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Abstract

Treatment discontinuation during clinical trials in schizophrenia is a critical challenge, especially
for longer-term interventions in the early course. This research explored predictors of treatment
discontinuation in an outpatient early course schizophrenia sample (/= 102) during an 18-month
multi-site trial of Cognitive Enhancement Therapy (n7=58) and Enriched Supportive Therapy
(n=44). Fifty-three (52%) participants discontinued, with no significant difference between the
treatment groups in discontinuation rate. Univariate and multivariate binary logistic regression
models explored differences in key demographic and cognitive and behavioral outcomes between
participants who completed and discontinued treatment. Significant multivariate predictors of
discontinuation included 1Q (linear) and problem solving (curvilinear). The concave shape of the
problem solving prediction demonstrated that initially as scores were increasing the probability of
non-completion was increasing. However, after a score of 41 (below average problem solving),
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the probability of being a non-completer decreased as performance increased. Non-completers
had significantly lower 1Q scores compared to completers. Post-hoc analyses indicated that
participants who discontinued prior to mid-treatment exhibited the greatest intellectual challenges,
with comparisons moderate-to-large in strength. 1Q and problem solving are likely important
factors to assess at pre-treatment in early course schizophrenia trials to identify those most
vulnerable to discontinuation.

Keywords

schizophrenia; early course; clinical trial; treatment discontinuation; psychosocial treatment; 1Q;
problem solving

1. Introduction

Treatment discontinuation during treatment trials in schizophrenia is a major challenge,
and the consequences extend beyond diminished intervention research fidelity. Participants
who discontinue treatment, especially in trials of longer-term evidence-based psychosocial
interventions, have limited opportunities for improvement and recovery. For example, our
recent 18-month confirmatory trial of two psychosocial interventions for early course
schizophrenia (V= 102), Cognitive Enhancement Therapy (CET) compared to Enriched
Supportive Therapy (EST), demonstrated that the largest functional benefits of CET were
among participants who completed treatment (Wojtalik et al., 2022). The differential effect
of CET vs. EST on social adjustment more than doubled from intent-to-treat (o= 0.23)

to treatment completer analyses (&= 0.51). Wojtalik and colleagues (2022) concluded that
CET is an effective intervention for early course schizophrenia, particularly for participants
retained for the full treatment protocol.

The rate of treatment discontinuation in the CET trial mentioned above was higher relative
to previous CET trials (Eack et al., 2009; Hogarty et al., 2004), with 53 (52%) participants
discontinuing treatment (Wojtalik et al., 2022). Unfortunately, high treatment attrition

rates are a frequent occurrence among clinical trials for schizophrenia, especially in long
duration trials. For example, the NIMH-funded Recovery After an Initial Schizophrenia
Episode (RAISE) Early Treatment Program trial reported an attrition rate of 43% over 24
months (Kane et al., 2015). The Lambeth Early Onset (LEO) 18-month randomized trial of
specialized care for early psychosis in London observed an average 61% rate of treatment
discontinuation from psychosocial treatments (Craig et al., 2004). In general, the average
rate of discontinuation from psychosocial treatment trials in schizophrenia is estimated

to be approximately 14% (Szymczynska et al., 2017). However, closer examination of
these attrition rates reveals that discontinuation from psychosocial treatments is quite
heterogeneous with rates ranging from 0% to as high as 63% (Szymczynska et al., 2017).
Similarly, specific to cognitive remediation for schizophrenia, meta-analyses report average
attrition rates from 13.7% to 16.58% with specific trial discontinuation rates ranging from
0% to 48% (Altman et al., 2022; Revell et al., 2015; Vita et al., 2022, 2021). Given

the relative consistency of high treatment attrition rates among psychosocial clinical trials
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in schizophrenia, especially those longer in duration, factors that contribute to premature
discontinuation warrant careful scrutiny.

In a meta-analysis of dropout across 74 psychosocial treatment trials for schizophrenia,
age, sex, illness duration, treatment duration and setting, and study quality significantly
moderated dropout rates (Villeneuve et al., 2010). However, in an updated meta-analysis
of 43 psychosocial trials with sample sizes = 100, these same factors were not replicated
as significant predictors of treatment discontinuation (Szymczynska et al., 2017). The only
significant predictor of treatment dropout was number of intervention sessions, such that
more sessions increased the risk of treatment discontinuation within the experimental

arm (Szymczynska et al., 2017). In observational community-based service studies of
schizophrenia, other risk factors of treatment discontinuation include substance abuse
(current and past), unemployment, social functioning, and insight (Nose et al., 2003), in
addition to lack of family involvement, intellectual ability, symptom severity, and duration
of untreated psychosis (Doyle et al., 2014; Johansen et al., 2011). The evidence above
supports a greater risk of discontinuation in longer duration treatment trials, but other factors
that are barriers to an individual with schizophrenia remaining engaged with longer-term
interventions remains unclear, especially in the early course population.

Wojtalik et al. (2022) commented in their study that treatment completers and non-
completers significantly differed in baseline age, 1Q, illness duration, and antipsychotic
medication dose, important factors that may contribute to likelihood of treatment
discontinuation during a longer duration clinical trial. As such, the goal of this research was
to further investigate baseline demographic, as well pre-treatment cognitive and behavioral
impairments, as possible predictors of psychosocial treatment discontinuation in early course
schizophrenia. The elucidation of risk and protective factors that predict discontinuation
informs the development of strategies to address engagement and retention challenges in
future longer-term clinical trials in the early course of schizophrenia.

2. Methods

2.1. Participants

This research included 102 outpatients with early course schizophrenia who participated

in a large two-site (Pittsburgh, PA: n=53; Boston, MA: n = 49) 18-month confirmatory
trial of CET (/7= 58) compared to EST (= 44). Participants were included based on the
following criteria: (1) a diagnosis of schizophrenia, schizoaffective or schizophreniform
disorders established by the Structured Clinical Interview for the DSM-IV-TR (SCID)

(First et al., 2002), (2) age 18-55, (3) 1Q = 80, (4) read and speak fluent English, (5)
antipsychotic medication adherence, (6) stable positive symptoms, (7) significant social

and cognitive disability, and (8) < 10-year illness duration. Based on the current literature,
wherein no consensus exists on the definition of early phase schizophrenia, the onset of

first psychotic symptoms within 10 years is consistent with the range of illness durations
used to characterize the early course of the condition (Newton et al., 2018). Further, because
CET and EST are recovery-phase interventions and the duration of untreated psychosis often
exceeds one year after first episode (Addington et al., 2015), the 10-year illness duration
permitted inclusion of early course patients who were more likely to be in a recovery
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phase and thus more amenable to a long duration intervention. Notably, the average illness
duration of the sample was under four years (Table 1). Overall, as seen in Table 1, this
early course sample was young (i.e., mid-twenties), predominantly male (75%), and just
over half identified their race as white (57%). Most participants reported some college
education (73%), although less than a third were working at the time of enrollment (31%).
The majority of the participants were diagnosed with schizophrenia (80%), and just under
half reported a past substance use diagnosis (49%).

This trial used a randomized-controlled design with assessment raters blind to

treatment allocation (clinicaltrials.gov identifier: NCT01561859). A computer-generated
randomization program administered by an independent database manager randomly
assigned eligible participants on a within-site basis to either CET (n=58) or EST (n

= 44). Due to the group format for social-cognitive training in CET, a higher ratio was
allocated to CET in the randomization procedure to facilitate rapid formation of the groups.
After randomization, participants completed study assessments at baseline (before starting
treatment), 9-month (mid-treatment), and 18-month (end of treatment) time points. A more
detailed description of the trial can be found in Wojtalik et al. (2022). This trial was
approved annually by the Institutional Review Boards at the University of Pittsburgh and
Beth Israel Deaconess Medical Center, and participants provided written informed consent
prior to participation.

2.2. Measures

2.2.1. Demographic and Clinical Predictors.—The baseline demographic and
clinical predictors used for this research included age, sex, race, 1Q, education, employment
status, illness length, schizophrenia diagnosis, history of a substance use diagnosis, and
antipsychotic medication characteristics (dose and adherence). See Table 1 for additional
details.

2.2.2. Cognitive and Behavioral Predictors.—Cognitive performance was assessed
with the field standard Measurement and Treatment Research to Improve Cognition in
Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB) (Nuechterlein et al.,
2008). The scaled 7-scores (M= 50, SD = 10) generated from the MCCB, adjusted for

age and sex (Kern et al., 2008), include an overall composite of cognitive performance, as
well as domain scores for processing speed, attention/vigilance, working memory, verbal
learning, visual learning, problem-solving, and social cognition.

The behavioral predictors for this research included the baseline social adjustment and
symptom composite indexes ( 7-scores, M =50, SD = 10) calculated for the main effects
analyses (Wojtalik et al., 2022). The social adjustment composite consisted of scores from
the Major Role Adjustment Inventory (Hogarty et al., 1974), Social Adjustment Scale-II
(Schooler et al., 1979), Global Assessment of Functioning Scale (Endicott et al., 1976), and
the social contacts (item 2) and usefully employed (item 3) items from the Strauss-Carpenter
Outcome Scale (Strauss and Carpenter Jr., 1972). The symptom composite included scores
from the Brief Psychiatric Rating Scale (Overall and Gorham, 1962), Raskin Depression
Scale (Raskin et al., 1969), Covi Anxiety Scale (Lipman, 1982), Wing Negative Symptom
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Scale (Wing, 1961), Scale for the Assessment of Negative Symptoms (Andreasen, 1983),
Scale of the Assessment of Positive Symptoms (Andreasen, 1984), and the Montgomery-
Asberg Depression Rating Scale (Montgomery and Asberg, 1979). All behavioral measures
listed above are validated and commonly used measures in the schizophrenia literature.
Higher 7-scores on the cognitive, social adjustment, and symptom predictor variables are
indicative of better performance or outcome (see Table 1).

2.2.3. Treatment Discontinuation (Outcome).—Figure 1 presents the CONSORT
diagram of enrollment during the trial, with the overall intent-to-treat attrition rate at

49%. As noted in Figure 1, three CET participants who discontinued treatment returned

to complete 18-month assessments and were included in the intent-to-treat sample for the
main outcome analyses (Wojtalik et al., 2022). For the purposes of this research to examine
predictors of treatment discontinuation, these participants were counted as treatment non-
completers. As such, of the 102 eligible and randomized participants, 49 (48%) completed
full treatment protocols and 53 (52%) discontinued treatment early. Of the 53 participants
who discontinued treatment, 32 (60%) were in the CET group and 21 (40%) in the

EST group. These rates of treatment discontinuation did not significantly differ between
groups (p = 0.549), nor did the rate of treatment discontinuation between study locations
(Pittsburgh: n= 26, 49%; Boston: n= 27, 51%; p=.559). As observed in Figure 1, the
majority (n= 40, 75%) of the participants who discontinued treatment dropped during the
first half of the trial (i.e., between baseline and 9-month time points).

2.3. Treatments

All participants were required to maintain adherence to their prescribed antipsychotic
medication during the trial. CET and EST are both behavioral interventions with 18-month
protocols that have been studied previously in early course schizophrenia (Eack et al., 2009).
In the this trial, CET was the study intervention and EST was the active comparison, and
both interventions are described briefly below. Full descriptions of CET and EST can be
reviewed within their respective manuals (Hogarty, 2002; Hogarty and Greenwald, 2006)

2.3.1. Cognitive Enhancement Therapy (CET).—CET is a cognitive remediation
intervention that uses a comprehensive approach, targeting both neurocognitive and social-
cognitive impairments associated with the condition of schizophrenia. Neurocognition is
targeted with 60 computer-based 1-hour training sessions that begin with the domain of
attention (Ben-Yishay et al., 1987), followed by memory and problem-solving exercises over
the 18 months of treatment (Bracy, 1994). Computer training is conducted in participant
pairs to increase comfort and socialization. After approximately 3 months of attention
training, 3 to 4 sets of neurocognitive training pairs are joined together to being the 1.5 hour
weekly social-cognitive group sessions. There are 45 structured social-cognitive groups,
which occur alongside the weekly neurocognitive computer-based training sessions for the
duration of treatment. The social-cognitive curriculum is designed to facilitate experiential
learning opportunities, such as participating in unrehearsed social exchanges with another
participant and receiving subsequent feedback on the use of social-cognitive abilities. The
social-cognitive exercises are designed to improve such abilities as perspective-taking, non-
verbal communication, emotion management and recognition, and using foresight in social
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situations. The beneficial effects of CET on cognition and social adjustment for individuals
living with schizophrenia are supported by nearly 20 years of research (Eack et al., 2015,
2010, 2009; Hogarty et al., 2004; Wojtalik et al., 2022).

2.3.2. Enriched Supportive Therapy (EST).—EST is aimed at reducing the risk

of relapse by aiding participants in identifying signals of internal distress and improving
coping skills. EST is provided in individual format in two phases based on the basic

and intermediate stages of Personal Therapy (Hogarty, 2002). Each of the two phases are
roughly 9 months in duration, although participants can progress through EST at their own
pace. During the first phase, participants are provided psychoeducation about schizophrenia,
learning about the relationship between stress vulnerability and risk of relapse, along

with skills to reduce or avoid stressful experiences. The second phase involves helping
participants gain awareness of their own internal signals of distress and practicing healthy
coping techniques.

2.4. Data Analysis

All analyses were conducted in R (version: 4.2.0). To identify baseline predictors of
psychosocial treatment discontinuation in early course schizophrenia, analyses began

with univariate binary logistic regression models exploring potential differences between
treatment completers (7= 49) and non-completers (7= 53) on key demographic and clinical
characteristics, as well as the main pre-treatment cognitive and behavioral (social adjustment
and symptom composites) outcomes from the primary analyses (Wojtalik et al., 2022).
Significant (p < 0.05) univariate predictors were then entered into a multivariate binary
logistic regression analysis. Logistic regression assumptions and model fit were explored

at both the univariate and multivariate level, along with inspection for potential outliers.
Model fit was examined using a likelihood ratio test and Nagelkerke’s R¢ (Nagelkerke,
1991). Multicollinearity diagnostics were explored using variance inflation factor (VIF) and
tolerance values for each estimated predictor (Field et al., 2012). Predictors with a VIF
above 10 and tolerance below 0.1 indicate the presence of multicollinearity and require
removal from the model (Myers, 1990). The assumption of linearity was examined using
the Box-Tidwell Transformation, which involves calculating an interaction term between
each predictor and the log of itself and including this term in the logit model (Hosmer and
Lemeshow, 1989). A significant interaction term indicates a violation of the assumption

of linearity of the relationship between a continuous predictor and the binary outcome
(Field et al., 2012). For predictors with a significant Box-Tidwell Transformation (i.e., p<
0.05), violations of linearity were further confirmed visually with scatterplots of residual vs.
predicted values. The quadratic term of such predictors were added to the model using the
‘poly’ function to create orthogonal polynomial terms. Change in fit was examined to ensure
the addition of a quadratic term improved the model. Next, although the rate of treatment
discontinuation was not significantly different between CET and EST, interactions between
treatment assignment and significant predictors from the multivariate model were explored
to identify potential treatment-specific predictors of attrition. All univariate and multivariate
models adjusted for study location and designated the treatment completers as the reference

group.
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Lastly, significant linear predictors within the final multivariate model were further explored
with post-hoc pairwise comparisons of participants who completed treatment (/7= 49),
discontinued treatment early before mid-treatment (n= 40), and discontinued treatment later
after mid-treatment (7= 13) to explore possible differences related to the time of treatment
discontinuation during the trial. Early discontinuation of treatment was defined as dropping
anytime from baseline to mid-treatment (month 9), prior to the completion of 9-month
assessments. Late discontinuation of treatment was defined as dropping from treatment any
time after completion of 9-month assessments (mid-treatment) but prior to completing the
full treatment protocol at 18 months (Figure 1). A false-discovery rate p-value adjustment
was used to correct for multiple comparisons in the post-hoc analyses (Benjamini and
Hochberg, 1995). Comparison effect sizes were calculated using the ‘effectsize’ package
(Ben-Shachar et al., 2020) and presented as Hedges’ g.

3. Results

3.1. Univariate Analyses

During testing of model fit and assumptions of logistic regression, the problem solving
subscale (Box-Tidwell Transformation: p= 0.008) and symptom composite (Box-Tidwell
Transformation: p= 0.042) violated the assumption of linearity (residual vs. fitted value
scatterplots in supplementary material). Quadratic terms for the problem solving subscale
and symptom composite were generated and included in each respective univariate model,
which significantly improved model fit (problem solving: ;(2: 8.93, df=1, p=0.003;
symptom composite: ;(2: 4.09, df=1, p=0.043). Table 2 presents the results from

the univariate logistic regression models, with age, 1Q, illness duration, antipsychotic
medication dose, and problem solving (linear and quadratic) emerging as significant
predictors of treatment discontinuation. Overall, relative to participants who completed
treatment, participants who discontinued treatment were younger, had lower 1Q scores,
shorter illness durations, were prescribed lower doses of antipsychotic medication, and had
poorer problem-solving scores (see Table 1 as well).

3.2. Multivariate Analysis

The aforementioned significant univariate predictors of treatment discontinuation were
entered into the multivariate logistic regression model. Fit statistics indicated this model
was significant (y2 = 29.99, df= 7, p<0.001), explained 35.8% of the variance
(Nagelkerke’s 79 in treatment discontinuation, and violated no assumptions. The results
of the multivariate model are presented in Table 3. Significant multivariate predictors of
treatment discontinuation included 1Q and both the linear and quadratic effects for problem
solving. With regard to 1Q, the direction of the predicted effect was negative, such that
treatment non-completers had significantly lower 1Q scores relative to completers. The
odds ratio for 1Q indicated that for every 1-point /ncrease in 1Q score, the likelihood of
discontinuing treatment decreased by 6% (Figure 2). Said more meaningfully, for every
0.5 standard deviation /ncrease in 1Q score (5.20 points), a participant was 4.88 times /ess
likely to be a treatment non-completer. As seen in Figure 2, the curvilinear relationship
between treatment discontinuation and problem solving was concave in shape. The point
at which the curve bends (i.e., slope = 0) was calculated to be at a problem solving score
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of approximately 41 (Osborne, 2015, Eq. 7.8.). Taken together, the linear and quadratic
coefficients indicate that the probability of being a treatment non-completer /increased as
problem solving performance scores increased (linear term) until scores around 41, after
which the probability of being a treatment non-completer decreased as problem solving
scores /ncreased (quadratic term).

Regarding the remaining predictors, age, antipsychotic dose, and illness duration did

not emerge as significant multivariate predictors of treatment dropout (Table 3). Finally,
treatment assignment (CET vs. EST) interactions with 1Q (p= 0.377) and problem solving
(linear: p=0.961; quadratic: p=0.988) were not significant, indicting no treatment-specific
predictors.

3.3. Post-Hoc Analyses

Overall post-hoc analyses of possible differences by time of treatment discontinuation were
significant for 1Q (Figure 3, panel A), but not for problem solving (Figure 3, panel B).
Pairwise comparisons revealed that the 1Q scores of participants who dropped early from
treatment (M= 103.88, SD = 9.51) were significantly lower when compared to both
treatment completers (M= 110.43, SD = 10.91) and those who discontinued treatment

late (M =110.23, SD = 7.40), with the strength of these comparisons being moderate-to-
large in size (Figure 3, panel A). The adjusted p-value maintained significance for early
drop vs. treatment completers, but did not retain significance for early drop vs. late drop.
Participants who completed treatment and discontinued treatment late exhibited similar 1Q
scores. Participants who discontinued treatment early also had the lowest average problem
solving score (M= 40.21, SD = 9.10), which was significantly different from the average
score of treatment completers (M= 45.18, SD = 12.54), with a moderate effect size (Figure
3, panel B). This comparison between early drop and completers did not survive p-value
adjustment. Participants who discontinued treatment early and late (M= 40.54, SD = 9.62)
did not significantly differ, nor did completers and late drop participants in average problem
solving performance.

4. Discussion

Factors that contribute to treatment discontinuation during longer-term clinical trials
among individuals with schizophrenia are poorly understood, obscuring the systematic
identification of patients at greatest risk for dropout. Consequently, high attrition rates
during treatment trials, especially those with extensive durations, present a substantial
challenge (Craig et al., 2004; Kane et al., 2015; Petersen et al., 2005). The early course
of schizophrenia is a critical phase for reducing the severe and debilitating nature of
this condition (Correll et al., 2018; Keshavan et al., 2006). An increased understanding
of predictors for treatment discontinuation during long duration trials is needed for
this population, with implications for enhanced research fidelity, as well as therapeutic
engagement and opportunities for recovery.

Within a recent confirmatory trial of two 18-month psychosocial interventions for early
course schizophrenia (Wojtalik et al., 2022), CET compared to EST, 52% of participants
discontinued treatment early, with no significant difference in rate of discontinuation.
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Although these rates of treatment discontinuation were high for a CET trial (Eack et

al., 2009; Hogarty et al., 2004), likely due to the early course nature of the population,

they provided an opportunity for the current research to identify potentially important
pre-treatment demographic, clinical, cognitive, and behavioral predictors of treatment
discontinuation during a long duration trial. Findings indicated that IQ and MCCB problem
solving performance were significant multivariate predictors of treatment discontinuation,
which are discussed in detail below. While not statistically significant, it is noteworthy that
age and antipsychotic dose demonstrated a trend-level (p < 0.085) relationship, such that
younger age and lower antipsychotic dose were associated with a likely greater risk of
treatment non-completion.

The findings indicated that lower 1Q scores were significantly associated with an increased
likelihood of treatment discontinuation, with the lowest 1Q scores having a moderate-to-
large prediction of earlier drop out, before mid-treatment, in the trial. 1Q test performance
in schizophrenia has previously been implicated in predicting level of treatment engagement
(Kukla et al., 2014), albeit not during long duration clinical trials. In a study of first-
episode service use, Johansen et al. (2011) observed that one of the strongest correlates

of low service engagement was poor similarities subscale performance on the Wechsler
Abbreviated Scale of Intelligence (WASI). In fact, it is not unexpected to identify a link
between 1Q and psychosocial treatment discontinuation in the early course of schizophrenia,
as 1Q is predictive of clinical status and outcome. Longitudinal studies in first episode
psychosis demonstrate that low 1Q is a significant predictor of more severe and disabling
illness trajectories (Leeson et al., 2011, 2009; Wang et al., 2016), and moderates response
to psychosocial treatment (Seccomandi et al., 2021, 2020). In contrast, recent meta-analytic
evidence of cognitive remediation for schizophrenia indicates that lower premorbid 1Q is
significantly associated with greater acceptability and larger functional gains (Vita et al.,
2022, 2021). However, the average duration of cognitive remediation in these meta-analyses
was 15.2 (range: 3-104; Vita et al., 2021) and 15.82 (range: 2-104; Vita et al., 2022)

weeks, which is around 3.5 months. Given the 18-month duration of the current trial and
observation of a significant association between lower 1Q and increased risk of dropout,

it may be that duration of cognitive remediation is moderating this relationship, a critical
research question to explore in future meta-analyses. It is possible that patients with greater
intellectual challenges in long duration clinical trials feel early on that their participation is
not personally beneficial or meeting their needs, increasing the likelihood to discontinue
treatment (Kreyenbuhl et al., 2009). Nevertheless, these preliminary results point to a
particularly vulnerable subpopulation with early course schizophrenia, characterized by
lower 1Q scores, at increased risk of treatment discontinuation in longer duration clinical
trials.

For problem solving, a significant curvilinear relationship with treatment discontinuation
was observed, with the peak of the curve occurring at a score of approximately 41 on

this MCCB subscale. The inverted U-shape pattern was such that, for scores below 41, as
performance scores increased the likelihood of treatment discontinuation increased (Figure
2). However, for scores above 41, as problem solving scores increased the likelihood of
discontinuing treatment decreased. One possibly helpful conceptualization of this pattern is
to use the descriptive categorization of MCCB performance in first-episode schizophrenia
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outlined by McCleery (2014). As such, it can be interpreted that patients with unimpaired
(T-scores: = 45) to below average (T-scores: 40-44) problem solving ability were the least
likely to discontinue treatment. The curvilinear relationship also suggests that those with
severe (T-scores < 20) to moderate (T-scores 20-34) impairment in problem solving were
also at a lower risk of discontinuation. In contrast, the greatest risk for treatment dropout
was among patients with mild (T-scores 35-39) impairment scores. Additional post-hoc
analyses were conducted using the descriptive variables listed in Table 1 to identify unique
characteristics among participants with moderate to severe problem solving impairments that
may contribute to reduced risk of discontinuation. No significant differences emerged across
groups based on degree of cognitive impairment (all p> .123, severe/moderate: 7= 31; mild:
n=8; below average: n= 18; unimpaired; 7= 44). The MCCB problem solving subscale
may be a quick and convenient tool to identify participants at the greatest likelihood to
discontinue long-term treatment, but the utility of using MCCB cognitive profiles in this
manner requires examination in a larger sample. Future research with more power and
differential problem solving measures is also needed to confirm the nonlinear relationship
observed in this research.

Of the seven cognitive domains assessed on the MCCB, it is not surprising that problem
solving would emerge as a unique predictor of treatment discontinuation during a long
duration psychosocial treatment trial. Problem solving is an executive function skill that
involves the use of foresight, planning, and flexibility to find solutions to an identified
problem or goal. This domain of cognitive impairment is observable in the early phases of
the condition (McCleery et al., 2014; Mesholam-Gately et al., 2009) and is significantly
related to poor functional outcomes (Green, 2006; Jaeger et al., 2003; Lysaker et al., 1995).
Previous evidence has demonstrated that first episode patients with stronger executive
function are at a reduced likelihood to discontinue antipsychotic medication over the

course of one year (Robinson et al., 2002). Although, Lepage et al. (2010) found no
significant relationship between problem solving performance and medication adherence
over 6 months in the first episode population. In the context of the current psychosocial
treatment trial, participants with mild problem solving impairments likely struggled to
foresee the beneficial effects of “sticking with” a psychosocial treatment that was 18 months
in duration, in addition to the effortful planning required for continued attendance (Morris et
al., 1995). Further, these participants may have perceived specific psychosocial intervention
strategies that required greater cognitive resources as less salient or too difficult, which
would discourage engagement. Future research may benefit from examining the relationship
between treatment engagement and participants subjective sense of mastery and self-efficacy
during long duration trials. One possible explanation for those with severe to moderate
problem-solving difficulties at a lower risk of discontinuation is the need for more resources
and social supports to function in the community. It is possible that such supports may have
helped these participants stay motivated to continue treatment, such as helping participants
organize transportation to their CET/EST and other research-related sessions, increasing
their likelihood of completing. It will be important in the future to examine if 1Q and
problem solving, among other key variables, were moderators of treatment response during
the trial, along with consideration of treatment adaptations for those with lower 1Q scores
and mild to moderate problem solving difficulties to optimize patient-intervention fit.
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The findings of this research also have implications that preliminarily inform the
development of strategies to address engagement and retention challenges in long

duration clinical trials. While cognitive remediation programs focusing exclusively on
problem solving in schizophrenia have demonstrated limited generalizability as standalone
interventions, falling out of favor for comprehensive approaches (Bellack et al., 1996;
McGurk et al., 2007; Revell et al., 2015; Wykes et al., 2011), they may have an innovative
utility for increasing treatment engagement among patients with lower 1Q and/or mild to
moderate problem solving impairment. Early problem-solving remediation work by Medalia
and colleagues (Medalia et al., 2002, 2001) indicated that training strategies that promote
intrinsic motivation have significant therapeutic benefit on problem solving gains in the
condition. Therefore, it is possible that such training strategies offered at pretreatment

in longer duration trials could serve to increase retention, and is an important future

research direction derived from this research. It is also likely that individuals with more
severe illness/cognitive impairment might respond better to cognitive adaptation approaches,
as opposed to cognitive remediation, such as the compensatory approach to improving
cognitive impairment in schizophrenia (Allott et al., 2016).

This research has several limitations that require consideration. To start, treatment
discontinuation in the early course of schizophrenia is a multifaceted and dynamic
challenge. There is likely a myriad of factors that lead to treatment dropout over the

course of a psychosocial clinical trial beyond the baseline individual-level factors examined
here, as evidenced by the 35.8% of variance explained in the logit model. While the

results of this research should be considered preliminary, they also provide impetus for
continued investigation of predictors of treatment discontinuation, including environmental-
(i.e., family support, access to transportation) and societal-level (i.e., stigma, discrimination)
factors (Dixon et al., 2016; Fontanella et al., 2014), in addition to trial characteristics
(Spineli et al., 2013). Such information is vital to the development of evidence-informed
strategies to address higher rates of treatment discontinuation frequently observed in early
course psychosocial clinical trials. Additionally, the use of the composite indexes, while
statistically practical to reduce type | error, may conceal significant associations between
treatment discontinuation and specific measures included in the social adjustment and
symptom composites. There also may be concern of multicollinearity between 1Q and
problem solving as they were moderately correlated in the current study (r=0.27, p=
0.005). Despite being significantly correlated, problem solving ability and other aspects of
intellectual functioning (such as verbal memory) are separable variables. Previous research
has demonstrated that problem solving performance on the MCCB only explains 31% of
variance in 1Q scores among patients with schizophrenia (Mohn et al., 2014). As a reminder,
the assumption of multicollinearity was not violated and these variables were entered into
the multivariate model using orthogonal terms. There are also limitations to generalizability
and statistical power. This study included subjects with an I1Q = 80, which is common
practice in cognitive remediation trials, but implications remain unknown for those below
this 1Q threshold. The odds ratio for 1Q suggests that a 5-point difference (0.5 standard
deviation) in scores places participants at nearly a five times greater likelihood of either
completing or not completing an 18-month psychosocial intervention. While statistically
meaningful in this research, a 5-point difference in community settings with patients with
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more heterogeneous 1Q scores may be less clinically meaningful. Future research is needed
to further investigate the relationship between 1Q and likelihood of non-completion during
long-term psychosocial treatment trials that do not include an 1Q eligibility criterion.
Generalizability to community-based clinics is also limited by the design of the current
research, as the aim was to conduct an examination of predictors of treatment dropout in
the context of a clinical trial. It will be important for effectiveness trials of psychosocial
interventions for early course schizophrenia to evaluate factors associated with treatment
discontinuation. Lastly, while the post-hoc analyses were informative, the loss and unequal
distribution of statistical power as a result of examining three subgroups (early dropout, late
dropout, completers) warrants caution in interpretation.

In conclusion, the findings preliminarily implicate IQ and MCCB problem solving
performance as tangible baseline predictors of treatment discontinuation in long-term
psychosocial clinical trials for early course schizophrenia. Retention and engagement in
psychosocial interventions during the early course of schizophrenia is critical to address for
reducing long-term disability. Continued research is needed on the role of 1Q and problem
solving, among the identification of other important factors, in treatment discontinuation
during long duration psychosocial treatment trials to inform the development of evidence-
informed engagement strategies specific to the early course of the condition.
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Highlights

. Treatment discontinuation from clinical trials in schizophrenia is a common
occurrence, especially in long duration trials

. Predictors of discontinuation during an 18-month psychosocial treatment trial
for early course schizophrenia were explored

. 1Q (linear) and problem solving (curvilinear) were significant predictors

. Pre-treatment assessment of 1Q and/or problem solving may help identify
participants most vulnerable to discontinuation
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Completed 18 months (7 = 23, 52%)
Dropped (7 = 3)
. Pregnant (n= 1)
e Failed to engage (n = 2)

Figure 1. CONSORT Diagram of Participant Flow Throughout an 18-Month Multi-Site Trial of
Cognitive Enhancement Therapy (CET) Versus Enriched Supportive Therapy (EST) for Early

Course Schizophrenia

(Note. Originally published in Wojtalik et al. (2022) as supplemental material. Three CET
subjects who dropped prior to 18-months returned to complete 18-month assessments.
These subjects were counted as treatment non-completers for the current research; treatment

completers: n= 49, treatment non-completers: 7=53.)
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Figure 2.
Significant Multivariate Predictors of Treatment Discontinuation (Completer: n = 49 vs.

Non-Completer: n = 53).
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A F(2,99)=5.16, p=0.007
p=0.950/padj=0.950;E$=0.02(-0.58,0.62)

Pp=0.049/padj=0.074;ES=0.69(0.06,1.32) B F(2,98)=2.53, p=0.085 p=0.924/padj=0.924;ES=0.04(-0.58,0.65)
— ——————
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Figure 3. Pairwise Comparisons of 1Q (A) and Problem Solving Scores (B) between Treatment
Completers (n = 49) and Non-Completers who Discontinued Treatment Early (n = 40) and Late

(n=13)

(Note. ES = effect size presented as Hedges’ g[95% CIJ)
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Comparison of Baseline Characteristics Between Treatment Completers and Non-Completers During an 18-
Month Multi-Site Randomized Trial of Cognitive Enhancement Therapy for Early Course Schizophrenia

Overall Sample Completers

Non-Completers

Completers vs.

(N =102) (n=49) (n=53) Non-Completers
Variable M(SD)/N (%) M(SD)/N (%) M (SD)/N (%) pl
Age 24.76 (5.44) 26.36 (6.58) 23.28 (3.58) 0.004
Sex (% male) 76 (75%) 38 (78%) 38 (72%) 0.650
Racial Minority (%) 44 (43%) 21 (43%) 23 (43%) 1.000
African American 24 (24%) 11 (22%) 13 (25%) -
White 58 (57%) 28 (57%) 30 (57%) -
Hispanic 1 (1%) 0 (0%) 1(2%) -
Asian 5 (5%) 4 (8%) 1 (2%) -
Hawaiian/Pacific Islander 1 (1%) 1 (2%) 0 (0%) -
More than one race 7 (71%) 2 (4%) 5 (9%) -
Other 6 (6%) 3 (6%) 3 (6%) -
104 107.83 (10.40)  110.43 (10.91) 105.43 (9.38) 0.015
Education (% some college)b 69 (73%) 37.(17%) 32 (70%) 0.487
Employed (% employed)© 31 (31%) 13 (27%) 18 (35%) 0.398
lllness Length (years) &9 3.69 (2.28) 4.32 (2.47) 3.09 (1.94) 0.006
Schizophrenia Diagnosis (% with) 82 (80%) 37 (76%) 45 (85%) 0.319
Substance Use Disorder History (% with)€ 50 (49%) 21 (43%) 29 (55%) 0.243
Antipsychotic Dose (CPZ equivalent mg/day)”  429.60 (331.70)  520.65 (377.00)  345.68 (260.22) 0.008
Antipsychotic Adherence (% adherent)€ 75 (74%) 39 (80%) 36 (69%) 0.262
MCCB Overall Cognition Composited 35.94 (11.63) 36.80 (12.52) 35.14 (10.81) 0.476
Processing Speed Subscale©.d 38.32(1L79)  38.92(13.05) 37.75 (10.56) 0.621
Attention/Vigilance SubscaleG.9 38.62 (11.65)  38.92(12.02) 38.94 (11.39) 0.779
Working Memory Subscale©.d 42.81 (9.97) 44.43 (8.96) 41.29 (10.70) 0.114
Verbal Learning Subscale®d 41.88 (9.60) 42.27(9.98) 4152 (9.32) 0.698
Visual Learning SubscaleG.9 4068 (11.37)  39.88(12.11)  41.44(10.68) 0.492
Problem Solving SubscaleG.9 4266 (11.11) 4518 (12.54) 40.29 (9.07) 0.026
Social Cognition Subscaled/! 44.88(13.40)  44.84 (14.35)  44.92 (12.56) 0.975
Social Adjustment Composite’ 50.03 (9.95) 48.53 (8.80) 51.42 (10.81) 0.144
Symptom Composite’ 50.22 (10.19) 49.73 (9.18) 50.67 (11.11) 0.641

Note. CPZ = Chlorpromazine, MCCB = Measurement and Treatment Research to Improve Cognition in Schizophrenia Consensus Cognitive

Battery

a . . . . . .
Measured with Wechsler Abbreviated Scale of Intelligence 2nd Egition (WASI-II), Vocabulary and Matrix Reasoning subtests.

bBased on a total sample of 94 with available data (Completer: 7= 48, Non-Completer: 7= 46).
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cBased on a total sample of 101 with available data (Completer: 7= 49, Non-Completer: 7= 52).
da.. .
Since the onset of psychotic symptoms.

EConfirmed by the Structured Clinical Interview for the DSM-IV-TR (SCID) (First et al., 2002) and defined as meeting substance abuse or
dependence criteria 3 months or longer prior to enrollment in the trial.

fBased on a total sample of 98 with available data (Completer: 7= 47, Non-Completer: 7=51).

gAge- and sex-corrected T-score with a mean of 50 (SD = 10), with higher scores indicating better cognition.
hBased on a total sample of 100 with available data (Completer: /7= 49, Non-Completer: /7= 51).

iT-score with mean of 50 (SD = 10), with higher scores indicating better outcome.

JResults from independent samples t-tests or Fisher’s exact tests, two-tailed.
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Univariate Logistic Regression Models Predicting Treatment Discontinuation During an 18-Month Multi-Site

Randomized Trial of Cognitive Enhancement Therapy for Early Course Schizophrenia (N = 102)

Variable b SE  zvalue p-value Odds Ratio (95% CI)
Age -0.12 005 -2.62 0.009 0.88 (0.79, 0.96)
Sex (Male vs. Female) -038 047 -082 0414 0.68 (0.26, 1.69)
Race (white vs. non-white) -0.00 040 -0.01 0.992 0.99 (0.45, 2.19)
1Q -0.05 002 -2.46 0.014 0.94 (0.90, 0.98)
Education (no college vs. some college) -0.39 047 -0.82 0.411 0.99 (0.26, 1.70)
Employed (not employed vs. employed) 040 044 0.92 0.358 1.49 (0.63, 3.58)
Iliness Length (years) -0.25 010 -2.59 0.010 0.77 (0.63, 0.93)
Schizophrenia Diagnosis (Schizophrenia vs. Schizoaffective)  0.58  0.51 1.14 0.253 1.78 (0.66, 5.02)
Substance Use Disorder History (with vs. without) 0.46  0.40 1.15 0.249 1.58 (0.72, 3.51)
Antipsychotic Dose (CPZ equivalent mg/day) -0.00 000 -2.56 0.011 0.99 (0.99, 0.99)
Antipsychotic Adherence (non-adherent vs. adherent) 0.65 048 1.35 0.178 1.91 (0.75, 5.07)
Treatment Group (CET vs. EST) 0.30 0.40 0.74 0.458 1.34 (0.61, 2.98)
MCCB Overall Cognition Composite -0.01 002 -0.75 0.456 0.98 (0.95, 1.02)
Processing Speed Subscale -0.01 0.02 -047 0.639 0.99 (0.95, 1.02)
Attention/Vigilance Subscale 0.00 0.02 0.27 0.789 1.00 (0.97, 1.03)
Working Memory Subscale -0.03 002 -1.63 0.102 0.96 (0.92, 1.00)
Verbal Learning Subscale -0.01 002 -0.53 0.596 0.98 (0.94, 1.03)
Visual Learning Subscale 0.01 0.02 0.64 0.520 1.01 (0.97, 1.04)
Problem Solving Subscale? 038 015 249 0013 1.46 (1.10, 2.01)
Problem Solving Subscale? -0.01 000 -274 0.006 0.99 (0.99, 0.99)
Social Cognition Subscale 0.00 0.02 0.03 0.976 1.00 (0.97, 1.03)
Social Adjustment Composite 0.03 0.02 1.34 0.179 1.02 (0.98, 1.07)
Symptom Composite? -036 019 -187  0.061 0.70 (0.47, 0.99)
Symptom Composite? 0.00 0.00 1.91 0.057 1.00 (1.00, 1.01)

Note. CPZ = Chlorpromazine, CET = Cognitive Enhancement Therapy, EST = Enriched Supportive Therapy, MCCB = Measurement and

Treatment Research to Improve Cognition in Schizophrenia Consensus Cognitive Battery

Problem Solving SubscaleZ

All models adjusted for study site and designated the treatment completers (/7= 49) as the reference group.

and Symptom Composite2 are quadratic terms.

a ! . - A . T I Lo . . . .
Box-Tidell Transformation statistically significant (i.e., p < .05) indicating a violation of linearity assumption, quadratic term included in the

model.
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Final Multivariate Logistic Regression Model Predicting Treatment Discontinuation During an 18-Month
Multi-Site Randomized Trial of Cognitive Enhancement Therapy for Early Course Schizophrenia (N = 102)

Variable b SE  zvalue p-value Odds Ratio (95% ClI)
(Intercept) 224 445 050 0.615  9.40 (0.00, 65408.09)
Study Site (Pittsburgh vs. Boston) -0.29 051 -0.58 0.563 0.74 (0.27, 2.01)
Age -0.09 005 -1.80 0.073 0.91 (0.81, 1.00)
1Q -0.06 003 -2.28 0.023 0.94 (0.88, 0.98)
Iliness Length (years) -0.12 013 -094 0.349 0.89 (0.69, 1.13)
Antipsychotic Dose (CPZ equivalent mg/day) -0.00 0.00 -1.72 0.085 0.99 (0.99, 1.00)
Problem Solving Subscale 0.44 0.17 2.62 0.009 1.55 (1.14, 2.22)
Problem Solving Subscale? -0.01 000 -2.65 0.008 0.99 (0.99, 0.99)

Note. CPZ = Chlorpromazine,

2

Problem Solving Subscale4 is the quadratic term.

All models adjusted of study location and designated the treatment completers (7= 49) as the reference group. Multivariate model fit: /1’2= 29.99,

df=17, p<0.001, AIC = 119.05, Nagelkerke’s R2= 0.358
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