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Although cognition is one of the most important predictors of community functioning in
schizophrenia, little is known about the causes of this correlation. To our knowledge, this study is
the first to examine the extent to which this correlation is genetically mediated and whether the
genetic correlation is specific to schizophrenia. Six hundred and thirty-six participants from 43
multigenerational families with at least two relatives with schizophrenia and 135 unrelated
controls underwent diagnostic interview and cognition and functioning assessment. Quantitative
genetic analyses were conducted using maximum-likelihood variance decomposition methods
implemented in SOLAR (Almasy & Blangero, 1998). Among patients with schizophrenia,
cognition and community functioning were positively correlated and genetic effects shared
between them were significant contributors to this relationship whereas environmental effects
shared between them were not. In contrast, genetic effects were not shared significantly between
cognition in depressed or non-diagnosed relatives and community functioning in schizophrenia. In
all analyses, the contributions of social cognition to community functioning were accounted for by
general cognition. These findings support heritable factors that contribute to the correlation
between cognition and community functioning that are relatively specific to schizophrenia and are
not significantly shared with depression or a lack of psychopathology. This suggests the possibility
of identifying specific genetic variants that contribute to this correlation and to these important
individual differences among schizophrenia patients.
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Affecting approximately one in every hundred individuals over one’s lifetime, schizophrenia
is one of the leading causes of disability worldwide (Murray & Lopez, 1997). Much of this
disability and its associated economic cost reflect the decreased occupational and social
functioning (i.e., community functioning) that many schizophrenia patients exhibit, which
often arises before the emergence of psychotic symptoms and typically persists for many
years afterward (Agerbo, Byrne, Eaton, & Mortensen, 2004; Racenstein et al., 2002).
Although these functioning deficits were key for Kraepelin (1971) in his conceptualization
of Dementia Praecox and remain necessary for receiving the diagnosis (American
Psychiatric Association, 2013), the degree of functional impairment varies substantially
across individuals (Palmer et al., 2002). Given its personal and societal importance, much
research has sought to predict, understand, and treat individual differences in functional
impairment among schizophrenia patients.
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Cognitive deficits are one of the best predictors of community functioning impairment in
schizophrenia, yielding a correlation in a recent meta-analysis of approximately 0.25 (Fett et
al., 2011). Also beginning with Kraepelin (1971), cognitive deficits have been consistently
identified as an important feature of the diagnosis (Dickinson, Ragland, Gold, & Gur, 2008)
but nevertheless they vary as much as community functioning among patients with
schizophrenia (Joyce & Roiser, 2007). The substantial body of research on the correlation
between cognition and community functioning in schizophrenia has however focused little
on its underlying causes. Especially notable is the lack of studies examining the degree to
which genetic factors might contribute to this correlation. Thus, the aim of this study is to
examine the genetic and environmental causes and diagnostic specificity of the correlation
between cognition and community functioning among schizophrenia patients.

Cognition and Community Functioning in Schizophrenia
In a literature currently spanning more than 200 studies, there is overall replicable evidence
of a correlation of approximately 0.25 between cognition and community functioning in
schizophrenia (Fett et al., 2011). As background for this study, we consider how cognition
and functioning have been measured, how specific cognitive domains might relate to
functioning, and the degree of specificity of these associations to schizophrenia compared to
other diagnoses.
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Previous research has generally assessed community functioning in three general ways:
patient self-report questionnaires, patient role play, and interviewer ratings of real-world
functioning (Figueira & Brissos, 2011). Because it can be considered a “gold standard” for
real-world functioning compared to other measurement approaches (Priebe, 2007), this
study assessed functioning using trained interviewers rating multiple objective outcomes.
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Previous research has also addressed the question of whether some cognitive domains are
more correlated with functioning than others. In the most recent meta-analysis, general
(nonsocial) cognition was significantly correlated with community functioning (r=0.25) (Fett
et al., 2011) and of specific general cognitive tasks, only verbal fluency was somewhat more
highly correlated with functioning (r=0.32). Although specific nonsocial cognitive tasks
appear to be largely similar to general cognition in their ability to predict functioning, social
cognition has often been proposed to be a better predictor of functioning. In a recent review,
all ten studies examining general cognition as a predictor of community functioning
provided evidence for a potential role for social cognition, with predictive effects shared
with general cognition (correlations) ranging from 0.14 to 0.28 (S. J. Schmidt, Mueller, &
Roder, 2011), although its independent contribution is less clear. Overall then, general
cognition is associated with functioning in schizophrenia and encompasses much of the
variance in functioning predicted by specific cognitive domains. To examine whether social
cognition may enhance prediction of functioning over and above that of general cognition,
we also examined correlations with our measures of social cognition after controlling for
general cognition.
Few studies have even compared the size of the correlation between cognition and
functioning in schizophrenia to that within other diagnoses, and those few have suggested
that cognition may be more highly associated with functioning in schizophrenia than in
bipolar disorder (Jabben, Arts, van Os, & Krabbendam, 2010; Martínez-Arán et al., 2001).
Here, to address etiological specificity more directly, we examined the correlation between
cognition and community functioning across schizophrenia and depression and no
psychopathology.
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Given that schizophrenia is a highly heritable disorder, with approximately 65% to 80% of
liability attributable to genetic variation (Lichtenstein et al., 2009), it is surprising that the
heritability of cognitive and functional deficits has remained largely unexplored among
relatives with schizophrenia. Although several studies have examined the familiality of
cognition across non-schizophrenia relatives of schizophrenia patients (Calkins et al., 2010;
Glahn et al., 2015), the only study to our knowledge of the familiality of cognition among
schizophrenia patients reported that concordant first-degree relatives demonstrated
correlated performance on some specific cognitive measures (Hoff et al., 2005). Similarly,
five of six studies found composite and global measures of functioning in schizophrenia to
be familial (Burke, Murphy, Bray, Walsh, & Kendler, 1996; Cardno et al., 1998; Deshpande
et al., 2004; Kendler et al., 1997; McGrath et al., 2009; Vassos et al., 2008) whereas familial
effects on specific functioning measures were mixed (Bhatia, Franzos, Wood, Nimgaonkar,
& Deshpande, 2004; Deshpande et al., 2004; Wickham et al., 2002).
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Although this small body of research suggests that variation in both cognition and
community functioning among schizophrenia patients may each be affected by genetic
variation, we sought to examine, utilizing an extended pedigree design that includes several
degrees of kinship (i.e., first- through fourth-degree relatives), the extent to which the
observed phenotypic correlation between cognitive performance and community functioning
is mediated by genetic and environmental effects shared between them. Observed, or
phenotypic, correlations between variation in one trait (such as cognition) and variation in
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another trait (such as community functioning) can arise from several possible general
causes. For example, genetic effects on cognition and genetic effects on functioning may be
correlated; this genetic correlation (RG) is reflected in (along with the heritability of each
trait) the extent to which relatives’ cognition correlates with other relatives’ functioning (i.e.,
a cross-trait, cross-relative correlation). Genetic effects can be estimated by comparing these
cross-correlations across relatives who differ in their genetic relatedness, such as first-degree
relatives (sharing 50% of genetic variation) versus second-degree relatives (sharing 25%),
versus third-degree relatives (sharing 12.5%), versus fourth-degree relatives (sharing
6.25%), assuming that relatives’ resemblance for environmental effects also does not vary
linearly with kinship. To the extent that environmental resemblance varies linearly with
kinship, estimates of genetic effects will be overestimated. Environmental effects on
cognition may also be correlated with environmental effects on functioning; this
environmental correlation (RE) is reflected in (along with the environmentality of each trait)
the degree to which the phenotypic correlation between traits exceeds their genetic
correlation and their respective heritabilities. That is, traits correlate within individuals
because individuals share both genetic and environmental effects with themselves, whereas
traits correlate across relatives linearly according to kinship due to correlated genetic effects
across traits (Neale & Cardon, 1992), assuming that environmental effects shared among
relatives do not also vary linearly with kinship.
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To better understand the nature of genetic effects on the correlation between cognition and
community functioning, we utilized a multiplex (multiple schizophrenia relatives per
family), extended pedigree design (first through fourth degree relatives of schizophrenia
probands) (R. E. Gur et al., 2007). Sampling large pedigrees allows us to estimate additive
genetic effects (assuming resemblance for environmental effects does not vary similarly) by
comparing observed resemblance across linearly varying degrees of kinship in contrast to
typical studies of only first-degree relatives. In addition, the multiplex ascertainment strategy
should enrich for genetic effects. The sample also includes relatives of schizophrenia
probands who meet diagnostic criteria for other disorders, rendering them potentially useful
for addressing the specificity of the correlation between cognition and community
functioning to schizophrenia compared to other diagnoses.

Questions & Hypotheses

Author Manuscript

The primary aim of this study was to determine the relative influence and diagnostic
specificity of correlated genetic and environmental effects on the correlation between
cognition and community functioning in schizophrenia. First, we aimed to replicate prior
research showing mean deficits in cognition and functioning in schizophrenia compared with
controls and a significant phenotypic correlation between cognition and community
functioning approximating 0.25 in schizophrenia. We also sought to estimate heritabilities
for cognition and community functioning among schizophrenia relatives. The novel
questions we then addressed are:
1.

Among relatives concordant for schizophrenia, what are the genetic and
environmental correlations between cognition and community functioning?
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Are these genetic correlations specific to schizophrenia or are they shared
between schizophrenia and other diagnoses (i.e., depression and no diagnoses)?

METHOD
PARTICIPANTS
The Multiplex, Multigenerational Genetics Investigation of Schizophrenia (MGI) Study (R.
E. Gur et al., 2007) is a multi-site study based at the University of Pittsburgh, the University
of Pennsylvania, and the Texas Biomedical Research Institute. All participants provided
consent (or assent when applicable) according to protocols approved by their respective
Institutional Review Boards (Pitt PRO 14120059, Penn 064200, TBRI HSC20010232H).
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Probands were recruited at the University of Pittsburgh and the University of Pennsylvania
through mental health and consumer organizations throughout Pennsylvania, New Jersey,
Delaware, Ohio, West Virginia, Kentucky, Michigan and Indiana. Probands had a DSM-IV
diagnosis of schizophrenia, were of European-American descent, proficient in English, at
least 18 years old, and provided consent to contact at least one first-degree relative with a
diagnosis of schizophrenia or schizoaffective disorder – depressed type and ten or more firstthrough fourth-degree relatives. Probands were not selected based on cognitive performance.
Inclusion criteria for relatives were being at least 15 years old, European-American,
proficient in English, and free of any brain injury or disorder that would interfere with
interpretation of cognitive measures.
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European-American individuals aged 18–84 were recruited for the control group. At
Pittsburgh, potential control individuals residing in the regions from which most probands
and their relatives had been recruited were contacted through random-digit dialing and
efforts were made to group-match to the relatives based on average age and sex ratio.
Controls at the University of Pennsylvania were recruited through advertisements. Controls
were excluded if they or a first-degree relative had been diagnosed with a schizophrenia
spectrum or psychotic disorder, were taking antipsychotic medications, experienced a recent
exacerbation of non-psychotic psychiatric symptoms, underwent electroconvulsive therapy
or treatment for substance abuse in the past six months, or reported a medical condition,
head injury or sensory or physical impairments that could interfere with completion of study
measures.
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The final sample included 771 participants with diagnostic information who had at least two
of the four functioning measures or at least six of the 11 cognition measures, for a total of
636 relatives from 43 multiplex, multigenerational families and 135 unrelated controls. Only
two unrelated pedigree members, both diagnosed with schizophrenia, were excluded from
this final sample because they had fewer than half of both Cognition and Functioning
variables (having data for five Cognition variables and one Functioning variables). More
than 60% of participants had complete data for all Cognition and Functioning variables.
Eight pedigree members who had Functioning data had invalid computerized cognitive data
(these included four individuals in the Schizophrenia group, two individuals in the No
Diagnoses group, and two individuals with other psychopathology). Since their cognitive
testing differed from the rest of the sample, their data on the pencil-and-paper tasks (Trails
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A, Trails B and CVLT) were also excluded. Sample sizes for each measure are presented in
Supplemental Table 1.
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Relatives were classified into five hierarchical, mutually exclusive diagnostic groups:
schizophrenia (N=103, including 10 individuals with schizoaffective disorder – depressed
type and 4 individuals with schizoaffective disorder – manic type), depression (N=109),
other diagnosis (N=169), and no diagnoses (N=255). Due to their diagnostic heterogeneity,
relatives in the Other diagnoses group were not included in further analyses. Within the
control group (N=135), 21 individuals were diagnosed with depression, nine with substance
abuse, three with concomitant depression and substance abuse, five with adjustment
disorder, two with depressive disorder (not otherwise specified), and 95 with no diagnoses.
The schizophrenia group had a significantly higher proportion of males, fewer years of
education, and lower Wide Range Achievement Test Reading scores (WRAT; Jastak &
Jastak, 1978) than other groups; controls were significantly older, more educated, and had
higher WRAT scores than the pedigree groups. There were no significant differences among
groups in parental education (Table 1). The average age of psychosis onset for schizophrenia
relatives was 20.6 (SD=8.5), duration of illness was 25.1 years (SD=12.9), and 83.5%
reported currently taking antipsychotic medication, with an average chlorpromazine
equivalent daily dosage of 938.5mg (SD=1322.4) (Woods, 2003). For depressed relatives,
onset of depression averaged 25.2 years (SD=11.9) and duration of illness averaged 17.5
years (SD=13.1).
Within families, the number of pairings between schizophrenia relatives was 105; between
schizophrenia and depressed relatives was 300; and between schizophrenia and nondiagnosed relatives was 651.
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MEASURES
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Diagnostic Assessment—Participants underwent clinical evaluation using the
Diagnostic Interview for Genetic Studies, version 2.0 (DIGS) (Nurnberger et al., 1994), the
Family Interview for Genetic Studies (FIGS) (Maxwell, 1992), and a review of medical
records if available. Assessment was conducted in person, usually in the person’s home, by
trained interviewers who were not blind to the participant’s status (i.e., proband/relative/
control). At least two investigators (licensed psychologists and psychiatrists) reviewed each
case and resolved differences by consensus to provide DSM-IV lifetime diagnoses. In
addition, current schizophrenia symptomatology was rated with the Scale for the
Assessment of Positive Symptoms (SAPS) (Andreasen, 1984) and the Scale for the
Assessment of Negative Symptoms (SANS) (Andreasen, 1989), with scores ranging from 0
to 5. Summary scores for the SANS and SAPS were derived from the mean of global ratings
for each symptom subscale. As expected for a community-based sample, schizophrenia
relatives showed relatively low levels of symptoms on average based on ratings for the SAPS
(M=0.94, SD=0.76) and SANS (M=1.52, SD=1.02).
Community Functioning—To reflect the domains included in other standard measures of
community functioning used in schizophrenia research (e.g., Strauss-Carpenter Level of
Functioning Scale (Strauss & Carpenter, 1977) and the Major Role Adjustment Inventory
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(Hogarty, Goldberg, & Schooler, 1974), the following four objective measures of current
community functioning from the DIGS were selected and coded so that high scores reflected
better functioning.
Current marital status. (DIGS A7): As a measure of social functioning, participants were
ranked as: 1) never married; 2) separated or divorced; 3) married or widowed.
Current living situation. (DIGS A8): As a measure of independent living, participants
were ranked as living: 1) in a residential treatment facility; 2) in home of relatives; 3) alone
or with roommates (i.e. non-lineal relatives or friends); 4) with unmarried partner for at least
one year; 5) in own home with spouse and/or children.

Author Manuscript

Current occupational status. (DIGS A10): As a measure of work functioning employment
was ranked (Hollingshead, 1975) as: 1) unemployed (under the age of 65); 2) disabled; 3)
homemaker; 4) operators, fabricators, and laborers; 5) farming, forestry fishing, production,
craft and repair; 6) service; 7) full time student; 8) technical, sales, and administrative
support; 9) professional; 10) managerial positions. For individuals who were retired
(unemployed and over the age of 65), the most responsible job they had ever held was coded
as their occupational status according to the ordered ranking.
Current global functioning. (DIGS T3): The Global Assessment of Functioning Scale
(GAF) (Endicott, Spitzer, Fleiss, & Cohen, 1976) gauges lowest level of functioning during
the past month on a scale of 1 to 100, with 1 representing the most impairment and 100
representing the most adaptive.
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Cognition—Participants were administered the 60-minute Penn Computerized
Neurocognitive Battery (CNB) (R. C. Gur, Ragland, Moberg, Bilker, et al., 2001; R. C. Gur,
Ragland, Moberg, Turner, et al., 2001) in a fixed order using laptop computers. Accuracy
and median reaction times for correct items were recorded for each test. Efficiency scores
were then calculated for each domain by averaging accuracy and speed (both standardized
based on the control group performance); higher efficiency scores thus reflect equal
contributions of accuracy and speed of performance.
The following tests assessed General Cognition:
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Abstraction and Mental Flexibility: The Penn Conditional Exclusion Test (Kurtz,
Ragland, Moberg, & Gur, 2004) simultaneously presents four objects for each trial; the
participant then selects the object that does not belong with the other three based on one of
three sorting heuristics. Feedback guides the identification of three changes in sorting
heuristics. Index of accuracy: (number of categories completed +1)*(number correct
responses/total number of responses) (time: 12 minutes).
Attention: The Penn Continuous Performance Test (Kurtz, Ragland, Bilker, Gur, & Gur,
2001) uses a continuous performance test paradigm in which the participant responds to
seven-segment displays whenever they form a digit. There is no working memory load since
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the stimulus is presented for the full duration of a trial. Number of correct responses (time: 8
minutes).
Verbal Memory: The Penn Word Memory Test (R. C. Gur et al., 1993) presents 20 target
words followed by an immediate recognition trial with the targets and 20 distractor words
randomly interspersed, and a delayed recognition trial 20 minutes later. The distractor words
are chosen to match target words on frequency, length, concreteness, and low imageability
using Paivio’s norms. Average of correct responses and of reaction times at immediate and
after delay yielded overall scores. (time: 4 minutes).
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Spatial Memory: The Visual Object Learning Test (Glahn, Gur, Ragland, Censits, & Gur,
1997) presents 20 Euclidean shapes followed by an immediate recognition trial with random
foils and a delayed recognition trial 20 minutes later. Number correct responses and reaction
times at immediate and after delay were averaged to produce overall scores. (time: 4
minutes).
Spatial Processing: Judgment of Line Orientation (Benton, Varney, & Hamsher, 2012) is a
computer adaptation of Benton’s test, in which participants are presented two lines at an
angle and select the corresponding lines on a simultaneously presented array. Correct
responses (time: 6 minutes).
Sensorimotor Dexterity: The participant uses a mouse to click on squares appearing at
different locations on the computer screen; the squares become progressively smaller in later
trials (time: 2 minutes).
Participants also completed two pencil-and-paper tasks of general cognition:
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Trail Making Task: Attention and processing speed were assessed using both versions (A
& B) of the Trail Making Task (Reitan, 1958). In Part A, participants are instructed to
connect a set of 25 dots each containing a number in sequential order as quickly as possible.
In Part B, participants connect dots that alternate between numbers and letters. For both
parts, the time to completion (in seconds) was multiplied by −1. Thus, higher scores reflect
faster, better performance.
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California Verbal Learning Test (CVLT) (Delis, Kramer, Kaplan, & Ober,
1987): Participants are read aloud a list of sixteen common words belonging in four
categories, then are asked to recall (without regard for order) as many of these items as
possible after each of five trials. The number of words correctly recalled on the fifth trial was
used as a measure of verbal learning and memory.
In addition, participants completed the Reading subtest of the Wide Range Achievement
Test (Jastak & Jastak, 1978) to provide an estimate of verbal intelligence.
The CNB also assesses two domains relevant to face processing, a putative aspect of social
cognition, Face Memory and Emotion Processing. The face processing index derived from
these two tasks was examined in secondary analyses and was found to add little independent
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prediction to that provided by general cognition. Further information regarding tasks,
analyses and results for face processing can be found in the supplement.
ANALYSES
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All measures were first inspected for outliers, skewness, and kurtosis. Using the total
pedigree and control sample, because of some significant correlations, all cognition and
community functioning measures were residualized for recruitment site, sex, and age and
then subjected to separate exploratory factor analyses in Mplus (version 6.11) (Muthén &
Muthén, 2007) with orthogonal varimax rotation using WLSMV (weighted least squares,
mean- and variance-adjusted), a robust procedure for estimating factor models with ordinal
data (Schmitt, 2011). Significance of factors was determined by Horn’s parallel analysis,
which compares observed eigenvalues with those estimated based on randomized data.
Those factors with observed eigenvalues above the 95th percentile of those calculated based
on random data are considered significant.
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Quantitative genetic analyses were performed in SOLAR (version 4.0.7 (Almasy &
Blangero, 1998) using maximum-likelihood variance decomposition to estimate model
parameters and likelihood-ratio tests to evaluate their statistical significance. SOLAR
maximum-likelihood estimates utilize all the data that are relevant to a particular parameter.
Parameters were conservatively estimated using the t-distribution in SOLAR which is robust
to non-normal trait distributions (Blangero, Williams, Almasy, 2001). All SOLAR analyses
included age and sex as covariates. Although using age as a covariate removes main effects
of age, these analyses conservatively assume that genetic and environmental effects are
consistent across age and thus generally estimate the average heritability and genetic
correlations across ages (if there is any variation in effects across age). To provide a better
estimate of general population means and variances, the control group was included in all
analyses except where noted.
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Heritability was estimated for cognition and community functioning and refers to the
proportion of total phenotypic variance (σ2p) due to additive genetic effects: h2=σ2G/σ2p. It
is estimated by comparing the observed phenotypic covariance matrix with the covariance
matrix predicted by kinship, such that closer kinship linearly predicts increased resemblance.
The significance of the heritability estimate is tested by comparing the likelihood of a model
in which σ2G is estimated to that of a model in which σ2G is constrained to zero. This
estimation procedure assumes that resemblance for environmental effects does not vary
linearly with degree of kinship. To the extent that environmental effects violate this
assumption, heritabilities will be over-estimated. The environmentality of a trait denotes
phenotypic variance that is not accounted for by additive genetic effects and is defined as
1.0-h2. In the extended pedigree design, environmentality includes environmental effects that
are not shared between relatives in a linear fashion according to kinship as well as
measurement error.
Bivariate genetic analyses decompose the observed phenotypic correlation between
cognition and community functioning among schizophrenia relatives into genetic and
environmental correlations, based on degree of kinship. Specifically, cross-correlations
between different traits in different relatives arise as a function of the genetic effects on each
J Abnorm Psychol. Author manuscript; available in PMC 2019 February 01.
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trait and the degree of correlation of genetic effects across traits. More formally,
RPCSZ1-FSZ2 =√h2CSZ * K*RGCSZ-FSZ *√h2FSZ, where RPCSZ1-FSZ2 is an observed cross-trait
(i.e., between cognition and functioning) cross-relative correlation, K is the degree of
kinship (e.g., 0.50 for first-degree relatives, 0.25 for second-degree), h2CSZ and h2FSZ are the
heritabilities of cognition and functioning, respectively among schizophrenia relatives. The
genetic correlation (RGSZ-FSZ) represents the genetic effects that are correlated between
cognition and community functioning among schizophrenia relatives. As above, this
estimation procedure assumes that resemblance for correlated environmental effects across
traits does not vary linearly with degree of kinship. To the extent that correlated
environmental effects violate this assumption, genetic correlations will be over-estimated.
The significance of the genetic correlation was tested by comparing the likelihood of a
model in which genetic effects on cognition and functioning are estimated compared to a
model in which genetic effects on cognition are constrained to be uncorrelated with genetic
effects on functioning. Genetic correlations that differ significantly from zero suggest
pleiotropy, or correlated genetic effects across cognition and community functioning. The
statistical significance of the genetic correlation depends importantly and appropriately on
the heritabilities of the two traits (Verhulst, 2017). The total genetic contribution to the
phenotypic correlation (i.e., the bivariate heritability) is the square root of the heritability of
trait 1 * genetic correlation * the square root of the heritability of trait 2 (e.g., √h2CSZ *
RGCSZ-FSZ *√h2FSZ). Thus, the genetic correlation can be high but if one or both traits has
low heritability, then the overall contribution of genetic effects to the phenotypic correlation
between traits will be very small and thus appropriately not significant. For this reason, we
interpret only significant genetic correlations. The environmental correlation (RE) is
estimated as the residual portion of the phenotypic covariation between cognition and
functioning after accounting for genetic effects. Similar considerations apply to the
environmental correlation concerning statistical significance if the one or both
environmentalities are low. It is important to note that the initial analyses presented below
concern decomposing the correlations between cognition and community functioning among
only schizophrenia relatives.
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In contrast, to investigate the diagnostic specificity of any significant genetic correlations,
correlations between cognition in relatives with other diagnoses (i.e., depression and no
diagnosis) and community functioning in schizophrenia relatives were also analyzed. Here,
analyses rely not upon correlations between two traits across schizophrenia relatives but
upon correlations between two traits across relatives with different diagnoses (i.e., cognition
in depressed relatives with community functioning in schizophrenia relatives). As above,
such a cross-trait, cross-relative (and now cross-diagnosis) correlation arises as a function of
the genetic effects on each trait in each diagnosis and the degree of sharing of these genetic
effects. Thus, RPMDC1-SZF2 =√h2CMD*K*RGCMD-FSZ *√h2FSZ, where RPMDC1-SZF2 is the
observed correlation between cognition in depressed relatives and functioning in their
schizophrenia relatives, h2CMD is the heritability of cognition among depressed relatives, K
is the degree of kinship, RGCMD-FSZ is the genetic correlation between depression cognition
and schizophrenia functioning, and h2FSZ is the heritability of community functioning in
schizophrenia. To illustrate, consider trios of siblings in which a schizophrenia proband has
a brother with schizophrenia and another brother with depression. If the genetic correlation
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between cognition and functioning is not diagnostically specific across these diagnoses (i.e.
is transdiagnostic), the schizophrenia brothers’ cognition and the depressed brothers’
cognition should both be correlated with the schizophrenia probands’ community
functioning to similar extents. However, if the genetic correlation between cognition and
functioning is specific to schizophrenia, the schizophrenia brothers’ cognition will be
correlated with the schizophrenia probands’ functioning, whereas the depressed brothers’
cognition will not be correlated with the schizophrenia probands’ functioning.

RESULTS
Data Preparation and Reduction
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After inspection of distributions, five cases with Cognition or Functioning scores deviating
more than three standard deviations from the next ranked case were winsorized (assigned the
next score closest to the mean). Examination of the skewness and kurtosis of each measure
in the four diagnostic groups found none with absolute skewness of greater than 2.0 (value
often used as suggestive of moderate non-normality) and none with excess kurtosis greater
than 7.0 (value often used as suggestive of moderate non-normality) (West, Finch, & Curran,
1995), suggesting that factor analysis was appropriate for data reduction of these measures.
A single factor emerged for the Functioning measures according to Horn’s parallel analysis
with an observed Eigenvalue greater than the 95th percentile of Eigenvalues of factors
derived from randomized data only for the first factor (Table 2a). All items loaded
significantly on this factor, which on average accounted for 44% of the variance in the items,
with Marital Status and Living Situation having the highest loadings (Table 2b). A separate
factor analysis also yielded a single factor for the General Cognition measures based on
Horn’s parallel analysis (Table 2a). The General Cognition factor accounted on average for
50% of the variance in the items, with all items having high loadings with Trails A having
the lowest (Table 2b). Neither the community functioning nor the general cognition factors
had absolute skewness greater than 2.0 or excess kurtosis greater than 7.0 in any of the
groups.
Mean Diagnostic Group Differences
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Given that schizophrenia patients had a larger standard deviation than the controls for both
indexes (as is usually observed), we followed Glass’ recommendation and standardized
using the control group standard deviation rather than pooling the heterogeneous standard
deviations (Smith & Glass, 1977). As expected, the schizophrenia group had significantly
poorer (1.41 control group standard deviations below the control group mean) community
functioning than the other groups, which did not differ significantly (Table 3). Nevertheless,
there was substantial variation, with 84% of functioning scores in schizophrenia below the
mean of controls and 16% above the mean of controls. The schizophrenia group also
performed significantly more poorly on general cognition (on average 2.53 control standard
deviations below the control mean) than the other groups, which did not differ significantly.
Correlations in Schizophrenia
As presented in Table 4, both functioning (h2=0.481) and general cognition (h2=1.00) were
estimated to be significantly heritable among schizophrenia relatives. Although the
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heritability of cognition is presumably not exactly 1.0 due to the undoubted presence of
measurement error, apparently individual differences in cognition among schizophrenia
patients are extremely heritable.

Author Manuscript

Phenotypic, genetic and environmental correlations between the two indexes in
schizophrenia relatives are also presented in Table 4. As predicted, the phenotypic
correlation between general cognition and functioning in schizophrenia was significant
(RP=0.335). Importantly, the genetic correlation between general cognition and functioning
was also significant (RG=0.956), suggesting that correlated genetic effects contribute
importantly to the phenotypic correlation observed between cognition and community
functioning in schizophrenia. In contrast, the environmental correlation between general
cognition and functioning was not in the predicted direction and was not significant in the
schizophrenia group. While the environmental correlation was estimated as −1.0, this
accounts for basically none of the phenotypic correlation between cognition and functioning
due to the very low (0.0) environmentality of cognition in schizophrenia and was thus not
statistically significant.
Although not the focus here, in contrast, within depression and no diagnosis groups, genetic
correlations between general cognition and functioning were not significant (Supplemental
Table 5 presents complete results for non-schizophrenia relatives), which as explained above
was not surprising given the low heritabilities of community functioning in depression and
no diagnosis groups.
Overall, these findings suggest that among schizophrenia patients, the significant phenotypic
correlation between cognition and community functioning arises importantly due to genetic
effects but not environmental effects that are correlated across the two traits.

Author Manuscript

Diagnostically Specific or Transdiagnostic? Cognition in Relatives with Depression or No
Diagnoses Predicting Functioning in Schizophrenia Relatives
As presented in Table 5, the genetic correlation between general cognition in relatives with
depression and community functioning in schizophrenia relatives was not significant,
suggesting that cognition among depressed relatives (which was itself significantly heritable,
h2=0.541, p=0.032, Supplemental Table 5) has no significant genetic relationship with
functioning in their schizophrenia relatives. Likewise, no significant genetic correlation was
observed between no-diagnoses relatives’ general cognition (which was not significantly
heritable, h2=0.143, p=0.101, Supplemental Table 5) and schizophrenia relatives’
functioning, indicating specificity to schizophrenia also compared to no psychopathology.

Author Manuscript

Although the focus of this study is on understanding the causes of individual differences in
community functioning among schizophrenia patients, we also explored if cognition in
schizophrenia might be genetically correlated with community functioning in nonschizophrenia relatives. However, on examination, the genetic correlations between
schizophrenia cognition and community functioning in depression and no diagnosis groups
were not significant (Supplemental Table 6). This is consistent with the main finding that
cognition in non-schizophrenia groups is not significantly genetically correlated with
functioning in schizophrenia and also argues for diagnostic specificity.
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DISCUSSION
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Although they were able to live in the community at the time of this study, consistent with
previous studies (Bartels, Mueser, & Miles, 1997; Bowie et al., 2010), individuals with
schizophrenia still demonstrated significant deficits on average in community functioning
even compared to their relatives with depression. Despite this overall functioning deficit,
variability in functioning was substantial, with approximately one in six individuals with
schizophrenia demonstrating better functioning than the control mean. Similarly, the
schizophrenia mean for the general cognition index was −1.53 standard deviations below the
control mean (based on the pooled schizophrenia and control standard deviations), which is
very similar to effect sizes reported in meta-analyses using pooled standard deviations of
schizophrenia and control groups (Szöke et al., 2008) (Mesholam-Gately, Giuliano, Goff,
Faraone, & Seidman, 2009; Rajji, Ismail, & Mulsant, 2009). This variability in functioning
among schizophrenia patients was predicted by their cognitive performance (RP=0.335) at a
level somewhat above that found in the most recent meta-analysis (Fett et al., 2011).

Author Manuscript

These individual differences in general cognition and community functioning were both
heritable among schizophrenia relatives. Specifically, we found that much of this variation in
functioning was heritable among individuals with schizophrenia (h2=0.481), which is
consistent with most of the few other studies of functioning among relatives concordant for
schizophrenia (Burke et al., 1996; Cardno et al., 1998; Kendler et al., 1997; McGrath et al.,
2009; Vassos et al., 2008; Wickham et al., 2002). We similarly found general cognition to be
highly heritable among schizophrenia relatives (h2=1.00), substantially extending the one
previous finding in a small sample of 17 concordant sib-pairs (Hoff et al., 2005). Although
certainly not precisely 100% heritable due to undoubted measurement error, this
nevertheless suggests that differences among schizophrenia patients are very affected by
genetic variation, perhaps more than in the general population.
Our primary study question concerned the degree to which these genetic effects on cognition
and community functioning are correlated. The large and significant genetic correlation
(RG=0.956) observed between cognition and functioning among schizophrenia relatives
suggests that these genetic effects on cognition overlap almost entirely with the genetic
effects on functioning in schizophrenia. In contrast, the environmental correlation between
cognition and functioning among schizophrenia relatives was not significant, suggesting
little overlap in environmental effects. In addition, as detailed in the Supplement, our
measure of face processing contributed little over and above the effects of general cognition.

Author Manuscript

An important question concerns the degree to which these effects are specific to
schizophrenia and do not just reflect effects that also occur in the general population or are
trans-diagnostic across psychopathologies. For example, functioning measures such as
income and occupational status yield heritabilities approximating 0.40 in the general
population (Rowe, Vesterdal, & Rodgers, 1998; Weinert & Hany, 2000), meta-analyses have
found the heritability of IQ to be 0.50 or higher during adulthood in the general population
(Chipuer, Rovine, & Plomin, 1990; Devlin, Daniels, & Roeder, 1997; Haworth et al., 2010),
and studies typically report phenotypic correlations between cognitive ability and
occupational status or income in the general population of 0.34 (Rowe et al., 1998; F. L.
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Schmidt & Hunter, 2004; Tambs, Sundet, Magnus, & Berg, 1989; Weinert & Hany, 2000),
with genetic effects contributing a large proportion of this correlation (Rowe et al., 1998).
We addressed this important issue in a novel manner by examining whether the genetic
correlation between cognition and functioning operated across diagnostic categories of
schizophrenia and depression as well as no diagnoses. Importantly, the functioning of
schizophrenia relatives was not significantly genetically predicted by cognition in relatives
with depression or with no diagnoses. Thus, the genetic effects on functioning in
schizophrenia appear to overlap primarily with genetic effects on cognition in schizophrenia
but not with genetic effects on cognition in depression or no diagnosis, suggesting
diagnostically specific not transdiagnostic effects. Furthermore, this diagnostic specificity
also suggests that general factors such as socioeconomic status are unlikely to drive the
relationship between cognition and functioning in schizophrenia. If the phenotypic and
genetic correlations between cognition and functioning among schizophrenia patients were
largely the result of a general cognition-functioning correlation in the general population,
then such correlations should hold across schizophrenia, depressed and non-diagnosed
relatives in the same family. However, this was not the case, suggesting that the correlations
in schizophrenia arise from more diagnostic specific causes. Although not supportive in this
case, these results and methods bear importantly on current interests in investigating
transdiagnostic processes as exemplified by the NIMH Research Domain Criteria (RDoC)
initiative (Morris & Cuthbert, 2012).
Overall, the results of this community-based, multiplex, extended pedigree study suggest
that the correlation between cognitive performance and community functioning that is so
widely observed in schizophrenia arises largely from correlated genetic effects that are
relatively specific to schizophrenia compared to depression and no diagnoses.

Author Manuscript

Strengths and Limitations
To our knowledge, this is the first study to examine the heritable basis of the correlation
between cognition and community functioning in schizophrenia despite hundreds of studies
of their observed phenotypic relationship (Fett et al., 2011). This large, extended-pedigree,
multiplex family sample has several advantages, including the estimation of genetic effects
by comparing relatives with first through fourth degrees of genetic relatedness, likely
increased genetic effects due to multiplex ascertainment, considerable variation in cognition
and functioning due to the community-based sample, and a variety of diagnoses among
relatives.

Author Manuscript

Despite these strengths, this study also has limitations. The multiplex and ethnically
homogenous sample may limit the generalizability of our findings. As noted above, the
extended pedigree design estimates genetic effects (heritability and genetic correlations) by
assuming that resemblance for environmental effects does not also vary linearly with degree
of kinship. If this is the case, genetic effects will be over-estimated. Although, the extended
pedigree design has the advantage of basing genetic estimates on linear predictions across a
wide range of kinship relationships (here first to fourth degree), other designs, such as
adoption or twin studies are likely to be more robust to confounding by shared
environmental effects (although of course these designs also rely on their own assumptions).
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In addition, although the use of relatives with depression and no diagnoses allowed the
examination of the diagnostic specificity of effects, these diagnoses may not be
representative of cases who do not have schizophrenia relatives. Notably however, this
should bias results against finding the degree of diagnostic specificity that was observed.
Finally, the cross-sectional nature of this study cannot resolve the directionality of the
cognition-functioning genetic correlation. That is, the genetic correlation may arise due to:
genetic effects on cognition, which then has a direct causal effect on functioning, genetic
effects on functioning, which then has a direct causal effect on cognition, and/or genetic
effects that affect both cognition and functioning.
Implications

Author Manuscript

As this is the first study to investigate this question as far as we are aware, its results should
be considered in the context of “discovery” and are thus in need of replication, ideally using
other complementary designs, such as twin or adoption studies. Furthermore, these findings
that genetic effects are almost completely correlated between cognition and community
functioning in schizophrenia should be considered in context. Although significant
(RP=0.335), cognition did not predict most of the variation in community functioning in
schizophrenia and despite important genetic effects on community functioning (h2=0.481),
about half of its variation in schizophrenia was due to environmental causes and
measurement error. Thus, these findings do not constitute evidence against the existence of
environmental effects or the potential of environmental treatments for improving community
functioning in schizophrenia. They do however suggest that treatments targeting cognition to
improve functioning should provide novel environmental manipulations, as current
environmental variation apparently has little effect on the cognition-functioning correlation
within schizophrenia (Eack, Pogue-Geile, Greenwald, Hogarty, & Keshavan, 2011).
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The largely genetic basis of the correlation between cognition and functioning in
schizophrenia suggests the possibility of identifying specific genetic variants that contribute
to this association. The specificity of this genetic correlation to schizophrenia suggests that
such genetic variants may themselves contribute to risk for schizophrenia or perhaps may
interact with schizophrenia risk variants. Thus, schizophrenia risk variants identified in
genome-wide association studies of schizophrenia (Ripke et al., 2014) may provide useful
initial candidates for better understanding this important correlation between cognition and
community functioning in schizophrenia. The apparent diagnostic specificity to
schizophrenia and the novel methods employed here also have important implications for
exploring transdiagnostic processes, such as those proposed in the NIMH RDoC initiative
(Morris & Cuthbert, 2012).

Author Manuscript
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Supported by NIMH collaborative R01s, MH42191 (REG), MH63480 (VLN), and MH60722 (LA) and CIHR
Doctoral Foreign Study Award (SSK). We thank Aidan Wright, Ph.D. and Shaun Eack, Ph.D. for statistical
consultation and discussion and Christie Musket and Joel Wood for data management.

J Abnorm Psychol. Author manuscript; available in PMC 2019 February 01.

Kuo et al.

Page 16

Author Manuscript

References

Author Manuscript
Author Manuscript
Author Manuscript

Agerbo E, Byrne M, Eaton WW, Mortensen PB. Marital and labor market status in the long run in
schizophrenia. Arch Gen Psychiatry. 2004; 61(1):28–33. DOI: 10.1001/archpsyc.61.1.28 [PubMed:
14706941]
Almasy L, Blangero J. Multipoint quantitative-trait linkage analysis in general pedigrees. Am J Hum
Genet. 1998; 62(5):1198–1211. DOI: 10.1086/301844 [PubMed: 9545414]
American Psychiatric Association. Diagnostic and statistical manual of mental disorders (DSM-5®).
American Psychiatric Pub; 2013.
Andreasen, NC. Scale for the assessment of positive symptoms (SAPS). University of Iowa Iowa City;
1984.
Andreasen NC. Scale for the Assessment of Negative Symptoms (SANS). The British Journal of
Psychiatry. 1989
Bartels SJ, Mueser KT, Miles KM. A comparative study of elderly patients with schizophrenia and
bipolar disorder in nursing homes and the community. Schizophr Res. 1997; 27(2–3):181–190.
DOI: 10.1016/S0920-9964(97)00080-7 [PubMed: 9416647]
Benton AL, Varney NR, Hamsher Kd. Judgment of Line Orientation. PsycTESTS Dataset. 2012; doi:
10.1037/t11036-000
Bhatia T, Franzos MA, Wood JA, Nimgaonkar VL, Deshpande SN. Gender and procreation among
patients with schizophrenia. Schizophr Res. 2004; 68(2–3):387–394. DOI: 10.1016/j.schres.
2003.08.009 [PubMed: 15099620]
Bowie CR, Depp C, McGrath JA, Wolyniec P, Mausbach BT, Thornquist MH, … Pulver AE.
Prediction of real-world functional disability in chronic mental disorders: a comparison of
schizophrenia and bipolar disorder. Am J Psychiatry. 2010; 167(9):1116–1124. DOI: 10.1176/
appi.ajp.2010.09101406 [PubMed: 20478878]
Burke JG, Murphy BM, Bray JC, Walsh D, Kendler KS. Clinical similarities in siblings with
schizophrenia. Am J Med Genet. 1996; 67(3):239–243. DOI: 10.1002/
(SICI)1096-8628(19960531)67:3<239::AID-AJMG1>3.0.CO;2-I [PubMed: 8725742]
Calkins ME, Tepper P, Gur RC, Ragland JD, Klei L, Wiener HW, … O’Jile J. Project among AfricanAmericans to explore risks for schizophrenia (PAARTNERS): evidence for impairment and
heritability of neurocognitive functioning in families of schizophrenia patients. American Journal
of Psychiatry. 2010; 167(4):459–472. [PubMed: 20194479]
Cardno AG, Jones LA, Murphy KC, Sanders RD, Asherson P, Owen MJ, McGuffin P. Sibling pairs
with schizophrenia or schizoaffective disorder: associations of subtypes, symptoms and
demographic variables. Psychol Med. 1998; 28(4):815–823. DOI: 10.1017/s0033291798006783
[PubMed: 9723138]
Chipuer HM, Rovine MJ, Plomin R. LISREL modeling: Genetic and environmental influences on IQ
revisited. Intelligence. 1990; 14(1):11–29. DOI: 10.1016/0160-2896(90)90011-h
Delis, DC., Kramer, JH., Kaplan, E., Ober, BA. CVLT, California Verbal Learning Test: Adult Version:
Manual. Psychological Corporation; 1987.
Deshpande SN, Bhatia T, Wood J, Brar JS, Thelma BK, Ganguli R, … Nimgaonkar VL. Evaluation of
familial influences on the course and severity of schizophrenia among US and Indian cases. Soc
Psychiatry Psychiatr Epidemiol. 2004; 39(5):369–374. DOI: 10.1007/s00127-004-0749-1
[PubMed: 15133593]
Devlin B, Daniels M, Roeder K. The heritability of IQ. Nature. 1997; 388(6641):468–471. DOI:
10.1038/41319 [PubMed: 9242404]
Dickinson D, Ragland JD, Gold JM, Gur RC. General and specific cognitive deficits in schizophrenia:
Goliath defeats David? Biol Psychiatry. 2008; 64(9):823–827. DOI: 10.1016/j.biopsych.
2008.04.005 [PubMed: 18472089]
Eack SM, Pogue-Geile MF, Greenwald DP, Hogarty SS, Keshavan MS. Mechanisms of functional
improvement in a 2-year trial of cognitive enhancement therapy for early schizophrenia. Psychol
Med. 2011; 41(6):1253–1261. DOI: 10.1017/S0033291710001765 [PubMed: 20860867]

J Abnorm Psychol. Author manuscript; available in PMC 2019 February 01.

Kuo et al.

Page 17

Author Manuscript
Author Manuscript
Author Manuscript
Author Manuscript

Endicott J, Spitzer RL, Fleiss JL, Cohen J. The global assessment scale. A procedure for measuring
overall severity of psychiatric disturbance. Arch Gen Psychiatry. 1976; 33(6):766–771. DOI:
10.1001/archpsyc.1976.01770060086012 [PubMed: 938196]
Fett AK, Viechtbauer W, Dominguez MD, Penn DL, van Os J, Krabbendam L. The relationship
between neurocognition and social cognition with functional outcomes in schizophrenia: a metaanalysis. Neurosci Biobehav Rev. 2011; 35(3):573–588. DOI: 10.1016/j.neubiorev.2010.07.001
[PubMed: 20620163]
Figueira ML, Brissos S. Measuring psychosocial outcomes in schizophrenia patients. Curr Opin
Psychiatry. 2011; 24(2):91–99. DOI: 10.1097/YCO.0b013e3283438119 [PubMed: 21285701]
Glahn DC, Gur RC, Ragland JD, Censits DM, Gur RE. Reliability, performance characteristics,
construct validity, and an initial clinical application of a visual object learning test (VOLT).
Neuropsychology. 1997; 11(4):602–612. DOI: 10.1037/0894-4105.11.4.602 [PubMed: 9345704]
Glahn DC, Williams JT, McKay DR, Knowles EE, Sprooten E, Mathias SR, … Göring HHH.
Discovering schizophrenia endophenotypes in randomly ascertained pedigrees. Biological
psychiatry. 2015; 77(1):75–83. [PubMed: 25168609]
Gur RC, Jaggi JL, Ragland JD, Resnick SM, Shtasel D, Muenz L, Gur RE. Effects of memory
processing on regional brain activation: cerebral blood flow in normal subjects. Int J Neurosci.
1993; 72(1–2):31–44. DOI: 10.3109/00207459308991621 [PubMed: 8225798]
Gur RC, Ragland JD, Moberg PJ, Bilker WB, Kohler C, Siegel SJ, Gur RE. Computerized
neurocognitive scanning: II. The profile of schizophrenia. Neuropsychopharmacology. 2001;
25(5):777–788. DOI: 10.1016/S0893-133X(01)00279-2 [PubMed: 11682261]
Gur RC, Ragland JD, Moberg PJ, Turner TH, Bilker WB, Kohler C, … Gur RE. Computerized
neurocognitive scanning: I. Methodology and validation in healthy people.
Neuropsychopharmacology. 2001; 25(5):766–776. DOI: 10.1016/S0893-133X(01)00278-0
[PubMed: 11682260]
Gur RE, Kohler CG, Ragland JD, Siegel SJ, Lesko K, Bilker WB, Gur RC. Flat affect in
schizophrenia: relation to emotion processing and neurocognitive measures. Schizophr Bull. 2006;
32(2):279–287. DOI: 10.1093/schbul/sbj041 [PubMed: 16452608]
Gur RE, Nimgaonkar VL, Almasy L, Calkins ME, Ragland JD, Pogue-Geile MF, … Gur RC.
Neurocognitive endophenotypes in a multiplex multigenerational family study of schizophrenia.
Am J Psychiatry. 2007; 164(5):813–819. DOI: 10.1176/ajp.2007.164.5.813 [PubMed: 17475741]
Haworth CM, Wright MJ, Luciano M, Martin NG, de Geus EJ, van Beijsterveldt CE, … Plomin R.
The heritability of general cognitive ability increases linearly from childhood to young adulthood.
Mol Psychiatry. 2010; 15(11):1112–1120. DOI: 10.1038/mp.2009.55 [PubMed: 19488046]
Hoff AL, Svetina C, Maurizio AM, Crow TJ, Spokes K, DeLisi LE. Familial cognitive deficits in
schizophrenia. Am J Med Genet B Neuropsychiatr Genet. 2005; 133B(1):43–49. DOI: 10.1002/
ajmg.b.30120 [PubMed: 15635688]
Hogarty GE, Goldberg SC, Schooler NR. Drug and sociotherapy in the aftercare of schizophrenic
patients. III. Adjustment of nonrelapsed patients. Arch Gen Psychiatry. 1974; 31(5):609–618.
[PubMed: 4374156]
Jabben N, Arts B, van Os J, Krabbendam L. Neurocognitive functioning as intermediary phenotype
and predictor of psychosocial functioning across the psychosis continuum: studies in
schizophrenia and bipolar disorder. J Clin Psychiatry. 2010; 71(6):764–774. DOI: 10.4088/JCP.
08m04837yel [PubMed: 20122370]
Jastak, JF., Jastak, SR. WRAT: Wide Range Achievement Test. Jastak Associates; 1978.
Joyce EM, Roiser JP. Cognitive heterogeneity in schizophrenia. Curr Opin Psychiatry. 2007; 20(3):
268–272. DOI: 10.1097/YCO.0b013e3280ba4975 [PubMed: 17415081]
Kendler KS, Karkowski-Shuman L, O’Neill FA, Straub RE, MacLean CJ, Walsh D. Resemblance of
psychotic symptoms and syndromes in affected sibling pairs from the Irish Study of High-Density
Schizophrenia Families: evidence for possible etiologic heterogeneity. Am J Psychiatry. 1997;
154(2):191–198. DOI: 10.1176/ajp.154.2.191 [PubMed: 9016267]
Kohler CG, Turner TH, Bilker WB, Brensinger CM, Siegel SJ, Kanes SJ, … Gur RC. Facial emotion
recognition in schizophrenia: intensity effects and error pattern. Am J Psychiatry. 2003; 160(10):
1768–1774. DOI: 10.1176/appi.ajp.160.10.1768 [PubMed: 14514489]

J Abnorm Psychol. Author manuscript; available in PMC 2019 February 01.

Kuo et al.

Page 18

Author Manuscript
Author Manuscript
Author Manuscript
Author Manuscript

Kraepelin, E. Dementia praecox and paraphrenia. Krieger Publishing Company; 1971.
Kurtz MM, Ragland JD, Bilker W, Gur RC, Gur RE. Comparison of the continuous performance test
with and without working memory demands in healthy controls and patients with schizophrenia.
Schizophr Res. 2001; 48(2–3):307–316. DOI: 10.1016/s0920-9964(00)00060-8 [PubMed:
11295383]
Kurtz MM, Ragland JD, Moberg PJ, Gur RC. The Penn Conditional Exclusion Test: a new measure of
executive-function with alternate forms of repeat administration. Arch Clin Neuropsychol. 2004;
19(2):191–201. DOI: 10.1016/S0887-6177(03)00003-9 [PubMed: 15010085]
Lichtenstein P, Yip BH, Bjork C, Pawitan Y, Cannon TD, Sullivan PF, Hultman CM. Common genetic
determinants of schizophrenia and bipolar disorder in Swedish families: a population-based study.
Lancet. 2009; 373(9659):234–239. DOI: 10.1016/S0140-6736(09)60072-6 [PubMed: 19150704]
Martínez-Arán A, Penadés R, Vieta E, Colom F, Reinares M, Benabarre A, … Gastó C. Executive
Function in Patients with Remitted Bipolar Disorder and Schizophrenia and Its Relationship with
Functional Outcome. Psychother Psychosom. 2001; 71(1):39–46. DOI: 10.1159/000049342
Maxwell, ME. Family Interview for Genetic Studies (FIGS): a manual for FIGS. Clinical
Neurogenetics Branch, Intramural Research Program, National Institute of Mental Health;
Bethesda, MD: 1992.
McGrath JA, Avramopoulos D, Lasseter VK, Wolyniec PS, Fallin MD, Liang KY, … Pulver AE.
Familiality of novel factorial dimensions of schizophrenia. Arch Gen Psychiatry. 2009; 66(6):591–
600. DOI: 10.1001/archgenpsychiatry.2009.56 [PubMed: 19487624]
Mesholam-Gately RI, Giuliano AJ, Goff KP, Faraone SV, Seidman L. Neurocognition in first-episode
schizophrenia: a meta-analytic review. Neuropsychol. 2009; 23doi: 10.1037/a0014708
Morris SE, Cuthbert BN. Research Domain Criteria: cognitive systems, neural circuits, and dimensions
of behavior. Dialogues in clinical neuroscience. 2012; 14(1):29. [PubMed: 22577302]
Murray CJ, Lopez AD. Global mortality, disability, and the contribution of risk factors: Global Burden
of Disease Study. Lancet. 1997; 349(9063):1436–1442. DOI: 10.1016/S0140-6736(96)07495-8
[PubMed: 9164317]
Neale, M., Cardon, L. Methodology for genetic studies of twins and families. Vol. 67. Springer Science
& Business Media; 1992.
Nurnberger JI Jr, Blehar MC, Kaufmann CA, York-Cooler C, Simpson SG, Harkavy-Friedman J, …
Reich T. Diagnostic interview for genetic studies. Rationale, unique features, and training. NIMH
Genetics Initiative. Arch Gen Psychiatry. 1994; 51(11):849–859. DOI: 10.1001/archpsyc.
1994.03950110009002 [PubMed: 7944874]
Palmer BW, Heaton RK, Gladsjo JA, Evans JD, Patterson TL, Golshan S, Jeste DV. Heterogeneity in
functional status among older outpatients with schizophrenia: employment history, living situation,
and driving. Schizophr Res. 2002; 55(3):205–215. DOI: 10.1016/s0920-9964(01)00218-3
[PubMed: 12048144]
Priebe S. Social outcomes in schizophrenia. Br J Psychiatry Suppl. 2007; 50(50):s15–20. [PubMed:
18019039]
Racenstein JM, Harrow M, Reed R, Martin E, Herbener E, Penn DL. The relationship between positive
symptoms and instrumental work functioning in schizophrenia: A 10year follow-up study.
Schizophr Res. 2002; 56(1–2):95–103. DOI: 10.1016/s0920-9964(01)00273-0 [PubMed:
12084424]
Rajji TK, Ismail Z, Mulsant BH. Age at onset and cognition in schizophrenia: meta-analysis. The
British Journal of Psychiatry. 2009; 195(4):286. [PubMed: 19794194]
Reitan RM. Validity of the Trail Making Test as an Indicator of Organic Brain Damage. Percept Mot
Skills. 1958; 8(3):271–276. DOI: 10.2466/pms.1958.8.3.271
Ripke S, Neale BM, Corvin A, Walters JT, Farh KH, Holmans PA, … Huang H. Biological insights
from 108 schizophrenia-associated genetic loci. Nature. 2014; 511(7510):421. [PubMed:
25056061]
Rowe DC, Vesterdal WJ, Rodgers JL. Herrnstein’s syllogism: genetic and shared environmental
influences on IQ, education, and income. Intelligence. 1998; 26(4):405–423. DOI: 10.1016/
s0160-2896(99)00008-2

J Abnorm Psychol. Author manuscript; available in PMC 2019 February 01.

Kuo et al.

Page 19

Author Manuscript
Author Manuscript
Author Manuscript

Schmidt FL, Hunter J. General mental ability in the world of work: occupational attainment and job
performance. J Pers Soc Psychol. 2004; 86(1):162–173. DOI: 10.1037/0022-3514.86.1.162
[PubMed: 14717634]
Schmidt SJ, Mueller DR, Roder V. Social cognition as a mediator variable between neurocognition and
functional outcome in schizophrenia: empirical review and new results by structural equation
modeling. Schizophr Bull. 2011; 37(suppl 2):S41–54. DOI: 10.1093/schbul/sbr079 [PubMed:
21860046]
Schmitt TA. Current methodological considerations in exploratory and confirmatory factor analysis.
Journal of Psychoeducational Assessment. 2011; 29(4):304–321.
Smith ML, Glass GV. Meta-analysis of psychotherapy outcome studies. American psychologist. 1977;
32(9):752–760. [PubMed: 921048]
Strauss JS, Carpenter WT. Prediction of outcome in Schizophrenia: III. Five-yearn outcome and its
predictors. Archives of General Psychiatry. 1977; 34(2):159–163. [PubMed: 843175]
Szöke A, Trandafir A, Dupont ME, Méary A, Schürhoff F, Leboyer M. Longitudinal studies of
cognition in schizophrenia: meta-analysis. The British Journal of Psychiatry. 2008; 192(4):248.
[PubMed: 18378982]
Tambs K, Sundet JM, Magnus P, Berg K. Genetic and environmental contributions to the covariance
between occupational status, educational attainment, and IQ: A study of twins. Behav Genet.
1989; 19(2):209–222. DOI: 10.1007/bf01065905 [PubMed: 2719624]
Vassos E, Sham PC, Cai G, Deng H, Liu X, Sun X, … Li T. Correlation and familial aggregation of
dimensions of psychosis in affected sibling pairs from China. Br J Psychiatry. 2008; 193(4):305–
310. DOI: 10.1192/bjp.bp.107.046037 [PubMed: 18827292]
Verhulst B. A Power Calculator for the Classical Twin Design. Behavior genetics. 2017; 47(2):255–
261. [PubMed: 27866285]
Weinert, FE., Hany, EA. The role of intelligence as a major determinant of successful occupational
life. Hove, UK: Psychology Press; 2000.
West SG, Finch JF, Curran PJ. Structural equation models with nonnormal variables: Problems and
remedies. 1995
Wickham H, Walsh C, Asherson P, Gill M, Owen MJ, McGuffin P, … Sham P. Familiality of clinical
characteristics in schizophrenia. J Psychiatr Res. 2002; 36(5):325–329. DOI: 10.1016/
s0022-3956(02)00008-0 [PubMed: 12127600]
Woods SW. Chlorpromazine equivalent doses for the newer atypical antipsychotics. The Journal of
clinical psychiatry. 2003

Author Manuscript
J Abnorm Psychol. Author manuscript; available in PMC 2019 February 01.

Kuo et al.

Page 20

Author Manuscript

General Scientific Summary
Cognition is one of the most important predictors of community functioning in
schizophrenia, yet little is known about the causes of this correlation. The study indicates
that this relationship is driven by genetic effects shared between cognition and
functioning in schizophrenia, but not in another psychiatric diagnosis, major depression,
or in healthy individuals.
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0.0001

3

21.78

0.0001

0.034

3, 545

2.914

11.69⋄
3, 290

ANOVA

ANOVA

12.61 a (3.02)

11.61 a (3.42)

12.10 a (3.56)

12.34 a (2.90)

11.77 (3.27)

Mean (SD)

Parental Education

0.0001

3, 596

15.95

ANOVA

14.92 c (2.43)

13.51 b (2.93)

13.65 b (2.89)

12.44 a (2.72)

13.15 (2.93)

Mean (SD)

Education

0.0001

3, 213

26.21⋄

ANOVA

108.34 c (8.43)

102.84 b (13.01)

101.07 b (12.05)

92.42 a (15.82)

98.95 (14.53)

Mean (SD)

WRAT Score

significant group differences in homogeneity of variance; Welch’s statistic reported instead of F-statistic.

⋄

WRAT, Wide Range Achievement Test, Reading subtest, age standardized score.

Parental education was calculated from the mean of maternal and paternal education; if either was unavailable, the education level of one parent was used.

Statistics sharing superscripts did not differ significantly (p≤0.05) from each other according to Tukey’s HSD (i.e., were included in a homogeneous subset).

Other Diagnoses group (N=169) not included.

p-value

df

Statistic

Test
Chi-square

54.71 b (16.75)

37.0% b (50)

Controls

135

No Diagnoses

46.54 a (20.08)

109

Depression
41.2% b (105)

45.17 (17.36)
46.63 a (12.54)

48.3% (307)
58.3% a (60)

255

103

Schizophrenia

Mean (SD)

Age

43.31 a (14.47)

636

Relatives

% Male (N)

Sex

27.5% b (30)

N

Diagnostic Group
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Eigenvalues for separate parallel analyses of factors derived from Community Functioning items and General
Cognition tests.
Community Functioning
Factor Rank

1

2

3

4

Observed Eigenvalues

2.232

0.982

0.527

0.259

95th

1.130

1.052

0.999

0.954

Percentile of Eigenvalues from Uncorrelated Normal Variables

General Cognition
Factor Rank

1

2

3

4

Observed Eigenvalues

4.615

0.893

0.751

0.584

95th Percentile of Eigenvalues from Uncorrelated Normal Variables

1.247

1.158

1.107

1.065

Factors with observed eigenvalues greater than the 95th percentile of Eigenvalues based on random data are considered significant (p<0.05).
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Factor loadings from separate exploratory factor analyses of functioning and cognition in the total pedigree
and control sample.
Factor Loadings
Community Functioning
Marital Status

0.795

Living Situation

0.918

Current Occupation

0.328

Global Functioning

0.438

General Cognition

Author Manuscript

Abstraction and Mental Flexibility

0.707

Attention

0.682

Verbal Memory

0.715

Spatial Memory

0.578

Spatial Processing

0.925

Sensorimotor Dexterity

0.756

Trails A

0.414

Trails B

0.712

California Verbal Learning Test

0.764

Factors based on site-, age- and sex-adjusted items.
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b

0.243 (1.092)
N=109
−0.213 b (0.919)
N=104

a

−1.405 (1.155)
N=103
−2.527 a (2.342)
N=82

Functioning

General Cognition

−0.422 b (1.249)
N=242

0.169 (1.100)
N=252

b

No Diagnoses

0.000 b (1.000)
N=135

0.000 (1.000)
N=88

b

Controls
3, 548
3, 231

29.69⋄

df

58.23

F

0.0001

0.0001

p

⋄
indicates significant difference across groups in homogeneity of variance; Welch’s statistic reported instead of F-statistic.

All indexes were standardized based on the total control group means and standard deviations. Means are presented with standard deviations in parentheses. Results of one-way ANOVAs and post-hoc
Tukey’s pairwise tests are presented; statistics sharing the same superscripts did not differ significantly (p≤0.05) from each other (i.e., were included in a homogeneous subset).

Depression

Schizophrenia

Index
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Mean group comparisons for Community Functioning and Cognition.
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Heritabilities and phenotypic, genetic and environmental correlations between indexes within schizophrenia.
Estimate

Trait

Schizophrenia

Functioning

0.481* (0.029)

General Cognition

1.000* (0.0001)

Phenotypic Correlation (RP)

General Cognition/Functioning

0.335* (0.005)

Genetic Correlation (RG)

General Cognition/Functioning

0.956* (0.0001)

Environmental Correlation (RE)

General Cognition/Functioning

−1.000 (0.072)

Heritability

(h2)

All analyses were conducted in SOLAR on factor scores residualized in SPSS for recruitment site, age and sex. Phenotypic correlations were
calculated without controls whereas univariate heritabilities, genetic correlations and environmental correlations included controls. p-values are
indicated in parentheses. Covariates included age and sex. The t-distribution option was employed.

*

p<0.05
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Genetic correlations between Cognition in other diagnostic groups and Community Functioning in
schizophrenia.
Genetic Correlation (RG)
Depression General Cognition/Schizophrenia Functioning

0.138 (0.792)

No Diagnosis General Cognition/Schizophrenia Functioning

−0.256 (0.642)

Genetic correlations and environmental correlations were calculated including controls in SOLAR. Covariates included age and sex. The tdistribution option was employed. p-values are indicated in parentheses.
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