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Objective: During the consensus meet-
ings of the National Institute of Mental
Health Measurement and Treatment Re-
search to Improve Cognition in Schizo-
phrenia (NIMH-MATRICS) Initiative, the
U.S. Food and Drug Administration took
the position that a drug for this purpose
should show changes on 1) an accepted
consensus cognitive performance mea-
sure and 2) an additional measure (i.e., a
co-primary) that is considered function-
ally meaningful. The goal of the current
study was to describe steps to evaluate
four potential co-primary measures for
psychometric properties and validity.

Method: As part of the five-site MATRICS
Psychometric and Standardization Study
(PASS), two measures of functional capac-
ity and two interview-based measures of
cognition were evaluated in 176 patients
with schizophrenia (167 of these patients
were retested 4 weeks later).

Results: Data are presented for each co-
primary measure for test-retest reliability,
utility as a repeated measure, relation-
ship to cognitive performance, relation-
ship to functioning, tolerability/practical-
ity, and number of missing data.

Conclusions: Psychometric properties of
all of the measures were considered ac-
ceptable, and the measures were gener-
ally comparable across the various crite-
ria, except that the functional capacity
measures had stronger relationships to
cognitive performance and fewer missing
data. The development and evaluation of
potential co-primary measures is still at
an early stage, and it was decided not to
endorse a single measure for clinical trials
at this point. The current findings offer
the initial steps to identify functionally
meaningful co-primary measures in this
area and will help to guide further evalu-
ation of such measures.

(Am J Psychiatry 2008; 165:221-228)

’I:le National Institute of Mental Health Measurement
and Treatment Research to Improve Cognition in Schizo-
phrenia (NIMH-MATRICS) Initiative was created to stimu-
late the development of cognition-enhancing drugs for
schizophrenia (1-3). As described in two other articles (4,
5), a key deliverable for the MATRICS Initiative was the se-
lection, through a broad-based multidisciplinary consen-
sus process, of a standard cognitive battery: the MATRICS
Consensus Cognitive Battery (6). The U.S. Food and Drug
Administration (FDA) indicated at the MATRICS meetings
that significant improvement on a consensus cognitive
performance endpoint would be necessary, but not suffi-
cient, for drug approval. In addition to changes in cogni-
tive performance, the FDA will require improvements on a
functionally meaningful co-primary measure that would
have more face validity for consumers and clinicians than
cognitive performance measures (3). This requirement
presents a notable challenge because of the absence of ac-
cepted or validated co-primary measures for this purpose.

One possible co-primary measure might be an assess-
ment of community functioning. However, change in
community status (e.g., return to work, increased social
relationships, or higher degree of independent living) in-
volves many intervening variables (both personal and so-
cial factors) that act between underlying cognitive pro-
cesses and these functional outcomes. These intermediate
steps would make it difficult to see the functional benefits
of cognition-enhancing effects (7-10). Similarly, improve-
ments in cognition would be expected to take consider-
able time to translate into functional improvements (11).
Finally, changes in daily functioning would depend on
nonbiological factors that are typically uncontrolled in
clinical trial studies (e.g., the availability of psychosocial
rehabilitation, social support networks, local employment
rates, and training opportunities). Hence, alternative co-
primary measures were considered that might change
more directly and on a comparable time course with cog-
nitive improvement. Such measures include standardized
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RESULTS FROM THE MATRICS STUDY

TABLE 1. Test-Retest Reliability of Measures in the MATRICS
Psychometric and Standardization Study

Test-Retest
Reliability
(intraclass

Co-Primary Measure correlation)

Maryland Assessment of Social Competence

Conversational content 0.68

Nonverbal content 0.66

Effectiveness 0.69
UCSD Performance-Based Skills Assessment

Total score 0.70

Medication management 0.48
Schizophrenia Cognition Rating Scale

Overall impression (patient) 0.60

Overall impression (informant) 0.77

Overall impression (interviewer) 0.82

Clinical Global Impression of Cognition in
Schizophrenia

Neurocognitive state (patient) 0.76
Neurocognitive state (caregiver) 0.85
Neurocognitive state (composite) 0.80
Global Assessment of Functioning (composite) 0.89

tests of functional capacity or interview-based assess-
ments of cognition.

Functional capacity refers to an individual’s capacity for
performing key tasks of daily living. To assess functional
capacity, participants simulate in the clinic such real-
world activities as holding a social conversation, prepar-
ing a meal, or taking public transportation (12, 13). Good
performance on such measures does not mean that a per-
son will perform the tasks in the community, but it does
mean that the person could perform the task if he or she
had the opportunity and was willing. Because perfor-
mance on measures of functional capacity do not depend
on social and community opportunities, they are more
likely to be temporally linked with treatment-related
changes in underlying cognition.

Another approach for co-primary measures was to con-
sider interview-based assessments of cognitive abilities.
Different interview-based approaches to cognition have
been used, including asking people to estimate their own
cognitive abilities or asking subjects to estimate the extent
to which their daily lives are affected by cognitive impair-
ment. Interview-based approaches present a challenge
because it is often difficult for individuals (healthy sub-
jects as well as patients) to estimate their own perfor-
mance abilities (14, 15). Recently, some cognitive assess-
ment interviews have been developed in which the ratings
of psychotic patients are supplemented with ratings from
informants (e.g., caregivers), an approach that might have
advantages over previous assessments that used only self-
reports (16, 17).

The goal of the current study was to evaluate the reli-
ability, validity, and appropriateness for use in clinical tri-
als of four potential co-primary measures: two measures
of functional capacity and two interview-based measures
of cognition. With this goal in mind, these four measures
were added to the MATRICS Psychometric and Standard-
ization Study (PASS) and assessed for their test-retest reli-
222
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ability, utility as a repeated measure, relationship to cogni-
tive performance, relationship to outcome, practicality/
tolerability, and number of missing data.

Method

The complete methods for this study are presented online (the
data supplement is available at http://ajp.psychiatryonline.org).
A brief summary is presented here.

The data in this article are part of the five-site MATRICS PASS.
Phase 1 was conducted with 176 schizophrenia patients tested
twice at a 4-week interval (4), and phase 2 included 300 commu-
nity subjects to collect co-norming data for the tests in the final
battery (5). To evaluate the co-primary measures, we used a simi-
lar approach to that used to evaluate the cognitive performance
measures and considered 1) test-retest reliability, 2) utility as a re-
peated measure, 3) relationship to functional status, 4) tolerabil-
ity/practicality, and 5) number of missing data. In addition, we
evaluated the degree to which co-primary measures correlated
with cognitive performance (3).

Based on discussions at consensus meetings and recommen-
dations of the MATRICS Outcomes Committee (1) (A. Bellack,
chair), two approaches to co-primary measures were considered:
measures of functional capacity and self-report measures of cog-
nition. Two measures were selected from each approach. Unlike
the large consensus and data collection process that was used to
select cognitive performance tests for the MATRICS Consensus
Cognitive Battery, the selection of potential co-primary measures
was based on expert recommendations from the committee. The
functional capacity measures were the Maryland Assessment of
Social Competence (13) and the University of California at San Di-
ego (UCSD) Performance-Based Skills Assessment (18). The inter-
view-based measures of cognition were the Schizophrenia Cogni-
tion Rating Scale (16) and the Clinical Global Impression of
Cognition in Schizophrenia (17).

Cognitive performance was assessed with the MATRICS Con-
sensus Cognitive Battery (4, 5). As described more fully in the first
article (4), community functioning was assessed with variables
from the Birchwood Social Functioning Scale (19), supplemented
with work and school items from the Social Adjustment Scale (20).

Results

Study Group

The study group for these analyses is the same as de-
scribed in the first article (4): across the five performance
sites, 176 patients were assessed at baseline and 167 were
assessed at the 4-week follow-up.

Test-Retest Reliability

The results for test-retest reliability are shown in Table 1.
The table shows the intraclass correlation coefficient (ICC),
which takes into account changes in mean level. Both the
ICC and Pearson’s r are shown in the online data supple-
ment; differences for the two statistics were minor. The test-
retest reliability was good across measures; a correlation of
0.70 or greater is generally considered to be acceptable test-
retest reliability for clinical trials, and most of the tests were
in that range or higher. The one exception was the medica-
tion management component of the UCSD Performance-
Based Skills Assessment that had relatively low reliability. As
mentioned above, this was a secondary measure of the
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TABLE 2. Utility as a Repeated Measure in the MATRICS Psychometric and Standardization Study

Timey-Time, Number of
Timeq Time; Difference Scores at Analysis Effect Size
Co-Primary Measure Mean SD Mean SD Mean SD Floor/Ceiling t df p (Cohen’s d)
Maryland Assessment of
Social Competence
Conversational content 33 1.0 3.2 1.0 -0.1 0.8 8/9 -2.18 157 0.03 -0.10
Nonverbal content 3.3 1.1 3.1 1.0 -0.2 0.9 10/25 -3.16 157 0.002 -0.19
Effectiveness 3.2 1.0 31 1.0 -0.1 0.8 11/9 -2.29 165 0.02 -0.10
UCSD Performance-Based
Skills Assessment
Total score 86.1 1.3 88.6 10.2 25 7.2 0/23 4.54 165 0.0001 0.23
Medication management® 7.4 6.6 6.5 6.3 -0.9 6.7 0/48 -1.64 165 0.10 -0.13
Schizophrenia Cognition
Rating Scale
Patient? 4.1 2.1 4.0 21 -0.1 1.9 3/38 -0.50 164 0.62 -0.03
Informant? 4.1 1.7 4.3 1.8 0.2 1.2 0/9 1.73 130 0.09 0.10
Interviewer? 4.7 1.5 4.6 1.6 -0.1 0.9 0/2 -1.28 157 0.20 -0.06
Clinical Global Impression
of Cognition in
Schizophrenia
Neurocognitive state 3.2 0.9 3.1 09 -0.1 0.6 0/3 -1.35 164 0.18 -0.08
(patient)?
Neurocognitive state 3.0 1.0 3.1 09 0.1 0.5 0/8 1.34 131 0.18 0.06
(caregiver)?
Neurocognitive state 3.4 0.9 33 09 -0.1 0.6 0/2 -1.64 158 0.10 -0.08
(composite)?
Global Assessment of 59.2 9.3 59.6 9.2 0.4 4.3 0/0 1.08 160 0.28 0.04

Functioning (composite)

a Tests in which lower scores are better.

UCSD Performance-Based Skills Assessment. For the self-
report measures, the reliability was slightly higher for the
interviewers and informants than for the patients.

Utility as a Repeated Measure

Tests are considered useful for clinical trials if they show a
relatively small practice effect or, if they have a practice ef-
fect, the effect is not so large that subjects’ scores approach
the ceiling. To examine a test’s utility as a repeated measure,
we assessed scores at baseline and 4 weeks later, change
scores, the variability of change, and the number of admin-
istrations at which the subjects performed at the ceiling or
floor, defined as the best or worst score possible on the test
(shown in Table 2). Note that in some of the tables, the di-
rection of scoring differs among test indices. Scores for
which lower is better are noted. The practice effects were
generally small, and the highest was for the UCSD Perfor-
mance-Based Skills Assessment total score (Cohen’s d=
0.23). Other effect sizes for practice effects with the co-pri-
mary measures were small, but some were statistically sig-
nificant with the large group size. Finally, a few tests showed
ceiling effects, including the medication management
component of the UCSD Performance-Based Skills Assess-
ment, the patient report on the Schizophrenia Cognition
Rating Scale, the nonverbal score from the Maryland As-
sessment of Social Competence, and the total score from
the UCSD Performance-Based Skills Assessment.

Relationship to Cognitive Performance

Because the co-primary measures are intended to serve
as face valid indicators of the consequences of underlying
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changes in cognition, it is important that they correlate
with cognitive performance. We examined the correla-
tions of the co-primary measures with each of the compo-
nents of the MATRICS Consensus Cognitive Battery (in the
data supplement), as well as a composite score from the 10
tests (shown in Table 3). For this purpose, the composite
score was calculated by standardizing each of the cogni-
tive tests (mean of 0 and SD of 1) and then summing the
standardized scores. The MATRICS Consensus Cognitive
Battery scoring program now has a more systematic way
to derive a composite score that involves two renorming
steps, first for each of the domain scores that have multi-
ple measures and second for the final composite score. We
present the simplified composite score in this article be-
cause the PASS data were collected and analyzed before
the MATRICS Consensus Cognitive Battery scoring pro-
gram existed, so the data in Table 4 are those that were re-
viewed by the MATRICS Neurocognition Committee and
submitted to NIMH and the FDA. To compare the strength
of correlations among measures, we included only sub-
jects with complete data on all four measures (i.e., listwise
deletion, N=156). The correlation between the UCSD Per-
formance-Based Skills Assessment total score and cogni-
tive performance was significantly higher than for both
interview-based summary measures (Schizophrenia Cog-
nition Rating Scale—interviewer and Clinical Global Im-
pression of Cognition in Schizophrenia—neurocognitive
state composite) (t=4.13, df=153, p=0.001). The UCSD Per-
formance-Based Skills Assessment correlation with cogni-
tive performance was also higher than the one for the
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TABLE 3. Relationship to Cognitive Performance in the
MATRICS Psychometric and Standardization Study?

Overall

Co-Primary Measure Cognition
Maryland Assessment of Social Competence

Conversational content 0.42

Nonverbal content 0.32

Effectiveness 0.40
UCSD Performance-Based Skills Assessment

Total score 0.61

Medication® -0.53
Schizophrenia Cognition Rating Scale

Patient? -0.18

Informant® -0.21

Interviewer? -0.31
Clinical Global Impression of Cognition

in Schizophrenia

Neurocognitive state (patient)? -0.30

Neurocognitive state (caregiver)P -0.24

Neurocognitive state (composite)? -0.31

Global Assessment of Functioning (composite) 0.30

o

Cognitive performance scores that were used: Trail Making Test
part A: time to completion; Brief Assessment of Cognition in Schizo-
phrenia symbol coding: total number correct; Hopkins Verbal
Learning Test—Revised: total number of words recalled over three
learning trials; Wechsler Memory Scale—IIl: spatial span: sum of
raw scores on forward and backward conditions; Letter-Number
Span: number of correct trials; Neuropsychological Assessment
Battery: mazes: total raw score; Brief Visuospatial Memory Test—
Revised: total recall score over three learning trials; Category Flu-
ency (animal naming): total number of animals named in 60 sec-
onds; Mayer-Salovey-Caruso Emotional Intelligence Test: managing
emotions: branch score using general consensus scoring; Continu-
ous Performance Test—identical pairs: mean d’ value across 2-, 3-,
and 4-digit conditions.

b Tests in which lower scores are better.

Maryland Assessment of Social Competence Effectiveness
score (t=2.50, df=153, p<0.03).

Relationship to Self-Reported Functional
Outcome

The sites differed substantially in the functional status
of the patients (e.g., one site had only a single subject
working, and another site consisted largely of patients in a
long-term residential program). Because of these cross-
site differences in functional status, the correlations be-
tween co-primary measures and functional outcome var-
ied from site to site. Given this variability, we present cor-
relations two ways: a correlation for all subjects across
sites and also the median correlation across the five sites.
Both of these methods tend to underestimate the correla-
tions that would be observed if patients at all sites in-
cluded a wide range of functional levels. However, the re-
sults (Table 4) allow for direct comparisons among the
measures. Most of the correlations were modest, and there
were no notable differences in the strength of the correla-
tions across co-primary measures.

Tolerability/Practicality

Tolerability refers to the participant’s perspective of a
measure (i.e., how interesting, pleasant, or burdensome it
is to take). Similar to what was done with the cognitive
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measures (4), the subjects were asked immediately after
each co-primary measure to point to a number on a 7-
point Likert scale (1=extremely unpleasant, 7=extremely
pleasant) to indicate the degree to which they found the
measure pleasant. Practicality refers to the administrator’s
view of the measure (i.e., how difficult it is to set up, train
staff, administer, and score). Practicality was assessed with
a 7-point Likert scale for setup, administration, and scor-
ing, as well as a global score. The ratings were made by the
administrators of the co-primary measures after comple-
tion of data collection for the entire group.

Table 5 presents the data on tolerability and practicality,
as well as the mean length of time for administration. For
the two functional capacity measures, both tests were
considered to be practical and tolerable, with the UCSD
Performance-Based Skills Assessment generally rated
higher than the Maryland Assessment of Social Compe-
tence. We did not record scoring as part of the practicality
rating for the Maryland Assessment of Social Competence
because that test was scored centrally, not at the local
sites. However, a practical consideration is that this test re-
quired the additional step of centralized scoring, a process
that typically required 20-30 minutes per assessment. For
the two interview-based measures, both tests had accept-
able ratings, with the Schizophrenia Cognition Rating
Scale generally rated higher than the Clinical Global Im-
pression of Cognition in Schizophrenia because it was
easier to score and could be administered in roughly half
the time. Of course, investigators desiring cognitive do-
main coverage might nevertheless prefer the Clinical Glo-
bal Impression of Cognition in Schizophrenia.

Missing Data

Table 6 shows the number of data missing across both
assessments, not counting the nine missing assessments
for the subjects who did not return for the retest. The
number of missing data is quite small for both functional
capacity measures, with the UCSD Performance-Based
Skills Assessment showing fewer missing data than the
Maryland Assessment of Social Competence. For the in-
terview-based measures, the data collection was nearly
complete for the patient interviews, but about 14% of the
informant interviews (across both assessment periods)
were missing. This pattern reflects the expected challenge
in identifying and locating suitable informants for the pa-
tient participants in clinical trials.

Site Differences

We also evaluated site differences among representative
measures from each of the four co-primary measures (ef-
fectiveness from the Maryland Assessment of Social Com-
petence, total score from the UCSD Performance-Based
Skills Assessment, and the interviewer’s ratings from each
self-report measure) with a series of one-way analyses of
variance (ANOVAs). The UCSD Performance-Based Skills
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TABLE 4. Relationships to Functional Status in the MATRICS Psychometric and Standardization Study

Relationship to Functional Outcome

Global? Social? Independent Living? Work?

Co-Primary Measure Median r Median r Median r Median r
Maryland Assessment of Social Competence

Conversational content 0.28 0.28 0.00 0.00 0.32 0.29 0.16 0.14

Nonverbal content 0.23 0.20 0.02 0.00 0.29 0.28 0.08 0.11

Effectiveness 0.27 0.28 0.00 0.03 0.31 0.26 0.15 0.10
UCSD Performance-Based Skills Assessment

Total score 0.23 0.29 0.04 0.00 0.19 0.09 0.17 0.19

Medication management® -0.18 -0.18 -0.01 0.09 -0.07 -0.08 -0.23 -0.26
Schizophrenia Cognition Rating Scale

Patient? -0.23 -0.27 -0.28 -0.26 -0.06 -0.03 -0.06 -0.21

Informant® -0.24 -0.32 -0.16 -0.29 -0.22 -0.09 -0.05 0.05

Interviewer? -0.34 -0.37 -0.17 -0.08 -0.27 -0.23 -0.16 -0.08
Clinical Global Impression of Cognition in

Schizophrenia

Neurocognitive state (patient)? -0.31 -0.39 -0.20 -0.19 -0.24 -0.34 -0.10 -0.23

Neurocognitive state (caregiver)P -0.27 -0.40 -0.05 -0.07 -0.26 -0.37 -0.16 -0.02

Neurocognitive state (composite)? -0.30 -0.39 -0.12 -0.11 -0.26 -0.31 -0.14 -0.15

Global Assessment of Functioning 0.39 0.41 0.20 0.21 0.26 0.19 0.22 0.18

(composite)

2 First value combines data across sites; second value is the median r of the five sites.

b Tests in which lower scores are better.

TABLE 5. Practicality and Tolerability in the MATRICS Psychometric and Standardization Study

Practicality?

Administration

Global Setup Administration Scoring Tolerability? Time
Co-Primary Measure Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Maryland Assessment of 4.7 1.2 5.8 0.8 4.3 1.4 — 3.8 2.2 23.8 4.9
Social Competence
UCSD Performance-Based 5.8 0.8 5.2 1.2 5.8 1.2 6.2 1.0 6.2 1.0 25.7 8.7
Skills Assessment
Schizophrenia Cognition 6.0 0.9 7.0 0.0 6.2 0.8 5.8 0.8 5.7 1.0 13.3 3.8
Rating Scale
Clinical Global Impression of 3.5 0.8 6.0 1.1 3.5 1.0 3.0 0.6 3.5 0.8 25.8 3.8

Cognition in Schizophrenia

a Possible range=1 (very hard) to 7 (very easy).
b possible range=1 (extremely unpleasant) to 7 (extremely pleasant).

Assessment did not show significant differences across
sites, but the other three measures did (Maryland Assess-
ment of Social Competence effectiveness: F=3.39, df=4,
161, p<0.03; Schizophrenia Cognition Rating Scale—inter-
viewer: F=6.67, df=4, 165, p<0.001; Clinical Global Impres-
sion of Cognition in Schizophrenia composite: F=20.73,
df=4, 165, p<0.001). The differences across sites on these
co-primary measures may be partially a result of the fact
that the sites differed in terms of the average functional
level of the patients. Hence, we view the differences as a
reflection of actual group differences as opposed to a fail-
ure of cross-site reliability of administration.

Discussion

This article evaluated four potential co-primary mea-
sures that may be used in clinical trials of cognition-en-
hancing drugs for schizophrenia. Early discussions with the
FDA indicated that approval of a cognition-enhancing drug
for schizophrenia would require changes on a consensus
measure of cognitive performance, as well as on a function-
ally meaningful co-primary measure. We considered four

Am | Psychiatry 165:2, February 2008

different potential co-primary measures, two measures
each from two distinctive approaches: measures of func-
tional capacity and interview-based measures of cognition.

Several summary points can be drawn from these data.
First, all four measures had acceptable test-retest reliabil-
ity. An added component of the UCSD Performance-Based
Skills Assessment (medication management) had lower
reliability, perhaps because scores on this component
tended to be at or near the ceiling. Second, most tests had
adequate range. A practice effect was noted for the UCSD
Performance-Based Skills Assessment total score. The
measures with the most prominent ceiling effects in-
cluded the medication management component of the
UCSD Performance-Based Skills Assessment (which is
separate from the main test) and the Schizophrenia Cog-
nition Rating Scale—patient rating (which is not the pri-
mary rating for this interview). Third, the relationships to
cognitive performance were notably higher for functional
capacity measures (in particular the UCSD Performance-
Based Skills Assessment) than for the interview-based
measures of cognition. This pattern is consistent with
findings that interview-based assessments of cognition
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TABLE 6. Missing Data in the MATRICS Psychometric and
Standardization Study

Tally of

Missing
Co-Primary Measure Data?
Maryland Assessment of Social Competence 18
UCSD Performance-Based Skills Assessment 5
Schizophrenia Cognition Rating Scale—patient 3
Schizophrenia Cognition Rating Scale—informant 49
Clinical Global Impression of Cognition in 5

Schizophrenia—patient

Clinical Global Impression of Cognition in 49

Schizophrenia—caregiver

a Missing data across both assessments.

generally do not correlate well with objective cognitive
performance (15). Also, the UCSD Performance-Based
Skills Assessment, the Maryland Assessment of Social
Competence, and the MATRICS Consensus Cognitive Bat-
tery can all be considered performance measures, and
therefore they share some method variance. Fourth, all
measures had modest relationships to community func-
tional status that were somewhat lower than expected.
Fifth, missing data were more frequently observed for the
interview-based measures because of the difficulty in con-
tacting individuals who could serve as informants.

The blind across measures was not absolute. The raters
who administered the functional capacity measures also
administered the cognitive performance tests (although
the scoring for the Maryland Assessment of Social Compe-
tence was done centrally). The testers did not have access
to any information on functional status or the interview-
based measures of cognition. The staff members who con-
ducted the interview-based measures of cognition did not
have access to the functional status interviews, but they
were not fully blind to functional status because these
measures include questions about the degree to which
cognitive impairment interferes with activities of daily liv-
ing. Another limitation of these data are that they were
collected in the absence of cognitive change. One would
ideally want to know the sensitivity of these measures to
changes in cognition as opposed to measuring when the
cognition was presumably stable. Questions about the
sensitivity of co-primary measures to change in cognitive
performance will await identification of a potent cogni-
tion-enhancing drug or perhaps could be examined in the
context of cognitive remediation programs.

The relationships between the co-primary measures and
functional status were somewhat lower than expected and
lower than reported in other studies (10, 16). The ratings of
community functioning were based entirely on subject
self-reports (not observation and not informants), which
may have limited the validity of the ratings. In addition, the
correlations may have been limited by substantial differ-
ences in functional status across the five sites and consid-
erable variability in the size of the correlations across sites
that may be attributable to instances of within-site com-
226
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munity functioning homogeneity. At some sites, the range
of community functioning was restricted by treatment set-
ting constraints (e.g., residential treatment) that were not
simply due to cognitive or functional capacity levels. A re-
stricted range of within-site variance on the community
functional status measure would be expected to reduce the
magnitude of the correlations with co-primary measures.
In this situation, it was difficult to obtain a representative
indication of the associations; however, the values do pro-
vide a reasonable basis for comparison of the four mea-
sures, all of which performed comparably.

The MATRICS Neurocognition Committee reviewed the
data presented in this article and concluded that because
all of the potential co-primary measures performed reason-
ably well, it was difficult to make a narrow recommendation
to NIMH and the FDA. A clearly stated objective for the
MATRICS Initiative was to select a single consensus cogni-
tive performance battery (the MATRICS Consensus Cogni-
tive Battery) for use in clinical trials of cognition-enhancing
drugs for schizophrenia. In contrast, the Neurocognition
Committee was not asked to recommend any particular co-
primary measure, and the committee did not do so. The
Neurocognition Committee noted that if one needed to
choose a co-primary measure for a clinical trial at this time,
the UCSD Performance-Based Skills Assessment (with
modifications to address the ceiling effect) had the advan-
tage of a strong association with cognitive performance. A
revised version of the UCSD Performance-Based Skills As-
sessment with adjusted difficulty level is currently available.
The two interview-based measures were similar in struc-
ture, and their summary scores were highly correlated (r=
0.68; in comparison, the correlation for the two functional
capacity measures was 0.30). If it was desirable to include
an additional co-primary measure that reflects the inter-
view-based approach, the Schizophrenia Cognition Rating
Scale has the advantage of better tolerability and practical-
ity, although it lacks domain ratings.

The evaluation and selection of co-primary measures
raises questions about validity. The key concern of the
FDA is demonstrating that a new cognition-enhancing
drug affects cognitive performance and meaningful func-
tional abilities. At present, evidence of content validity of
co-primary measures may be more available than evi-
dence of construct or external validity. That is, the content
of these measures can be evaluated for its functional
meaningfulness from the perspectives of patients, clini-
cians, and families. Further establishment of construct or
external validity, including relationships to cognitive per-
formance and community functioning, will take time. A
related validity issue is whether co-primary measures
need to be sufficiently distinct (i.e., involve different con-
structs) from cognitive performance measures. For exam-
ple, some functional capacity measures resemble neu-
rocognitive tests in mode of administration. However, at
this point, distinctiveness of cognitive performance and
co-primary measures does not appear to be a concern of
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the FDA. A co-primary measure could in theory be a mod-
ified version of a cognitive performance test (if it has con-
tent of clear functional relevance) or a modified version of
a community functioning scale (if sufficiently sensitive to
change within a clinical trial). At this stage of develop-
ment, associations between co-primary measures and
cognitive performance may be more critical than those
with everyday functional outcome, given that improve-
ments in functional capacity may still require additional
rehabilitation in specific daily living or work skills to be
translated into community functioning.

Representatives of the FDA indicated to the MATRICS
Neurocognition Committee that any of the four co-pri-
mary measures would be acceptable at this point for use in
clinical trials. However, given the early stage of method de-
velopment in this area, the Neurocognition Committee ex-
pects that stronger measures using these approaches, or
using entirely different approaches to assessment, might
be developed. This is a fertile area and one in which devel-
opments are occurring at a rapid pace. The importance of
functional assessment for serious mental disorders and its
role in drug evaluation has been reflected in several recent
developments. For example, a new program at NIMH,
Functional Assessment in Mental Disorders, has recently
been created. Also, a new academic/industry consortium
(MATRICS-Co-Primary and Translation) has been formed
to facilitate the evaluation of potential co-primary mea-
sures for use in clinical trials. Finally, NIMH recently spon-
sored a consensus meeting on functional assessment for
psychiatric disorders (21). Hence, the results presented in
the current article should be viewed as a good starting
point for evaluation, comparison, and discussion of poten-
tial functionally meaningful co-primary measures, with ex-
pectations that future developments will lead to improved
tools in this domain.
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