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Beyond verbal fluency in the verbal fluency task:
semantic clustering as a predictor of remission in
individuals at clinical high risk for psychosis
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Background: There have been conflicting reports on whether conventional verbal fluency measures can predict the prognosis of individ-
uals at clinical high risk (CHR) for psychosis. We aimed to investigate whether verbal fluency task measures that represent semantic
processing more directly than conventional measures could be more reliable predictors of later remission in CHR individuals. Methods:
We recruited CHR individuals and healthy controls to participate in a baseline verbal fluency assessment. We identified semantic clus-
ters within the verbal fluency task responses based on cosine similarity between consecutive words, calculated from the word embed-
ding model. Binomial logistic regression was performed to test whether average semantic cluster size and number of words produced
could be predictors of remission in CHR individuals. Results: Our study sample included 96 CHR individuals and 178 healthy controls.
According to clinical assessment at the last follow-up, 23 CHR individuals were classified as remitters and 73 as nonremitters, including
29 individuals who converted to psychosis. The CHR remitters showed larger average and maximum semantic cluster sizes than CHR
nonremitters and healthy controls. Average semantic cluster size, but not the number of words, was a significant predictor of later remis-
sion in CHR individuals. Limitations: Our sample included only native Korean speakers. Conclusion: A verbal fluency task measure
that more specifically represents semantic processing may be a better neurocognitive predictive marker for remission in CHR individuals
than conventional verbal fluency measures. Our results provide an explanation for heterogeneous reports on whether verbal fluency can

predict prognosis in CHR individuals and suggest that semantic processing is a putative cognitive predictor of their prognosis.

Introduction

The clinical high risk state (CHR) for psychosis is a concept
that was established for early intervention to prevent or de-
lay the onset of psychotic disorders.! However, it has been
consistently reported that a substantial portion of individuals
who meet the criteria for CHR do not convert to psychotic
disorders and that those who do not convert to psychosis
show heterogeneous clinical and functional outcomes. While
there are some who remit from the high-risk state, some con-
tinue to show poor functional outcomes.?® Predicting remis-
sion, therefore, has special clinical implications in that it may
reduce unnecessary intervention for those who would remit
and enable more intensive treatment for those whose prog-
nosis is expected to be poor.*®

It is widely accepted that the prognostic outcome of psy-
chotic disorders is heavily affected by cognition.” Neverthe-
less, in the CHR state, there have been inconsistent reports

on whether specific neurocognitive domains can be used to
predict remission or functional recovery.®® In those reports,
verbal fluency has frequently been mentioned as a potential
predictor, ! or at least a correlate, of functional recovery'?
or remission.”® On the other hand, there have also been
studies in which verbal fluency was not found to be a pre-
dictor of the functional outcome of CHR individuals.”™

A putative reason for such conflicting results is the hetero-
geneity of cognitive functions involved in the verbal fluency
task. Although performing the task involves semantic process-
ing, several other neurocognitive functions, including psycho-
motor speed, set shifting and inhibition, are concurrently rep-
resented in task performance.” This highlights the need to
investigate task performance measures that directly reflect
neurocognitive functions of interest. In the verbal fluency task,
measures that represent semantic clustering and switching in
the task response are potential candidates.’® During the task,
participants tend to produce a cluster of words that are related
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and then shift to another group of semantically related words
to produce another cluster. Clustering is regarded as a phe-
nomenon that reflects the activation of semantically related
representations, while shifting is deemed to be more related to
executive function, such as cognitive flexibility."”

Since deficient semantic processing is one of the hallmark
features of schizophrenia,'®' we hypothesized that individ-
uals who would remit from CHR would be less likely to
share this feature. We therefore aimed to explore whether
semantic clustering, a phenomenon that reflects semantic
processing during the verbal fluency task, could be a reliable
predictor of remission in CHR individuals. We sought to
investigate whether CHR individuals show differential pat-
terns of semantic clustering during the category verbal flu-
ency task according to their clinical course and whether cate-
gory verbal fluency performance measures related to
semantic clustering can be used to predict the prognosis of
individuals at CHR, especially remission.

Methods
Participants

We recruited individuals at CHR for psychosis and healthy
controls to participate in the baseline verbal fluency assess-
ment between November 2004 and November 2019. All
participants were native Korean speakers. The CHR indi-
viduals were recruited from Seoul Youth Clinic (www.
youthclinic.org) in the Department of Neuropsychiatry at
Seoul National University Hospital (SNUH). The CHR par-
ticipants underwent the Structured Interview for Prodro-
mal Symptoms (SIPS), and their prodromal symptoms
were evaluated using the validated Korean version of the
Scale of Prodromal Symptoms (SOPS).*’ The Global Assess-
ment of Functioning (GAF) was used to define general
functional status. Healthy controls were recruited via Inter-
net advertisements and were screened using the Structured
Clinical Interview for DSM Disorders I (SCID-I) Nonpatient
Edition (SCID-NP). Potential healthy controls were ex-
cluded if they had a history of any psychiatric disorder or
had first- to third-degree relatives with psychotic disorders.
The exclusion criteria for CHR and healthy controls in-
cluded a lifetime diagnosis of psychotic disorder, a history
of antipsychotic use, substance abuse or dependence,
neurologic disease or significant head trauma, medical ill-
ness with cognitive sequelae, sensory impairments and
intellectual disability (IQ < 70).

The CHR participants were followed up regularly for
1-6 years with the provision of regular treatment such as
supportive therapy, cognitive behavioural therapy and medi-
cation. Remission in CHR individuals was defined as achiev-
ing a score of 2 or lower on the SOPS positive symptom sub-
scale and a score of 60 or higher on the GAF at the last
follow-up point.** We classified CHR participants as remit-
ters or nonremitters according to these remission criteria.
Medication use during the follow-up period was docu-
mented, and the mean olanzapine equivalent dose was calcu-
lated for antipsychotic use.”

All participants provided written informed consent after
receiving a thorough explanation of the study procedure (IRB
no. H-1110-009-380). For participants younger than the age
of majority, informed consent was obtained from both the
participants and their parents. This study was conducted in
accordance with the Declaration of Helsinki and was ap-
proved by the Institutional Review Board of SNUH (IRB no.
2211-162-1383).

Verbal fluency task performance measures

Participants underwent the category verbal fluency task? as a
part of a larger battery of neuropsychological tests. During
the task, participants were asked to name as many animals as
they could in 1 minute. Lists of words produced during the
“animal” category task were subject to analysis.

Semantic clusters within a participant’s verbal fluency task
response were defined as a series of consecutive words in
which semantic similarities exceeded a cutoff similarity value.
To quantify semantic similarity between a pair of consecutive
words, we used a publicly released Korean word embedding
model trained with the FastText algorithm.” The word embed-
ding model was trained with a corpus that includes Korean
Wikipedia, KorQuAD and Naver movie reviews (https://
github.com/ratsgo/embedding). Cosine similarity between
vector representations of each word in the pair of words was
regarded as semantic similarity between the words.

The cutoff similarity value to distinguish between clusters
was calculated for each individual task response. An average
of cosine similarity values of word pairs in each task response
was calculated after randomly shuffling the words, and then
the grand average of the average similarity values was taken
by repeating the shuffling 50 times. The grand average was
used in the analysis as the cutoff similarity value.

The average cluster size and maximum cluster size of each
individual response were taken as measures that represent
clustering processes during the task. These measures, along
with the number of words in a response, were investigated as
possible predictors of the clinical course of individuals at
CHR for psychosis.

Statistical analysis

All statistical analyses were conducted using R version 4.2.3.
Statistical significance was set at p < 0.05. We compared demo-
graphic variables, clinical variables and verbal fluency task per-
formance measures across groups using analysis of variance
(ANOVA), independent ¢ test, Welch ¢ test or y? test as appro-
priate. Tukey tests were performed as post hoc ANOVA. To ex-
plore associations between verbal fluency task performance
measures, we calculated Pearson correlation coefficients be-
tween each measure for each group. Multiple comparison cor-
rections were performed using the Bonferroni correction.
Binomial logistic regression analyses with the backward se-
lection method were performed to elucidate whether baseline
verbal fluency task performance could predict remission in
CHR individuals. Three separate logistic regression models
were established for analysis: 1) a model with only demographic
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and clinical variables as independent variables; 2) a model with
the number of words added as another independent variable,
along with variables included in model 1; and 3) a model with
average cluster size included as another independent variable,
along with variables included in model 2. Common demo-
graphic and clinical variables included in the models were age,
sex, years of education, 1Q, baseline GAF score, baseline SOPS
subscale scores (positive symptoms, negative symptoms, dis-
organization symptoms, general symptoms) and antipsychotic
use during the follow-up period. The maximum cluster size was
excluded due to collinearity with the average cluster size.

Sensitivity analyses

To determine whether the definition of clusters affected the
main results, sensitivity analyses of the cutoff cosine similar-
ity values used to define the clusters were conducted. Details
are described in Appendix 1, available at www.jpn.ca/
lookup/doi/10.1503/jpn.230074/ tab-related-content

Results
Participants

A total of 96 individuals at CHR for psychosis and
178 healthy controls participated in the baseline verbal flu-
ency assessment. Of the CHR individuals, 23 were classified
as remitters, 73 were classified as nonremitters, and 29 of the
73 nonremitters had converted to a psychotic disorder ac-
cording to SIPS criteria by the end of the follow-up period.

Table 1 summarizes the demographic and clinical character-
istics of the participants at baseline. Healthy controls were
significantly older and more educated than both CHR remit-
ters (age, Tukey honestly significant difference (HSD)-
adjusted p < 0.001; education, Tukey HSD-adjusted p < 0.001)
and CHR nonremitters (age, Tukey HSD-adjusted p < 0.001;
education, Tukey HSD-adjusted p < 0.001). The CHR non-
remitters had lower IQ than healthy controls (Tukey HSD-
adjusted p = 0.005). Among CHR participants, SOPS positive
symptom and disorganization subscale scores at baseline
were higher in nonremitters than remitters (SOPS positive,
t =2.68, p = 0.011; SOPS disorganization, t = 3.03, p = 0.003).
During follow-up, CHR nonremitters were exposed to higher
olanzapine-equivalent doses of antipsychotics than remitters
(t=2.85, p=0.006).

Group difference in the verbal fluency task performance
measure

Group comparison results for the category verbal fluency
task performance measures are presented in Table 1 and
Figure 1. The CHR nonremitters produced fewer words than
healthy controls (Tukey HSD-adjusted p = 0.006). The CHR
remitters showed larger average and maximum semantic
cluster sizes than both CHR nonremitters (average cluster
size, Tukey HSD-adjusted p = 0.013; maximum cluster size,
Tukey HSD-adjusted p = 0.035) and healthy controls (average
cluster size, Tukey HSD-adjusted p = 0.006; maximum cluster
size, p = 0.014).

Table 1: Demographic, clinical and verbal fluency task performance characteristics of study participants at baseline

Group, mean + SD

Statistical analysis* Post hoc statistical analysist

CHR-NR CHR-R Control Fortor CHR-NR-  CHR-NR - CHR-R -

Characteristic (n=73) (n=23) (n=178) X2 p value CHR-R control control
Sex, M/F 21/52 10/13 72/106 3.38 0.184 - - -
Age, yr 20.5+3.8 19.5+3.9 23.4+45 17.2 < 0.001 0.596 < 0.001 < 0.001
1Q 106.0 £ 13.6 109.7 £ 14.9 111.6 121 5.07 0.007 0.440 0.005 0.777
Education, yr 126+1.9 121+1.9 142+16 32.69 < 0.001 0.443 < 0.001 < 0.001
Duration of follow-up, mo 32.1 +23.9 42.8 +24.16 - -1.86 0.071 — - -
SOPS

Positive symptoms 10.3+34 79+38 - 2.68 0.011 - - -

Negative symptoms 142 +57 12.1+6.3 - 1.42 0.164 - - -

Disorganization 48+25 35+1.4 - 3.03 0.003 - - -

General symptoms 7.8+3.7 8.0 + 3.1 - -0.21 0.833 - - -
GAF 512+75 53.0 + 8.4 - -0.92 0.362 - - -
Exposure to antipsychoticst 51+34 3.2+26 - 2.85 0.006 - - -
Verbal fluency task performance measures

No. of words produced 19.4+5.5 21.8+4.9 21.4+47 5.13 0.007 0.091 0.006 0.936

Average semantic cluster 2.7+0.6 3.1+0.7 2.7+0.6 4.93 0.008 0.013 0.999 0.006

size

Maximum semantic 6.9+24 8.3+3.4 6.8+2.2 4.06 0.018 0.035 0.974 0.014

cluster size

CHR-NR = participants at clinical high risk for psychosis who did not remit; CHR-R = participants at clinical high risk for psychosis who later remitted; F = female; GAF = Global
Assessment of Functioning; 1Q = intelligence quotient; M = male; SD = standard deviation; SOPS = Scale of Prodromal Symptoms.

*Analysis of variance, independent t test or Welch t test if the variances were not equal; y? analysis or Fisher exact test for categorical data.

1Post hoc Tukey honestly significant difference adjusted p value for variables that showed significant between-group difference in analysis of variance.

1Mean olanzapine-equivalent dose of antipsychotics prescribed during follow-up.
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Figure 1: Group comparison of (A) the number of words produced during the verbal fluency task, (B) average semantic cluster size in the task
response and (C) maximum semantic cluster size in the task response. CHR-NR = participants at clinical high risk for psychosis who were
nonremitters; CHR-R = participants at clinical high risk for psychosis who remitted; HC = healthy controls. *Post hoc Tukey honestly significant
difference (HSD)-adjusted p < 0.05; **post hoc Tukey HSD-adjusted p < 0.01.

Correlation between task performance measures

While we observed a statistically significant positive cor-
relation between average cluster size and number of words
produced in CHR nonremitters (r = 0.57, Bonferroni-
adjusted p = 0.006) and healthy controls (r = 0.23,
Bonferroni-adjusted p = 0.010), remitters did not show a
significant correlation between the 2 measures (Figure 2A).
Such discrepancy was also observed in the correlation be-
tween maximum cluster size and number of words pro-
duced (Figure 2B).

Predicting remission of CHR individuals

The results of binary logistic regression analyses performed
on each of the 3 logistic regression models are summarized
in Table 2. The SOPS positive symptom subscore (B = 0.821,
95% confidence interval [CI] 0.695-0.945, p = 0.009) was the
only statistically significant predictor of remission in the
model with demographic and clinical variables only. In the
model with the number of words in the verbal fluency task
added, the SOPS positive symptom subscore (B = 0.831, 95%
CI 0.709-0.958, p = 0.015) was also the only significant pre-
dictor. When the average cluster size was added, the average
cluster size (B = 4.510, 95% CI 1.804-13.704, p = 0.002), SOPS
positive symptom subscore (B = 0.801, 95% CI 0.672-0.937,
p = 0.008) and sex (B = 0.243, 95% CI 0.066-0.802, p = 0.024)
were significant predictors.

Sensitivity analyses

The results of the sensitivity analyses for the definition of
clusters are described in Appendix 1. Average semantic clus-
ter size, but not the number of words, was a significant pre-
dictor of later remission in CHR individuals at all thresholds.

Discussion

In the present study, we aimed to investigate whether the
verbal fluency task performance measure that is more dir-
ectly reflective of semantic processing could better predict re-
mission in CHR individuals. As task performance measures
that represent semantic processing, semantic clustering in the
task response was quantified as the average cluster size and
the maximum cluster size. The CHR remitters showed sig-
nificantly larger semantic cluster size during the task, and the
average cluster size was revealed to be a predictor of remis-
sion in CHR individuals, while the number of words prod-
uced, which is a conventional verbal fluency task measure,
did not predict remission. To our knowledge, this is the first
study to address semantic clustering during the verbal flu-
ency task in CHR individuals and to show that the task meas-
ure related to semantic clustering better predicts remission in
CHR individuals.

Semantic processing is a neurocognitive function that has
been investigated extensively in schizophrenia, and the rela-
tionship between aberrant semantic processing and symptom
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Figure 2: Correlation between (A) average semantic cluster size and number of words produced during the verbal fluency task and (B) max-
imum semantic cluster size and number of words produced during the verbal fluency task. Pearson correlation coefficient, Bonferroni-
corrected p values and linear regression line are shown. The confidence bands in each plot represent 95% confidence intervals of each linear
regression model. CHR-NR = participants at clinical high risk for psychosis who were nonremitters; CHR-R = participants at clinical high risk

for psychosis who remitted; HC = healthy controls.

severity in patients with schizophrenia has long been re-
ported.** In CHR individuals, it has recently been suggested
that altered semantic processing may be a marker of progno-
sis.? Although most of these studies focused on conversion
to psychosis as a prognostic outcome, an electrophysiological
study showed that the baseline N400 semantic priming effect,
which is regarded as an electrophysiological marker of
semantic processing, could predict social functioning after

1 year in CHR participants.”® The results of the present study
add to the literature, confirming that altered semantic pro-
cessing at baseline and its relationship with clinical outcome
is evident not only at the electrophysiological level, but also
at the neurocognitive performance level.

Our results have shown that the number of words prod-
uced during the verbal fluency task could not predict later
remission, while semantic clustering measures could. A
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Table 2: Selected predictors of remission from clinical high risk for psychosis (CHR) in binary logistic regression analyses with

the backward selection method

Model Selected independent variables R? B p value 95% CI
Model 1* SOPS positive symptom subscore 0.116 0.821 0.009 0.695-0.945
Model 2t SOPS positive symptom subscore 0.154 0.831 0.015 0.709-0.958
No. of words 1.082 0.011 0.985-1.199
Model 3% Average cluster size 0.285 4.510 0.002 1.804-13.704
SOPS positive symptom subscore 0.801 0.008 0.672-0.937
Sex 0.243 0.024 0.066-0.802

Cl = confidence interval; GAF = Global Assessment of Functioning; IQ = intelligence quotient; SOPS = Scale of Prodromal Symptoms.
*Independent variables examined in the model: age, sex, years of education, 1Q, baseline GAF, baseline SOPS subscale scores, mean olanzapine-equivalent dose of antipsychotics

prescribed during follow-up.

tIndependent variables examined in the model: the number of words produced in the verbal fluency task, age, sex, years of education, IQ, baseline GAF, baseline SOPS subscale

scores, mean olanzapine-equivalent dose of antipsychotics prescribed during follow-up.

}Independent variables examined in the model: the average cluster size of response to the verbal fluency task, the number of words produced in the verbal fluency task, age, sex, years
of education, 1Q, baseline GAF, baseline SOPS subscale scores, mean olanzapine-equivalent dose of antipsychotics prescribed during follow-up.

possible reason for this result is that the difference in seman-
tic processing at baseline between CHR remitters and non-
remitters may not be so overt as to be differentiated by the
number of words produced during the verbal fluency task
but may be detected by more focused measures of semantic
processing, such as cluster size. This may provide an explan-
ation for the aforementioned heterogeneous reports on
whether verbal fluency can predict remission or functional
recovery in CHR individuals®® since the results are likely to
differ across samples if the effect is not sufficiently large.

Another finding of the present study is that CHR remit-
ters showed significantly larger semantic cluster sizes than
healthy controls. Notably, while a strong correlation be-
tween the number of words produced during the task and
the average/maximum size of semantic clusters was ob-
served in CHR nonremitters and healthy contrrols, in CHR
remitters there was no statistically significant correlation be-
tween those measures. These results imply that CHR remit-
ters have a distinctive pattern of neurocognitive functions
during the task. One speculative explanation for this phe-
nomenon is that, while performing the task, CHR remitters
might tend to rely on relatively intact semantic processing
capacity to compensate for other deficient cognitive pro-
cesses.?”? Further studies to clarify such characteristics are
warranted and are expected to provide insight into the na-
ture of the CHR state.

Limitations

There are several limitations to this study. First, all partici-
pants in this study were native Korean speakers. Because
most previous studies on semantic clustering in the verbal
fluency task involved English speakers, to overcome linguis-
tic and cultural differences, we used an unsupervised, agnos-
tic word embedding model trained with a large Korean cor-
pus, which was expected to capture latent meanings of
Korean words® while not relying on arbitrary ratings by a
human rater. Nevertheless, caution is required when general-
izing the results to speakers from other linguistic back-
grounds. Second, the criteria for remission used in this study,

which are determined by clinical assessment at the last
follow-up point, may not suffice to reflect the clinical out-
come of individuals with a fluctuating clinical course. Third,
while other clinical variables, such as negative, disorganiza-
tion and general symptom scores, may also have implications
in the individual’s clinical state, remission was defined based
on scores on the SOPS positive subscale and GAF scale.
Fourth, CHR individuals and healthy controls were not
matched for several demographic and cognitive variables.
However, because significant differences in participant char-
acteristics, such as lower IQ and younger age in CHR partici-
pants, reflect characteristics of the CHR state, matching for
every demographic variable may have led to selection bias.
Therefore, the effects of unmatched variables were controlled
by including the variables as covariates in logistic regression
models instead of by group matching. Finally, our sample
size was relatively small.

Conclusion

Our results have shown that task performance measures
related to semantic clustering at baseline could predict later
remission in CHR individuals, while conventional verbal flu-
ency measures could not. By showing that task performance
measures that are more specific to semantic processing had
better predictive capacity, our results potentially explain pre-
vious conflicting reports on whether verbal fluency can pre-
dict remission in CHR individuals. They also suggest a need
to consider which neurocognitive functions are represented
by the neurocognitive task of interest, especially when inter-
preting results from tasks, such as the verbal fluency task,
that involve multiple neurocognitive functions. Among
those, semantic processing is suggested as a putative cogni-
tive predictor of remission in CHR individuals.
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