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Cognitive dysfunction is a core feature of schizophrenia. 
The subtyping of cognitive performance in schizophrenia 
may aid the refinement of disease heterogeneity. The lit-
erature on cognitive subtyping in schizophrenia, however, 
is limited by variable methodologies and neuropsycho-
logical tasks, lack of validation, and paucity of studies 
examining longitudinal stability of profiles. It is also un-
clear if cognitive profiles represent a single linear severity 
continuum or unique cognitive subtypes. Cognitive perfor-
mance measured with the Brief Assessment of Cognition 
in Schizophrenia was analyzed in schizophrenia patients 
(n = 767). Healthy controls (n = 1012) were included as 
reference group. Latent profile analysis was performed in a 
schizophrenia discovery cohort (n = 659) and replicated in 
an independent cohort (n = 108). Longitudinal stability of 
cognitive profiles was evaluated with latent transition anal-
ysis in a 10-week follow-up cohort. Confirmatory factor 
analysis (CFA) was carried out to investigate if cognitive 
profiles represent a unidimensional structure. A  4-profile 
solution was obtained from the discovery cohort and rep-
licated in an independent cohort. It comprised of a “less-
impaired” cognitive subtype, 2 subtypes with “intermediate 
cognitive impairment” differentiated by executive function 
performance, and a “globally impaired” cognitive subtype. 
This solution showed relative stability across time. CFA re-
vealed that cognitive profiles are better explained by dis-
tinct meaningful profiles than a severity linear continuum. 
Associations between profiles and negative symptoms were 
observed. The subtyping of schizophrenia patients based on 
cognitive performance and its associations with symptoma-
tology may aid phenotype refinement, mapping of specific 
biological mechanisms, and tailored clinical treatments.

Key words:   schizophrenia/cognition/cognitive subtypes/
heterogeneity

Introduction

Heterogeneity in schizophrenia remains a key concern for 
the field. Variability in symptomatology and trajectory of 
illness have hindered the search to elucidate the under-
lying biological mechanisms and the development of new 
treatments. Since the early definition of schizophrenia by 
Kraepelin1 and Bleuler,2 efforts for phenotype refinement 
have been made through subtyping individuals into more 
homogeneous subgroups based on clinical characteris-
tics. These efforts, however, have yet to improve treatment 
development or clarify the sources of heterogeneity, po-
tentially due to limitations in the temporal stability of 
symptomatology in schizophrenia.

While cognitive impairment in schizophrenia co-occurs 
with symptomatology, it continues to be an area of 
unmet clinical need due to the lack of any medication 
efficacy for cognitive deficits. Cognitive impairment is a 
core feature of schizophrenia, is relatively stable across 
illness course,3 and is of importance due to its robust 
associations with functional outcomes.4 Dysfunction in 
cognitive domains of verbal memory and fluency, proc-
essing speed, working memory, attention, and executive 
function have been extensively documented in schizo-
phrenia.5–7 These heterogeneous patterns of deficits have 
been observed throughout the disease course in schizo-
phrenia,3 first-episode psychosis,8 individuals at risk of 
psychosis,9 and first-degree relatives.10 Given its trait-like 
characteristics, cognition has been suggested as an inter-
mediate phenotype candidate that could index liability to 
schizophrenia rather than the disease itself.11 The deline-
ation of individuals with schizophrenia using cognitive 
profiles may, therefore, lead to greater clinical precision 
by refining and isolating impairments associated with 
specific neural substrates.

applyparastyle "fig//caption/p[1]" parastyle "FigCapt"
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The subtyping of individuals with schizophrenia based 
on cognitive performance has yielded at least 3 distinct 
cognitive subtypes characterized by less-impaired cogni-
tive performance, intermediate-impaired cognitive sub-
group, and a globally impaired subgroup (see review12,13). 
While these studies have revealed the existence of cog-
nitive subtypes and its associations with symptoms and 
functional outcomes, several questions remain unre-
solved. First, the substantial methodological variability 
and types of neurocognitive assessments used in previous 
studies may influence the number of observed profiles. 
Second, the validity and generalizability of the emergent 
profiles are rarely tested in an independent sample. Third, 
the cross-sectional nature of these studies limits the in-
terpretability of the derived cognitive profiles in terms of 
subtype stability, illness trajectory, or outcomes. Fourth, 
it is unclear if  cognitive profiles merely reflect a linear se-
verity continuum, or if  they represent unique variations 
in a subgroup of individuals that map onto different un-
derlying biological mechanisms, trajectory, or prognoses.

The aims of this study, therefore, were (1) to identify 
homogeneous groups of individuals with schizophrenia 
based on the latent profile of their cognitive performance; 
(2) to assess the replicability of the derived cognitive pro-
files in an independent cohort; (3) to examine the longi-
tudinal stability of these profiles across time using latent 
transition analysis (LTA); (4) to evaluate if  the subtypes 
map onto a single latent cognitive dimension that differs 
in severity or if  they represent distinct subtypes. To our 
knowledge, this study represents the largest sample to date 
that uses latent profile analysis (LPA) and LTA to derive 
cognitive profiles in schizophrenia and the first study to 
examine the longitudinal stability of these profiles.

Methods

Participants

Two cohorts of schizophrenia participants were analyzed 
in this study. The first cohort of participants (n = 659) 
was recruited as part of the Singapore Translational and 
Clinical Research in Psychosis program. The second co-
hort of participants was drawn from a 10-week random-
ized controlled trial on the efficacy of pregnenolone vs 
placebo in schizophrenia patients (n  =  108). Details of 
the first cohort14 and the second cohort15 have been re-
ported previously. The first cohort was used as the dis-
covery data set and the second cohort as a replication 
data set. The key exclusion criteria for both cohorts in-
cluded the history of neurological injuries, mental retar-
dation, and substance abuse. Diagnosis of schizophrenia 
was ascertained with the Structured Clinical Interview for 
DSM-IV-TR Axis I Disorder, patient edition.16 Healthy 
controls (n = 1012) were also recruited as part of the first 
cohort14 and screened for psychopathological history 
and first-degree family history of psychiatric conditions 
using the DSM-IV-TR, nonpatient edition.16 Both studies 

were reviewed and approved by the National Healthcare 
Group’s Domain Specific Review Board. Written in-
formed consent was obtained from all participants.

Measures

Neuropsychological assessment was administered using 
the Brief  Assessment of Cognition in Schizophrenia 
(BACS).17 The BACS consists of 6 subtests, including 
verbal memory, digit sequencing, token motor task, se-
mantic fluency, symbol coding, and tower of London. 
These tasks map onto cognitive domains measuring verbal 
memory, working memory, motor speed, verbal fluency, 
speed and attention, and executive function respectively. 
The BACS has been validated locally and normative data 
have been established by our group.18 Cognitive scores 
were standardized (z-scored) using means and SDs from 
healthy controls and adjusted for age and sex.14,18 The 
standardized residuals of the cognitive scores were used 
in subsequent analyses. For the replication cohort,15 the 
BACS was administered at 3 timepoints, 4 weeks apart, 
as part of the 10-week clinical trial. Listwise deletion was 
applied to missing BACS data. Clinical psychopathology 
was evaluated using the Positive and Negative Syndrome 
Scale (PANSS).19 Antipsychotic doses were calculated 
using chlorpromazine (CPZ) equivalents.20–23

Statistical Analysis

Discovery Phase.  LPA, an empirically derived clus-
tering method that aims to uncover hidden groups with 
similar responses based on the observed data,24 was first 
performed using data from the first cohort (n = 659)14 to 
determine the number of homogeneous groups based on 
BACS subtests. The optimal number of profiles was de-
termined by the following model fit indices, with lower 
values indicative of better fit25,26: Akaike’s information 
criteria (AIC),27 Bayesian information criteria (BIC),28 
and sample-size adjusted BIC (ssaBIC).29 Vuong–
Lo–Mendell–Rubin (VLMR) and Lo–Mendel–Rubin 
(LMR) adjusted likelihood ratio tests (LRTs) were used 
to compare the K and K-1 profile models.30 p-values >.05 
indicate that the K-1 model is preferred.30 Entropy was 
computed to determine the accuracy of profile classifi-
cation, with higher values indicative of better separation 
between profiles.31 Interpretability and parsimony were 
also considered in optimal model selection.
Replication Phase.  Next, LPA was performed using the 
second cohort (n = 108)15 to examine if  the number of 
profiles and characteristics determined in the discovery 
phase could also be observed in an independent sample. 
Sensitivity analysis was also performed using LPA by 
combining both cohorts and examining resultant profile 
changes (if  any).
Longitudinal Stability of Profiles.  Once the optimal pro-
file model was determined in the discovery and replication 
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phase, LTA, a type of longitudinal mixture modeling, was 
performed using the 10-week replication cohort (n = 108) 
to determine if  individuals transition between profiles 
across time. The LTA consists of 2 components: (1) the 
measurement model (ie, LPA), which examines the latent 
profiles at each timepoint; (2) the autoregressive model, 
which examines the individual-level transition between 
the profiles across timepoints.32

To determine if  the profiles identified at each timepoint 
had the same structure across timepoints (ie, if  profile 1 
in timepoint 1 was the same as profile 1 in timepoint 2), 
competing models of measurement invariance and meas-
urement noninvariance were performed and compared 
with the LRT.32,33 The measurement invariance model is 
preferred as it indicates that the measurement model has 
the same meaning (ie, number and type of classes) across 
time.32

Single Latent Dimension vs Distinct Subtypes.  A 1-factor 
confirmatory factor analysis (CFA) was performed and 
compared to the LPA results to examine if  the optimal 
cognitive profile represents a single dimension of severity 
continuum or distinct subtypes. The AIC,27 BIC,28 and 
ssaBIC29 were used to aid CFA and optimal LPA model 
comparison. A better CFA than LPA fit would indicate 
that the hidden groups extracted from the LPA merely 
reflects a 1-dimensional graded pattern of severity.
Comparison of Clinical Variables Between Profiles.  Once 
the optimal model was determined, clinical characteris-
tics were compared between profiles using the combined 
sample discovery and replication cohort. ANOVA was 
used to compare between-profile BACS performance. 
Clinical variables were compared with the Kruskal–
Wallis test and post hoc comparisons were carried out 
using Mann–Whitney U test. Bonferroni correction was 
applied (0.05/6).

The LPA, LTA, and CFA were performed in Mplus 
Version 8.34 All other statistical analyses were performed 
in IBM SPSS version 23.35

Results

Demographics and Clinical Characteristics

Demographics and clinical characteristics of healthy con-
trols (n = 1012) and cases (n = 767) are shown in table 1. 
Significant differences in sex and clinical symptoma-
tology were observed between the discovery and replica-
tion cohort (table 1).

Discovery Phase

Latent profile models (1–5 solutions) were performed on 
the discovery cohort (table 2). Results indicated that the 
2-profile solution provided a superior fit to the 1-profile 
solution for all fit indices. The 3-profile solution showed 
lower AIC, BIC, and ssaBIC than the 2-profile solu-
tion. While the VLMR and LMR p-values of 4-profile 

solution were nonsignificant compared to the 3-profile 
solution, the 4-profile solution showed lower AIC, BIC, 
and ssaBIC values and had the highest entropy amongst 
the models. Only a small decrease in AIC, BIC, and 
ssaBIC was observed for 5-profile solution. The 5-profile 
solution showed a lower entropy value and nonsignificant 
VLMR and LMR p-values. Based on parsimony and in-
terpretability, the 4-profile solution was chosen (profile 1, 
n = 284; profile 2, n = 33; profile 3, n = 284; profile 4, 
n = 58; supplementary figures 1 and 2).

Replication Phase

LPA was conducted using baseline cognitive data from 
the replication cohort (table  2; supplementary figures 1 
and 3). Results indicated that 3-profile solution had the 
highest entropy and a nonsignificant VLMR and LMR 
p-value compared to other solutions. The 4-profile solu-
tion showed a better fit than the 3-profile solution based 
on lower AIC, BIC, and ssaBIC. Although fit compari-
sons appeared to be equivocal between the 3-profile and 
4-profile solution, given that there was no evidence to sug-
gest that the 4-profile solution had a poorer fit than the 
3-profile solution, and in combination with results from 
the discovery phase, the 4-profile solution was selected as 
the optimal solution in the replication cohort (profile 1, 
n = 32; profile 2, n = 41; profile 3, n = 25; profile 4, n = 10).

LPA of the combined discovery and replication cohort 
showed the highest entropy for 4-profile solution, with 
low AIC, BIC, and ssaBIC values (table 2). The 4-profile 
solution (figure 1) was described as “less-impaired” sub-
type (profile 1, n = 334) with high scores on all domains, 2 
subtypes with “intermediate cognitive impairment” (pro-
file 2, n = 46; profile 3, n = 332) with moderate scores and 
a “globally impaired” cognitive subtype (profile 4, n = 55) 
with poor scores on all domains.

Longitudinal stability of profiles

To determine if  the 4-profile solution showed the same 
structure across timepoints, competing tests of measure-
ment invariance and measurement noninvariance were 
performed. The LRT indicated nonsignificance (likeli-
hood ratio difference  =  69.896, df  =  48, p > .05), sug-
gesting measurement invariance (supplementary table 1; 
supplementary figure 1).

Longitudinal stability was also examined using LTA. 
Latent transition probabilities indicated that most indi-
viduals remained at their respective profiles from T1 to T2 
and T2 to T3 (table 3; supplementary figure 1) as shown 
by the high transition probability (>.8) for most profiles. 
To further examine if  pregnenolone influenced the transi-
tion profile in the second cohort, another LTA with drug 
(pregnenolone vs placebo) as a covariate was performed. 
A similar pattern of transition probability was observed 
in the LTA using this model (table 3).

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa157#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa157#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa157#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa157#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa157#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa157#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa157#supplementary-data
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Single Latent Dimension vs Distinct Subtypes

Next, a CFA was conducted to examine if  a 1-factor solu-
tion (ie, dimensional structure) or a latent profile structure 
better fit the data (table 2). Compared to the fit indices for 
the 4-profile solution, the 1-factor CFA solution showed 
poorer fit (ΔAIC = 102.2, ΔBIC = 32.6).

Comparison of Clinical Variables Between Profiles

Demographics and clinical characteristics for each pro-
file are presented in table 4. Significant differences were 
observed between profiles for all clinical and cognitive 
characteristics. Profile 1 showed the least severe clin-
ical characteristics and best cognitive performance and 
significantly differed from profile 4, which showed the 
greatest clinical severity and poorest cognitive perfor-
mance. In addition, profiles 2 and 3 showed an interme-
diate pattern, with a number of  significant differences 
from either or both profiles 1 and 4, but only a single 
difference between profiles 2 and 3, in executive func-
tion, for which profile 2 showed worse performance (p 
< .01). Further comparison of  profile 1 with healthy 
controls (n  =  1012) found no significant difference in 
executive function between groups (F(1, 1344) = 0.294, 
p  =  .59), while differences in cognitive performance 
was observed for all other subtests (p > .05; figure 1). 
Across profiles, a trend-level difference was observed 
for the duration of  illness, where profile 4 showed the 
longest duration, followed by profile 2, profile 3, and 
profile 1 (table 4).

Discussion

This study employed a data-driven approach (ie, LPA 
and LTA) to elucidate cognitive latent profiles in schizo-
phrenia and tested the replicability of the findings using 
the same cognitive battery (ie, BACS). Our results sug-
gest 4 distinct meaningful cognitive profiles in schizo-
phrenia, characterized by a “less-impaired” cognitive 
subtype, 2 subtypes with “intermediate cognitive impair-
ment” differentiated by executive function performance 
and a “globally impaired” cognitive subtype. This 4-pro-
file cognitive solution was replicated in a separate cohort 
and showed stability in profile membership across time. 
A  comparison of this 4-profile solution with a single-
factor CFA suggests that distinct homogeneous cognitive 
subtypes may better explain cognitive heterogeneity in 
schizophrenia than a unidimensional cognitive structure 
that differs in severity.

Consistent with the literature on cluster-analytic 
studies of  cognition in schizophrenia, this study provides 
support for cognitive heterogeneity in schizophrenia de-
lineated by the 3 main groups of cognitive subtypes.12 The 
“less-impaired” cognitive subtype (profile 1) is defined by 
cognitive performance within ~0.5 SD of healthy con-
trols across all cognitive subtests except symbol coding 
task. The “intermediate cognitive impairment” subtype 
is composed of 2 profiles characterized by moderate cog-
nitive impairment of ~1.5 SD below healthy controls 
across all subtests except for symbol coding. The 2 pro-
files in this subtype are further differentiated by execu-
tive function performance, indexed by tower of London 
task, in which profile 2 showed poorer performance than 

Fig. 1.  Latent profile plot of Brief  Assessment of Cognition in Schizophrenia (BACS) for the combined discovery and replication cohort 
(n = 767). Bold dotted lines represent the mean z-score for healthy controls.
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profile 3. The “globally impaired” subtype (profile 4)  is 
characterized by poor cognitive performance of >2 SD 
below the norm. Notably, a common feature across all 
subtypes is prominent impairment in the cognitive do-
main of processing speed indexed by the symbol coding 
task, supporting these processes as central features of 
cognitive impairments in schizophrenia.3,36

Currently, it remains elusive if  cognitive heterogeneity 
in schizophrenia represents a continuum of severity or 
a distinct set of meaningful subtypes. Consistent with 
previous studies,37–39 our results suggest a severity con-
tinuum, but one that can be characterized by distinct sub-
types. Specifically, the comparison between the derived 
profile solution and a unidimensional solution suggests 
that, while a graded pattern of cognitive impairment 
could be observed across the cognitive subtypes, the sep-
aration between the profiles could be further differenti-
ated by executive functioning performance. Converging 
with previous findings,40,41 this study also found that in 
the “less-impaired” cognitive subtype, only the executive 
function domain showed no difference in performance 
with healthy controls. Moreover, unlike previous studies 
that postulated that the mixed profiles in the interme-
diate subtype could be viewed as unidimensional due to 
its considerable overlap in impaired cognitive domains,12 
this study showed that executive function clearly delin-
eated the 2 “intermediate cognitive impairment” subtypes 
(ie, profiles 2 and 3). Notably, our results also highlighted 
consistency with previous findings that found similar pro-
files differentiated by executive function performance as 
indexed by different cognitive batteries.39,41 Dovetailing 
with recent findings, executive function has been found 
to be a liability for general psychopathology rather than 
vulnerability to a specific disorder.40,42,43 Together, these 
findings suggest the need for further evaluation of exec-
utive function as an endophenotype to explain cognitive 
heterogeneity within schizophrenia and its interaction 
with functional trajectory. At the same time, executive 
function is not itself  unidimensional and is comprised of 
higher-order cognitive processes (ie, shifting, updating, 
inhibiting, and working memory maintenance and ma-
nipulation) that regulates basic cognitive processes to 
promote self-directed behavior toward a goal.40,44 Hence, 
future studies examining the specific executive function 
processes will be necessary to confirm the generalization 
of these findings.

As expected, significantly better clinical outcomes (as 
indexed by age of illness onset, duration of illness, CPZ, 
PANSS symptomatology, and total years of education) 
were observed in the “less-impaired” cognitive subtype 
compared to the “globally impaired” subtype. This re-
sult is consistent with previous studies showing that, in 
addition to better clinical outcomes,45 cognitively intact 
individuals with schizophrenia have relatively fewer brain 
structural abnormalities46,47 and lower polygenic risk 
score for schizophrenia.48 While no significant differences 

were observed in clinical variables for the “intermediate 
cognitive impairment” subtypes (ie, profile 2 vs profile 3), 
trend-level differences in clinical severity could be seen 
in that profile 1 showed the best outcomes followed by 
profile 3, profile 2, and then profile 4. In regard to asso-
ciations between subtypes and negative symptoms,45,48,49 
it has been postulated that cognition and negative symp-
toms could share common underlying substrates given 
the unique associations between both constructs in schiz-
ophrenia.50 Consistent with this hypothesis, we found a 
graded worsening of negative symptoms across profiles. 
In this regard, cognitive subtyping in schizophrenia may 
be particularly useful to identify individuals, such as pro-
file 2, for targeted cognitive remediation, consequently 
improving cognition and functional outcomes, such as 
negative symptoms.51

Surprisingly, a high proportion of patients were clas-
sified as being “less impaired.” This may be attributed to 
the relatively low negative symptoms severity score ob-
served across cases, suggesting that these patients were 
relatively well functioning. Nevertheless, it should be 
noted that patients classified as being “less impaired” 
should not be interpreted as having intact cognition. The 
mean BACS scores in the “less-impaired” group were 
still below the healthy control standardized means for all 
tasks, except for the tower of London task. Furthermore, 
the other 3 profiles showed large deficits in cognitive per-
formance of at least more than 1 SD from that of healthy 
controls BACS z-scores.

Results of the LTA showed that profile membership 
was generally stable across follow-up timepoints. Upon 
closer examination, subtle differences in stability were 
apparent for transition from T1 to T2 and T2 to T3, pos-
sibly due to differences in practice effects of the BACS 
from T1 to T2 compared to T2 to T3.

The results of  this study should be interpreted with 
the following caveats. First, given the data-driven ap-
proach adopted in this study, the subtypes derived could 
be driven by the applied neuropsychological assess-
ments. Specifically, the derived profile 2 may in part be 
driven by the psychometrics of the tower of London task 
where negative distributional skewness may be observed 
in patients due to a slight ceiling effect in healthy con-
trols on this task. Nevertheless, the subtypes derived in 
the discovery cohort were replicated in an independent 
cohort and were stable across timepoints. In addition, it 
should be noted that the present study only employed a 
single battery of 6 subtests (ie, BACS) to index the var-
ious cognitive domains. Future research would benefit 
from examining a more comprehensive set of  tests in 
the same study. Future studies are also needed to extend 
findings for conceptual replication using other cognitive 
batteries operationalizing the same underlying cognitive 
domains.45,52 Second, this study did not control for med-
ication effects and educational attainment, which could 
be related to the derived profiles.13 While the trend-level 
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dosage effect of  these variables could be observed across 
the profiles, disentangling this relationship remains a 
challenge. In the case of educational attainment, it is un-
clear if  illness chronicity influences educational oppor-
tunities or vice versa. Third, while this study is one of the 
first to examine the longitudinal stability of cognitive pro-
files, it should be noted that the stability of profiles was 
examined in a cohort with a 10-week follow-up. Further 
studies with a greater follow-up duration are required to 
determine long-term profile stability. Fourth, while the 
small sample size in the replication cohort could influ-
ence the statistical power to detect a clear fit comparison 
between the 3-profile and 4-profile solution,53 findings 
of the present study are still important as it is the first 
study to show that these profiles are stable across time. 
Nevertheless, future studies with larger replication sam-
ples are warranted.

In conclusion, this study showed that cognitive hetero-
geneity in schizophrenia could be explained by a severity 
continuum that is separated by distinct subtypes, driven 
by differences in executive function. Profile membership 
appeared to be stable across timepoints (although the fol-
low-up period was brief) and was associated with symp-
tomatology. Clinically, these results suggest the need to 
tailor treatment options based on cognitive impairment. 
Future conceptual replication of these findings is needed 
with longer follow-up periods to fully understand the 
neural and genetic mechanisms underlying these profiles 
in schizophrenia. In addition, future studies integrating 
cognitive and neurobiological phenotypes may be useful 
to unravel heterogeneity in schizophrenia.54,55

Supplementary Material

Supplementary material is available at Schizophrenia 
Bulletin.
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