & Buchanan, 1999). However, the medication
specific effects of particular SGASs on particular cognitive domains could be rlevant to the
design of individud trestment plans that take into account the patient’ s premorbid intellect,
unique profile of cognitive imparment, prior vocationa achievements, and long term socio-
vocationd aspirations.
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Table 1. Neuropsychological Tests and Cognitive Domains

Vigilance

Continous Performance Test
Stroop Test (color-word score)
Trailmaking A

Working Memory
Verbal Working Memory
Spatial Working Memory

Learning

Paragraph Recal\WMS-R Logical Memory (immediate)

Verbal List Learning tests (learning trials)
Rey Design Learning Test
Visual Reproduction

Cognitive Flexibility & Abstraction
Wisconsin Card Sorting Test (pers. errors)
WAIS-R/III Similarities

Processing Speed

Digit Symbol Substitution
Trailmaking B

WISC-R Maze Subtest

Verbal Fleuncy (COWA & CIGT)

Visuospatial Processing
Block Design

Complex Figure Test (copy)
Visual Organization

Motor Skills & Manual Dexterity
Finger Tapping Test
Grooved Pegboard Test/PIN Test

Delayed Recall

Paragraph Recal\WMS-R Logical Memory (delayed)
Verbal List Learning tests (delayed free recall)
Visual Reproduction
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Abbreviation

CPT
Stroop
TMA

LMI
VLL |
RDLT
VR

WCST
SIM

DSST
TMB
WISC Maze

VF

BD
CFT
VOT

FTT
GPB/PIN

LM
VLL Il
VRII



ble 2: Neuropsychological Change with Second Generation Treatment: Analysis 1.

Number of Effect Sizes (k) and Number of Subjects (N)

Overall Weighted Effect Size

Clozapine Olanzapine  Risperidone  Quetiapine

k N k N k N k N k N ES 95% ClI Q Statistic__df

GILANCE 2 43 2 36 3 73 2 30 9 182 0.11 -0.09 - 0.32 2.52 8
Stroop 1 19 1 10 -- - 2 42 4 71 0.09 -0.26 - 0.44 0.55 3

TMA 1 24 1 26 2 54 - - 4 104 0.15 -0.12-0.43 1.59 3

CPT - - - -- 1 19 - - 1 19 -0.07 - -- --

ORKING MEMORY 1 24 2 46 4 87 1 11 8 168 0.17 -0.05 - 0.39 2.49 7
Verbal Working Memory 1 24 2 46 4 87 1 11 8 168 0.09 -0.13-0.31 3.04 7

Spatial Working Memory - - 1 20 2 39 1 11 4 70 0.39* 0.03-0.75 3.54 3

:ARNING 1 25 2 46 4 97 3 54 10 222 0.33* 0.14-0.53 6.10 9
LMI 1 25 2 46 2 46 1 11 6 128 0.35* 0.10-0.61 2.48 5

VLL | 1 24 2 46 4 97 3 54 10 221 0.32* 0.13-0.52 7.31 9

VRI 1 24 2 46 2 46 1 11 6 127 0.48* 0.22-0.73 3.48 5

RDLT - - 1 20 1 20 1 11 3 51 0.73* 0.30-1.15 0.65 2

ROCESSING SPEED 2 42 3 56 4 93 3 54 12 245 0.27* 0.09-0.46 9.53 11

b

DSST 1 24 3 56 2 46 3 54 9 180 0.41* 0.08-0.74 17.36 9

TMB 2 42 2 46 4 93 3 54 11 235 0.19* 0.00-0.38 4.89 10

JGNITIVE FLEXIBILITY & ABSTRACTION 2 43 4 75 3 62 1 11 10 191 0.11 -0.10 - 0.32 7.48 9
SIM - - 2 30 1 20 1 11 4 61 0.29 -0.08 - 0.67 0.25 3

WCST 2 43 4 75 3 62 1 11 10 191 0.10 -0.11-0.31 7.47 9

:RBAL FLUENCY 2 42 2 65 3 65 3 54 11 226 0.26* 0.06-0.45 7.89 10
SUOSPATIAL SKILLS 2 43 3 56 3 65 1 11 9 175 0.11 -0.10 - 0.34 8.38 8
BD 2 42 2 36 2 45 - - 6 123 0.09 -0.16 - 0.35 8.53 5

CFT - - 1 20 1 20 1 11 3 51 0.13 -0.28 - 0.55 4.59 2

VOT 1 19 1 20 1 20 1 11 4 70 0.34 -0.13 - 0.69 2.63 3

JOTOR SKILLS 1 24 2 46 3 65 1 11 7 146 0.19 -0.05-0.43 7.08 6
FTT 1 24 2 46 2 46 1 11 6 127 0.30* 0.05-0.55 4.44 5

GPB/PIN - - 1 20 2 39 1 11 4 70 0.15 -0.20 - 0.51 6.13 3

SLAYED RECALL 2 43 1 26 2 50 2 43 7 170 0.24* 0.02-0.46 3.00 6
LMII 2 43 1 26 1 26 2 43 6 138 0.06 -0.18 - 0.62 2.42 5

VLL Il 1 24 1 26 2 58 - - 4 108 0.35* 0.08-0.62 2.35 3

VR 2 43 1 26 1 26 - - 4 95 0.31* 0.02-0.60 1.08 3

‘-score > 1.96, p<.05.

random effects model, chi-square p-value < .05.
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able 3: Neuropsychological Change with Second Generation Treatment: Analysis 2.

Number of Effect Sizes (k), Number of Subjects (N), Mean Effect Size (ES) Overall Weighted Effect

Clozapine Olanzapine Risperidone Quetiapine Size

k N ES k N ES k N ES k N ES k N ES
GILANCE 8 152 0.17 6 220 0.45* 9 313 0.10 5 95 0.73* 28 780 0.30%*
Stroop 3 55 018 3 4 08* 2 43 015 3 58 067" 11 196 0.44*°

TMA 4 83 0.20 4 194 0.36* 4 241 0.07 2 93 0.23 14 557 0.19*

CPT 1 14 -0.08 2 149  0.46* 5 188 0.22 2 33 0.90* 10 384 0.35*

'ORKING MEMORY 8 160 0.25* 6 239 0.33* 9 281 0.24* 2 27 0.41 25 707 0.28*
Verbal Working Memory 8 160 0.24* 4 85 0.42* 8 156 0.25* 2 27 0.36 22 428 0.29*

Spatial Working Memory 1 18 0.46 5 213 0.34* 3 164 0.21 1 11 0.43 10 406 0.30*

=ARNING 10 221 0.31* 6 203 0.43* 7 225 0.39* 6 112 0.24 29 750 0.36*
LM | 5 95 0.53* 3 62 0.43* 4 71 0.52* 1 11 0.90 12 239 0.51*

VLL | 10 209 0.26* 5 213 0.41* 6 239 0.39* 6 108 0.21 27 769 0.34*

VR I 5 098 0.27% 5 92 0.43* 3 58 0.32 2 34 0.16 15 282 0.32*

RDLT -- - - 1 20 0.41 1 20 0.25 1 11 0.75 3 51 0.42*

ROCESSING SPEED 16 326 0.35* 8 260 0.57+° 9 327 0.30* 6 111 0.35* 39 1024 0.34*
DSST 12 226 0.62* 6 102 0.68*° 5 096 0.53* 4 68 0.61* 27 492 0.61*%

TMB 12 241 0.19* 7 250 0.34* 7 290 0.23* 6 107 0.21 32 888 0.25*

OGNITIVE FLEXIBILITY & ABSTRACTION 12 227 0.25* 7 237 0.16 4 189 0.10 3 50 0.33 26 703 0.18*
SIM 4 68 1.31* 2 30 0.66* 1 20 0.26 1 11 1.38 8 129 0.72*

WCST 10 185 0.15 7 237 0.14 4 189 0.10 3 50 0.28 24 551 0.14*

=RBAL FLUENCY 15 319 0.44* 7 259 0.28* 5 207 0.06 6 107 0.63* 33 892 0.33*
SUOSPATIAL SKILLS 9 179 0.20 4 66 0.66* 3 65 0.39* 1 11 0.56 17 321 0.34*
BD 8 164 0.26* 3 46 0.65* 2 45 0.58* - -- - 13 225 0.38*

CFT 1 22 0.23 2 30 0.52* 1 20 -0.30 1 11 0.52 5 83 0.24

VOT 4 87 0.03 1 20 0.77 1 20 0.25 1 11 0.60 7 138 0.21

OTOR SKILLS 4 68 0.64* 3 65 0.33 3 66 0.22 2 34 0.20 12 233 0.37*
FTT 4 68 0.64* 3 62 0.27 2 46 0.19 2 34 0.01 11 210 0.32*

GPB/PIN -- - - 1 20 0.66 2 39 0.14 2 34 0.39 5 93 0.34*

ELAYED RECALL 13 280 0.25* 4 199 0.46* 5 211 0.46* 3 58 0.30% 25 748 0.37*
LM 1l 6 108 0.35° 2 42 0.71* 3 b1 0.53* 2 43 0.64* 13 244 0.49*
VLL Il 8 173 0.29* 4 199 0.46* 3 186 0.70*° 1 15 -0.46 16 573 0.43+%
VR I 8 165 0.18 3 62 0.63* 2 38 0.80* - -- -- 13 265 0.38*"

=ffect Size > 0, p<.05.
Random effects model used to combine ESs, Chi-square p-value<.05.
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Effect Size
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Figure 1. Cognitive change with SGAs Compared to Practice Effects.
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Abbreviations: VIG=Vigilance, WM=Working Memory, LEARN=Learning, CF & A=Cognitive Flexibility & Abstraction, PS=Processing Speed, VF=Verba Fluency, VIS=Visuospatial Skills,

MOTOR=Motor Skills, DEL. R.=Delayed Recall.




Figure 2. Cognitive change with clozapine, olanzapine, risperidone, and quetiapine: comparison to

practice effects.
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