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Abstract

Background—The COGS is a multi-site NIMH-sponsored investigation of the genetic basis of
12 primary and multiple secondary quantitative endophenotypes in schizophrenia.

Methods—Since 2003, COGS has completed studies using a family-based ascertainment strategy
(COGS-1), and a case—control ascertainment strategy (COGS-2) (cumulative “n” > 4000).

Results—COGS-1 family study confirmed robust deficits in, and heritability of, these
endophenotypes in schizophrenia, and provided evidence for a coherent genetic architecture
underlying the risk for neurocognitive and neurophysiological deficits in this disorder. COGS-2
case—control findings, many reported herein, establish a foundation for fine genomic mapping and
other analyses of these endophenotypes and risk genes for SZ. Several reports in this Special Issue
compare findings of endophenotype deficits generated by fundamentally different COGS-1 vs.
COGS-2 ascertainment strategies. Despite the expectation that family-based and case—control
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designs would establish demographically and potentially biologically distinct patient cohorts,
findings generally revealed comparable patterns of endophenotype deficits across studies. The
COGS-2 case—control design facilitated the accrual of a larger “n”, permitting detailed analyses of
factors moderating endophenotype performance. Some COGS-2 endophenotypes not assessed in
COGS-1 are also reported, as is a new factor analytic strategy for identifying shared vs. unique
factors among the COGS endophenotypes which can be used to develop composite variables with
distinct genetic signatures.

Discussion—The path to date of COGS-1 endophenotype and genetic findings, followed by
replication and extension in COGS-2, establishes benchmarks for endophenotype deficits in SZ
and their moderation by specific factors, and clear expectations for informative findings from
upcoming COGS-2 genetic analyses.
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1. Introduction

This Special Issue describes findings from The Consortium on the Genetics of
Schizophrenia (COGS)—a multi-site NIMH sponsored-collaboration that investigates the
genetic basis of 12 primary and multiple secondary candidate endophenotypes in
schizophrenia patients and their relatives (COGS-1). The COGS strategy has been to acquire
endophenotype measures across multiple geographically distributed sites to maximize
sample ascertainment and hence the power for genetic linkage and association studies
(Calkins et al., 2007). COGS-1 findings of robust deficits in endophenotypes in
schizophrenia patients have been published (Radant et al., 2007, 2010; Horan et al., 2008;
Turetsky et al., 2008; Olincy et al., 2010; Stone et al., 2011), as have reports of significant
heritability of these measures (Greenwood et al., 2007; Light et al., in press), as well as
genomic evidence for significant associations and linkage findings with several of the
primary endophenotypes and individual genes as well as a 42-gene network of suspected
importance to schizophrenia (Greenwood et al., 2011, 2013). Based on these COGS-1
findings, a second, larger case—control study was initiated (COGS-2), powered for the
analysis of moderating factors as well as advanced genomic strategies.

One vexing issue in schizophrenia research, and particularly in studies of its genetic
architecture, relates to its heterogeneity, reflected in differences across a variety of domains,
including symptoms, functional outcome, neuroimaging and other biomarkers, and family
structure. Differences in family structure may be of particular relevance to the search for
schizophrenia risk genes. For example, two schizophrenia patients might present with
comparable clinical features: Patient 1 might present as part of a narrowly defined intact
family structure (at least one unaffected full sibling available for genotyping and
endophenotyping, along with parents available at least for genotyping), and Patient 2 might
present as an isolated case, without any identifiable family members. These two distinct
presentations might suggest different forms of schizophrenia, conceivably with different
heritability and genetic architectures. Such differences might also manifest themselves in the
nature or magnitude of endophenotypic deficits, since these endophenotypes, by definition,
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are shaped by the genes that underlie the neurobiological abnormalities that give genesis to
the symptoms that define this disorder. For this reason, studies such as COGS-1 that use a
family-based strategy for ascertainment of affected probands within a narrowly defined
family structure vs. the COGS-2 case—control ascertainment strategy, which ignored family
history of schizophrenia, might be expected to result in distinct cohort characteristics and to
generate different endophenotypic and, potentially, genetic results. One explicit goal of the
COGS has been to test this hypothesized difference in endophenotypic and genetic
characteristics of schizophrenia as assessed via family-based vs. case—control ascertainment
strategies.

The COGS approach to schizophrenia endophenotypes assumes that endophenotype data
can be acquired with high fidelity and reliability across multiple geographically dispersed
test sites, and that schizophrenia-related deficits will be comparable across these sites. For
several endophenotypes, these assumptions were confirmed in reports published from
COGS-1 studies (Horan et al., 2008; Olincy et al., 2010; Radant et al., 2007; Swerdlow et
al., 2007; Stone et al., 2011; Turetsky et al. 2009). The COGS-2 case—control design is
sufficiently powered to not only confirm these COGS-1 findings, but also to assess across
these test sites a number of experimental factors believed—based on the published literature
—to moderate these endophenotypes. Published reports suggest that overlapping but not
identical factors moderate the several COGS-2 schizophrenia endophenotypes, but these
reports span many different small samples using non-standardized methodologies. The
moderation of schizophrenia-linked endophenotypes by a carefully considered list of
neurocognitive and neurophysiologically meaningful factors was thus assessed in several
reports in this Special Issue, leveraging the statistical power of this large case—control
sample. These factors included test site, sex, age, race, antipsychotic use (none, first
generation, second generation, or mixed), smoking status and parental education. An interim
(“mid-way”) report of another COGS-2 endophenotype—prepulse inhibition (PPI) of
acoustic startle—and its moderation by these factors was recently published as a “stand-
alone” article in Schizophrenia Research (Swerdlow et al., 2014).

Findings from the COGS-1 family-based study confirmed the presence of robust deficits in
schizophrenia probands and their first-degree relatives in several different quantitative
neurocognitive and neurophysiological measures, including the Letter—Number Span (Horan
et al., 2008), the California Verbal Learning Test (Stone et al., 2011), P50 suppression
(Olincy et al., 2010), N100 ERP amplitude (Turetsky et al. 2009) and antisaccade
performance (Radant et al., 2007, 2010). Significant heritability of these and other
schizophrenia endophenotypes was demonstrated (Greenwood et al., 2007; Light et al., in
press), and performance in these measures was shown to be significantly associated with
single nucleotide polymorphisms of specific candidate schizophrenia risk genes, many of
which contribute to potentially important shared signaling networks (Greenwood et al.,
2011). Linkage analyses were suggestive of association for several endophenotypes in
regions thought to contain genes that are both physiologically plausible for these
endophenotypes and potentially consistent with pathophysiological models for
schizophrenia (Greenwood et al., 2013). One important goal of COGS-2 was to use the
relative ease (compared to family-based studies) of case—control recruitment to acquire a
large sample of carefully characterized schizophrenia and healthy comparison subjects
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(HCS) across the COGS sites, and to leverage this greater power towards GWAS strategies
and fine mapping of chromosomal regions identified in COGS-1 to potentially harbor genes
associated with schizophrenia endophenotypes. To date, collection and quality assurance of
all COGS-2 endo-phenotype data have been completed, and genetic materials have been
submitted for analysis to the Psychiatric Genetics Consortium (PGC), using the 550 K PGC
“PsychChip” platform (Sullivan, 2010).

While criteria for case and control subject inclusion and exclusion for the COGS studies
were uniform across the COGS-1 and -2 data collection sites, it is important to note that
different endophenotypes are impacted and potentially confounded by different subject
characteristics (e.g. auditory sensitivity of ERP measures vs. visual sensitivity of AS
measures); as a result, the reports of different endophenotypes in this Special Issue
inevitably included different numbers of overlapping but not identical subjects. Measure-
specific inclusion criteria and sample characteristics for each of the COGS-1 and COGS-2
measures covered in this Special Issue are described in this overview, and the factor analysis
of COGS-1 measures (Seidman et al., this issue) necessarily includes a more restricted
sample of subjects with valid data across all endophenotypes. Lastly, statistical analyses of
several different measures described in this issue can be approached in a variety of ways,
using categorical (ANOVA) and continuous (regression) strategies, along with more
advanced analytic tools. The prospective decision of the COGS investigators was to apply
statistical analyses to each measure in a manner that is consistent with the broader published
literature for that measure. In the analysis of moderating factors, given the large sample size
of COGS-2, it was important to limit primary and exploratory analyses to 2-factor
interactions, to avoid the analysis and forced interpretation of a large number of statistically
significant results of dubious biological importance.

This Special Issue includes an Overview by the COGS Director (D.L. Braff), this
Introduction and seven reports that describe novel data from COGS-2, in some instances in
conjunction with data from COGS-1 to assess the impact of ascertainment strategy on the
endophenotypes, and a report of a factor analysis of COGS-1 measures. Collectively, these
reports form an important foundation for interpreting the findings that will emerge from the
ongoing COGS genetic analyses.

2. Methods

2.1. Participants

COGS-1 data were collected at 7 sites: University of California at San Diego (UCSD) and
Los Angeles (UCLA), University of Colorado (CUHSC), Mount Sinai School of Medicine
(MSSM), University of Pennsylvania (PENN), Harvard Medical School (HMS) and
University of Washington (UW). Participant selection for all COGS-1 studies has been
described in detail in several reports, including a comprehensive overview of COGS-1
procedures and methods (Calkins et al., 2007), and the many COGS-1 studies cited in the
accompanying articles in this Special Issue. Thus, COGS-1 methodologies will be described
only briefly herein. COGS-2 data collection included five of the 7 COGS-1 sites, with
UCHSC and HMS exiting as collection sites. Local institutional review boards of each site
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approved the COGS-2 study. All endophenotyped participants were 18-65 years old, able to
understand and provide informed consent and were compensated for their participation.

In the family-based COGS-1 design, diagnoses were established via the Diagnostic
Interview for Genetics Studies (DIGS) (Nurnberger et al., 1994), the Family Interview for
Genetic Studies (FIGS) (NIMH, 1992), and a Best-Estimate Final Diagnosis (BEFD)
procedure based on Diagnostic and Statistical Manual of Mental Disorders (DSM-1V)
criteria for schizophrenia. Criteria for family eligibility included: 1) a proband met DSM-1V
criteria for schizophrenia based on BEFD procedures, 2) both biological parents were
available for genotyping, and 3) =1 full sibling unaffected with schizophrenia was available
for endophenotyping and genotyping. First-degree biological relatives included parents and
siblings of the proband. Probands having only one available parent but 2 or more available
siblings (= 1 unaffected by schizophrenia) were also included, as were probands having no
available parents but 3 or more available siblings (= 1 unaffected by schizophrenia).
Multigenerational families were included when an additional relative (e.g., nephew or child
of the pro-band) met criteria for schizophrenia, and the proband had living parents and at
least one unaffected sibling available.

COGS-1 exclusion criteria are seen in Table 1. Families that included only a proband with
schizoaffective disorder (either bipolar or depressed subtype) were not included.
Additionally, families with evidence of “parental bilineality” or no “contrast” in sibships (all
sibs have a diagnosis of schizophrenia) were not included. For subjects who met eligibility
requirements, all available first-degree family members completed diagnostic and most
endophenotype testing. HCS also participated in all components of testing, including
diagnostic and endophenotype assessment. To parallel psychiatric comorbidity in relatives
of probands, nonpsychotic axis | psychopathology was accepted in approximately 30% of
HCS, but clinical stability and/or remission was required.

2.2. Assessments

Diagnoses in COGS-2 were established by a modified version of the Structural Clinical
Interview for DSM-1V (SCID) (First et al., 1995, 1996) with additional items from the DIGS
and FIGS. All COGS-2 patients met DSM-IV criteria for schizophrenia or schizoaffective
disorder, depressed type. HCS were included if they had 1) no current or past psychotic
disorder, 2) a known (identifiable) biological family history, 3) no history of psychosis in a
1st degree relative, 4) no current Axis | mood disorder, 5) no Cluster-A Axis Il disorder, and
6) no current regular treatment with psychoactive medication. Exclusion criteria for all
COGS-2 participants are seen in Table 1.

In addition to diagnostic assessments, COGS-1 and COGS-2 participants received clinical
assessments and endophenotype measurements, seen in Table 2. Assessments were
generally divided over two days for COGS-1, while for COGS-2, assessments and testing
for HCS often were completed in a single day. This was not uniformly the case, and at some
sites, COGS-1 endophenotype testing was split over two days, and COGS-2 HCS
assessments were sometimes divided over two days. COGS-1 endophenotype testing was
completed in one of the two orders, roughly balanced across groups, to assess any impact of
test order on endophenotype measures. Some minor variations in test order were introduced
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among COGS-1 sites that completed CNB testing on day 1, vs. others that included the CNB
in day 2. Based on some potentially confounding COGS-1 order effects (Light et al., 2007),
COGS-2 testing utilized a relatively fixed, single order, though even this order had some
minor variations across sites; for example, some COGS-2 sites completed the UCSD
Performance-based Skills Assessment (UPSA-B; Patterson et al., 2001) testing during day 1,
while others did so during day 2. Nonetheless, Table 2 shows the “modal” division of testing
across days, and order of testing within days, that held for the vast majority of COGS
subjects.

All COGS-1 endophenotype measures except P50 event-related potential gating (P50
gating) were included in COGS-2, using COGS-1 equipment, test parameters, analytic
strategies and QA procedures (Calkins et al., 2007). One COGS-1 endophenotype was
modified slightly to enhance its sensitivity (Continuous Performance Task (CPT)) and two
new neurophysiological endophenotypes (mismatch negativity (MMN) and P300 amplitude)
were added to COGS-2.

2.3. Data management and analyses

Methods for COGS-1 data flow are described in detail in Calkins et al. (2006) and the
associated COGS-1 reports, and were substantially repeated for COGS-2. Specific statistical
approaches to each endophenotype differed, in order to conform to the general statistical
strategies used in the published literature for each measure. A unique attribute of COGS, and
particularly COGS-2, is the sample sizes of the schizophrenia vs. HCS comparisons for each
endophenotype; while large samples are common among the many genomic studies of the
“fuzzy” DSM-defined entity of schizophrenia, the COGS samples provide a definitive
assessment of multiple quantitative laboratory-based schizophrenia endophenotypes. From
an analytic standpoint, this uniquely high-powered endophenotype database presented both
opportunities and challenges. For example, subgroups of patients that would generally be
quite small in single-site studies (e.g. schizophrenia patients taking no antipsychotics) were
sufficiently large to allow meaningful analyses of many different potentially important
factors that moderate endophenotype expression in schizophrenia cohorts. For some
endophenotypes, these robust analyses of moderating factors might be important if not
unique additions to the literature. Even with this large sample, however, there were some
variables for which cell sizes remained small, and in these cases, a consensus was reached to
limit the number of separate subgroups to those with samples adequate to support
meaningful contrasts.

Another statistical implication of a large study sample with several potentially important
moderating factors (Table 3) is that levels of statistical significance identified via analyses of
variance or similar strategies might be highly dependent on the number of factors entered
into the analyses, and the number of levels of interactions that are explored among these
factors. The generic approach to this analytic challenge for COGS studies within any given
endophenotype was to limit analyses to pair-wise contrasts with diagnosis, unless specific a
priori hypotheses justified otherwise. In addition to the moderating factors shown in Table 3,
exploratory analyses of clinical and demographic independent variables to endophenotype
performance were pursued where appropriate. Comparisons across endophenotypes (e.g. the
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relationship of performance on endophenotypes A to B, e.g. AS to MMN) were generally
limited to two types: 1) relationship of specific neurocognitive to neurophysiological
measures; and 2) an omnibus factor analytic approach across all COGS-1 endophenotypes,
which is the focus of the report by Seidman et al. (this issue).

characteristics

Sample characteristics divided by test site in COGS-1 and COGS-2 HCS, COGS-1
schizophrenia probands and COGS-2 schizophrenia patients, are seen in Tables 4A and 4B,
for all subjects who generated valid data for at least one endophenotype.

Based on these data, some general observations are possible regarding the overall COGS
samples. First, COGS-1 probands were younger than COGS-2 schizophrenia patients; this is
true across the full study samples (COGS-1 vs. COGS-2), and was also evident for each of
the 5 sites that tested subjects in both studies (all p's < 0.0001). Second, COGS-1 probands
were more educated than COGS-2 patients, and the same is true of their respective parents
(all p's < 0.0001). Third, while there was some variability across sites, overall sex
distributions for both COGS-1 probands and COGS-2 patients strongly favored males, and
this was significantly more marked in COGS-2 vs. COGS-1 (Chi-square = 5.61, p < 0.02);
by contrast, among HCS, women were more heavily represented compared to men in both
COGS-1 and COGS-2 samples. Fourth, antipsychotic (AP) use differed slightly between
studies, with COGS-1 probands less likely than COGS-2 patients to receive no
antipsychotics (3.6% vs. 8.6%; Chi-square = 9.36, p < 0.003), though the clear majority of
affected individuals in both studies received 2nd generation antipsychotics (89.8% vs.
83.7%). In general, these findings support the prediction that different ascertainment
strategies might identify patients with different characteristics.

For some factors, including age, sex and race, differences in COGS-1 vs. COGS-2 cohorts
were site-specific. For example: at UCLA, HCS were older in COGS-2 vs. COGS-1; at UW,
HCS were more likely to be female in COGS-1 vs. COGS-2; and at PENN, COGS-2
patients were more likely than COGS-1 probands to be African American. In COGS-2,
African Americans were significantly more represented among East Coast sites (PENN,
MSSM) than West Coast sites (UCSD, UCLA and UW); PENN and MSSM also had the
greatest representation of African American probands among COGS-1 sites. Other subtle
differences in sample characteristics across sites and studies are seen in Tables 4A and 4B,
but a global assessment of these data suggests far more similarities than differences across
studies and sites in terms of the characteristics of HCS, as well as those of affected subjects.

4. Summary of endophenotype findings

Detailed findings with specific COGS-1 and COGS-2 endophenotypes are found in the
accompanying manuscripts in this Special Issue. A brief summary of these findings is found
in Table 5.

Overall, moderate-to-large effect size deficits in all primary endophenotypes were detected
in COGS-2 patients; the general patterns of deficits were comparable across COGS-1 and
COGS-2 studies.
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5. Discussion

The COGS platform has obtained high fidelity and reliable endophenotypic data from a
definitively large number of individuals with schizophrenia as well as HCS, using two
different ascertainment strategies: the COGS-1 family-based design and the COGS-2 case—
control design. Differences in age, sex distribution, education, parental education, 1Q and
antipsychotic use were detected across these two studies. Despite these differences, what is
most notable in the comparisons across studies is the substantial degree of similarity in the
schizophrenia-based deficits in endophenotype performance between COGS-1 and COGS-2
schizophrenia participants. While the relative magnitude of specific deficits varied across
measures and ascertainment strategies, each performance deficit detected in one
ascertainment strategy was paralleled by a deficit in the same measure in the other
ascertainment strategy. Thus, despite any a priori expectations based on assumptions of the
subject characteristics identified by different ascertainment strategies, or the impact of
testing patients with more intact family structures vs. putatively more isolated individual
patients, the general profile of neurocognitive and neurophysiological deficits detected with
family-based vs. case—control COGS ascertainment designs was strikingly similar. This
result is generally consistent with Gottesman's conceptualization of endophenotypes as
being independent of variations in state-related symptom profiles (Gottesman and Gould,
2003).

Among the measures acquired uniquely from COGS-2 case—control participants,
schizophrenia patients exhibited at least medium-to-large effect-size deficits in CPT
performance, and in the amplitude of MMN, P3a and P300 event related potentials. While
we cannot compare these findings vs. results obtained with these measures in a family-based
study, the magnitudes of these COGS-2 deficits match or exceed those reported in smaller,
single-site studies reported in the literature. In a recent report in Schizophrenia Research, we
described deficits in another schizophrenia endophenotype—prepulse inhibition of acoustic
startle (PPI)—in over 1400 subjects from the COGS-2 sample (Swerdlow et al., 2014). The
PPI deficits detected in this COGS-2 sample reproduced those reported in many previous
studies of PPI in schizophrenia, and exhibited the expected characteristic sensitivity to
prepulse intervals (most robust deficits in cases elicited by prepulses with 60 ms intervals)
and antipsychotic use (deficits most robust in unmedicated patients and “normalized” by 2nd
generation APS).

As studies designed specifically to identify genes conferring risk for schizophrenia, COGS-1
and COGS-2 are not designed to draw definitive conclusions regarding other aspects of
endophenotype performance in schizophrenia. For example, several of reports in this Special
Issue describe the complex issue of antipsychotic medication effects on quantitative
endophenotype scores in the COGS-1 and COGS-2 samples. Most generally, a subject's
antipsychotic medication status can be stratified into several different levels, e.g. 1. not
taking antipsychotics; 2. taking first generation antipsychotics; 3. taking second generation
antipsychotics; and 4. taking both first and second generation antipsychotics. The algorithm
for using this information in the interpretation of endophenotype performance is complicated
by many factors, not the least of which is the fact that self-reports of antipsychotic use are
notoriously inaccurate (Lieberman et al., 2005). Both COGS-1 and COGS-2 studies have
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cross-sectional designs, and the antipsychotic regimen at the time of COGS testing for any
given patient reflects a complex, often non-biologically-based and geographically-specific
rationale. For example, schizophrenia patients may not take antipsychotics based on their
mild level of their symptoms, or their sensitivity to adverse effects of antipsychotics, or their
limited access to mental health treatment, or their non-adherence to prescribed regimens.
Some cross-sectional studies demonstrate endophenotype deficits in schizophrenia patients
who are not taking antipsychotics, and that these deficits are reduced or not present among
patients taking second generation antipsychotics (including studies from COGS (Swerdlow
et al., 2014)); in these instances, it is parsimonious to conclude that the observed deficit
likely reflects a process closely linked to schizophrenia rather than antipsychotics per se.
However, this pattern is not always observed, and in some cases, endophenotype deficits
among COGS cohorts in this Special Issue are least pronounced among antipsychotic-free
patients, and most pronounced among patients taking antipsychotics. The cause—effect
explanation for this latter pattern of findings is simply not discernible based exclusively on
findings from the COGS cross-sectional study designs. In some instances, data from prior
longitudinal, randomized controlled trials indicates that antipsychotics reduce these same
endophenotype deficits, making it very unlikely that the smaller deficits in antipsychotic-
free patients in COGS are due to causal antipsychotic effects. Thus, each paper in this
Special Issue has relevant data on this topic of antipsychotic associations with quantitative
schizophrenia endophenotypes, but definitive explanations for the observed patterns will
depend on prospective studies of drug effects with more complex cross-over or randomized,
parallel-group longitudinal designs.

The cumulative experience of the COGS project on endophenotypes and schizophrenia to
date confirms that with careful attention to standardization of methods and equipment,
quality assurance oversight and centralized data processing, it is possible to harness the
testing capacity and access to schizophrenia patients afforded by the use of multiple,
geographically dispersed sights, and to collect high-fidelity and reliable measures of highly
heritable endophenotype deficits in schizophrenia patients. The COGS-2 endophenotype
findings suggest that it will now be possible to engage the larger COGS-2 sample, facilitated
by a case—control design, to attempt GWAS and fine-mapping of genetic loci responsible for
these deficits. This large cohort also allows for analytic strategies that employ
endophenotype ranking and cumulative endophenotype loading, as well as gene burden
analyses. While this approach has not yet been applied to COGS-2 data, the Seidman et al.
findings (this issue) suggest that potent signals for identifying the genetic underpinning of
heritable neurocognitive and neurophysiological deficits in schizophrenia may come from
the identification of a factor structure that reflects shared, genetically informative neurobio-
logical processes.

The overarching rationale behind the COGS studies reflects the expectation that genes
associated with deficits in specific, quantifiable domains of function (e.g. working memory)
or processes with known or suspected neural substrates (e.g. sensorimotor gating) should be
more readily connected to underlying biological mechanisms, compared to genes associated
with the more complex and “fuzzy” clinical phenotype of schizophrenia per se. This
expectation is supported by COGS-1 findings, in which many of the genes showing
strongest associations with the endophenotypes shared overlapping biological mechanisms
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(e.g. glutamate signaling) and showed significant pleiotropic associations with multiple
endophenotypes (Greenwood et al., 2011). Past efforts to understanding the genetics of
schizophrenia have yielded many failures to replicate findings, based perhaps on the
difficult-to-standardize clinical phenotype of the schizophrenia diagnosis, but also on the use
of different ascertainment strategies and variance introduced by factors such as age, sex,
race, antipsychotic use, smoking and education. In this Special Issue of Schizophrenia
Research, we describe our large-scale efforts to examine the potential impact of
ascertainment strategies and moderating factors on rigorously standardized, quantitative
endophenotype performance in the COGS-1 and COGS-2 samples. Ultimately, the full value
of the COGS approach to identifying the genomic variation associated with endophenotype
deficits in schizophrenia will be realized if knowledge of these genes and/or their related
networks contributes in a meaningful way to our understanding of the pathophysiology or
therapeutics of schizophrenia, including its antecedent risks and our ability to predict its
course and treatment sensitivity.

Acknowledgments

This study was supported by grants RO1-MH065571, R01-MH065588, R01-MH065562, R01-MHO065707, RO1-
MHO065554, R01-MH065578, R01-MH065558, R01-MH86135, KO1-MH087889, R01-MH059803 and R01-
MHO094320 from the National Institute of Mental Health. The authors acknowledge the outstanding assistance of
Ms. Joyce Sprock and Ms. Maria Bongiovanni in the preparation of this manuscript.

Role of funding source

Other than proving support, the NIH had no further role in this manuscript.

References

Andreasen, NC. The Scale for the Assessment of Negative Symptoms (SANS). The University of
lowa; lowa City, 1A.: 1984a.

Andreasen, NC. The Scale for the Assessment of Positive Symptoms (SAPS). The University of lowa;
lowa City, 1A.: 1984b.

Braff DL, Freedman R, Schork NJ, Gottesman Il. Deconstructing schizophrenia: an overview of the
use of endophenotypes in order to understand a complex disorder. Schizophr. Bull. 2007; 33(1):21-
32. [PubMed: 17088422]

Braff DL, Greenwood TA, Swerdlow NR, Light GA, Schork NJ. the Investigators of the Consortium
on the Genetics of Schizophrenia. Advances in endophenotyping schizophreniaWorld Psychiatry.
2008; 7(1):11-18.

Calkins ME, Dobie DJ, Cadenhead KS, Olincy A, Freedman R, Green MF, Greenwood TA, Gur RE,
Gur RC, Light GA, Mintz J, Nuechterlein KH, Radant AD, Schork NJ, Seidman LJ, Siever LJ,
Silverman JM, Stone WS, Swerdlow NR, Tsuang DW, Tsuang MT, Turetsky BI, Braff DL. The
consortium on the genetics of endophenotypes in schizophrenia (COGS): model recruitment,
assessment and endophenotyping methods for a multi-site collaboration. Schizophr. Bull. 2007;
33(1):33-48. [PubMed: 17035358]

Calkins ME, Ray A, Gur RC, Freedman R, Green MF, Greenwood TA, Light GA, Nuechterlein KH,
Olincy A, Radant AD, Seidman LJ, Siever LJ, Silverman JM, Stone WS, Sugar C, Swerdlow NR,
Tsuang DW, Tsuang MT, Turetsky BI, Braff DL, Lazzeroni LC, Gur RE. Sex differences in
familiality effects on neurocognitive performance in schizophrenia. Biol. Psychiatry. 2013; 73(10):
976-984. [PubMed: 23395246]

First, MB.; Spitzer, RL.; Gibbon, M.; Williams, JB. Structured Clinical Interview for DSM-1V Axis |
Disorders—Patient Edition (SCID-1/P, Version 2.0). New York State Psychiatric Institute; New
York: 1995.

Schizophr Res. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Swerdlow et al.

Page 11

First, MB.; Spitzer, RL.; Gibbon, M.; Williams, JB. Structured Clinical Interview for DSM-1V Axis |
Disorders—Non-Patient Edition (SCID-I/NP, Version 2.0). New York State Psychiatric Institute;
New York: 1996.

Gottesman |1, Gould TD. The endophenotype concept in psychiatry: etymology and strategic
intentions. Am. J. Psychiatry. 2003; 160(4):636-645. [PubMed: 12668349]

Greenwood TA, Braff DL, Light GA, Cadenhead KS, Calkins ME, Dobie DJ, Freedman R, Green MF,
Gur RE, Gur RC, Mintz J, Nuechterlein KH, Olincy A, Radant AD, Seidman LJ, Siever LJ,
Silverman JM, Stone WS, Swerdlow NR, Tsuang DW, Tsuang MT, Turetsky Bl, Schork NJ.
Initial heritability analyses of endophenotypic measures for schizophrenia: the consortium on the
genetics of schizophrenia. Arch. Gen. Psychiatry. 2007; 64(11):1242-1250. [PubMed: 17984393]

Greenwood TA, Lazzeroni LC, Murray SS, Cadenhead KS, Calkins ME, Dobie DJ, Green MF, Gur
RE, Gur RC, Hardiman G, Kelsoe JR, Leonard S, Light GA, Neuchterlein KH, Olincy A, Radant
AD, Schork NJ, Seidman LJ, Siever LJ, Silverman JM, Stone WS, Swerdlow NR, Tsuang DW,
Turetsky BI, Freedman R, Braff DL. Analysis of 94 candidate genes and 12 endophenotypes for
schizophrenia from the Consortium on the Genetics of Schizophrenia. Am. J. Psychiatry. 2011;
168(9):930-946. [PubMed: 21498463]

Greenwood TA, Swerdlow NR, Gur RE, Cadenhead KS, Calkins ME, Dobie DJ, Freedman R, Green
MF, Gur RC, Lazzeroni LC, Nuechterlein KH, Olincy A, Radant AD, Ray A, Schork NJ, Seidman
LJ, Siever LJ, Silverman JM, Stone WS, Sugar CA, Tsuang DW, Tsuang MT, Turetsky BI, Light
GA, Braff DL. Genome-wide linkage analyses of 12 endophenotypes for schizophrenia from the
Consortium on the Genetics of Schizophrenia. Am. J. Psychiatry. 2013; 170(5):521-532.
[PubMed: 23511790]

Gulsuner S, Wash T, Watts AC, Lee MK, Thornton AM, Casadei S, Rippey C, Shahin H, Consortium
on the Genetics of Schizophrenia (COGS), PAARTNERS Study Group. Nimgaonkar VL, Go
RCP, Savage RM, Swerdlow NR, Gur RE, Braff DL, King MC, McClellan JM. Spatial and
temporal mapping of de novo mutations in schizophrenia to a fetal profrontal cortical network.
Cell. 2013; 154(3):518-529. [PubMed: 23911319]

Gur RC, Ragland J, Moberg P, Turner T, Bilker WB, Kohler C, Siegel SJ, Gur RE. Computerized
neurocognitive scanning: |. Methodology and validation in healthy people.
Neuropsychopharmacology. 2001a; 25(5):766—776. [PubMed: 11682260]

Gur RC, Ragland JD, Moberg PJ, Bilker WB, Kohler C, Siegel SJ, Gur RE. Computerized
neurocognitive scanning: Il. The profile of schizophrenia. Neuropsychopharmacology. 2001b;
25(5):777-788. [PubMed: 11682261]

Hall RC. Global assessment of functioning. A modified scale. Psychosomatics. 1995; 36(3):267-275.
[PubMed: 7638314]

Horan WP, Braff DL, Nuechterlein KH, Sugar CA, Cadenhead KS, Calkins MD, Dobie DJ, Freedman
R, Greenwood TA, Gur RE, Gur R, Light GA, Mintz J, Olincy A, Radant AD, Schork NJ,
Seidman LJ, Siever LJ, Silverman JM, Stone WS, Swerdlow NR, Tsuang DW, Tsuang MT,
Turetsky BI, Green MF. Verbal working memory impairments in individuals with schizophrenia
and their first-degree relatives: findings from the Consortium on the Genetics of Schizophrenia.
Schizophr. Res. 2008; 103(1-3):218-228. [PubMed: 18406578]

Kiang M, Braff DL, Sprock J, Light GA. The relationship between preattentive sensory processing
deficits and age in schizophrenia patients. Clin. Neurophysiol. 2009; 120(11):1949-1957.
[PubMed: 19786365]

Lieberman JA, Stroup TS, McEvoy JP, Swartz MS, Rosenheck RA, Perkins DO, Keefe RS, Davis SM,
Davis CE, Lebowitz BD, Severe J, Hsiao JK, Trials, Clinical Antipsychotic, of Intervention
Effectiveness (CATIE) Investigators. Effectiveness of antipsychotic drugs in patients with chronic
schizophrenia. N. Engl. J. Med. 2005; 353(12):1209-1223. [PubMed: 16172203]

Light G, Olincy A, Radant AD, Swerdlow NR, The COGS, Investigators. Braff DL. The COGS
analyses of endophenotypic measures of schizophrenia: prepulse inhibition, P50 gating, and
oculomotor antisaccade findings. Biol. Psychiatry. 2007; 61:109-110S.

Light GA, Swerdlow NR, Rissling AJ, Radant A, Sugar CA, Sprock J, Pela M, Geyer MA, Braff DL.
Characterization of neurophysiologic and neurocognitive bio-markers for use in genomic and
clinical outcome studies of schizophrenia. PLoS ONE. 2012; 7(7):e39434. [PubMed: 22802938]

Schizophr Res. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Swerdlow et al.

Page 12

Light GA, Greenwood TA, Swerdlow NR, Calkins ME, Freedman R, Green MF, Gur RE, Gur RC,
Lazzeroni LC, Nuechterlein KH, Olincy A, Radant AD, Seidman LJ, Siever LJ, Silverman JM,
Sprock J, Stone WS, Sugar CA, Tsuang DW, Tsuang MT, Turetsky Bl, Braff DL. Comparison of
the heritability of schizophrenia and endophenotypes in the COGS-1 family study. Schizophr.
Bull. 2014 (in press).

NIMH. Genetics Initiative: Family Interview for Genetic Studies. National Institute of Mental Health;
1992.

Nurnberger JR Jr. Blehar MC, Kaufmann CA, York-Cooler C, Simpson SG, Harkavy-Friedman J,
Severe JB, Malaspina D, Reich T. Diagnostic interview for genetic studies. Rationale, unique
features, and training. Arch. Gen. Psychiatry. 1994; 51(11):849-859. [PubMed: 7944874]

Olincy A, Braff DL, Adler LE, Cadenhead KS, Calkins ME, Dobie DJ, Green MF, Greenwood TA,
Gur RE, Gur RC, Light GA, Mintz J, Nuechterlein KH, Radant AD, Schork NJ, Seidman LJ,
Siever LJ, Silverman JM, Stone WS, Swerdlow NR, Tsuang DW, Tsuang MT, Turetsky B,
Wagner BD, Freedman R. Inhibition of the P50 cerebral evoked response to repeated auditory
stimuli: results from the consortium on genetics of schizophrenia. Schizophr. Res. 2010; 119(1-3):
175-182. [PubMed: 20382002]

Patterson TL, Goldman S, McKibbin CL, Hughs T, Jeste DV. UCSD Performance-Based Skills
Assessment: development of a new measure of everyday functioning for severely mentally ill
adults. Schizophr. Bull. 2001; 27(2):235-245. [PubMed: 11354591]

Radant AD, Dobie DJ, Calkins ME, Olincy A, Braff DL, Cadenhead KC, Freedman R, Green MF,
Greenwood TA, Gur RE, Light GA, Meichle SP, Mintz J, Nuechterlein KH, Schork NJ, Seidman
LJ, Siever LJ, Silverman JM, Stone WS, Swerdlow NR, Tsuang MT, Turetsky BI, Tsuang DW.
Successful multi-site measurement of antisaccade performance deficits in schizophrenia.
Schizophr. Res. 2007; 89(1-3):320-329. [PubMed: 17023145]

Radant A, Dobie D, Calkins M, Olincy A, Braff D, Cadenhead K, Freedman R, Green M, Greenwood
T, Gur R, Gur R, Light G, Meichle S, Millard S, Mintz J, Nuechterlein K, Schork N, Seidman L,
Siever L, Silverman J, Stone W, Swerdlow N, Tsuang M, Turetsky B, Tsuang D. Antisaccade
performance in schizophrenia patients, their first-degree biological relatives, and community
comparison subjects: data from the COGS study. Psychophysiology. 2010; 47(5):846-856.
[PubMed: 20374545]

Ragland JD, Coleman AR, Gur RC, Glahn DC, Gur RE. Sex differences in brain— behavior
relationships between verbal episodic memory and resting regional cerebral blood flow.
Neuropsychologia. 2000; 38(4):451-461. [PubMed: 10683395]

Rapaport MH, Bazzetta J, McAdams LA, Patterson T, Jeste DV. Validation of the scale of functioning
in older outpatients with schizophrenia. Am. J. Geriatr. Psychiatr. 1996; 4:218-228.

Rycroft N, Hutton SB, Rusted JM. The antisaccade task as an index of sustained goal activation in
working memory: modulation by nicotine. Psychopharmacology. 2006; 188(4):521-529.
[PubMed: 16896958]

Schmeidler, J.; Lazzeroni, LC.; Swerdlow, NR.; Ferreira, RP.; Braff, DL.; Calkins, ME.; Cadenhead,
KS.; Freedman, R.; Green, MF.; Greenwood, TA.; Gur, RE.; Gur, RC.; Light, GA.; Olincy, A.;
Nuechterlein, KH.; Radant, AD.; Seidman, LJ.; Siever, LJ.; Stone, WS.; Sprock, J.; Sugar, CA.;
Tsuang, DW.; Tsuang, MT.; Turetsky, BI.; Silverman, JM. Paternal age of schizophrenia probands
and endophenotypic differences from unaffected siblings.. Psychiatry Res. 2014. http://dx.doi.org/
10.1016/j.psychres.2014.05.035 (Epub ahead of print, May 28)

Stone WS, Giuliano AJ, Tsuang MT, Braff DL, Cadenhead KS, Calkins ME, Dobie DJ, Faraone SV,
Freedman R, Green MF, Greenwood TA, Gur RE, Gur RC, Light GA, Mintz J, Nuechterlein KH,
Olincy A, Radant AD, Roe AH, Schork NJ, Siever LJ, Silverman JM, Swerdlow NR, Thomas AR,
Tsuang DW, Turetsky BI, Seidman LJ. Group and site differences on the California Verbal
Learning Test in persons with schizophrenia and their first-degree relatives: findings from the
Consortium on the Genetics of Schizophrenia (COGS). Schizophr. Res. 2011; 128(1-3):102-110.
[PubMed: 21288694]

Sullivan PF. The psychiatric GWAS consortium: big science comes to psychiatry. Neuron. 2010;
68(2):182-186. [PubMed: 20955924]

Swerdlow NR, Sprock J, Light GA, Cadenhead K, Calkins ME, Dorcas DJ, Freedman RR, Green MF,
Greenwood TA, Gur RE, Mintz J, Olincy A, Nuechterlein KH, Radant AD, Schork NJ, Seidman

Schizophr Res. Author manuscript; available in PMC 2016 April 01.


http://dx.doi.org/10.1016/j.psychres.2014.05.035
http://dx.doi.org/10.1016/j.psychres.2014.05.035

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Swerdlow et al.

Page 13

LJ, Siever LJ, Silverman JM, Stone WS, Tsuang DW, Tsuang MT, Turetsky Bl, Braff DL. Multi-
site studies of acoustic startle and prepulse inhibition in humans: initial experience and
methodological considerations based on studies by the Consortium on the Genetics of
Schizophrenia. Schizophr. Res. 2007; 92(1-3):237-251. [PubMed: 17346930]

Swerdlow NR, Light GA, Sprock J, Calkins ME, Green MF, Greenwood TA, Gur RE, Gur RC,

Lazzeroni LC, Nuechterlein KH, Radant AD, Ray A, Seidman LJ, Siever LJ, Silverman JM, Stone
WS, Sugar CA, Tsuang DW, Tsuang MT, Turestsky BI, Braff DL. Deficient prepulse inhibition in
schizophrenia detected by the multi-site Consortium on the Genetics in Schizophrenia. Schizophr.
Res. 2014; 152(2-3):503-512. [PubMed: 24405980]

Tsuang D, Esterberg M, Braff D, Calkins M, Cadenhead K, Dobie D, Freedman R, Green MF,

Greenwood T, Gur R, Gur R, Horan W, Lazzeroni LC, Light GA, Millard SP, Olincy A,
Nuechterlein K, Seidman L, Siever L, Silverman J, Stone W, Sprock J, Sugar C, Swerdlow N,
Tsuang M, Turetsky B, Radant A. Is there an association between advanced paternal age and
endophenotype deficit levels in schizophrenia? PLoS ONE. 2014; 9(2):e88379. http://dx.doi.org/
10.1371/journal.pone.0088379. [PubMed: 24523888]

Turetsky BI, Greenwood TA, Olincy A, Radant AD, Braff DL, Cadenhead KS, Dobie DJ, Freedman

R, Green MF, Gur RE, Gur RC, Light GA, Mintz J, Nuechterlein KH, Schork NJ, Seidman LJ,
Siever LJ, Silverman JM, Stone WS, Swerdlow NR, Tsuang DW, Tsuang MT, Calkins ME.
Abnormal auditory N100 amplitude: a heritable endophenotype in first-degree relatives of
schizophrenia probands. Biol. Psychiatry. 2008; 64(12):1051-1059. [PubMed: 18701089]

Ventura J, Lukoff D, Nuechterlein KH, Liberman RP, Green MF, Shaner A. Appendix 1: Brief

Psychiatric Rating Scale (BPRS) expanded version (4): scales, anchor points, and administration
manual. Int. J. Methods Psychiatr. Res. 1993; 3:227-244.

Schizophr Res. Author manuscript; available in PMC 2016 April 01.


http://dx.doi.org/10.1371/journal.pone.0088379
http://dx.doi.org/10.1371/journal.pone.0088379

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Swerdlow et al.

Table 1
Exclusion criteria for COGS-1 and COGS-2.

Page 14

Exclusion criterion

All participants

COGS1

COGS-2

Proband HCS

Patient

HCS

Does not meet family inclusion criteria (see text)

Does not meet diagnostic criteria for SZ

Does not meet diagnostic criteria for SZ or schizoaffective disorder, depressed type

Adopted or family history unknown

Outside study age range of 18-65

Unable to understand consent due to language or competency
Physically unable to participate in testing of at least one endophenotype
Physically unable to participate in testing of at least two endophenotypes
Previous endophenotype testing in the last 1 mo

Previous neuropsychological testing in the last 3 mo

Positive illicit drug or alcohol screen at the time of testing

Severe systemic illness that interferes with ability to be endophenotyped
Parents not living (unless sibship is large) or unavailable for genotyping
Both parents diagnosed with SZ

Siblings unavailable for endophenotyping and genotyping

All siblings diagnosed with SZ

Electroconvulsive treatment in the last 6 mo

Alcohol or substance abuse in the past 1 mo

Alcohol or substance dependence not in remission for 6 mo

Significant head injury (loss of consciousness > 15 min and/or neurological
sequelae)

Neurological illness (e.g., seizures, stroke, Parkinson disease)

Less than one 1 month psychiatrically stable

Estimated premorbid 1Q < 70 per Wide Range Achievement Test-Third Edition
History of psychosis in themselves or a family member (1st or 2nd degree)
History of psychosis in themselves or a family member (1st degree)

Current Axis | mood disorder

Cluster A personality disorder

Current treatment with antipsychotic agents

Current treatment with any psychoactive medication

Participated in COGS-1 testing

First-degree relative who has already participated in this study

X

X X X X

X

X X X X X X X X

X X
x X

xX X

X X X X X

X X

X X X X X

X X X X

X

X X X X X X X
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Table 2

Diagnostic and clinical instruments and endophenotype measures in COGS-1 and COGS-2.

COGSs1 COGS-2
Day 1—clinical assessment Day 1-clinical assessment
Probands, Relatives, HCS Patients HCS

DIGS (including SANS/SAPS) SCID I/P w/additional items from DIGS ~ SCID I/NP w/additional items from DIGS

FIGS FIGS and pedigree analysis FIGS and pedigree analysis

BPRS MMSE MMSE

GAF GAF GAF

Day 2—endophenotype assessment SANS/SAPS-modified version from the DIGS
Test order A Test order B SOF

P50 CVLT RFS

AS DS-CPT UPSA-B

PPI LNS Day 2—-endophenotype assessment
Break CPT-IP PPI

SANS/SAPS PENN CNB AS

PENN CNB SANS/SAPS CPT-IP

CPT-IP Break CPT-DS

LNS PPI LNS

CVLT AS CVLT

DS-CPT P50 PENN CNB

Event-related potentials: mismatch negativity (MMN), P300

Abbreviations:

DIGS: Diagnostic Interview for Genetics Studies

FIGS: Family Interview for Genetic Studies.

BPRS: Brief Psychiatric Rating Scale-Expanded, Anxiety Scale
MMSE: Mini-Mental State Exam

GAF: Global Assessment of Functioning Scale

SANS: Scale for the Assessment of Negative Symptoms.

SAPS: Scale for the Assessment of Positive Symptoms.

SOF: Scale of Functioning

RFS: Role Functioning Scale

UPSA-B: UCSD Performance-based Skills Assessment-Brief
AS: Antisaccade measurements

P50: P50 event-related potentials suppression

PENN CNB: U. Pennsylvania Computerized Neurocognitive Battery
LNS Letter-number span test.

CVLT California Verbal Learning Test, Version Il

CPT: Continuous performance task (DS = degraded stimulus version; IP = identical pairs version)
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Table 3

Putative moderating factors in analyses of COGS endophenotypes.

Factor Example of putative moder ating impact Reference

Test site COGS-1 site differences in CVLT performance Stone et al. (2011)
Age Significant reduction in MMN amplitude with increasing age Kiang etal. (2009)
Sex Superior immediate recall in women vs. men on CVLT Ragland et al. (2000)

Antipsychotic (AP) use
Smoking status

Parental education

“Normalized” PPI with 2nd generation AP use in COGS-2 SZ patients
Nicotine reduces AS errors in SZ patients

Significantly greater CNB performance with higher levels of parental education

Swerdlow et al. (2014)
Rycroft et al. (2006)
Gur et al. (2001a)
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Table 4A

COGS-1 and COGS-2 HCS characteristics across test sites (mean (SD)).
Test site ucsb UCLA uw PENN MSSM Harvard Colorado
COGS-1 HCS (N) 81 71 72 72 76 62 73
COGS-2 HCS (N) 222 217 219 207 196
COGS-1 M:F 26:55 36:35 27:45 36:36 36:40 30:32 28:45
COGS-2 M:F 95:127 131:86 109:110 97:110 89:107
COGS-1 Age () 42.8 (12.8) 33.7(9.4) 32.5 (12.6) 36.7 (12.1) 38.1(13.8) 37.8(14.3)  31.0(9.3)
COGS-2 Age (y) 40.2 (12.8) 465 (8.2) 37.1(14.7) 32.7 (12.4) 35.6 (12.4)
COGS-1 Race (%) 64.2:11.1:247 52.1:21.1:26.8 75.0:6.9:18.1 48.6:31.9:194 421:21.1:36.8 74.2:0:25.8 74.0:6.8:19.2
Cauc: AA: Other
COGS-2 Race (%) 50.5:17.1:32.4 61.3:25.8:129 71.7:7.8:205 52.2:34.8:13.0 46.9:34.7:18.4
Cauc: AA: Other
COGS-1 Smokers 90.1: 9.9 87.3:12.7 88.9:11.1 84.7:15.3 82.9:17.1 83.9:16.1 86.3: 13.7
%Never: Now
COGS-2 Smokers 79.7:10.4:9.9 82.9:3.7:13.4 87.7:0.0:12.3 91.8:0.0:8.2 87.8:0.5:11.7
%Never:Past:Now
COGS-2 #cigs/day 7.0 (6.2) 9.9 (6.4) 6.9 (5.4) 7.3(6.1) 8.1(7.2)
COGS-1Educn (y) 14.9 (2.2) 14.8 (2.1) 15.5 (2.4) 15.3 (2.6) 15.4 (2.3) 15.3 (3.0) 16.4 (1.6)
COGS-2 Educ'n (y)  14.8 (2.1) 14.8 (1.7) 15.1 (2.4) 14.8 (2.3) 15.5 (2.4)
COGS-1 Father 13.8 (3.0) 14.4 (3.6) 15.1 (3.2) 13.8 (3.8) 13.3 (4.4) 13.9 (3.5) 15.9 (3.4)
Educ'n (y)
COGS-2 Father 13.7 (3.7) 135 (3.2) 14.3 (3.4) 14.6 (3.2) 14.4(3.5)
Educ'n (y)
COGS-1 Mother 13.2 (2.5) 14.0 (3.2) 14.8 (2.3) 13.9 (3.1) 13.3(3.5) 14.0 (2.9) 15.2 (2.5)
Educ'n (y)
COGS-2 Mother 13.3(3.2) 13.4 (2.8) 14.3 (3.4) 14.1 (2.9) 145 (3.4)
Educ'n (y)
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Table 4B
COGS-1 proband and COGS-2 patient characteristics across test sites (mean (SD)).
Test site ucsb UCLA uw PENN MSSM Harvard Colorado
COGS-1Prob (N) 47 52 52 45 48 47 51
COGS-2 Pts (N) 355 263 249 273 270
COGS-1 M:F 31:16 38:14 40:12 31:14 33:15 42:5 44:7
COGS-2 M:F 239:116 193:70 192:57 172:101 180:90
COGS-1 Age () 36.3 (11.8) 34.3(10.5) 35.5 (10.3) 33.4(11.2) 36.9 (12.2) 32.8(10.7)  36.1(11.3)
COGS-2 Age (y) 46.6 (11.0) 48.6 (10.5) 46.3 (11.8) 44.1 (11.3) 45.9 (10.2)
COGS-1 Race (%) 66.0:4.3: 29.8 61.5:3.8: 34.6 78.8:0:21.2 64.4:20.0:156 41.7:16.7:41.7 78.7:0:21.3 76.5:2.0:21.6
Cauc: AA: Other
COGS-2 Race (%) 54.6:18.3:27.0 46.0:38.4:15.6 53.0:22.1:49 24.9:67.0:8.1 37.0:55.2: 7.8
Cauc: AA: Other
COGS-1 Smokers 51.1:48.9 48.1:51.9 51.9:48.1 55.6:44.4 55.3:44.7 48.9:51.1 64.0: 36.0
% Never:Now
COGS-2 Smokers 30.7:11.8:57.5 39.2:6.5:54.4 57.8:0.4:41.8 47.3:0.4:524 39.3:4.1: 56.7
% Never:Past:Now
COGS-2 #cigs/day  15.0 (10.1) 16.3 (9.9) 11.3 (6.8) 135 (9.5) 11.2(7.8)
COGS-1Educn (y) 13.0 (2.0) 13.7 (1.9) 13.1(1.8) 14.1 (2.1) 13.8 (2.2) 12.9 (2.0) 13.6 (2.4)
COGS-2 Educ'n (y)  12.3 (2.0) 12.9 (1.9) 13.2 (1.9) 12,5 (2.3) 11.9 (2.1)
COGS-1 Father 15.4(3.3) 15.0 (4.2) 14.9 (3.7) 15.2 (3.1) 13.8 (4.5) 14.8 (2.9) 15.9 (3.5)
Educ'n (y)
COGS-2 Father 12.9(3.3) 12.4 (4.1) 13.1 (3.5) 12.6 (3.7) 11.8 (3.0)
Educ'n (y)
COGS-1 Mother 14.6 (3.3) 13.9 (3.6) 14.5 (3.6) 14.5 (2.5) 14.2 (3.8) 14.5 (3.2) 15.1 (2.4)
Educ'n (y)
COGS-2 Mother 12.4(3.2) 12.3 (3.5) 12.7 (2.8) 12.7 (3.2) 11.9 (3.3)
Educ'n (y)
AP's COGS-1 (%) 10.9:4.3:78.3:  1.9:9.6: 88.5: 2:3.9:78.4: 2.2:6.7:82.2: 0:17: 68.1: 0:2.2:91.1: 8.7:2.2:80.4:
6.5 0 15.7 8.9 14.9 6.7 8.7
None: 1st: 2nd:
both
AP's COGS-2 (%) 9.0:4.8: 72.4: 5.5:7.0: 80.1: 14.5:7.2: 10.3: 11.4: 3.3:9.4:82.4:
13.8 7.4 70.7: 7.6 66.2: 12.1 4.9

None: 1st: 2nd:
both
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