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Background: Cognitive impairments are well-established features of schizophrenia, but there is ongoing debate about the nature and degree
of cognitive impairment in patients with schizoaffective disorder and bipolar disorder. We hypothesized that there is a spectrum of increasing
impairment from bipolar disorder to schizoaffective disorder bipolar type, to schizoaffective disorder depressive type and schizophrenia.
Methods: We compared performance on the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS)
Consensus Cognitive Battery between participants with schizophrenia (n = 558), schizoaffective disorder depressive type (n = 112), schizoaffec-
tive disorder type (n = 76), bipolar disorder (n = 78) and healthy participants (n = 103) using analysis of covariance with post hoc comparisons.
We conducted an ordinal logistic regression to examine whether cognitive impairments followed the hypothesized spectrum from bipolar
disorder (least severe) to schizophrenia (most severe). In addition to categorical diagnoses, we addressed the influence of symptom
domains, examining the association between cognition and mania, depression and psychosis. Results: Cognitive impairments increased in
severity from bipolar disorder to schizoaffective disorder bipolar type, to schizophrenia and schizoaffective disorder depressive type. Participants
with schizophrenia and schizoaffective disorder depressive type showed equivalent performance (d = 0.07, p = 0.90). The results of the ordinal
logistic regression were consistent with a spectrum of deficits from bipolar disorder to schizoaffective disorder bipolar type, to schizophrenia/
schizoaffective disorder depressive type (odds ratio = 1.98, p < 0.001). In analyses of the associations between symptom dimensions and
cognition, higher scores on the psychosis dimension were associated with poorer performance (B = 0.015, standard error = 0.002, p < 0.001).
Limitations: There were fewer participants with schizoaffective disorder and bipolar disorder than schizophrenia. Despite this, our analyses
were robust to differences in group sizes, and we were able to detect differences between groups. Conclusion: Cognitive impairments represent
a symptom dimension that cuts across traditional diagnostic boundaries.

Introduction

Current diagnostic approaches view schizophrenia and bipolar
disorder as distinct psychiatric conditions, despite emer-
ging evidence of significant genetic and phenotypic overlap
between them.! One of the most obvious challenges to the
simple dichotomous view is the existence of the intermediate
condition, schizoaffective disorder.? The relationship between
schizoaffective disorder, schizophrenia and bipolar disorder
is uncertain, and it has been variously suggested that
schizoaffective disorder is a subtype of schizophrenia or bi-
polar disorder, that it reflects comorbidity of schizophrenia
and a mood disorder, that it is an independent disorder, and,
finally, that it lies in the middle of a spectrum that ranges
from a predominantly affective disorder to a predominantly
psychotic disorder.® The latter hypothesis suggests that pro-
totypical bipolar disorder and schizophrenia lie on the ex-

treme ends of a diagnostic spectrum, and that schizoaffective
disorder represents patients who have features of both disor-
ders.* Support for this concept comes from evidence that
symptomatic and functional outcomes for schizoaffective
disorder are intermediate between schizophrenia and bi-
polar disorder.>® More recently, it has been proposed that
schizophrenia and bipolar disorder lie on a gradient of
neurodevelopmental impairment indexed by the extent of
cognitive dysfunction, with schizoaffective disorders occu-
pying an intermediate position.”8

Neuropsychological studies that provide support for a
diagnostic spectrum have demonstrated increasing severity
of impairment from bipolar disorder to schizoaffective dis-
order to schizophrenia, although these differences were not
always significant.”!! In one of the largest studies to date,
Hill and colleagues'® showed an association between ratings
on the Schizo-Bipolar Scale'? and composite cognition
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scores, with more severe impairments among those with
prominent psychosis and fewer affective symptoms. How-
ever, findings from neuropsychological studies of these
3 disorders have been inconsistent, some indicating that
performance in schizoaffective disorder is similar to schizo-
phrenia and others indicating no differences between
diagnostic groups.’*"”

There are a number of potential explanations for the
conflicting findings between studies, including differences
in the use of covariates and study participants” phase of
illness. Studies of symptomatic participants with schizo-
phrenia, schizoaffective disorder and bipolar disorder
have reported similar levels of impairment.’>!® It has been
argued that cognitive impairments are state-dependent in
bipolar disorder and improve during periods of remission.
However, more recent research has demonstrated that cog-
nitive impairments are present in euthymic bipolar disor-
der." Lifetime history of psychosis in bipolar disorder has
been identified as another important factor that may influ-
ence cognitive function. Studies do not consistently report
the proportion of participants with bipolar disorder who
have a lifetime history of psychosis, despite evidence that
its presence or absence differentiates participants with
cognitive impairments from those without impairments.!”
Finally, studies often consider people with schizoaffective
disorder as a single group, but data indicating whether
differences exist between the subtypes of schizoaffective
disorder (depressive or bipolar) are scarce. The study by
Hill and colleagues'® showed greater overall impairment
in participants with the depressive subtype of schizoaffec-
tive disorder than the bipolar subtype, although the differ-
ences were not significant. Two smaller studies found no
differences between participants with the depressive sub-
type and participants with schizophrenia, but neither con-
sidered the bipolar subtype.'*!° This suggests that con-
sidering both subtypes of schizoaffective disorder as a
single group may obscure findings. To our knowledge, no
published studies have compared the subtypes of
schizoaffective disorder individually to schizophrenia and
bipolar disorder.

The aim of this study was to test the hypothesis that there
is a spectrum of increasing cognitive impairment from bi-
polar disorder, through schizoaffective disorder bipolar
subtype (schizoaffective bipolar), to schizoaffective disorder
depressive subtype (schizoaffective depressive) and schizo-
phrenia. We also hypothesized that lifetime frequency and
severity of psychotic symptoms (across and within diagnos-
tic boundaries) would be associated with cognitive impair-
ment. We tested these hypotheses in 3 ways. First, we com-
pared cognitive performance between diagnostic groups.
Second, we examined whether cognition could be con-
sidered a continuous measure across disorders. For this
analysis, we combined the schizophrenia and schizoaffec-
tive depressive groups into a single group based on pre-
existing data suggesting that performance between these
groups is equivalent.’***" Third, we examined whether cog-
nitive performance was associated with symptom domains
across diagnostic groups.

Methods
Participants

We recruited participants as part of the Cognition in Mood,
Psychosis and Schizophrenia Study (CoMPaSS), a study
based in the United Kingdom that recruits from outpatient
clinics. This sample includes participants previously referred
to as the Cardiff Cognition in Schizophrenia sample (de-
scribed elsewhere by Rees and colleagues®). All patient
groups were recruited as part of a single study, and all aspects
of recruitment, response rates, phenotyping and determining
diagnosis were equivalent across groups. Participants were
interviewed using the Schedules for Clinical Assessment in
Neuropsychiatry.?! Trained raters reviewed this interview,
along with available clinical records, to determine a consensus
lifetime DSM-IV diagnosis® (inter-rater reliability x statistics:
schizophrenia = 0.83, schizoaffective depressive = 0.63,
schizoaffective bipolar = 0.72, bipolar disorder = 0.85). Partici-
pants were excluded if they had a neurologic condition that
was likely to affect their ability to participate in the study, or if
they had a current substance dependence disorder.

We recruited control participants from the community and
completed the Mini International Neuropsychiatric Inter-
view? as a screen for mental disorders. Controls were
excluded if they met criteria for schizophrenia or bipolar dis-
order or had a family history of these conditions. All partici-
pants provided written informed consent and were re-
imbursed for their participation. Participants were assessed
for capacity to provide informed consent by their clinical
team and an appropriately trained researcher.

The study had UK multi-site NHS ethics approval granted
by South East Wales Research Ethics Committee Panel (REC
reference number: 07/WSE03/110; full study title: Genetic
susceptibility to cognitive deficits across the schizophrenia/
bipolar disorder diagnostic divide).

Neuropsychological assessment

We assessed cognitive ability using the Measurement and
Treatment Research to Improve Cognition in Schizophrenia
(MATRICS) Consensus Cognitive Battery (MCCB).* This bat-
tery was designed specifically for use in schizophrenia re-
search but has also been shown to be a valid and reliable cog-
nitive measure in bipolar disorder.”* The MCCB measures
7 domains of cognition using 10 tasks:

1. Speed of processing (Brief Assessment of Cognition in
Schizophrenia: Symbol Coding; Category Fluency: Animal
Naming; Trail Making Test: Part A)

2. Working memory (Wechsler Memory Scale III: Spatial
Span; Letter-Number Span)

3. Attention/vigilance (Continuous Performance Test: Identical

Pairs)

. Verbal learning (Hopkins Verbal Learning Test—Revised)

. Visual learning (Brief Visuospatial Memory Test-Revised)

6. Reasoning and problem-solving (Neuropsychological
Assessment Battery: Mazes)

S0
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7. Social cognition (Mayer-Salovey-Caruso Emotional Intelli-
gence Test: Managing Emotions).

For each task, z scores were derived using the mean and
standard deviation of the control group (50% men, mean age
41.7 years). We calculated domain and composite scores fol-
lowing the MCCB manual procedures. Composite scores
were calculated only if a participant had completed 5 or more
domains. It was possible to calculate composite scores for 926
of the 927 participants.

Demographic and clinical variables

We rated lifetime mood disorder and psychosis history using
the Bipolar Affective Disorder Dimension Scale (BADDS).?
The BADDS consists of 4 dimensions: mania, depression,
psychosis and incongruence. The first 3 dimensions were in-
cluded and reflected the severity and frequency of these
symptom domains. We rated current symptoms as the total
of the global scores for the Scale for the Assessment of Nega-
tive Symptoms (SANS)* and the Scale for the Assessment of
Positive Symptoms (SAPS).*® We measured global function-
ing using the Global Assessment Scale (GAS).>! We estimated
premorbid IQ using the National Adult Reading Test.”? Doses
of antipsychotic medication at time of assessment were calcu-
lated as olanzapine equivalents,* and lifetime antipsychotic
exposure was calculated from interview and notes data in
number of months. Intraclass correlation coefficients for the
clinical variables ranged from 0.71 to 0.95.

Statistical analysis

Comparing cognition between diagnostic groups

We performed statistical analyses to compare the groups
using R version 3.1.2. For each cognitive domain and across
diagnostic groups, we compared performance using analysis
of covariance with age and sex as covariates and followed up
with Tukey’s HSD for pairwise comparisons. We used Bon-
ferroni correction to adjust for multiple comparisons, result-
ing in an a of 0.00625 (0.05/8, 7 domains and composite
score). We did not correct the o further for the number of
pairwise comparisons, because Tukey’s HSD is already a
conservative test that corrects for family-wise error rate. We
calculated Cohen’s d by dividing mean group difference by
the pooled standard deviation and used it as a measure of
effect size.* We used repeated-measures analysis of variance
to compare profiles of cognitive performance between
groups. The within-subject factor was cognitive domain. We
investigated the effects of medication and symptoms as po-
tential confounding variables by including olanzapine equiv-
alent dose, duration of antipsychotic exposure, SAPS total
scores, SANS total scores, BADDS lifetime depression, educa-
tional attainment and parental occupation as covariates.

Examining cognition as a dimension across diagnostic groups
To test our hypothesis that cognition can be considered a
dimensional phenotype showing increasing impairment
from bipolar disorder to schizoaffective bipolar to schizo-

phrenia and schizoaffective depressive combined, we con-
ducted an ordinal regression using SPSS version 22, with
diagnosis as the outcome, composite cognition score as the
predictor, and age and sex as covariates. We combined
schizophrenia and schizoaffective depressive, given pre-
existing data indicating that their degree of impairment is
comparable.*1*" Diagnosis was coded on an ordinal scale:
0 = schizoaffective depressive and schizophrenia, 1 =
schizoaffective bipolar, 2 = bipolar disorder.

Exploring cross-disorder symptom dimensions and
cognitive performance

We entered each BADDS dimension into separate linear re-
gressions as predictors, with composite cognition as the out-
come, using R version 3.1.2. This was initially done across the
whole sample and then separately for bipolar disorder/
schizoaffective bipolar and schizophrenia/schizoaffective
depressive.

Results
Demographic and clinical variables

The final sample included 824 participants with a diagnosis
of schizophrenia (n = 558), schizoaffective depressive (n =
112), schizoaffective bipolar (1 = 76) or bipolar disorder (1 =
78), as well as 103 control participants. The bipolar disorder
group included all participants who met criteria for a diag-
nosis of bipolar disorder type I (n = 68) or type II (n = 10), of
whom 59 had a lifetime history of psychosis. Demographic
and clinical variables for each diagnostic group are dis-
played in Table 1. Groups differed in proportion of men (x*=
61.39, p < 0.001), with more men in the schizophrenia group.
Therefore, we used sex as a covariate in all analyses. We also
observed differences in estimated premorbid IQ (F = 22.64,
p < 0.001) and years of education (F = 14.19, p < 0.001), which
were lower for those with schizophrenia and schizoaffective
depressive than for those with bipolar disorder and
schizoaffective bipolar. Groups differed with respect to cur-
rent positive and negative symptoms (SAPS: F = 65.96, p <
0.001; SANS: F = 64.16, p < 0.001) with lower scores in those
with bipolar disorder than in those in all other groups.
Measures of current global functioning (GAS) differed be-
tween groups (F = 4.99, p = 0.002), with higher scores ob-
served in the bipolar disorder group.

Comparing cognition between diagnostic groups

There was a significant main effect of diagnosis for all do-
mains of cognition in the analysis of covariance (for example,
composite cognition: F,y,, = 94.12, p = 0.006; see Appendix 1,
Table S1, available at jpn.ca/170076-al). Figure 1 displays the
z scores (marginal means) observed for each group, demon-
strating increasing severity of cognitive impairment from
controls to bipolar disorder, to schizoaffective bipolar, to
schizophrenia and schizoaffective depressive.

Effect sizes for each pairwise comparison between diagno-
ses for all domains are displayed in Figure 2. All diagnostic
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groups were impaired compared with controls across cogni-
tive domains, with the exception of social cognition in those
with bipolar disorder. The bipolar disorder group was the
least impaired of the diagnostic groups, performing 0.5 to
1.25 standard deviations below the mean of the control
group across domains (composite cognition: d = 1.12, p <
0.001). Although the groups were small, we compared bi-
polar disorder type I (n = 68) and bipolar disorder type II

(n = 10) and found no significant differences between them
(composite cognition: d = —0.07, p = 0.83; see Appendix 1,
Table S2, for comparisons between domains). The results re-
mained consistent when analysis was restricted to bipolar dis-
order type I (Appendix 1, Table S3). We also compared bipolar
disorder with and without psychosis and found no significant
differences between these groups (composite cognition: d =
0.34, p = 0.2; see Appendix 1, Table S4, for comparisons

Table 1: Demographic and clinical variables

Bipolar disorder Schizoaffective disorder Schizoaffective disorder Schizophrenia

DSM-1V diagnosis (n=78) bipolar type (n = 76) depressive type (n = 112) (n = 558)
Age, yr, mean + SD 45.8 +10.6 43.8+10.6 441 +10.1 43.3+11.9
Sex, % male 40 46 40 69
Estimated premorbid IQ, mean + SD 97.5+22.4 94.0+21.5 85.3+20.2 81.7 +23.7
Education, yr, mean + SD 14.6 £ 3.3 13.7 £ 3.0 12.3+2.3 12.7 2.7
Taking antipsychotic, % 63.2 74.7 77.7 85.5
Olanzapine equivalent dose, mg, 8 (4-16) 15 (10-20) 15 (6.5-20) 13.7 (6.7-20.3)
median (IQR)

Antipsychotic exposure, mo, median 60 (18-120) 153 (72-253.5) 168 (84-247) 170 (96-264)
(IQR)

Current SAPS score, median (IQR)* 0 (0-0) 2 (0-5) 2 (0-5) 3 (0-6)
Current SANS score, median (IQR)* 0.5 (0-3) 4(2-7) 6 (2-9) 5.5 (2-9)
GAS score past week, mean + SD 70.8 +14.2 60.1 + 16.8 58.6 + 15.8 60.2 + 15.1

GAS = Global Assessment Scale; IQR = interquartile range; SANS = Scale for the Assessment of Negative Symptoms; SAPS = Scale for the Assessment of Positive
Symptoms; SD = standard deviation.
*Current SAPS and SANS scores represent the sum of the global scores.

[®] Bipolar disorder

B 1 / il 1 11—
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o b [®| Schizoaffective disorder bipolar type
8 1 [®| Schizoaffective disorder depressive type
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Fig. 1: Neuropsychological performance for participants with bipolar disorder, schizoaffective disorder bipolar type, schizoaffective disorder
depressive type and schizophrenia.
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between domains). Caution should be applied in interpreta-
tion of the results comparing bipolar disorder subgroups,
given the small samples of participants without psychosis
(n = 19) and with bipolar disorder type II (n = 10). The
schizoaffective bipolar group was more impaired than the bi-
polar disorder group, although this did not withstand correc-
tion for multiple testing (composite cognition: d = 0.44, p =
0.02). The schizophrenia and schizoaffective depressive
groups were the most cognitively impaired and did not differ
on any cognitive variable (composite cognition: 4 = 0.07, p =
0.90), corroborating our a priori decision to amalgamate these
groups for subsequent analyses. These participants were
more impaired than those with schizoaffective bipolar
(schizophrenia: d = 0.52, p < 0.001; schizoaffective depressive:
d = 0.45, p = 0.01) and those with bipolar disorder (schizo-
phrenia: d = 0.90, p < 0.001; schizoaffective depressive: d = 0.83,

p < 0.001). In contrast to other domains, levels of impairment
in social cognition between schizoaffective bipolar, schizoaf-
fective depressive and schizophrenia did not differ (Cohen’s
d for pairwise comparisons between these groups ranged
from 0.05 to 0.28). All 3 of these groups were more impaired
than the bipolar disorder group with respect to social cogni-
tion (Cohen’s d ranged from 0.50 to 0.81).

To test whether between-group differences were qualita-
tive or merely quantitative, we compared cognitive profiles
between diagnostic groups using repeated-measures analysis
of variance, including cognitive domain as the within-subject
factor. Mauchly’s test indicated that the assumption of spher-
icity had been violated ()%, = 360.23, p < 0.001), so degrees of
freedom were corrected using Huynh-Feldt estimates of
sphericity. The diagnosis x domain interaction was not sig-
nificant (Fiss50555 = 1.62, p = 0.06). We repeated the analysis

Reasoning
Verbal and Visual
learning | problem- | learning
solving

Social |Attention /| Speed of
coghnition | vigilance |processing

Composite
cognition
score

Working
memory

0.10 | -0.20 | 0.14

0.28 | 0.09 | 0.05

-0.03 | 0.07

SAD

Fig. 2: Pairwise comparisons. Each 3 x 3 section displays the Cohen’s d effect sizes for the difference between 2 diagnostic groups for each
domain of cognition. Lighter shade p < 0.05, darker shade p < 0.006. BD = bipolar disorder; SAB = schizoaffective disorder bipolar type;

SAD = schizoactive disorder depressive type; SZ = schizophrenia.
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excluding social cognition (given the quantitative differences
in this domain), and the diagnosis X domain interaction was
not significant (F, 070 = 1.604, p = 0.07), indicating that pat-
terns of cognitive ability did not differ by diagnostic group,
but rather differed quantitatively.

We went on to investigate the effects of the potential con-
founding variables: olanzapine equivalent dose, duration of
antipsychotic exposure, total SANS scores and total SAPS
scores. The main effect of diagnostic group on composite cog-
nitive scores remained significant after controlling for dura-
tion of antipsychotic exposure (F,,; = 16.18, p < 0.001), olan-
zapine equivalent dose at time of testing (F,,, = 21.42, p <
0.001), total SAPS score (F,5, = 24.52, p < 0.001) and total
SANS score (Fs55 = 16.71, p < 0.001; see Appendix 1, Tables S5
to S8, for full data). Olanzapine equivalent dose at time of
testing, duration of antipsychotic exposure and negative
symptoms were associated with cognitive performance in all
domains. Current psychotic symptoms (SAPS score) were not
associated with performance across domains, other than so-
cial cognition. We repeated the analyses including educa-
tional attainment and parental occupations (as measures of
socioeconomic status), and the effect of diagnosis on cogni-
tion remained significant (Appendix 1, Table S9). Finally, we
added diagnosis, olanzapine equivalent dose, duration of
antipsychotic exposure, total SANS scores, total SAPS scores
and lifetime depression (as measured by the BADDS depres-
sion scale) as predictors into a single model. The main effect
of diagnostic group on composite cognition remained signifi-
cant (F, ., = 8.33, p < 0.001; see Appendix 1, Table S10, for in-
dividual domains). After correction for multiple testing, we
observed significant differences in composite cognition
scores between schizoaffective depressive and bipolar disor-
der (d = 0.65, p < 0.001) and schizophrenia and bipolar dis-
order (d = 0.58, p < 0.001). The relative contributions of each
covariate can be found in Appendix 1, Table S11.

Examining cognition as a dimension across diagnostic
groups

We used ordinal regression to test whether cognition could
be considered a dimensional phenotype across the diagnostic
spectrum. This analysis indicated that higher cognitive scores
were associated with higher scores on the diagnostic scale
(0 = schizoaffective depressive/schizophrenia, 1 = schizoaf-
fective bipolar and 2 = bipolar disorder; see Appendix 1,
Table S12, for the full model), supporting a spectrum of in-
creasing impairment from bipolar disorder to schizoaffective
bipolar to schizophrenia/schizoaffective depressive. An al-
ternative way of interpreting this result is that among our
clinical cases, participants with a score 1 standard deviation
higher in composite cognition were almost twice as likely to
be diagnosed with schizoaffective bipolar or bipolar disorder
than schizophrenia (odds ratio = 1.98, p < 0.001). Ordinal re-
gression outputs a single odds ratio for the effect of the ex-
planatory variable across all levels of the dependent variable,
because there is an assumption that the coefficients must be
equal across all levels (assumption of proportional odds). We
confirmed this assumption using the test of parallel lines in

SPSS (x% = 4.97, p = 0.17) and by comparing the coefficients
for binary regressions for each cut-off point in the scale. The
results of the ordinal regression did not change after adjust-
ment for olanzapine equivalent dose, antipsychotic exposure
in months and current negative symptoms (odds ratio = 1.63,
p < 0.001), although we interpret this result with caution
given that the proportional odds assumption was violated in
this model (3 = 26.98, p < 0.001).

The analysis was followed up with binary regressions be-
tween the diagnostic groups (model 1: bipolar disorder and
schizoaffective bipolar; model 2: schizoaffective bipolar and
schizoaffective depressive/schizophrenia) to compare the
gradients from one diagnosis to the next on the scale (Appen-
dix 1, Table S12). The resulting coefficients were equivalent
for models 1 and 2. This confirmed that there is a gradient of
increasing impairment from bipolar disorder to schizoaffec-
tive bipolar, to schizophrenia/schizoaffective depressive.

Exploring cross-disorder symptom dimensions and
cognitive performance

Median BADDS dimension scores for each diagnostic group
are presented in Appendix 1, Table S13. Higher scores on the
lifetime mania and depression dimensions were associated
with better cognitive performance (mania: B = 0.010, SE =
0.001, p < 0.001; depression: B = 0.004, SE = 0.001, p = 0.012).
Higher scores on the lifetime psychosis dimension predicted
poorer cognitive performance (psychosis: B = —0.015, SE =
0.002, p < 0.001). In the subgroup analyses (bipolar disorder
and schizoaffective bipolar only, schizophrenia and schizoaf-
fective depressive only), neither mania nor depression scores
predicted performance, but higher psychosis scores were as-
sociated with lower cognitive scores (schizoaffective bipolar/
bipolar disorder: B = -0.010, SE = 0.003, p < 0.001; schizoaf-
fective depressive/schizophrenia: B = —0.011, SE = 0.003, p <
0.001). All analyses were repeated adjusting for age, sex, anti-
psychotic exposure in months, olanzapine equivalent dose
and current negative symptoms. This did not change the re-
sults (Appendix 1, Table S14), although the association be-
tween BADDS psychosis scores and cognition in the schizoaf-
fective depressive and schizophrenia subgroup did not
survive correction for multiple testing.

Discussion

We set out to test the hypothesis that there is a spectrum of
increasing cognitive impairment from bipolar disorder to
schizophrenia and schizoaffective depressive. We report that
while cognitive profiles were similar across disorders, impair-
ments increased in severity from bipolar disorder to
schizoaffective bipolar, to schizophrenia and schizoaffective
depressive. We found no differences between schizophrenia
and schizoaffective depressive with respect to severity of cog-
nitive impairments. Differences between groups were not ex-
plained by differences in antipsychotic medication or current
positive and negative symptoms. In accordance with our hy-
pothesis, ordinal regression modelling provided support for a
gradient of increasing cognitive impairment across disorders.
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Finally, we found that higher scores on the BADDS psychosis
dimension, a measure of the severity and frequency of life-
time psychosis, were associated with lower cognitive scores.

Performance across the cognitive domains was equivalent
in the schizophrenia and schizoaffective depressive groups.
These results suggest that from a cognitive perspective, there
is questionable validity in the nosological distinction between
schizophrenia and schizoaffective depressive. Therapies de-
veloped to improve cognition in schizophrenia should also
be targeted at patients with schizoaffective depressive type.
These findings also highlight the importance of considering
the subtypes of schizoaffective disorder separately, because
these groups differed in severity of cognitive impairment.

Differences in overall cognition between schizoaffective bi-
polar and bipolar disorder were not significant after correction
for multiple testing. However, the effect size between these
groups (d = 0.44) was larger than that observed between schizo-
phrenia and schizoaffective depressive (d = 0.07). This finding
may explain why we still observed a linear trend from bipolar
disorder to schizoaffective bipolar to schizophrenia and
schizoaffective depressive in the ordinal regression analysis.
We used a conservative Bonferroni-corrected o value to control
the type-I error rate, but at the cost of loss of power, which
could explain the lack of significant difference. However, it
should be noted that there were smaller differences between
schizoaffective bipolar and bipolar disorder on individual do-
mains, which were not significant even at o. = 0.05.

Diagnostic groups were differentiated on the basis of
severity of cognitive impairments, but the overall pattern of
impairment was similar between groups. This finding sug-
gests that cognitive impairment can be considered a dimen-
sional phenotype that cuts across diagnostic boundaries.
These results were consistent with those of previous studies
showing that multiple domains of cognition are affected, and
that these impairments increase in severity from bipolar dis-
order to schizophrenia.®'? Similarities between the cognitive
profiles of these disorders are consistent with a shared under-
lying neurobiology that differs quantitatively rather than
qualitatively across the diagnostic groups.'”® Indeed, previ-
ous studies have indicated overlap in regions of grey-matter
reduction (although less consistently in bipolar disorder)®-8
and genetic susceptibility.*

While neurocognitive impairments were evident across all
diagnoses, impairments in social cognition were not present in
bipolar disorder but were observed in schizophrenia and
schizoaffective disorder. The largest difference between par-
ticipants with schizoaffective bipolar and bipolar disorder was
observed in social cognition, suggesting there may be some
distinction in the cognitive processes underlying these disor-
ders, despite similar neurocognitive profiles. Social cognition
was the only domain associated with current positive symp-
toms. Previous studies have demonstrated associations be-
tween domains of social cognition, particularly theory of
mind deficits, and psychotic symptoms in schizophrenia.**=
These results suggest that certain social cognitive tasks may
differentiate bipolar disorder from other disorders in the
bipolar disorder/schizophrenia spectrum. The association be-
tween social cognitive impairment and psychosis provides sup-

port for cognitive models of psychosis that posit a role for social
interpretations in the development of psychotic thinking.*

Lifetime history of psychosis, as measured by the BADDS
psychosis dimension, was associated with cognitive perfor-
mance in our cross-diagnostic analysis. The BADDS psychosis
dimension measures the prominence of psychotic symptoms
over the course of illness and considers both duration and
number of psychotic episodes. Lifetime history of psychosis
has been associated with poorer cognition.” Our results ex-
pand on these findings by using a dimensional approach to
show that lifetime frequency and severity of psychosis pre-
dicts severity of cognitive impairments.

This study had several strengths. It is one of the largest
samples to date and was of sufficient size to allow us to sepa-
rate the subtypes of schizoaffective disorder. The sample was
well characterized, with consensus lifetime diagnoses based
on semistructured interview and medical records. The clinical
characterization of the sample allowed us to adjust for the ef-
fects of current symptoms and antipsychotic medication, in-
cluding both current and lifetime antipsychotic exposure.

Limitations

A number of limitations should be noted. The sizes of the
diagnostic groups were uneven, and there was a larger sam-
ple of participants with schizophrenia than the other disor-
ders. Despite this, our analyses were robust to differences in
the group sizes and we were able to detect differences be-
tween groups. Our bipolar disorder group consisted of a mix-
ture of patients with and without a lifetime history of psycho-
sis. Given the small number of participants without psychosis,
it was not possible to subdivide the bipolar group into those
with and without a history of psychosis to examine differ-
ences between these groups and schizophrenia or schizoaffec-
tive disorder. The MCCB was designed for use with partici-
pants who have schizophrenia. Previous studies of bipolar
disorder have failed to find deficits in executive functioning
using the Neuropsychological Assessment Battery Mazes
task.??47 The authors of these studies noted that more com-
plex measures of executive function, such as the Wisconsin
Card Sorting Task, may be more sensitive to detecting deficits
in bipolar disorder. Although our bipolar group was impaired
on the Neuropsychological Assessment Battery Mazes rela-
tive to controls, this task may not have been sufficiently com-
plex to differentiate between bipolar disorder and schizoaffec-
tive bipolar. Furthermore, our bipolar disorder group was not
impaired on the social cognition task (Mayer-Salovey-Caruso
Emotional Intelligence Test), but previous studies have iden-
tified deficits in theory of mind and emotion recognition, sug-
gesting that patients with bipolar disorder do have impair-
ments in specific domains of social cognition.*4

Conclusion

Using a large and well-characterized sample, we have dem-
onstrated a gradient of increasing cognitive impairment from
bipolar disorder to schizoaffective bipolar, to schizophrenia
and schizoaffective depressive. Differences in cognitive
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profiles between diagnoses were quantitative rather than
qualitative. Our findings comparing cognition between diag-
nostic groups confirmed our a priori decision to combine par-
ticipants with schizophrenia and schizoaffective depressive
in the subsequent analyses. This argues against separating
schizophrenia and schizoaffective depressive for such analy-
ses. This study was also the first to use a regression model to
demonstrate a gradient of cognitive impairment and show
that a dimensional measure of lifetime psychotic episodes is
linearly associated with cognition. These results provide sup-
port for a model of psychotic and affective disorders in which
diagnostic criteria focus on dimensional measures of symp-
toms rather than on traditional diagnostic categories.
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