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Abstract

Evidence of social and behavioral problems preceding the onset of schizophrenia-spectrum
psychoses is consistent with a neurodevelopmental model of these disorders. Here we predict that
individuals with a first episode of schizophrenia-spectrum psychoses will evidence one of three
patterns of premorbid adjustment: an early deficit, a deteriorating pattern, or adequate or good
social adjustment. Participants were 164 (38% female; 31% black) individuals ages 15-50 with a
first episode of schizophrenia-spectrum psychoses. Premorbid adjustment was assessed using the
Cannon-Spoor Premorbid Adjustment Scale. We compared the fit of a series of growth mixture
models to examine premorbid adjustment trajectories, and found the following 3-class model
provided the best fit with: a “stable-poor” adjustment class (54%), a “stable-good” adjustment
class (39%), and a “deteriorating” adjustment class (7%). Relative to the “stable-good” class, the
“stable-poor” class experienced worse negative symptoms at 1-year follow-up, particularly in the
social amotivation domain. This represents the first known growth mixture modeling study to
examine premorbid functioning patterns in first-episode schizophrenia-spectrum psychoses. Given
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that the stable-poor adjustment pattern was most prevalent, detection of social and academic
maladjustment as early as childhood may help identify people at increased risk for schizophrenia-
spectrum psychoses, potentially increasing feasibility of early interventions.
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premorbid adjustment; social amotivation; first-episode schizophrenia (FEP); psychosis;
schizophrenia-spectrum

1.) Introduction

Social, cognitive, and behavioral functioning problems are common among individuals with
schizophrenia-spectrum psychotic disorders, during the premorbid phase, after the onset of
the prodrome, and comorbid with subsequent clinical symptoms. Premorbid dysfunction in
childhood and adolescence could contribute to later impairment during illness by derailing
learning necessary for social, educational, and occupational skills (Meehl, 1989). Early
detection of deficits may improve public health by identifying people at heightened risk for
schizophrenia-spectrum psychoses, thereby increasing the feasibility of preventative early
interventions and minimizing symptom severity in vulnerable individuals. However, because
schizophrenia-spectrum psychotic disorders may represent a heterogeneous set of disorders
with multiple etiologies and/or pathologies, early identification has proven complex.

Based on a model proposed and presented by the senior author (Haas and Sweeney, 1992),
we postulate that poor premorbid functioning may reflect disruption during critical phases of
central nervous system development believed to contribute to schizophrenia-spectrum
psychoses. For example, neurodevelopmental disruptions during the perinatal and early
childhood phases (a “first hit”) may include reduced synaptic plasticity, hippocampal
dysgenesis and/or disruption of white matter integrity (Niendam et al., 2009); disruptions
during the pubertal phase (a “second hit”) may involve aberrant synaptic pruning, grey and
white matter volume reductions, and functional dysconnectivity (Spear, 2000; Mechelli et
al., 2011). Thus, disrupted premorbid social maturation and functioning--starting either in
the childhood phase or in the adolescent phase, i.e., after the onset of puberty--may indicate
abnormal neurodevelopmental processes. Differential patterns of premorbid adjustment and
deviations along the course of premorbid development may represent not only the impact of
biological changes, but also of social factors. For example, a person with a trajectory of
early social maladjustment may have reduced opportunities for learning social skills, which
could reinforce poor social functioning at later developmental stages. Examining different
trajectories of premorbid functioning may have implications for the clinical staging model of
psychoasis (e.g., McGorry, 2007), a model which highlights the need to distinguish different
developmental stages of psychosis with the goals of 1) identifying where an individual exists
on that continuum and 2) providing tailored interventions to address functional and clinical
impairments at a given stage.

A number of published studies have found associations between poor and/or deteriorating
premorbid functioning and clinical and functional outcomes in patients with schizophrenia-
spectrum psychoses, including worse social functioning, longer duration of untreated
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psychosis (DUP), increased negative symptoms, greater cognitive impairment, and poorer
quality of life (e.g., Haas and Sweeney, 1992; Larsen, McGlashan, Johannessen, and Vibe-
Hansen, 1996; Addington, van Mastrigt, and Addington, 2003; Strous et al., 2004; Haim et
al., 2006). Despite converging research suggesting that a subset of people with
schizophrenia-spectrum psychoses have especially poor premorbid functioning, findings are
less clear in regards to the number and types of premorbid trajectory patterns across
developmental periods, with some studies proposing two patterns (poor or intact functioning
across development; Farmer et al., 1983; Sham et al., 1996; Corcoran et al., 2003), and other
studies finding three (Haas and Sweeney, 1992) or four (Dickey, Haas, Keshavan and
Sweeney, 1998; Addington, van Mastrigt, and Addington, 2003) patterns.

In our own previous study (Haas and Sweeney, 1992) we found that total scores on the
Premorbid Adjustment Scale (PAS; Cannon-Spoor et al., 1982) differentiated 3 subtypes of
patients with first-episode schizophrenia—one with consistent mild-moderate dysfunction,
one with stable-poor dysfunction, one with an initially intact premorbid functioning that
deteriorated progressively—which capture the variation in onset of poor functioning
predicted by a first and second “hit” to neurodevelopmental processes. A recent study by
Cole and colleagues (2012) replicated these three patterns, examining premorbid adjustment
of patients with schizophrenia using latent class growth models, however, in that study an
initially poor functioning group in childhood decompensated further across development
(i.e., “a poor-worsening” group rather that a “stable-poor” group). Thus, the literature on
premorbid trajectories suggests that some people with schizophrenia exhibit functional
deficits prior to puberty, others after, while others do not exhibit notable behavior changes
prior to the onset of the prodrome. Such variance in premorbid patterns of dysfunction is
possibly due to heterogeneous neurodevelopmental disruptions in developmentally divergent
groups of affected individuals.

Furthermore, several studies--all using the PAS--distinguish between the domains of
academic and social premorbid functioning, and find a number of differences between the
domains in terms of both their developmental trajectories and associations with clinical and
cognitive variables (e.g., Mukherjee et al., 1991; van Kammen et al, 1994; Cannon et al.,
1997; Allen et al., 2001; Larsen et al., 2004). In terms of clinical correlates, poor premorbid
social functioning has been specifically associated with symptom-related variables,
particularly acute and persistent negative symptoms, and longer duration of untreated
psychosis (Allen et al., 2001; McClellan et al, 2003; Larsen et al., 2004; Jeppesen et al.,
2008; Ruiz-Veguilla et al., 2008; Strauss et al., 2012; Chang et al., 2013), whereas poor
premorbid academic functioning has been specifically associated with greater
neurocognitive and intellectual impairment, and earlier onset of prodromal symptoms (Allen
et al., 2001; Larsen et al., 2004; Norman, Malla, Manchanda, and Townsend, 2005; Rund et
al., 2007). In terms of differential trajectories of academic and social premorbid functioning
across development, there is some evidence that premorbid academic functioning
deteriorates more steeply from childhood across adolescence, compared to a more stable
course of social premorbid adjustment (Monte, Goulding, and Compton, 2008; Barajas et al.,
2013).
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Investigations of premorbid adjustment trajectories show promise for detecting meaningful
patterns of dysfunction prior to the onset of illness; however, prior studies have some
limitations. Relatively few studies have examined these questions in first-episode samples,
leaving questions about the potential risks of recall bias, inconsistency of illness phase
across participants, and introduction of confounds known to influence psychotic
symptomatology such as antipsychotic medications. Only one published investigation used
state-of-the art empirical modeling techniques, which are able to examine a priori
hypotheses in conjunction with plausible competing models (Cole et al., 2012); however,
that study did not examine first-episode samples.

The current investigation sought to extend previous findings by examining trajectories of
premorbid functioning in a sample of people seeking treatment for a first episode of a
schizophrenia-spectrum disorder. Specifically, we: 1) used growth mixture modeling
(GMM) to evaluate competing models of trajectories of premorbid functioning across
childhood, early adolescence, and late adolescence in order to better identify and distinguish
patterns of premorbid functioning, 2) assessed the clinical and demographic correlates of
premorbid patterns at baseline, including their relationship to separate academic and social
premorbid adjustment domains, and 3) for the sample for which we had conducted follow-
up assessments, assessed the relationship of premorbid patterns to clinical outcomes at a 1-
year follow-up. It was hypothesized that a 3-class model would provide the best fit for the
data, comprised of stable-good, deteriorating, and stable-poor classes.

2.) Methods

2.1 Participants

Participants included 164 first-episode schizophrenia-spectrum psychosis patients who were
recruited from inpatient units, outpatient evaluation services, or the emergency room of two
separate clinical treatment services: the Payne Whitney Clinic (PWC) of the New York/
Cornell University Medical Center (New York City; n = 52) and the Western Psychiatric
Institute and Clinic (WPIC) of the University of Pittsburgh Medical Center (Pittsburgh; n =
112). Participants were recruited at these two sites consecutively by the senior author (Haas)
as part of a National Institute of Mental Health- (NIMH)-funded investigation of first-
episode psychosis and, subsequently, as part of an NIMH-funded Conte Center Study of
First Episode Psychosis. Protocols were consistent across the two sites, with the exception
that follow-up data was collected only at WPIC, where support for multiple follow-up
assessments was available. Of the 112 participants at WPIC, approximately half (n = 61) had
available 1-year follow-up data. Participants were included if they met the following
inclusion/exclusion criteria: presence of a DSM-IV diagnosis of schizophrenia,
schizoaffective disorder (bipolar or depressed type), psychotic disorder NOS, or
schizophreniform disorder.; no prior hospitalization for a psychotic episode; no prior full
criteria for psychotic disorder met (by interview and medical chart review); English as the
primary language; 1Q > 75 (assessed using the Ammons Quick Test; Ammons and Ammons,
1962) ; no medical condition that could produce psychiatric symptoms or neurocognitive
deficits (e.g., Alzheimer’s disorder); no current or recent (within the last six months)
substance abuse; and no history of head trauma. The age range of participants was 15 to 50.
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Data were collected from 1987 to 2011. For the WPIC sample, 16 participants were not
included because they did not meet diagnostic criteria, and 9 were excluded because of
incomplete PAS data. For the Cornell sample, 10 participants were excluded because they
did not meet diagnostic criteria.

Regarding diagnostic group selection, we wanted to focus on individuals who qualified for
diagnoses of schizophrenia spectrum psychotic disorders. Given that the natural course,
treatment response and psychosocial features of delusional disorders and brief psychotic
episodes are distinctively different from the schizophrenia spectrum disorder, we elected to
exclude these cases from this study. The few cases that fell into psychotic disorders NOS
were cases that had been judged by expert diagnostic consensus review to be sufficiently
similar to schizophrenia (and unlike other psychotic disorders) to make it difficult to rule out
the DSM diagnosis of schizophrenia and therefore, they fell into the psychatic disorders
NOS and were included.

Selection also required availability of Premorbid Adjustment Scale data (PAS; Cannon-
Spoor et al., 1982) which were not collected for a series of WPIC participants during a
period of reduced funding for collection of PAS data (July 1998 through June 2003).
Participants provided written informed consent according to the guidelines of the
Institutional Review Board at both facilities, and written, informed consent was signed by a
parent/guardian in the case of participants under age 18.

2.2 Assessment

2.2.1 Diagnostic assessment—RParticipants at both sites were administered the
Structured Clinical Interview for DSM- Axis | disorders (SCID-I; First et al., 2002) to
evaluate current and lifetime Axis | psychiatric diagnoses. Clinical interviews were
conducted by trained staff (Master’s- or Ph.D.-level psychologists or psychiatric nurses) and
under the supervision of the investigators. Baseline assessments were 4-6 hours in length,
conducted in 1 to 2 sessions within one week of intake, and follow-up assessments of global
outcome were conducted at 1 year post-baseline. Diagnostic consensus meetings, conducted
by senior clinicians and interviewers, used the LEAD (Longitudinal evaluation by Experts
using All Data) approach to establish lifetime, multi-axial DSM-IV diagnoses (Spitzer,
1983). These consensus conferences used all available information, including patient report
on the SCID-Patient Interview, outpatient therapist report, family report, and medical
records, to establish, age at first psychotic symptom and date of psychotic episode onset.
The duration of untreated psychosis (DUP) was calculated by subtracting the age at first
psychatic symptom from the age at consent. In some cases, individuals had received a brief
trial (by definition, less than four weeks) of antipsychotic medication. In addition to
diagnostic assessment, information on demographics was collected at baseline and included
patients’ sex, race/ethnicity, and socioeconomic status of the patients and their parents using
the Hollingshead Index of Socioeconomic Status (Hollingshead, 1957; range: 11-66).

2.2.2 Premorbid functioning assessment—Premorbid functioning was assessed near
discharge from hospital or for outpatients, at a stabilization assessment that was conducted
at 4 to 8 weeks post-intake. It was assessed using the Premorbid Adjustment Scale (PAS), a
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widely used retrospective rating scale, and medical record information to retrospectively
assess functioning in social and academic settings prior to the onset of psychotic symptoms.
The PAS assesses functional impairment at four periods: childhood (age 5-11), early
adolescence (age 12-15), late adolescence (age 16-18), and adulthood (age 19 and above).
Items tap functional impairment (e.g. social withdrawal and conflict) in social and academic
settings across development, excluding items for academic settings from the period of
adulthood. Items on the PAS are rated on a 0 — 6 scale, with ‘0’ representing good
adjustment and higher ratings reflecting poorer adjustment. Total maladjustment ratings are
generated for each age period and overall premorbid maladjustment.

In order to minimize the influence of prodromal and psychotic symptoms, PAS ratings
exclude the 6 month period prior to estimated onset of the first florid psychotic symptom
(Cannon-Spoor, Potkin, and Wyatt, 1982). In order to further account for the possible
influence of the active phase of the psychotic disorder, the adult PAS data were excluded
from the current study because of questions regarding its validity (\Van Mastrigt and
Addington, 2002). Thus, the current study utilized mean maladjustment ratings for
childhood, early adolescence, and late adolescence. The sample included 4 adolescents ages
15-17; for these cases, collateral information was also obtained from a parent or guardian.

2.2.3 Clinical symptom assessment—The present study examined clinical symptoms
at the baseline and (for those available at the WPIC site) 1-year follow-up assessments.
Participants completed assessment of positive and negative symptomatology via the Scale
for the Assessment of Positive Symptoms (SAPS; Andreasen, 1984a) and the Modified
Scale for the Assessment of Negative Symptoms (SANS; Andreasen, 1984b). The SAPS
was designed to assess positive symptomatology, principally in schizophrenia, and items
include the domains of hallucinations, delusions, bizarre behavior, and positive formal
thought disorder. Each of these symptoms is rated on a six-point scale (O=none to 5=severe).
The Modified SANS (NIMH Modified Version) was designed to assess negative
symptomatology in schizophrenia, and includes the symptom domains of affective
flattening-blunting, alogia, avolition-apathy, anhedonia-asociality, and inattention. Scores
for each of these symptoms are rated on a five-point scale (1=normal to 5=severe
dysfunction). SANS and SAPS total scores include a global score for each domain, and a
SANS and SAPS mean score of all global items.

We estimated overall functioning at the time of assessment by administering the Strauss-
Carpenter Level of Functioning Scale (LOF; Strauss and Carpenter, 1974), a 4-item scale
that rates social functioning, work functioning, overall symptoms, and hospitalizations--each
on a 5-point scale--with higher scores indicating better functioning in those domains. Global
clinical status was evaluated using the Clinical Global Impressions Scale (CGl; Guy, 1976)
and global functioning was assessed using the Global Assessment Scale (GAS; Endicott,
Spitzer, Fleiss et al., 1976), the forerunner of the Global Assessment of Functioning Scale
described in the DSM-1V-TR (GAF; American Psychiatric Association, 2000) The CGl isa
rating of illness severity based on a 1-7 scale (1 = normal to 7 = extremely ill), and the GAS
is an assessment of overall functioning rated on a numeric 1-100 scale, with 1 representing
the worst functioning and 100 representing superior functioning.
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2.3 Analyses

2.3.1 Growth Mixture Modeling Analysis—We examined different trajectories of
premorbid adjustment by conducting growth mixture modeling analyses using Mplus
version 5.2 (Muthén and Muthén, 2007). In contrast to other means for understanding
heterogeneity in groups (e.g. cluster analysis), growth mixture modeling (GMM) is a person-
centered approach that takes unobserved heterogeneity into account through estimating
latent classes with potentially different trajectories over time as part of formal statistical
models. GMM estimates a mean growth curve for each class, and, also importantly, allows
for individual variation around these growth curves by estimating growth factor variances
for each class (Muthén and Muthén, 2000). In our study, PAS scores in childhood, early
adolescence, and late adolescence were used to derive latent classes. We considered whether
age, sex, race/ethnicity, diagnostic status, and study site accounted for differences within our
sample by conducting analyses in which these served as potential covariates of PAS scores;
however, they were unrelated to PAS scores, and therefore, were not retained in further
analyses.

We examined the fit of models containing 1 to 7 classes (which included our hypothesized
3-class model). We used the “Mixture” analysis and permitted the intercept and slope
variance terms to be estimated within class, but were constrained to be equal across classes.
The best fitting model was determined by several goodness-of-fit statistics, including an
entropy value as close to 1.0 as possible (indicating good classification quality), the sample
size-adjusted Bayesian Information Criterion (BIC), and the Akaike Information Criteria
(AIC), smaller values of which indicate superior model fit. Furthermore, the AIC and BIC
penalize for more complex models. We used the parametric bootstrapped likelihood ratio
test to evaluate whether the current K-class model (K classes) fit better than a K-1 model
(wherein better fit is indicated by a significance test).

Lastly, we examined whether there were differences in clinical and demographic variables at
baseline and at 1-year follow-up across classes defined by the best-fitting model using the
Wald Test of Mean Equality. This test statistic examines mean differences in demographic
and clinical variables across classes using “pseudoclass random draws,” a method using
many random draws from each person’s posterior probability distribution to determine their
class (Asparouhov and Muthen, 2007). We also conducted a repeated-measures ANOVA to
separately examine the relationship of academic and social premorbid adjustment (PAS)
scores to overall class membership.

3.) Results

3.1 Demographics

This sample of 164 first-episode schizophrenia-spectrum psychosis patients included 117
individuals with schizophrenia (71%), 34 (21%) with schizoaffective disorder, 11 (7%) with
schizophreniform disorder, and 2 (1%) with psychotic disorder NOS. The mean age was
28.0 (SD =8.56); it was 62% male, and 59% European American in ethnicity. Participants
had a mean Hollingshead Socioeconomic Status (SES) score of 32.3 (SD = 13.2). Mean
number of years of duration of untreated psychosis (DUP) across the sample was 2.64 years
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(SD = 4.77; range: 0-28 years). See Table 1 for demographic data. Participants in the
different diagnostic groups did not differ on PAS scores for any of the developmental
periods: childhood, F(3, 160) = 1.61, p = .19; early adolescence, F(3, 160) = 1.91, p=.13;
or late adolescence, F(3, 160) = 0.85, p = .47.

Given that previous studies have found sex differences in the patterns of premorbid
functioning and onset of psychotic symptoms, we examined sex differences in latent class
membership and indicators of illness onset and course. As expected, males had a younger
age of onset (m = 26.5, SD = 8.0) as compared with females (m = 30.5, SD = 8.9), 1(162) =
-3.05, p =.003. Sex was also examined in relation to onset of prodrome and prodrome
length for those whose estimates of age at onset of prodrome were available (WPIC patients
only); male/female differences in prodrome onset and prodrome length were not found.
Male participants had lower mean socioeconomic status (SES) scores on the Hollingshead
SES index (m = 30.0, SD = 13.4) relative to females (m = 35.9, SD = 12.3), t(91) = -2.11, p
=.037. There were no sex differences in SES of participants’ parents, membership in the
latent classes, baseline GAS scores, baseline SANS scores, or baseline SAPS scores.

3.2 Growth Mixture Modeling Analyses

Table 2 presents the fit statistics for the 1-7 class models. As hypothesized, a 3-class model
of premorbid adjustment provided the best fit. The 3-class model had the smallest values of
AIC and sample size-adjusted BIC, and a high entropy value (i.e., above 0.80; Ramaswamy
et al., 1993). Furthermore, a significant parametric bootstrapped likelihood ratio test
indicated that this model provided significant improvement over a 2-class model, and the 4-
class versus 3-class test was not significant. Within this 3-class model, the first class
reflected “stable-poor” adjustment (54%), which reflected poor premorbid functioning in
childhood that remained poor across early and late adolescence. The second class reflected
“stable-good” adjustment (39%), with adequate to good functioning across childhood, and
both early and late adolescence. The third class reflected “deteriorating” adjustment (7%),
with good functioning at childhood and increasingly poor functioning across both early and
late adolescence. The PAS scores for the 3-class model are presented in Figure 1.

3.3 Differences Between Classes: Clinical and Demographic Variables

As indicated in Table 1, the three classes did not differ in terms of demographic variables.
Table 3 presents means and standard deviations for clinical variables across the three
classes, as well as scores for the Wald Test of Mean Equality to see if these variables
differed among classes. In terms of clinical features at baseline, there were no differences
across the three classes on clinical symptomology measures, nor on measures of functioning
(GAS and LOF scales). Note that there were no differences between the WPIC and Cornell
participants on any of the baseline PAS scores: childhood, t(162) = -1.32, p=.19; early
adolescence, t(162) = —0.74, p = .48; or late adolescence, t(162) = -0.25, p = .80.

We also longitudinally examined clinical symptoms for the WPIC sample who were also
assessed one year after baseline (n = 112); no follow-up data were collected at Cornell. The
classes did not differ on SAPS or GAS scores at 1-year follow-up. Notably, there was a
trend (p < .10) for an overall difference in functioning one year following baseline on the
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Strauss-Carpenter LOF Scale. Follow-up Wald Tests indicated that the “stable-good” class
had higher overall functioning than the “stable-poor” class. In addition, at 1-year follow-up,
participants in the “stable-poor” class had worse negative symptoms overall (total SANS
score), and specifically, worse anhedonia-asociality and avolition-apathy relative to the
“stable-good” class. Whereas those in the “stable-good” class experienced an improvement
from baseline to 1-year follow up in some negative symptoms, those in the “stable-poor”
class experienced consistently poor overall negative symptoms--driven by symptoms of
anhedonia-asociality and avolition-apathy that persisted from baseline to 1-year follow-up.
There were no differences in positive symptoms.

3.4 Relationship of Overall Classes to Separate Academic and Social Adjustment Domains

In order to examine the relationship of individual academic and social premorbid adjustment
scores to the 3-class model of overall premorbid adjustment, we conducted a Reseated
Measures ANOVA with a Greenhouse-Geisser correction to examine the relationship of
class membership of academic and social scores at each of the three time points (childhood,
early adolescence, and late adolescence). Consistent with the latent class growth modeling
analysis, for premorbid social adjustment, we found a significant main effect for class, F(2,
158) = 42.63, p < .001, and also for time, F(1.8, 158) = 28.42, p < .001. Furthermore, the
class by time interaction and was significant, F(3.63, 158) = 12.35, p < .001, suggesting that
social scores across three time points varied differentially by class. Similarly, for premorbid
academic adjustment, there was a significant main effect for time, F(1.8, 158) = 65.50, p<.
001; for class, F(2, 158) = 33.47, p < .001; and for the interaction of time by class, F(3.58,
158) = 23.12, p < .001. An examination of these scores reveals that the trajectories for the
academic and social domains are similar to each other and to the trajectories identified using
latent class growth modeling of the overall PAS scores (see Figures 2 and 3).

4.) Discussion

This study represents the first known latent class analysis examining premorbid patterns of
functioning across developmental periods in individuals with a first-episode of a
schizophrenia-spectrum psychosis. Findings suggest that premorbid developmental
trajectories among individuals with a first episode of psychosis in schizophrenia-spectrum
psychoses may be best characterized by one of three patterns of premorbid functioning:
“stable-good” functioning, “stable-poor” functioning, or “deteriorating” functioning. These
findings are consistent with the original proposal of three general patterns in a preliminary
study by Haas and Sweeney (1992). Findings are also consistent with the cumulative
evidence of substantial variability in the course of social maturation prior to the onset of the
acute symptoms of schizophrenia (Tarbox and Pogue-Geile, 2008; Cole et al., 2012). Thus,
growth mixture modeling is a statistical application that can be particularly useful in parsing
the heterogeneity of schizophrenia-spectrum psychoses across developmental periods, given
that it takes into account individual variation around growth curves by estimating variances
for each growth “class’ or, in this case, pattern of development.

Another strength of the current study--in terms of evaluating whether there are clinical
differences associated with three trajectories of premorbid functioning--is that participants
were recruited at a relatively uniform point in the course of their illness, i.e. at presentation
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to clinic at the time of the initial acute episode of psychosis. Moreover, we were able to
examine a consecutive series of participants for whom data were collected at a standard
interval following study entry and early in their recovery, i.e. one year following the onset of
the initial episode. These data are consistent with prior studies of patients with first-episode
schizophrenia in finding that poor premorbid functioning predicts worse negative-symptoms
at clinical follow-up (e.g., Monte, Goulding, and Compton, 2008; Chang et al., 2013).

Limitations of the current study include limited sample size for analyses of follow-up data,
as they were restricted to a single study site. First-episode cases were necessarily limited to
those seeking treatment for a first episode of psychosis, a factor which may have excluded
those with less severe initial episodes and/or who fail to seek treatment and thus may have
inflated the proportion of people in the “stable-poor” class. Thus, these findings should be
replicated in samples that include community-based individuals who are not treatment-
seeking but meet clinical criteria for schizophrenia spectrum psychoses. Future studies
should also include more representative numbers of adolescent participants. Given that this
study was underpowered to simultaneously examine academic and social premorbid
functioning in a single latent class growth model, questions remain about the ideal number
of developmental trajectories when six parameters (three for academic and three for social
adjustment) are included in the models. Additional studies with larger samples should carry
out the latent class growth modeling approach analyzing academic and social function
domains (6 parameters) simultaneously. This could provide a better examination of the
social and academic domains of premorbid adjustment within growth mixture modeling
analyses.

Given that the majority of the present sample appeared to evidence an “early hit’ to
developmental processes in which functioning was consistently poor from early childhood
through puberty and post-pubertal adolescence, these findings suggest that early childhood
developmental abnormalities may be characteristic of a large subset of individuals with
schizophrenia-spectrum psychoses. Findings from longitudinal studies of children at risk and
studies of people who later develop schizophrenia suggest that subtle (“soft signs™) of
neurological deficits and social impairment may emerge by middle childhood (Fish et al.,
1992; Shiffman et al., 2004; Tarbox and Pogue-Geile, 2008). The current findings highlight
a need for further study of early childhood development among those at risk for
schizophrenia-spectrum psychoses to help clarify when functional deficits emerge, for
whom, and how these deficits may be related to neurodevelopmental differences.

In addition to deficits emerging in early childhood for a subgroup of individuals, we have
also identified a subgroup having a “deteriorating’ course of social functioning between
childhood and adolescence. These findings suggest that the pubertal period of development
may be key to better understanding deficits in a relatively small subgroup of people with
schizophrenia-spectrum psychoses. Accordingly, disrupted neurodevelopmental processes in
the pubertal period are implicated in models of the development of schizophrenia-spectrum
psychoses, including maturational increases in gonadal and adrenal hormones, disruption in
the development of prefrontal cortical and limbic areas, increases in myelination, and
synaptic pruning (Paus et al., 2008). Determining whether post-pubertal functional decline
(prior to the development of prodromal and active symptoms) is associated with structural
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and functional alterations in brain development of a subset of individuals who go on to
develop schizophrenia-spectrum psychoses will require further research. Furthermore,
studies have differed on the proportion of people with schizophrenia with a deteriorating
course of functioning, with estimates ranging from less than 10% to over 50% in different
samples (Haas and Sweeney, 1992; Larsen, 1996; Cole et al., 2012) although all have used
the same measure of premorbid adjustment (the PAS); thus, there is the need for additional
prospective, longitudinal studies to generate reliable estimates of the proportions of people
with schizophrenia spectrum psychoses who have intact functioning in childhood followed
by a decline in functioning across adolescence. Future studies should also seek to identify
clinical or temperamental characteristics (e.g., heightened stress sensitivity, poor adolescent
social-sexual adaptation) that might differentiate individuals whose functioning declines at
puberty or early adolescence from those whose functioning remains intact.

In the current study, meaningful clinical differences across the three groups did not emerge
until one year following the acute phase of the first episode. For the patients who
participated in longitudinal studies with follow-up data (WPIC only), there were no
differences in positive symptoms at one-year follow-up, which was consistent with some
prior studies of first-episode participants (e.g., Monte, Goulding, and Compton, 2008; Chang
et al., 2013) and inconsistent with others (e.g., Addington, van Mastrigt, and Addington,
2003). Future studies should continue to examine long-term course of positive symptoms in
relation to premorbid adjustment patterns. In terms of negative symptoms at one year
follow-up, the ‘stable-poor’ group had higher anhedonia-asociality and avolition-apathy one
year following their first treatment assessment, as compared to those in the “stable-good’
group, who experienced improvement in these negative symptom domains across one year
(and for whom there was also a trend to have higher overall functioning one year after
baseline). This specific finding of elevated anhedonia-asociality and avolition-apathy for the
“stable-poor” class—but no differences between classes in the other negative symptoms
domains—may extend prior findings of an association between poor premorbid functioning
and elevated negative symptoms in general (Schmael et al., 2007). Previous comprehensive
factor analytic studies of the SANS have found that the anhedonia-asociality and avolition-
apathy subscales cluster together in an overall “social amotivation” factor in patients with
schizophrenia (Mueser et al., 1994; Sayers et al., 1996) and first-episode psychosis (Malla et
al., 2002). Consistent with the current findings, Sayers and colleagues also found that the
“social amotivation” factor was associated with the existence of child behavior problems,
poor premorbid functioning, and poor social adjustment.

Recent work on hedonic capacity in schizophrenia has suggested empirical reasons for why
anhedonia-asociality and avolition-apathy SANS subscales comprise a distinct social
amotivation factor--specifically, that this factor reflects an impaired ability to predict or
anticipate the rewards of social encounters (“anticipatory pleasure”) in the context of an
underlying intact capacity for enjoyment of social encounters (“consummatory pleasure”;
Horan et al., 2006; Gard et al., 2007). Furthermore, early findings from functional
neuroimaging studies in schizophrenia suggest that impaired reward prediction in
schizophrenia may be driven by disrupted prefrontal-striatal interaction (Barch and Dowd,
2010), and that social amotivation (better understood as impaired anticipatory pleasure/goal-
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directed behavior) is a defining feature of negative symptoms (Foussias and Remington,
2010).

Future work should examine neurobiological differences in those at risk for schizophrenia-
spectrum psychoses across developmental periods to investigate the hypothesis that for a
large subgroup of people with these disorders, anticipatory pleasure/goal-directed behavior
deficits could emerge in childhood, underlie problems in social functioning, and persist in a
trait-like fashion. Studies of this kind could contribute to improved identification of those at
risk for schizophrenia-spectrum psychoses. Findings from the current study support the
potential value of conducting future investigations evaluating the relationship between
premorbid functioning and treatment response. Given converging evidence that there are
substantial individual differences among first-episode patients in the course of premorbid
functioning, programmatic research is needed to develop personalized approaches to the
specific treatment needs of individuals with schizophrenia-spectrum psychoses.
Developmental trajectory classification many also help improve identification of people at
earlier clinical stages of schizophrenia-spectrum disorders, including the premorbid and
prodromal stages (Tarbox et al., 2013), a necessary first step in developing interventions
tailored for the unique needs of people at different clinical stages. Specifically, given the
association between poor early premorbid adjustment and enduring negative symptoms in
first-episode schizophrenia-spectrum psychoses, child- and adolescent-appropriate clinical
interventions should be developed which target behaviors and skills contributing to poor
social and academic adjustment.

In summary, the observation of varied trajectories of premorbid functioning in
schizophrenia-spectrum psychoses may help guide future investigations of the prodrome and
onset of these disorders and aid efforts to refine developmental models of these disorders.
Further research should not only aim to better characterize deviations from normal patterns
of behavioral development but also examine the possible neurobiological and
neurocognitive correlates of these patterns. Finally, early detection of premorbid deficits
may serve as a preventative public health strategy by identifying people at increased risk for
schizophrenia-spectrum psychoses, potentially increasing the efficacy of early interventions
in forestalling or preventing onset.
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Figure 1.
Patterns of premorbid adjustment at three different developmental stages.
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Figure 2.
Relationship of overall premorbid adjustment latent classes with social adjustment.

Psychiatry Res. Author manuscript; available in PMC 2016 June 30.




1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Horton et al.

Page 19

Mean PAS Social Scores

4.5

3.5

e Stable-Good

2 - seeeee Stable-Poor

1.5 - / e= = Deteriorating
1

0 . . .

Childhood Early AdolescentLate Adolescent

Figure 3.
Relationship of overall premorbid adjustment latent classes with academic adjustment.
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Table 1

Demographic Variables and PAS Domain Scores Across the 3 Latent Classes

Page 20

“Stable Poor” (n =
88)

“Stable Good” (n =
65)

“Deteriorating” (n =
11)

Total Sample (N = 164)

Mean (SD) Age (years) 28.34 (8.61) 28.36 (8.85) 23.63 (5.03) 28.03 (8.56)
Sex:
Male 56% 69% 64% 62%
Female 44% 31% 36% 38%
Ethnicity:
Caucasian 61% 55% 55% 59%
African-American 31% 30% 45% 31%
Other 8% 15% 0% 10%
Diagnostic Group:
Schizophrenia 67% 7% 73% 71%
Schizoaffective 25% 15% 18% 21%
Schizophreniform 8% 5% 9% 7%
Psychotic DO NOS 0% 3% 0% 1%
a Academic PAS Score: [Mean (SD), Post Hoc Tests (Tukey-B)
Range: 0-6]
Childhood 2.69 (0.98) 0.90 (0.74) 0.27 (0.47) S-P >S-G >Det
Early Adolescent 2.81(1.22) 1.55(1.18) 2.36 (1.42) S-P, Det > S-G
Late Adolescent 2.81(1.43) 1.74 (1.66) 4.00 (1.18) Det >S-P>S-G
b Social PAS Score: [Mean (SD), Post Hoc Tests (Tukey-B)
Range: 0-6]
Childhood 2.70 (0.91) 1.07 (0.82) 0.77 (0.91) S-P > S-G, Det
Early Adolescent 2.50 (1.00) 1.28 (0.91) 1.85 (1.39) S-P > S-G, Det
Late Adolescent 2.69 (1.19) 1.53 (1.15) 2.60 (0.94) S-P, Det > G

aResults of 2-way (Class x Time) repeated measures analysis of variance on Academic PAS: Class: F(2,158) = 33.47; p<.0009; Repeated Measure
(Time): F(2,157) = 51.52; p<.0009; Class x Time: F(4,314) = 16.25, p<.0009

bResults of 2-way (Class x Time) repeated measures analysis of variance on Social PAS: Class: F(2,158) = 42.63; p<.0009; Repeated Measure
(Time): F(2,157) = 21.38; p<.0009; Class x Time: F(4,314) = 9.60, p<.0009

Note: S-P = Stable Poor; S-G = Stable Good; Det = Deteriorating
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Table 2
Fit statistics for 1-7 class growth mixture models
Fit Statistics
Sample-Size Adjusted BIC ~ AIC Entropy  Parametric bootstrapped likelihood ratio test
1-Class Model  1176.01 1176.53 nla nfa
2-Class Model ~ 1154.04 1154.77  0.81 —580.27***
3-Class Model ~ 1147.08 1148.00 0.82 -566.39"*
4-Class Model ~ 1150.88 1152.00 0.76 -560.00
5-Class Model ~ 1149.85 1151.18 0.82 -559.00
6-Class Model ~ 1148.02 1149.54 0.87 -555.59
7-Class Model 1149.28 1151.00 0.87 _557_97*
p <.05,
* %
p<.01,
*k %k
p <.001
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