1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Schizophr Res. Author manuscript; available in PMC 2021 September 01.

-, HHS Public Access
«

Published in final edited form as:
Schizophr Res. 2020 September ; 223: 148-157. doi:10.1016/j.schres.2020.06.033.

Distinguishing Patterns of Impairment on Inhibitory Control and
General Cognitive Ability among Bipolar with and without
Psychosis, Schizophrenia, and Schizoaffective Disorder

Milena Y. Gotral, Scot K. Hill, Elliot S. Gershon?, Carol A. Tamminga3, Elena I. Ivleva3,
Godfrey D. Pearlson*°, Matcheri S. Keshavan®, Brett A. Clementz’, Jennifer E. McDowell”,
Peter F. Buckley8, John A. Sweeney?, Sarah K. Keedy*2

1Department of Psychology, Rosalind Franklin University, North Chicago, IL, United States

2Department of Psychiatry and Behavioral Neuroscience, University of Chicago, Chicago, IL,
United States

3Department of Psychiatry, UT-Southwestern Medical Center, Dallas, TX, United States

“Departments of Psychiatry and Neuroscience, Yale University School of Medicine, New Haven,
CT, United States

SInstitute of Living, Hartford Hospital, Hartford, CT, United States

6Department of Psychiatry, Beth Israel Deaconness Medical Center and Harvard Medical School,
Boston, MA, United States

"Department of Psychology and Neuroscience, University of Georgia, Athens, GA, United States
8School of Medicine, Virginia Commonwealth University, Richmond, VA, United States

9Department of Psychiatry and Behavioral Neuroscience, University of Cincinnati, Cincinnati, OH,
United States

Abstract

Background: Deficits in inhibitory control on a Stop Signal Task (SST) were previously
observed to be of similar magnitude across schizophrenia, schizoaffective, and bipolar disorder
with psychosis, despite variation in general cognitive ability. Understanding different patterns of
performance on the SST may elucidate different pathways to the impaired inhibitory control each
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group displayed. Comparing nonpsychotic bipolar disorder to the psychosis groups on SST may
also expand our understanding of the shared neurobiology of this illness spectrum.

Methods: We tested schizophrenia (n=220), schizoaffective (n=216), bipolar disorder with
(n=192) and without psychosis (n=67), and 280 healthy comparison participants with a SST and
the Brief Assessment of Cognition in Schizophrenia (BACS), a measure of general cognitive
ability.

Results: All patient groups had a similar degree of impaired inhibitory control over prepotent
responses. However, bipolar groups differed from schizophrenia and schizoaffective groups in
showing speeded responses and inhibition errors that were not accounted for by general cognitive
ability. Schizophrenia and schizoaffective groups had a broader set of deficits on inhibition and
greater general cognitive deficit, which fully accounted for the inhibition deficits. No differences
were found between the clinically well-matched bipolar with and without psychosis groups,
including for inhibitory control or general cognitive ability.

Conclusions: We conclude that 1) while impaired inhibitory control on a SST is of similar
magnitude across the schizo-bipolar spectrum, including nonpsychotic bipolar, different
mechanisms may underlie the impairments, and 2) history of psychasis in bipolar disorder does
not differentially impact inhibitory behavioral control or general cognitive abilities.

Keywords

stop signal task; response inhibition; schizophrenia; schizoaffective disorder; bipolar disorder;
psychosis

Introduction

Deficient inhibitory behavioral control in bipolar disorder has been related to impulsivity
and risk-taking behaviors such as aggression, substance use, and suicide (Moeller et al.,
2001; Swann et al., 2005; Swann et al., 2010). Inhibitory control deficits also characterize
psychotic disorders including schizophrenia (SZ), schizoaffective disorder (SAD), and
bipolar disorder with psychosis (PBD) (Ethridge et al., 2014). The shared feature of poor
inhibitory control fits with current conceptualization of the relatedness of these disorders,
including overlapping familiality (Lee et al., 2013; Smoller et al., 2013) and similar patterns
of biomarker alterations (Clementz et al., 2016; Du et al., 2017; Ivleva et al., 2017).

Typically all psychosis groups show deficiencies across neurocognitive modalities compared
to healthy participants, with PBD showing less severe impairment, SAD showing
intermediate, and SZ showing the greatest magnitude of impairment (Hill et al., 2013;
Tamminga et al., 2014). However, some studies of inhibitory control have yielded scores that
diverge from this pattern. Specifically, a prior report from our group (Ethridge et al., 2014)
indicated deficits on a Stop Signal Task (SST), a commonly used measure of inhibition of
prepotent responses, were of a similar magnitude across SZ, SAD, and PBD. This was
observed in the context of the usual more severe general cognitive impairment in SZ/SAD
relative to PBD. Hence, a common magnitude of impaired inhibitory control may be present
along the schizo-bipolar spectrum in the context of varying degrees of general cognitive
impairment. This observation raises important questions about whether there is variation
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underlying the inhibition deficits and about the extent of deficits along the schizo-bipolar
spectrum.

First, do inhibition errors occur for different reasons in PBD relative to schizophrenia-
spectrum illness given the variation in general cognitive ability? Consideration of this
question is facilitated by the use of SSTs as they fit the “race model” of inhibitory control to
guide interpretation. This cognitive model describes inhibition invoked in a SST as a race
between two processes: a “Go” process initiates after a go cue and, when an external stop
signal occurs, a “Stop” process begins. Response inhibition will succeed if the Stop process
completes prior to the Go process completing (Logan & Cowan, 1984). Each process, and
their relation, may be influenced by different factors, which can therefore influence the
outcome of successful inhibition. One set of factors are characterized as reactive stopping
and proactive stopping processes, each of which can be operationalized in SSTs. SSTs
include a range of intervals, or Stop Signal Delays (SSDs), between the Go and the Stop
signals. This range allows estimation of the time it takes for the stop process to be completed
successfully, an estimate of the internal speed of stopping known as the stop signal reaction
time (SSRT). In neural systems models, SSRT is often associated with reactive stopping
processes, initiated in response to an external signal (Aron, 2011). The prior study (Ethridge
et al., 2014) did not find differences between psychosis groups on SSRT, but did report
proactive stopping process alterations. These were identified as failure to show adequately
slowed reaction times in the context of interleaved Stop and Go signals (in comparison with
reaction times to stimuli occurring without the possibility of Stop signals). This adaptive
slowing is thought to reflect more internally motivated preparations to stop, and as such, has
relevance for understanding the impulsivity disturbances in psychotic disorders where
symptoms or other characteristics (inattentiveness, preoccupation, emotional distress, etc.)
may impact successful generation of readiness to stop, though reactive and proactive
stopping processes cannot be entirely disentangled (Aron, 2011).

Other SST outcomes, such as errors on different trial types and reaction times of specific
trial types were not examined in the prior study, but may help further elucidate the nature of
the mechanisms contributing to inhibition dysfunction and group difference. For example,
speeded basic reaction time may render Go processes more difficult for Stop processes to get
ahead of. Or, elevated error rates on not only inhibition trials, but also other kinds of trials
during a SST may qualify inhibition errors as part of a more generalized response deficiency,
which may be consistent with more impaired general cognition.

Another important question is whether SST deficits seen for PBD are also present in
nonpsychatic bipolar disorder (NPBD). Clarifying this may improve understanding of the
common and divergent neurobiology along the schizo-bipolar spectrum. The literature on
cognitive differences between NPBD and PBD is mixed. Several studies report no
differences between NPBD and PBD across cognitive domains assessed (Burton et al., 2018;
Demmo et al., 2016; Lahera et al., 2008; Savitz et al., 2009; Selva et al., 2007). Others report
greater deficits in PBD compared to NPBD for verbal memory, executive function, working
memory, semantic fluency, or social cognition (Allen et al., 2010; Aminoff et al., 2013; Bora
et al., 2010; Glahn et al., 2006, 2007; Jiménez-Lopez et al., 2017; Levy et al., 2013;
Martinez-Aran et al., 2008; Simonsen et al., 2011; Thaler et al., 2013). Hence, the pattern,
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and particularly the inclusion of executive function among the distinguishing measures,
suggests that higher order cognition may be more impaired in the psychotic variant of
bipolar disorder relative to NPBD. As inhibitory control is also a higher order function due
to its association with frontal lobe development (Dempster, 1992), SSTs may distinguish
PBD from NPBD. Limited prior work using SSTs in NPBD and a mixed sample of PBD and
NPBD indicates deficits exist relative to healthy controls (Farahmand et al., 2015; Fortgang
et al., 2016; Hidiroglu et al., 2015), but whether deficits are of differing magnitude for the
two bipolar phenotypes has not been directly tested.

In the current study, we sought to address these questions. First, we predicted deficient
inhibitory control across the schizo-bipolar spectrum, including NPBD. We further predicted
there would be differences distinguishing SZ/SAD from both bipolar disorder (BD) groups
on additional SST measures not examined previously (error rates and reaction times for
specific trial types), supporting interpretation of inhibition deficits as reflecting problems
adapting to task demands vs. problems related to speeded responding. Second, we predicted
that SST performance would be more impaired in PBD patients with a history of psychosis
compared to NPBD patients without lifetime history of psychosis.

Methods and Materials

Participants

As part of the Bipolar-Schizophrenia Network for Intermediate Phenotypes 2 study (B-
SNIP2) and the Psychosis and Affective Research Domains and Intermediate Phenotypes
(PARDIP) projects, participants were recruited at 5 sites (Tamminga et al., 2014). Groups
were 259 BD, 216 SAD, 220 SZ, and 280 healthy controls (HC). All provided written
informed consent and the study was approved by Institutional Review Boards at each site.
This PARDIP/BSNIP-2 sample was fully different from that used in our prior study, which
was the B-SNIP1 sample (Ethridge et al., 2014).

DSM-1V diagnoses were established via the Structured Clinical Interview for DSM-IV (First
et al., 2002). HC had no personal history of lifetime psychotic or bipolar disorders or
recurrent major depressive disorder, and no known history of psychotic or bipolar disorders
in first-degree relatives. All participants met the following criteria: no known neurological
disorders or decompensated medical disorders that could affect central nervous system
function, no history of head trauma with >10 minutes unconsciousness, no positive urine
drug screen on testing day, and no substance abuse within 1 month or dependence within 3
months. Patient participants were clinically stable and there were no changes to
psychopharmacological treatment for at least one month. Chlorpromazine equivalent
antipsychotic daily dose (CPZ) was calculated using the Andreasen (2010) method.

Procedure

2.2.1. Clinical and general cognitive assessments.—All subjects completed the
self-report Barratt Impulsiveness Scale (Patton et al., 1995), which yields an overall
impulsivity rating as well as three subscale scores — attentional, motor, and non-planning
impulsiveness. Clinical symptoms were rated using the Positive and Negative Syndrome

Schizophr Res. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gotra et al.

Page 5

Scale (Lancon et al., 2000), Young Mania Rating Scale (Young et al., 1978), Montgomery-
Asberg Depression Rating Scale (Montgomery & Asberg, 1979), and Schizo-Bipolar Scale
(SBS; Keshavan et al., 2011). Suicide was also rated in terms of lifetime presence/absence of
a suicide attempt, highest medical lethality of suicide attempts (0-7 scale), and lifetime
number of attempts. For general cognition, the Brief Assessment of Cognition in
Schizophrenia (BACS) (Keefe et al., 2004) was administered, as in Ethridge et al. (2014).
The BACS consists of six subtests which together comprise a composite score, corrected for
age and gender using stratified norms and expressed as a z-score (Keefe et al., 2008).

2.2.2. Stop Signal Task.—We used the same task and analysis approach as in Ethridge
et al. (2014). Trials began with presentation of a white central-fixation crosshair (1.5
degrees) for a random interval between 750-1500 ms (Figure 1). On Go trials, a green circle
(Go cue; 1.75 degrees) appeared 12 degrees right or left of the center for 650 ms. On Stop
trials, a Stop signal (red stop sign; 1.75 degrees) was presented at central fixation at variable
SSDs (50-282 ms) after the Go stimulus appeared. Participants were instructed to respond
as quickly and accurately as possible via button press. Practice trials were completed to
verify comprehension of task instructions. Then, a Baseline task of 50 consecutive Go trials
was administered to help establish a prepotent response, followed by ~300 “SST trials” with
pseudorandomly interleaved Go and Stop trials (40% Stop). To maintain a prepotent Go
response tendency, lack of response within 650 ms on Go trials resulted in trial termination
with a red *X’ and the word “faster.” For every third Go trial without a timely response, a Go
trial was added later. A red ‘X’ over the Stop signal gave performance feedback for incorrect
Stop trials. Rater administration notes were screened prior to sample selection and poor
quality data for 19 participants (3 HC, 4 BP, 7 SAD, 5 SZ) was excluded.

Scores were computed for errors on SST Stop trials (failure to inhibit a response to a Go
signal combined with a Stop signal), Baseline Go trial errors (omissions of response when
there are no Stop signals), SST Go trial errors (omissions/overly-slow responding), and
speed of correct response for Baseline and SST Go trials. Additionally, SSRT (estimated
latency of successful Stop process) and adaptive slowing (mean response latency for SST Go
minus mean for Baseline Go trials, with greater slowing indicating better adaptation to task
demands) were examined using procedures consistent with prior work (Ethridge et al., 2014;
Schmitt et al., 2018). SSRT was calculated using the integration method (Verbruggen et al.,
2013; see Supplement section A), with shorter SSRT reflecting faster reactive stopping
(Logan, 1994).

2.3. Statistical Analyses

Analysis of variance (ANOVA) and Chi-Square statistics were used to compare demographic
and clinical variables across groups, and analysis of covariance (ANCOVA) was used to
compare groups on the BACS composite z-score (global cognitive function), with race as
covariate (BACS normative scores were already stratified by age and gender). For the SST,
separate ANCOVAs with age, sex, and race as covariates were used to compare groups on
errors for SST Stop trials, SST Go trials, Baseline Go trials, SSRT, and adaptive slowing.
Adaptive slowing analyses were followed up with repeated measures ANCOVA on the
components of the adaptive slowing measure — mean response latencies from Baseline Go
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trials and SST Go trials as the repeated measures with age, sex, and race as covariates,
followed by univariate analyses as needed. Next, to examine the extent that global cognitive
function accounted for SST outcomes, ANCOVA analyses were repeated with the BACS
composite z-score as a covariate. Correlations among BACS and SST performance and
clinical variables were explored using Spearman’s rho and were evaluated as significant with
a False Discovery Rate (FDR) correction for multiple comparisons (Benjamini & Hochberg,
1995). For descriptive purposes, we conducted correlations among the SST variables within
each group (see Supplement section G). All variables were assessed for study site
differences, and none were identified. Comparison of two SST variables (errors for Stop
trials and adaptive slowing) were conducted between the current B-SNIP2 SZ, SAD, and
PBD groups and the B-SNIP1 sample (Ethridge et al., 2014) to verify comparability of the
task (see Supplement section B).

3. Results

3.1.

Patient and Healthy Control Comparisons

3.1.1. Characteristics.—Groups were matched for age, which ranged from 18 to 62
years old, but had other demographic differences (Table 1). Medication and symptom
differences among the patient groups were as expected, including fewer BD patients
prescribed antipsychotic medications and a larger proportion prescribed lithium compared to
SAD and SZ groups. Clinically, the BD group endorsed less severe positive and negative
symptoms than other disease groups. For the BIS, HC had lower impulsivity ratings than all
disease groups. SZ had lower attentional and non-planning impulsivity than BD and SAD
and lower motor and total impulsivity than BD.

3.1.2. Global cognitive function.—All patient groups had significantly lower BACS
composite scores than HC (Figure 2; A3, 961) = 54.63, p<.001, np2 =.15). Consistent with
prior reports in the B-SNIP1 sample (Hill et al., 2013), SZ had greater impairment than BD
(Myiss = —.29, SE = .07, p<.001), while SAD did not differ from either BD (M = —.15, SE
=.07, p=.22) or SZ (Mt = .14, SE = .07, p=.36).

3.1.3. Inhibitory control error rate.—There was a significant main effect of group for
error rates on Stop trials, the key inhibition measure (Figure 3; A3, 967) = 10.97, p<.001,
npz =.03), with higher error rates for each disease group compared to HC and no differences
between disease groups (see also Supplement section D for a comparison of errors rates
across SSD intervals). For SST Go trials, the SZ group committed more errors than HC
(Myigs = .05, SE = .01, p<.001) and BD (Myise = .03, SE = .01, p=.002), while SAD
committed more errors than HC (Mg = .03, SE = .01, p=.002). For Baseline Go trials, SZ
committed more errors compared to HC (Mg = .03, SE = .01, p<.001) and BD (Myiss
=.02, SE = .01, p=.02). Covarying for BACS composite z-score in all of these analyses
eliminated all group differences except that the error rate for Stop trials remained
significantly higher for BD compared to HC (Myif = .04, SE = .01, p=.01).

3.1.4. Inhibitory control reaction time.—Estimated SSRTs differed across groups
(Figure 4; A3, 967) =7.73, p<.001, an =.03), with SZ taking longer to complete the Stop
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process than BD (M = 14.85, SE = 3.93, p=.001) and HC (Myiss = 15.82, SE=3.72, p
<.001). After covarying for the BACS composite, group differences were no longer
significant (A3, 958) = 2.31, p=.08, npz =.01). For adaptive slowing (difference in
Baseline and SST Go reaction time), HC slowed their reaction times on SST Go trials more
than SAD and SZ, while BD slowed more than SZ (Figure 5; A3, 967) = 8.82, p<.001, npz
=.03) (see also Supplement section E for a comparison of percent increase in reaction time).
Reaction time for Baseline Go trials and SST Go trials were then examined to further
explore this effect. As expected, reaction time was slower overall during SST Go trials
compared to Baseline Go trials (A1, 950) = 616.16, p <.001, npz =.39). However, there was
also a significant condition by group interaction (A3, 950) = 6.43, p<.001, npz =.02)in
which SZ showed slower reaction times for Baseline Go trials compared to all other groups
(A3, 967) =13.02, p<.001, np2 =.04), and SAD had slower reaction times than BD (Mgt =
14.52, SE = 4.48, p=.01). During SST Go trials, BD demonstrated faster reaction times
than all other groups (A3, 967) = 8.70, p<.001, T]p2 =.03). After covarying for the BACS
composite, group differences for adaptive slowing and reaction time for SAD/SZ were no
longer significant. However, BD still had faster reaction times than HC and all other disease
groups for SST Go trials (A3, 958) = 8.34, p<.001, T]p2 =.03), and a new effect emerged
such that BD was also faster than all groups for Baseline Go trials (A3, 958) = 9.40, p
<.001, an =.03). Supplemental analyses of intraindividual variability of these reaction time
scores indicated greater variability in BD for SST Go trials compared to all other groups,
with or without BACS as a covariate (Supplement section F).

3.2. Comparison of Bipolar with and without Psychosis

NPBD and PBD did not differ on any SST variable, including errors, SSRT, adaptive
slowing, or reaction time, nor on the BACS composite score (Table 2). There were no
differences between PBD and NPBD on clinical characteristics, including all symptom
measures. While more subjects in the PBD group were taking antipsychotic medications,
PBD and NPBD did not differ in CPZ equivalent daily dose (AH1,98) = .01, p=.91). NPBD
and PBD also did not differ in frequency of use or daily dose of lithium (Xz(l) =42, p
=.52; A1,49) = 1.06, p = .31), valproic acid (Xz(l) =.05, p=.82; A1,31) =.71, p= 41), or
use of sedative medication (Xz(l) =3.72, p=.054).

3.3. Clinical Correlations

Among symptom severity ratings, only negative symptoms showed significant correlations
with test performance (Table 3). For both the BD and SAD group, more severe negative
symptoms were associated with lower BACS composite score. For the BD group, negative
symptoms were also associated with higher Stop trial errors and reduced adaptive slowing.
For SZ, negative symptoms were associated with reduced adaptive slowing, higher SST Go
trial errors, and slower reaction time for Baseline Go trials. There were no significant
associations between BACS or SST with rated aspects of suicidal behavior or self-rated
impulsivity. There were also no significant correlations between medication dose and task
performance. As an alternative to categorical diagnostic grouping, correlations with the SBS
scale and SST performance were conducted, with results detailed in Supplement section C.
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4. Discussion

This study was designed to investigate a variety of metrics associated with deficient
inhibitory control during a SST across the schizo-bipolar spectrum, seeking characteristics
that distinguish psychosis groups. We also wanted to determine if prior findings of a specific
deficit in inhibitory control in PBD extends to NPBD. We found that the magnitude of
impairment for inhibitory control across disorders was consistent with prior findings
(Ethridge et al., 2014), and that different processes may underlie inhibition errors across
groups. We extended the findings of impaired inhibitory control to include NPBD, as the BD
groups performed similarly in terms of inhibition as well as general cognitive function.

4.1. Impaired Response Inhibition across Patient Groups

A key finding was the comparable magnitude of inhibitory control deficits (Stop trial errors)
across all patient groups. This measure of inhibitory control could be an important
biomarker defining a common neurocognitive deficit present across the schizo-bipolar
spectrum. There were, however, unique features among disease groups that were captured by
other SST variables suggesting that distinct alterations may underlie inhibitory control
deficits within each group. For example, the combined BD group had shorter latencies
during both types of Go trials, and intact Go trial accuracy and adaptive slowing. Hence, the
BD group was able to slow their reaction times from Baseline to SST Go trials,
demonstrating some capacity for proactive inhibition. However, the adaptation did not
appear to be successful as there was also a high error rate for Stop trials. This was consistent
with the faster Baseline and SST Go trial latencies seen in only the BD group. Shorter Go
trial reaction times have been reported elsewhere in bipolar disorder (Hidiroglu et al., 2015;
Houshmand et al., 2010) and support the notion that inhibitory control deficits in BD may be
best conceptualized as errors associated with speeded responding (see also Supplement
section G for discussion of possibly stronger correlation of Baseline Go RT and SSRT in
BD). Further, the BD group showed high variability in their reaction times (Supplement
section F), particularly SST Go trial reaction times, and this group distinction was not
accounted for by general cognitive ability. This suggests performance was characterized by
inconsistently failed attempts at slowing or monitoring.

Broadly, inhibitory control is thought to be supported by a fronto-basal-ganglia network
involving the right inferior frontal gyrus (IFG), subthalamic nucleus (STN), and
presupplementary motor area (preSMA) (Aron, 2011). Using this model, Go processes are
initiated through the direct pathway of the basal ganglia, while the IFG and preSMA send a
Stop command to intercept the Go process through connections with the basal ganglia,
specifically the STN. This network is responsible for initiating both reactive stopping to
inhibit behavior in response to an external cue and proactive stopping to slow down and
prepare for an inhibitory behavioral response. Striatum and frontal brain regions involved in
working memory are also thought to play a role in proactive stopping processes by
modulating the reactive stopping circuitry. Hence, the capacity for adaptive slowing found in
the BD group may be consistent with less severe working memory impairments compared to
SZ/SAD (Park & Gooding, 2014). We further speculate that the BD deficits observed in our
study could reflect overactivity of the Go process due to reduced initiation of reactive

Schizophr Res. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gotra et al.

Page 9

inhibition from the IFG and preSMA. Moreover, this is consistent with meta-analytic
findings of reduced right IFG volume (Selvaraj et al., 2012) and attenuated activity in the
IFG and associated striatal/limbic regions found in bipolar disorder (Chen et al., 2011).

In contrast, SAD/SZ showed reduced adaptive slowing and slower SSRT, consistent with
dysfunction that involves both reactive and proactive stopping processes. Further, SAD/SZ
also had more errors on Baseline and interleaved Stop and Go trials, suggestive of both Go
and Stop process deficiencies. This was consistent with some differential correlations among
SST variables for schizophrenia in particular (Supplement section G). Despite slowed Go
reaction times, SAD/SZ were still unable to initiate stopping processes and took longer to
internally complete the Stop process. This pattern may reflect a variety of altered processes
—reduced proactive anticipation and poor preparation for Stop trials, altered capacity to
execute reactive stop processes, and/or inattentiveness. Overall, this is consistent with an
interpretation of inhibitory control deficits in SZ/SAD that entails multiple alterations,
including dysfunction in higher-order self-control and planning, and more poorly controlled
motor impulsivity. This was also consistent with the more impaired general cognition we
observed for SZ/SAD, as reported previously (Hill et al., 2013), and may reflect greater
widespread alterations rather than specific fronto-striatal dysfunction.

Further, the relationship between general cognition and response inhibition replicated prior
findings (Ethridge et al., 2014) and was informative in terms of characterizing the magnitude
of inhibitory control deficits relative to other cognitive alterations. Specifically, the BACS
composite accounted for impairments on all SST indices for SZ and SAD, suggesting that
these measures are part of the generalized cognitive deficit across cognitive domains in
SZ/SAD (Hill et al., 2008; Hochberger et al., 2016; Reilly & Sweeney, 2014). On the other
hand, controlling for general cognitive ability did not attenuate the high error rate on Stop
trials in BD. Hence, for BD, impairment captured by SST appears largely related to more
circumscribed difficulty with speeded reaction times and impulsive behavior rather than the
generalized cognitive deficit associated with nonaffective psychotic disorders. This suggests
that in BD, impaired inhibitory control may represent a deficit not entirely overlapping the
group’s general cognitive impairment.

4.2. Differences Between Bipolar with and without Psychosis

This is the first study to directly compare a sample of NPBD and PBD using a SST. We note
the two groups were very well matched on a variety of clinical characteristics. In contrast to
our predictions, findings indicated a similar magnitude of impairment across SST metrics in
BD groups. The similar performance, including errors and reaction time, suggests similar
mechanisms underlying impaired inhibition in NPBD and PBD. Although some work has
indicated higher-order cognitive impairment in PBD compared to NPBD, our study is
consistent with the literature that shows no cognitive differences. Indeed, our PBD and
NPBD groups also did not differ on general cognitive ability, consistent with prior reports of
estimates of premorbid and general intellectual ability not differing between PBD and
NPBD (Allen et al., 2010; Glahn et al., 2007; Jiménez-L6pez et al., 2017; Levy et al., 2013;
Martinez-Aran et al., 2008; Simonsen et al., 2011; Thaler et al., 2013). This is consistent
with evidence of minimal to no differences in gray or white matter assessed in MRI studies
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(Jietal., 2017; Godwin et al., 2018; Hibar et al., 2018). Thus, alternative characteristics are
needed for distinguishing psychosis risk in bipolar disorder, such as genetic factors
(Benedetti et al., 2016; lvleva et al., 2010) or reward learning (Abohamza et al., 2020; Barch
et al., 2017). Another possibility, however, is that any lifetime psychosis experience vs.
none, which defines PBD vs. NPBD membership, is of limited value. Alternative grouping
approaches, such as higher frequency of psychosis defining PBD, or neurobiological rather
than symptom-based nosologies (Clementz et al., 2016; Drysdale et al., 2017; Ivleva et al.,
2017; Williams, 2017) may be more useful.

4.3. Clinical Correlations

Symptom correlates with test performance indicated a relationship between greater negative
symptom severity and worse cognitive performance. This included the BACS composite,
adaptive slowing, and error scores variously across disease groups. Prior analysis from an
independent sample failed to find correlations between SST performance and clinical
symptoms (Ethridge et al., 2014). This could be due to the modest magnitude of the
correlations, and they could be spurious findings despite FDR significance correction. Prior
findings are mixed in terms of symptoms correlating with other measures of inhibitory
control, such as anti-saccade task performance (Donohoe et al., 2006; Harris et al., 2009;
Reilly et al., 2014; Winograd-Gurvich et al., 2008). More consistent associations have been
found with the Stroop test and other measures of executive function in schizophrenia
(Donohoe & Robertson, 2003; Westerhausen et al., 2011), but these correlations also have
been modest.

4.4. Limitations

Although the present study included a large sample of individuals with schizo-bipolar
spectrum disorders and healthy controls, it was relatively limited in its NPBD sample,
rendering analyses comparing PBD to NPBD somewhat insensitive. Along the lines of
sensitivity concerns, we note that the BACS is a brief cognitive battery that may not be as
sensitive as prior work using a large battery to comprehensively compare performance
between NPBD and PBD on other neuropsychological domains that were outside the focus
of this study (Levy et al., 2013; Martinez-Aran et al., 2008).

4.5. Conclusion

Inhibitory control appears similarly impaired across the schizo-bipolar spectrum. The
impairment is accounted for by generalized cognitive deficits in SZ/SAD, while for BD,
inhibitory control appears more related to speeded responding, regardless of psychosis
history. One important implication of these observations is that there is heterogeneity in how
inhibition deficiencies may arise, which must be accounted for in future approaches
designed to target inhibition problems in these serious psychiatric disorders. This also
informs how interventions in BD may be developed that seek to utilize relative strengths of
some capacity for proactive inhibitory control (e.g., monitoring behavior, keeping goal-
relevant information in working memory) to compensate. For SZ/SAD treatment
development, the findings suggest any improvement upon general cognitive function may
also have impact on inhibitory control deficits, or possibly vice versa. In sum, our evolving
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understanding of inhibition in psychotic disorders may contribute to a better understanding
of approaches to improve cognitive deficits across the schizo-bipolar spectrum.
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Figure 1.
Stop Signal Task (4). In Go trials, participants pressed the corresponding left or right button

when a green circle appeared to the right or left of the center. During Stop trials, they were
to refrain from pushing the buttons. When participants did not respond within 650 ms on Go
trials, a red ‘X’ and the word ‘faster’ were presented for 2500 ms indicating that the
participant failed a trial. On Stop trials in which the participants pressed a button, a red ‘X’
appeared over the stop sign to provide performance feedback indicating the failure to inhibit

aresponse.
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Brief Assessment of Cognition in Schizophrenia (BACS) z-scores across groups. All disease
groups showed significant general cognitive deficit compared to healthy controls, with the
schizophrenia group showing the greatest magnitude of deficit. ** p <.001.
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(A) Error rate for Baseline Go trials. (B) Error rate for SST Go trials. (C) Error rate for SST

Stop trials. While the schizophrenia group had the highest error rate across Baseline and
SST Go trials, the bipolar group (with and without psychosis) had higher Stop trial error
rates than all other groups, before and after controlling for BACS. ** p <.001. Significant
differences after controlling for BACS.

@ N ®
40
30
%3k
L} sk 1
20 RS .1 S
%k
o |10
mEoOEE, ‘ \
HC BD SAD SZ HC BD SAD SZ
Baseline Go Accuracy SST Go Accuracy

Schizophr Res. Author manuscript; available in PMC 2021 September 01.

50

40

30

20

10

Page 17

© 5k

HH
]*
*
Hi>

HC BD SAD

SZ

SST Stop Accuracy



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gotra et al.

SSRT (ms)

300 —

| sksk 1
280 .
260 == ==

240
220
200
180
160
140
120

100
HC

Figure 4.

BD

SAD

SZ

Stop Signal Reaction time (SSRT). While the schizophrenia group demonstrated prolonged
SSRT compared to HC and BD, this difference was attenuated after controlling for BACS

composite. **p < .001.
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Figure 5.
(A) Reaction time for Baseline Go trials. As expected, the schizophrenia group demonstrated

slower reaction times than all other groups for Baseline Go trials. (B) Reaction time for SST
Go trials. For SST Go trials, the bipolar group (with and without psychosis) had faster
reaction times than all other groups, which was apparent during all Go trials and remained
significant after controlling for BACS. (C) Difference in Baseline Go and SST Go reaction
time. Adaptive slowing was reduced for schizoaffective and schizophrenia groups compared
to healthy controls. The schizophrenia group also had reduced adaptive slowing compared to
the bipolar group (with and without psychosis). However, these group differences were not
significant when the BACS composite was included as a covariate. * p <.05; ** p <.001.
Significant differences after controlling for BACS.
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Healthy Controls (HC)

Bipolar with and without

Schizoaffective (SAD)

Schizophrenia (SZ)

Psychosis (BD)
N 280 259 216 220
Variable N % N % N % N %
Sex ™ a
Male 138 49.3 100 38.6 99 45.8 123 55.9
Female 142 50.7 159 61.4 117 54.2 97 44.1
Race ™™ b
Caucasian 130 46.4 175 67.6 93 431 77 35.0
African American 113 404 60 23.2 86 39.8 102 46.4
Other 37 13.2 24 9.3 37 17.1 41 18.6
On antipsychotic
. axC - - 141 54.4 158 73.1 148 67.3
medication”
on lithium **% ¢ - - 51 19.7 25 11.6 7 32
On valproic acid *€ - - 33 12.7 22 10.2 13 5.9
On sedative medication™* © - - 73 28.2 39 18.1 28 12.7
Mean SD Mean SD Mean SD Mean SD
Chlorpromazine equivalent
* g - - 274.82 222.86 375.71 281.53 398.81 312.50
(mg/day) -~
N
Lithium dose (mg/day) - 909.80 397.75 858.70 307.35 885.71 705.76
Valproic acid dose (mg/day)/\ - - 1061.72 482.06 1052.63 602.88 1076.92 | 449.36
Age (years) 38.43 12.05 37.69 12.06 39.62 11.56 39.13 12.00
WRAT4 Reading w ] 99.88 13.50 99.36 14.85 94.00 14.57 93.50 14.31
BACS Composite w1 -.299 .758 -.709 .789 -.971 798 -1.146 .826
PANSS Total = 9 - - 59.14 18.99 67.28 20.78 63.32 17.31
PANSS Positive s f - - 13.52 5.05 18.23 7.06 16.61 5.87
PANSS Negative *g - - 14.30 6.45 16.08 6.79 16.05 5.84
MADRS Total ** k - - 14.44 11.15 14.19 10.55 9.31 8.53
YMRS Total %9 - - 8.90 7.72 11.00 7.68 9.42 6.10
SBS Total **/ - - 1.89 1.21 5.10 1.41 7.64 1.11
BIS Total wx/ 52.61 9.04 71.32 14.54 69.89 12.14 65.39 12.50
BIS Attention ™™ / 12.91 3.19 18.88 5.10 18.69 457 16.88 4.27
BIS Motor ** 7 19.42 3.65 25.27 5.53 24.02 451 22.83 5.67
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Bipolar with and without

Healthy Controls (HC) Psychosis (BD)

Schizoaffective (SAD) | Schizophrenia (SZ)

N 280 259 216 220
Variable N % N % N % N %
BIS Non-Planning o / 20.29 4.56 27.18 6.07 27.18 5.84 25.68 5.73

WRAT = Wide Range Achievement Test; BACS = Brief Assessment of Cognition in Schizophrenia; PANSS = Positive and Negative Syndrome
Scale; MADRS = Montgomery-Asberg Depression Rating Scale; YMRS = Young Mania Rating Scale; SBS = Schizo-Bipolar Scale; BIS = Barratt
Impulsiveness Scale.

Bonferroni corrected for multiple comparisons;

*

p<.05;

*ok

p<.001;

N

Means calculated with only those prescribed each medication
aGreater proportion of females in the BD group compared to HC and other disease groups.
bGreater proportion of Caucasians and fewer African Americans in BD compared to HC and other disease groups.
cFewer BD on antipsychotic medication than SAD and SZ groups.
dGreater proportion of BD on lithium than SAD and SZ groups.
61Greater proportion of BD and SAD on valproic acid than SZ.
fGreater proportion of BD on sedative medication than SAD and SZ, and SAD greater than SZ.
98D < SAD
h

HC >BD > SZ; SAD = SZ
'Hc, BD > SAD, 57
/BD < sAD, 57
kBD, SAD >SZ
/HC <SZ<BD, SAD

"Mic < sz, SAD <BD
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Table 2.

Demographic and clinical differences between bipolar with and without psychosis.

Bipolar (NPBD)

Bipolar with Psychosis (PBD)

N 67 192
Variable N % N %
Sex ™
Male 19 28.4 81 422
Female 48 71.6 111 57.8
Race
Caucasian 46 68.7 129 67.2
African American 15 224 45 234
Other 6 9.0 18 9.4
On antipsychotic medication ™ 26 38.8 115 59.9
On lithium 15 224 36 18.8
On valproic acid 8 119 25 13.0
On sedative medication 25 373 48 25.0
Mean SD Mean SD
Chlorpromazine equivalent dose (mg/day)A 269.43 | 218.37 275.93 225.06
Lithium dose (mg/day)” 825 | 354.97 948.57 414.89
Valproic acid dose (mg/day)A 925 600.17 1100 450.69
Age (years) ™ 4139 | 1272 36.41 11.58
Years of Education 14.49 2.98 14.62 2.32
WRAT4 Reading 97.19 15.09 100.11 14.72
BACS Composite -.673 .830 =722 776
PANSS Total 60.59 16.59 58.41 20.12
PANSS Positive 13.08 3.75 13.74 5.59
PANSS Negative 15.37 6.52 13.77 6.37
MADRS Total 15.02 9.82 14.15 11.79
YMRS Total 9.59 7.20 8.54 7.97
SBS Total 1.80 .96 1.93 1.31
BIS Total 71.32 12.57 71.32 14.54
BIS Attention 19.31 4.43 18.72 5.32
BIS Motor 24.94 5.09 25.39 5.69
BIS Non-planning 27.08 5.57 27.22 6.25
SST Proportion Errors Baseline Go Trials .039 .048 .036 .048
SST Proportion Errors SST Go Trials 141 .092 113 .082
SST Proportion Errors SST Stop Trials .379 124 .376 137
SST Baseline Go RT 347.94 | 44.70 340.76 49.05
SST Proper Go RT 459.50 | 36.26 454.03 37.28
SST Baseline-Proper Go RT Difference 11156 | 38.31 113.27 40.71
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Bipolar (NPBD) | Bipolar with Psychosis (PBD)
N 67 192
Variable N % N %
SSRT 268.10 6.37 260.62 3.95

WRAT = Wide Range Achievement Test; BACS = Brief Assessment of Cognition in Schizophrenia; PANSS = Positive and Negative Symptom
Scale; MADRS = Montgomery-Asberg Depression Rating Scale; YMRS = Young Mania Rating Scale; SBS = Schizo-Bipolar Scale; BIS = Barratt

Impulsiveness Scale.

*
p<.05;

A
Includes only those prescribed each medication.
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Table 3.
Clinical correlations by group.
BD SAD Sz

BACS BGErr SGErr SErr BACS BGErr SGErr SErr BACS BGErr SGErr SErr
Current Symptoms
PANSS Positive -.10 .16 12 A2 -11 .07 14 .20 -.13 12 <.01 A1
PANSS Negative -38* .23 18 25% 4% 17 18 17 -20 13 26~ 13
MADRS Total -.13 .09 .04 .08 -.15 .18 .01 .09 .03 <.01 -.01 .01
YMRS Total .01 .02 .05 -.03 .03 -.07 -.04 .03 -12 .03 -.13 .01
Medication
CPZ Dose -.16 15 12 .07 -.05 .04 .15 <.01 -.06 -.03 .05 -.06
Lithium Dose -.03 -.01 .15 .02 .01 -.09 .04 <.01 .02 .09 .03 .02
Valproic Acid Dose ~ <.01 .03 .04 -.07 .06 -.02 .05 .05 -.05 -.01 .01 -.02
Sedative Use <.01 -.05 -.03 12 -.13 .09 12 .08 <.01 -.02 .06 -.03
Impulsivity
BIS -.05 <.01 -.06 -.05 -.16 .10 .02 .08 -.14 .05 -.03 14
Total
BIS Attentional .07 -.01 -.06 -.05 -.07 .08 -.02 .02 -.09 .04 -.02 13
BIS Motor -.02 -.03 -.10 -.05 -.06 .01 .03 .08 -.08 -.01 <.01 .08
BIS Non-planning -.14 .05 .01 -.04 -.19 13 .02 .08 -.10 .07 -.03 14
Suicide
History of suicide .03 -.02 -.05 -.01 .08 .03 -.06 .08 .09 -.08 .04 <.01
Suicide severity .03 -.01 -.05 .01 .06 .08 <.01 A1 .07 -.06 .02 .08
Suicide count .02 -.03 -.06 -.06 -.02 .06 -.10 .08 .14 -.10 -.04 -.08

BD SAD Sz

BGRT SGRT AS SSRT BGRT SGRT AS SSRT BGRT SGRT AS SSRT
Current Symptoms
PANSS Positive .03 <.01 -.04 .10 -.15 -.02 -.18 .16 .06 -.06 -.12 -.02
PANSS Negative .19 -.03 —25% 22 14 .06 -12 .20 28" .08 —28%* 14
MADRS Total .01 -.09 -.10 -.01 .05 -.07 -11 -.02 .07 -.05 -12 -.09
YMRS Total .04 .03 -.02 -.02 -.06 -11 -.03 -.03 -.05 -17 -.09 -.15
Medication
CPZ Dose A1 .02 -11 12 13 .08 -.09 .03 .05 .10 .02 -.02
Lithium Dose .06 .10 .02 13 -.06 -.03 .06 -.04 <.01 <.01 <.01 .05
Valproic Acid Dose -.01 .09 .10 -.01 <.01 .01 .01 .07 .03 .06 .01 .08
Sedative Use -.10 -.10 -.02 -.08 .07 -.04 -.14 .02 .03 .05 <.01 .03
Impulsivity
BIS Total -.13 -.08 .08 -.13 .04 -.05 -.08 .10 <.01 -.14 =11 -.02
BIS Attentional -.14 -.10 .07 -.16 .02 .01 -.02 13 .02 -.09 -.10 .04
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BIS Motor =17 -.09 A1 -.15 -.01 -.08 -.05 -.02 .07 -.08 -.15 <.01
BIS Non-planning -.04 -.02 .02 -.05 .07 -.04 -11 12 -.10 -.15 -.02 -.04
Suicide
History of suicide .01 -.06 -.07 <.01 .04 -.05 -.09 .01 .03 .05 <.01 .06
Suicide severity -.03 -.08 -.04 .01 -.01 -.12 -.09 .01 .02 .06 .03 .04
Suicide count <.01 .01 <.01 -.05 .06 -.05 =12 -.01 -.01 -.03 -.01 -.03

BACS = Brief Assessment of Cognition in Schizophrenia; PANSS = Positive and Negative Symptom Scale; MADRS = Montgomery-Asberg
Depression Rating Scale; YMRS = Young Mania Rating Scale; CPZ = Chlorpromazine equivalent antipsychotic dose; BIS = Barratt Impulsiveness
Scale; BGErr = Baseline Go errors; SGErr = SST Go errors; SErr = Stop errors; BGRT = Baseline Go reaction time; SGRT = SST Go reaction
time; AS = adaptive slowing; SSRT = Stop Signal Reaction Time.

*
FDR corrected p-value.
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