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Abstract

Background: Schizophrenia is a serious mental health condition that usually begins in
adolescence and often progresses to become a chronic and disabling illness. Difficulties
in communication and anomalous language are considered core elements of the disorder.
Several studies have demonstrated the presence of semantic deficits in individuals with
schizophrenia, suggesting that these deficits may constitute a core feature of the disorder.
However, research in this area remains limited, particularly among individuals at high
risk of developing the disorder. The central hypothesis of this study is that individuals
with schizophrenia exhibit semantic processing deficits, even when cognitive function,
psychopathology, and medication are controlled for. We also hypothesize that similar,
albeit milder, deficits can be observed in individuals at high risk of developing the con-
dition. Methods: This cross-sectional study included 155 participants divided into three
groups: 46 with schizophrenia, 42 at high risk due to factors like substance use and high
psychopathology, and 67 controls matched by sex, age, and education. Semantic processing
was assessed using the semantic relations subtest from the BETA, controlling for medication
and cognitive performance as possible confounding factors. Results: the results revealed
significant differences among the three groups (F = 28.543; p < 0.001); the schizophrenia
group performed poorly, followed by the high-risk group, and then the control group,
which showed no deficits. Error patterns were also analyzed to assess group differences,
revealing that the schizophrenia group had the lowest scores and the most specific deficits.
These findings highlight the relevance of semantic evaluation in schizophrenia and, more
importantly, in individuals at high risk of developing the disorder, as such deficits may
serve as early biomarkers. Additionally, significant correlations were found between se-
mantic performance and variables such as medication (r = —0.342; p = 0.020), cognition
(r = —0.259; p = 0.001), and psychopathology (r = —0.566; p < 0.001). Conclusions: This
emphasizes the need to control these factors to avoid misinterpreting semantic deficits
in both schizophrenia and high-risk groups. The present research is not without limita-
tions; for example, the study design does not allow for conclusions of causality but rather
of correlation.
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1. Introduction

Schizophrenia is a serious mental health condition that typically begins in adoles-
cence and frequently evolves into a chronic and disabling illness [1,2]. Impairments in
communication and atypical language use are considered core features of the disorder [3,4].

Research has documented deficits in prosody, speech patterns, and pausing [5], as well
as in syntax [6,7] and pragmatic abilities [8,9]. However, semantics and lexical access are
arguably the most widely studied aspects of language in schizophrenia [10,11]. Specifically,
individuals with schizophrenia tend to show greater impairments in semantic verbal
fluency compared to phonological fluency [10,12].

Semantic knowledge has been conceptualized as a structured network of intercon-
nected nodes, whose co-activation gives rise to a conceptual representation [13]. The
proximity of these nodes is determined by shared characteristics among concepts, a notion
referred to in philology as ‘semantic intension’, the set of essential properties or features
that define a concept [11,14].

Significant deficits in semantic memory and visual confrontation naming have been
observed in individuals with schizophrenia [11,12,15], with action naming being more
impaired than object naming [16].

From a clinical perspective, two main types of schizophrenia patient are typically
identified based on symptoms: (a) patients with predominantly positive symptoms, which
include bizarre and abundant semiology, flight of ideas, and disorganized thought, and
(b) patients with predominantly negative symptoms, who tend to present alogia and abulia
as primary features [1,17,18].

These symptom profiles are associated with distinct patterns of semantic processing.
In patients with positive symptoms, semantic impairments may stem from hyperactivation
or aberrant activation of semantic nodes, whereas in patients with negative symptomes,
such deficits may be linked to hypoactivation [19,20].

Despite numerous studies having been conducted on semantic deficits in people with
schizophrenia, many fail to consider influential factors such as cognition or medication.
For instance, low scores on cognitive tests, which are common in these patients, affect
language, and greater cognitive impairment has been shown to be associated with greater
language deficits [21,22]. Additionally, some studies do not control for the impact of
antipsychotics, despite them being associated with slower articulation, more pauses, and
shorter sentences [23].

Similar semantic impairments have been identified in high-risk populations; however,
existing studies have not established a causal link between these deficits and the eventual
onset of schizophrenia. This raises critical questions about the relationship between seman-
tic dysfunction and the development of psychosis, and whether such deficits could serve
as early biomarkers [24].

To explore the presence of semantic impairments in at-risk populations, it is essential
to distinguish between two key groups: those with Clinical High Risk (CHR), who exhibit
subtle and non-specific symptoms, and those classified as Ultra High Risk (UHR), defined
by the presence of Attenuated Psychotic Symptoms (APS) or Brief Limited Intermittent
Psychotic Symptoms (BLIPS) [25-27].

The present study focused on individuals classified as high-risk, particularly those
exhibiting basic symptoms, regarded as early prodromal indicators of schizophrenia [28].
These symptoms manifest as subjective disturbances that occur early on and precede the
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onset of psychosis, affecting functions such as volition, thought, language, and percep-
tion [29,30]. Participants were also required to meet additional inclusion criteria linked to
increased risk, such as being between 15 and 33 years of age [31,32].

Notably, the sample included individuals exhibiting substance abuse behaviors, which
further increases their vulnerability. Several studies have shown that between 70% and 80%
of individuals with schizophrenia report high levels of substance use [33,34]. This strong
association has been partially explained by the self-medication hypothesis, which posits that
substance use may serve as a strategy to alleviate psychopathological symptoms [35,36].

The central hypothesis of this study is that individuals with schizophrenia exhibit
semantic processing deficits, even when cognitive function, psychopathology, and med-
ication are controlled for. We also hypothesize that similar, albeit milder, deficits can be
observed in individuals at high risk of developing the condition.

Semantic processing is operationalized through the concept of semantic intention [37],
defined as the ability to identify the set of defining properties that an entity must meet for a
term to apply, and to detect the item that violates these criteria. This capacity was assessed
using the Semantic Relations subtest of the BETA Test [38].

Given the lack of standardized linguistic assessments specifically designed for individ-
uals with schizophrenia, this study provides valuable insights into their language deficits
and evaluates the potential of such tests for early diagnosis and intervention.

2. Methodology
2.1. Sample

The present study consisted of a sample of 155 participants, divided into three groups:
46 individuals diagnosed with schizophrenia (SP), 42 individuals at high risk of developing
the disorder (HR), and 67 individuals in the control group (CG). The control group was
equated with the HR group based on sex, age, and educational level.

The final sample was predominantly male (61.5%), with the majority having completed
secondary education (84.9%) and 52.1% reporting a family history of mental disorders in
first-degree relatives.

2.2. Study Design

This study employed a cross-sectional, non-experimental, and descriptive design. A
synchronic (single time-point) approach was used for data collection. To ensure that partic-
ipants met the inclusion and exclusion criteria, indicated to the collaborating institutions,
several assessments were conducted.

The SCIP-S test was administered to rapidly screen cognitive functioning, and all
participants scored within the expected range. To rule out substance use disorder as a
primary diagnosis, both the frequency and type of substance use were assessed.

The CAPE-42 questionnaire was used to confirm that individuals in the HR group
exhibited basic and prepsychotic symptoms associated with an elevated risk of schizophre-
nia, while the CG did not. As a result, seven participants from the control group (who
scored above 2.8 on the positive dimension of the CAPE-42) and two from the high-risk
group (who scored below 2.8 on the same dimension) were excluded from the study for
not meeting the expected psychopathological criteria.

Once these criteria were verified, all remaining participants completed the semantic
relations subtest from the BETA test. Therefore, group allocation was based on diagnostic
and psychometric criteria. While cross-sectional designs do not allow for causal inferences,
they are well-suited to identifying patterns, correlations, and risk indicators, and can serve
as a foundation for future longitudinal research.
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By relying on psychometric data, we can be confident that the high-risk group indeed
presents the target risk variable in contrast to the control group. Furthermore, the equating
of participants on sociodemographic variables such as age, sex, and educational level helps
reduce the influence of these factors on the results.

Additionally, the inclusion of baseline measures that ruled out cognitive deficits
and substance use disorders further minimizes the potential confounding effects of these
variables in the interpretation of the findings.

2.3. Procedure

The study was approved by the Research Ethics Committee of the University of
Castilla-La Mancha. Participants gave their informed consent either personally or through
their legal guardians. The research was conducted in accordance with the latest official
version of the World Medical Association’s (WMA) Declaration of Helsinki (1964), as well
as the General Council of Official Colleges of Psychologists’ Code of Practice.

People with schizophrenia (PS) were recruited through the psychiatric unit at a Spanish
hospital and psychosocial rehabilitation and supervised housing and nursing home services.
Inclusion criteria for this group included having a confirmed schizophrenia diagnosis
(DSM-V) and having their symptoms assessed using the Positive and Negative Syndrome
Scale (PANSS) [39]. A minimum of eighteen months since diagnosis was required for all
participants, in order to reduce the likelihood of false positives and ensure the exclusion of
comorbid conditions. Individuals with a primary diagnosis other than schizophrenia were
excluded from the study, as confirmed by the collaborating psychiatrists.

High-risk (HR) participants were recruited from various Proyecto Hombre facilities
(an association for people with drug dependence problems) across Spain. To be included in
the HR group, participants had to meet the clinical criteria for APS, as defined in Section III
of the DSM-5-TR [40]. They also had to exhibit basic symptoms indicative of a subthreshold
psychotic mental state characterized by psychotic-like experiences differing in intensity
and frequency from full-blown psychosis [41]. These symptoms were identified based on
weighted scores above 2.8 on the positive dimension, according to the criteria proposed by
Mossaheb et al. [42]. In their study, when comparing the CAPE-42 with the gold-standard
high-risk assessment tool —the Comprehensive Assessment of At-Risk Mental States
(CAARMS)—[43], they found that these thresholds yielded higher sensitivity (83%) and
a higher negative predictive value (74%), albeit with lower specificity (49%) and positive
predictive value (63%). Participants also had to be aged between 15 and 33, in line with
the high-risk criteria established by the PACE Clinic [44]. Individuals with a diagnosed
substance use disorder or any other mental disorder were excluded from the study.

The control group (CG) consisted of individuals recruited from various secondary
schools in Spain. To be included in the group, participants were required not to have a
schizophrenia diagnosis and not to meet any of the inclusion criteria set for the HR group.
CG participants were matched with their HR group counterparts for sex, age, and level of
education, excluding subjects presenting basic symptoms of prodromal schizophrenia as
assessed by the CAPE-42. Individuals with weighted scores exceeding 2.8 for the positive
symptom dimension were excluded from the study.

Bilingualism was an exclusion criterion for all groups because studies have shown
that bilingual individuals have greater semantic fluency than monolingual individuals [45],
which could act as a confounding variable.

To recruit the three groups—individuals with schizophrenia, high-risk individuals,
and controls—we contacted the hospital’s chief psychiatrist, clinical psychologists from the
Proyecto Hombre Association, and school counselors. The inclusion and exclusion criteria
were explained to them, and they identified potential participants who met these criteria.
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We assessed the candidates to confirm eligibility, excluding those who did not meet the
established criteria.

First, participants in the high-risk group were recruited based on two criteria: recurrent
substance use and being between 15 and 33 years of age. After a psychopathological
assessment using the CAPE-42 and confirmation of risk factors for schizophrenia, those
who met the criteria were included in the study. Next, a control group was recruited
from two local educational institutions, matched by age, educational level, and gender,
but excluding individuals with recurrent substance use or psychopathological indicators.
Finally, participants diagnosed with schizophrenia were recruited through hospital services,
a medium-stay psychiatric unit, and supervised housing facilities.

All assessments were carried out in the morning, in a quiet room, one-on-one, and
were developed by a multidisciplinary team composed of a psychiatrist who assessed the
PANSS, a psychologist who assessed the CAPE-42 and SCIP-S, and a speech therapist who
assessed the BETA test.

2.4. Instruments

An ad hoc interview was conducted to gather data on sociodemographic variables.
Additionally, the Drug Abuse Screening Test (DAST) [46,47] was administered to determine
the type and frequency of drug use.

Participants in the PS group were assessed for psychopathological indices and pre-
dominant symptomatology using the Positive and Negative Syndrome Scale (PANSS) [39].
This semi-structured interview comprises 30 items, which are categorized into three factors:
positive symptoms (7 items), negative symptoms (7 items), and general psychopathology
(16 items). The scale yields positive, negative, general, and composite scores. The scale
exhibits robust and reliable psychometric characteristics [48,49].

Furthermore, to standardize the various antipsychotic drugs and their prescribed
dosages for these participants, the dose of antipsychotics taken by each participant was
converted to its equivalent in chlorpromazine, in alignment with the recommendations of
other studies [50,51]. Chlorpromazine was used as the reference antipsychotic because it is
one of the most widely studied and its side effect profile is well established [52].

All participants in the HR group and the CG were administered the Community
Assessment of Psychic Experience-42 (CAPE-42) questionnaire [53,54]. The aim of this
instrument is to determine psychopathological symptomatology in the general population.
It comprises 42 items assessing three dimensions of psychotic symptoms: positive (20 items),
negative (14 items), and depressive (8 items). Each item is rated on a 4-point Likert scale
ranging from ‘hardly ever’ (1) to ‘almost always’ (4). Participants who selected “sometimes”,
“often”, or “always” are also asked to indicate how distressed they felt about the experience
using a 4-point Likert scale. Scores of 2.8 in the positive dimension reflect indices that have
a sensitivity of 83% with a positive predictive value of 74%, although they show a specificity
of 49% and a negative predictive value of 63% according to the study of Mossaheb et al. [42].

To assess cognitive ability in all groups, we used the Cognitive Impairment in Psychia-
try Screening Test (SCIP-5), this test is evaluated and validated on people with schizophre-
nia [55]. This test measures cognitive deficits in both the general population and people
with mental health conditions. It consists of five subtests that examine immediate memory,
working memory, verbal fluency, delayed memory, and processing speed, and provides an
overall score. We used scores that had been transformed according to the relevant scale, for
either a clinical or a community population. In addition to the psychometric properties, the
Spanish translations are of excellent quality [56,57], as well as for other languages [58].

Finally, to measure semantic ability, we used the Aphasia Disorder Assessment Battery
(BETA) [38]. This consists of 30 sheets, each with four pictures, and the respondent is
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required to identify the picture that is not semantically related to the others. For example,
in an item showing a sofa, a chair, an armchair and a broom, the respondent is expected to
select the broom as the item with no semantic association to the other three. In addition,
the test has sensitivity values of 90.3% and specificity values of 98.7% [38].

2.5. Statistical Analysis

The data were analyzed using version 29.0 of the Statistical Package for the Social
Sciences (SPSS®) (IBM® Corp., Armonk, New York, NY, USA), with a significance level of
0.05. Prior to analyzing the results, the sample was tested for normality by the Kolmogorov-
Smirnov test; none of the variables showed statistically significant differences (p > 0.05).
Parametric analyses using ANOVA, ANCOVA, and bivariate Pearson correlation analyses
were then performed to examine the relationship between the psychopathological and
medication variables and the semantic test results. A chi-square statistical test was also
performed for dichotomous variables.

3. Results
3.1. Demographic Characteristics

Table 1 presents the descriptive statistics for age, gender, educational level, and history
of mental disorder. The participants had a mean age of 28.82 years (SD = 13.20), with a
range of ages from 15 to 68.

Table 1. Descriptive statistics for age, gender, level of education, and history of mental disorder.

TS SP HR CG
Variables 146 46 40 60
R 28.82 45.17 22.57 20.45
Age SD 13.20 11.58 4.71 2.25
Minimum 15 24 15 15
Maximum 68 68 33 33
Gend Male 90 (61.6%) 30 (65.2%) 30 (75%) 30 (50%)
ender Female 56 (38.4%) 16 (34.8%) 10 (25%) 30 (50%)
Primary 12 (7.7%) 10 (21.7%) 1(2.5%) 1 (1.7%)
Level of education Secondary 124 (84.9%) 34 (73.9%) 35 (87.5%) 55 (91.7%)
Higher Ed. 10 (6.8%) 2 (4.3%) 4 (10%) 4 (6.7%)
History of mental disorder in Yes 76 (52.1%) 36 (78.3%) 22 (55%) 18 (30%)
first-degree relatives No 70 (47.9%) 10 (21.7%) 18 (45%) 42 (70%)

Note: TS = total sample; SP = patients with schizophrenia; HR = individual at high risk; CG = control group;
R = average value of a set of numbers, calculated by adding all the values and dividing by the number of values;
SD = dispersion of values in a set of data with respect to the mean.

To determine whether the high-risk and control groups were truly equivalent and
buffer the possible effect of some of these variables, we performed an analysis of the vari-
ables in both groups, finding the following: sex (x*(1) = 10,048; p = 0.546), age (F = 107,250,
p = 0.360), educational level (x3(2) = 0.611; p = 0.737). No effect was revealed for any of the
variables analyzed, indicating that the groups were homogeneous.

3.2. Baseline Result
3.2.1. Substance Use
As shown in Figure 1, the HR group has the highest rates of consumption, followed by

the PS group and the CG. Alcohol is the most frequently consumed legal substance, while
hashish is the most widely consumed illegal one.



Healthcare 2025, 13, 1958

7 of 18

Tobacco consumption Alcohol consumption
100% 100%
90% 90%
08 0
60% 60%
50% 50%
40% 40%
3()0() 30(y
20% 20%
e I 1o i |
o % =
> > ® \3 & > . & @ e
é~°° /%"O @cf N &"& é@Q cooQ quy \,\%é %"&
& & 5 S & & &S
N & & © N SN GRS
R é{@ & Q@ox @\&\ 9 é{& c@q}‘ Qj}o&* N &
£ oS
@-QQ @-Qe
Cocaine consumption Hashish consumption
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
ZO:O 20%
10% al s 10% |
o = Yo -
> > 2 & N N S @ )
.%\00 o e"?? ¥ &0@ é@o@* 007’ . qg\?r 0\%\4 %\&\
& ¥ S K o & N X < &
& 2 N & & $ 2 % & [
o) & > O 3 /O X q} o) X
x’b\/ @'2;0 ) g o‘\ \7} © *0 \\O o‘\o
& N
S & ¥ e 0 & @
< o
& mSP mHR MCG

Figure 1. Types of consumption by substance, frequency and group. Note: PS = patients with
schizophrenia; HR = individual at high risk; CG = control group.

3.2.2. Cognitive Capacity

Table 2 shows the groups’ results on the SCIP-S subtests. The HR group had lower
scores for verbal fluency, delayed memory, and processing speed. For the other subtests,
the lowest scores corresponded to the PS group. There were no significant differences
between the groups, except for in the working memory (F = 4.219 (DF: 2,1), p = 0.016) and
immediate memory subtests (F = 4.528, (DF: 2,1) p = 0.012).

Table 2. Descriptive statistics for cognitive assessment.

Group R SD Min Mx F DF |7 np2
PS 42.58 10.64 27 66

Total SCIP-S HR 40.33 10.74 27 73 3.007 2 0.052 0.038
CG 45.01 8.52 27 61
PS 34.97 9.19 27 69

Immediate memory HR 37.35 9.29 27 61 4.219 2 0.016 0.053
CG 39.74 7.72 27 61
SP 47.15 9.33 27 69

Working memory HR 48.14 10.22 32 68 0.531 2 0.589 0.007

CG 46.28 8.42 32 71
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Group R SD Min Mx F DF p np2
PS 52.60 11.97 27 71

Verbal fluency HR 50.45 10.96 27 71 1.977 2 0.142 0.025
CG 54.49 8.66 35 73
PS 42.56 9.19 27 60

Delayed memory HR 38.69 8.02 27 58 4.528 2 0.012 0.056
CG 44.11 9.90 27 62
PS 44.84 9.48 27 60

Processing speed HR 45.11 8 27 69 0.269 2 0.765 0.004
CG 4591 6.91 27 61

Note: PS = patients with schizophrenia; HR = individual at high risk; CG = control group; R = average value of a
set of numbers, calculated by adding all the values and dividing by the number of values; SD = dispersion of
values in a set of data with respect to the mean. F = value of the ANOVA; DF = degrees of freedom; p = statistically
significant values; np2 = potential eta squared of the ANOVA.

3.3. Psychopathology and Symptomatology

Tables 3 and 4 show the PANSS positive, negative, and total scores, which are relatively
similar and not particularly high, indicating the clinical stability of most participants.
Notably, those experiencing negative symptoms had, on average, a higher chlorpromazine
intake. Regarding the CAPE-42 score, the high-risk (HR) group had higher scores than the
control group (CG), with significant differences observed only in positive symptoms and
not in negative or depressive dimensions.

Table 3. Descriptive statistics for psychopathology in the clinical group.

PS (N = 46)
R (SD) Min. Max.

PANSS Negative 19.13 (9.98) 8 48

PANSS Positive 19.67 (7.29) 8 44

PANSS Overall 49.73(12.30) 30 86
Chlorpromazine 433.71(258.28) 10.23 1040.67
Chlorpromazine PS with positive symptoms  421.27 (260.27) 10.23 1040.67

Chlorpromazine PS with negative symptoms  451.38 (261.47) 10.23 950

Note: N= Sample; PS = patients with schizophrenia; ® = average value of a set of numbers, calculated by adding
all the values and dividing by the number of values; SD: dispersion of values in a set of data with respect to
the mean.

Table 4. Descriptive statistics for psychopathological indices and symptomatology in commu-

Positive dimension

nity groups.
HR (N = 40) CG (N=60) Student’s t
CAPE 42 R (SD) Min. Max. R (SD) Min. Max. F Sig
Positive symptoms 35.7 (8.12) 23 66 25.3 (3.61) 15 32 16936  <0.001
Weighted

positive symptoms

1.78 (0.40) 1.6 3.30 1.26 (0.18) 075 1.6 16936  <0.001

Positive distress 21.67 (9.8) 10 50 7.76 (4.42) 2 23 41959  <0.001

Weighted positive distress ~ 1.78 (0.40) 150 250 0.38(0.22) 010 115 41959 <0.001

Total weighted
positive score

2.87(0.82) 2.8 5.30 1.65 (0.35) 110 260 32494  <0.001
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Table 4. Cont.
HR (N = 40) CG (N= 60) Student’s t
APE 42
¢ R (SD) Min. Max. R (SD) Min. Max. F Sig
£ Negative symptoms 26.9 (7.08) 19 48 21.3 (4.03) 13 27 6.430 0.013
£ Weighted 192(0.50) 136 343 152(028) 093 18 6430 0013
= negative symptoms
:5) Negative distress 20.97 (8.34) 13 53 10.68 (5.75) 0 23 1.372 0.244
-% Weighted negative distress ~ 1.49 (0.59) 1.2 379 0.76 (0.41) 0 1.64 1372 0.244
& Total weighted
Z . 342(1.02) 243 7 2.28 (0.67) 1 336 2269 0.136
negative score
- Depressive symptoms 17.97 (5.2) 10 30 14 (2.97) 9 19 18.315  <0.001
5} -
£ Weighted 224065 125 375 175(037) 113 22 18315  <0.001
GEJ depressive symptoms
G Depressive distress 15.2 (5.02) 9 28 9.66 (4.42) 1 22 1.747 0.189
]
> .
3 Weighted 190(0.62) 113 350 120(055 013 24 1747  0.189
o depressive distress
o} .
A dTOtal weighted 415(1.14) 250 675 295(0.86) 125 45 5604  0.020
epressive score
c Total symptoms 81.55(18.44) 62 143 60.5 (7.3) 47 62 32.819  <0.001
2 Weighted total symptoms 194(043) 145 340 144(0.17) 112 1.69 32819 <0.001
=t
g Total distress 59.05(19.7) 35 117  28.28(11.1) 5 52 9.687 0.002
§ Weighted total distress 1.40 (0.46) 1.3 279 067(026) 012 124  9.687 0.002
[
= Tot'al CAPE-42 3.34(0.85) 245 555 211(041) 131 24 21388 <0.001
weighted score
Note: HR =N=Sample; individual at high risk; CG = control group; R = average value of a set of numbers,
calculated by adding all the values and dividing by the number of values; SD: dispersion of values in a set of data
with respect to the mean. F is the value of Student's t test between the two groups on the CAPE-42 questionnaire:
Sig = 0.005.
3.4. Semantic Associations
The descriptive statistics for the BETA test show that the PS group performed worst
X =23.97 (SD =5.37), followed by the HR group X = 26.57 (SD = 2.29), with the CG achieving
almost perfect results X = 28.77 (SD = 1.55). Additionally, statistically significant differences
were found between the groups: F (2, 143) = 28.543; p < 0.001; np2 = 0.374.
This finding was confirmed by an intergroup comparison, which revealed statistically
significant differences between the groups (Table 5).
Table 5. Comparison of means in the ANOVA by group in the BETA test.
. CI 95%
Intergroups Comparison Difference in Means 5 p
Low. High.
HR VS PS 2.59 * 1.19 3.99 <0.001
BETA test Groups HR VS CG —2.20* —3.49 —-0.91 <0.001
PS VS CG —4.79 * —6.05 —3.54 <0.001

Note: PS = patients with schizophrenia; HR = individual at high risk; CG = control group; p = statistical significance
values control group; p = statistically significant; * = below 0.05.

An ANCOVA was conducted to control for potential confounding variables, introduc-
ing medication, cognitive performance, age, sex, and educational level as covariates. The



Healthcare 2025, 13, 1958

10 of 18

results showed that group differences on the BETA test remained statistically significant:
F (4,141) =21.18, p < 0.001, n? = 0.375. Among the covariates, medication (F (1, 141) = 12.89,
p < 0.001, n? = 0.084) and cognitive ability (F (1, 141) = 6.69, p = 0.002, n? = 0.030) had a
significant effect on BETA test scores. In both cases, higher levels of medication and lower
cognitive performance were associated with poorer outcomes on the BETA test.

Table 6 shows the semantic association errors by group and item. Statistically signifi-
cant differences were observed between the groups for all 30 items in the BETA test, with
non-uniform error patterns.

Table 6. Analysis by group of semantic association errors made in the BETA test.

PS HR CG
X p
FAILED SUCCESS FAILED SUCCESS FAILED SUCCESS
Item 3 11 (23.9%) 35 (76.1%) 12 (30%) 28 (70%) 7 (11.7%) 53 (88.3%) 6304 0.043
Item 4 5(10.9%) 41 (89.1%) 1(2.5%) 39 (97.5%) 1 (1.7%) 59 (98.3%) 6.171 0.046
Item 5 4(8.7%) 42 (91.3%) 0 40 (100%) 0 60 (100%) 9.729 0.008
Item 8 9 (19.6%) 37 (80.4%) 4(10%) 38 (90%) 1(1.7%) 59 (98.3%) 8.579 0.014
Item 9 18 (39.1%) 28 (60.9%) 18 (45%) 24 (55%) 7 (11.7%) 53 (88.3%) 14.086 <0.001
Item 10 5(10.9%) 41 (89.1%) 0 40 (100%) 0 60 (100%) 6.657 0.036
Ttem 11 27 (58.7%) 19 (41.3%) 18 (45%) 22 (55%) 10 (16.7%) 50 (83.3%) 21.475 <0.001
Item 13 10 (21.7%) 36 (78.3%) 2 (5%) 38 (95%) 3 (5%) 57 (95%) 9.251 0.010
Ttem 14 4(8.7%) 42 (91.3%) 0 40 (100%) 0 60 (100%) 9.729 0.008
Item 16 3 (6.5%) 43 (93.5%) 1(2.5%) 39 (97.5%) 0 60 (100%) 12.512 0.002
Item 17 6 (13%) 40 (87%) 1(2.5%) 39 (97.5%) 0 60 (100%) 11.370 0.003
Item 18 5 (10.9%) 41 (89.1%) 3(7.5%) 37 (92.5%) 0 60 (100%) 7.045 0.030
Item 19 4 (8.7%) 42 (91.3%) 0 40 (100%) 0 60 (100%) 9.729 0.008
Ttem 20 3 (6.5%) 43 (93.5%) 0 40 (100%) 0 60 (100%) 7.249 0.027
Item 21 9 (19.6%) 37 (80.4%) 0 40 (100%) 0 60 (100%) 22.641 <0.001
Ttem 22 17 (37%) 29 (63%) 6 (15%) 34 (85%) 3 (5%) 57 (95%) 20.023 <0.001
Ttem 23 4(8.7%) 42 (91.3%) 0 40 (100%) 0 60 (100%) 9.729 0.008
Item 24 3(6.5%) 43 (93.5%) 0 40 (100%) 0 60 (100%) 7.249 0.027
Item 25 7 (15.2%) 39 (84.8%) 1(2.5%) 39 (97.5%) 1(1.7%) 59 (98.3%) 8.344 0.015
Ttem 26 16 (34.8%) 30 (65.2%) 12 (30%) 30 (70%) 1(1.7%) 59 (98.3%) 20,803 <0.001
Item 27 16 (34.8%) 30 (65.2%) 3(7.5%) 39 (92.5%) 0 60 (100%) 32.081 <0.001
Ttem 28 36 (78.3%) 10 (21.7%) 25 (62.5%) 15 (37.5%) 11 (18.3%) 49 (81.7%) 41.007 <0.001
Ttem 29 16 (34.8%) 30 (65.2%) 3 (7.5%) 39 (92.5%) 3 (5%) 57 (95%) 22.919 <0.001
Ttem 30 10 (21.7%) 36 (78.3%) 5 (12.5%) 37 (87.5%) 1(1.7%) 59 (98.3%) 12.234 0.002
Note: PS = patients with schizophrenia; HR = individual at high risk; CG = control group; X = chi-square test;
p = statistically significant.
We found items 28, 11, 9, and 3 particularly relevant in the schizophrenia group, where
the highest error percentages were recorded, followed by the high-risk group.
3.5. Correlations Between Variables
Table 7 shows the statistically significant correlations between the BETA test and some
of the study variables. For instance, it shows whether psychopathology or pharmacological
factors influence the results of semantic association tests. We found that higher scores on
medication, PANSS, and CAPE-42 correlate with worse scores on the BETA test, and we
also observed that a higher cognitive score implies a better score on the BETA test.
Table 7. Correlations between the groups and overall BETA test scores.
CAPE-42 Total CAPE 42 Distress SCIP Cognitive
ChloArn;grl::z?rfe PS Gfr?eljaslsl’s HR Persons HR Persons Results
P and CG and CG PS HR and CG
Pearson’s correlation —0.342 * —0.643 ** —0.566 ** —0.579 ** 0.259 **
BETA
Sig. (Bilateral) 0.020 <0.001 <0.001 <0.001 0.001

Note: PS = patients with schizophrenia; HR = individual at high risk; CG = control group; * = below 0.05;
** = below 0.01.
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4. Discussion

The aim of this study was to confirm the presence of semantic processing deficits in
individuals with schizophrenia and to determine whether such deficits are also present in
individuals at high risk of developing the disorder, with a view to their potential use as
biomarkers. Evaluation using the BETA test [38] confirmed that the SP obtained the lowest
scores, followed by the HR, and finally the CG. Furthermore, the differences between the
groups were statistically significant and allowed clear discrimination among them.

In our study, the sociodemographic data are consistent with those in the literature.
They disprove the idea that most patients with schizophrenia are men who are on multiple
medications, have a history of mental health disorders, and have achieved low levels of
academic attainment [59].

Data on substance use shows that high-risk participants report higher levels of con-
sumption of all substances, particularly hashish. There is a well-established association
between hashish use and an increased risk of developing serious mental health conditions
such as schizophrenia [60,61].

Our data on psychopathology in the PS group, as measured via the PANSS, show that
positive and negative symptoms are balanced and stabilized, given that all participants
are receiving pharmacological treatment. These findings are consistent with those of other
studies [62,63].

As explained, regarding medication, we used the dose equivalence proposed by
Leucht et al. [56,57] to measure the total amount of pharmacological therapy administered
to people with schizophrenia. The data show that those experiencing negative symptoms
require an average higher dose of chlorpromazine. This is because such symptoms are
more difficult to treat, resulting in poorer functionality and prognosis, and meaning that
larger doses of medication are required [21,64].

As expected, the scores are higher in the group at risk of schizophrenia than in the
control group. This suggests that the criteria proposed by Fonseca et al. [65] and Mossaheb
et al. [42] effectively distinguish individuals at high risk of schizophrenia from those at
lower risk. Although the use of these inclusion and exclusion criteria ensures that one
group presents high-risk symptoms while the other does not, it limits the ability to fully
assess the test’s sensitivity and specificity. Nevertheless, the instrument has demonstrated
consistent and satisfactory performance across several languages [26,66—68]. Incorporating
an objective and straightforward measure, such as the semantic relations test, alongside the
self-report instrument, could therefore enhance risk detection and contribute to identifying
a promising biomarker for schizophrenia. Future research should continue to examine
the concurrent validity of the CAPE-42 in comparison with other psychopathological
assessments, such as those described by Mossaheb et al. [42].

Based on these results, we can confirm that our sample comprises individuals in
the prodromal stage of schizophrenia, particularly in the initial phase, when basic and
non-specific symptoms are most prevalent. This is evidenced by the presence of positive,
negative, and depressive symptoms that, while subclinical, contribute to functional impair-
ment and psychological distress. These features effectively differentiate the high-risk group
from the control groups [25,69,70].

The results for cognitive capacity, as measured by the SCIP-S, suggest that people
with schizophrenia demonstrate fewer deficits than the control group (CG). In contrast, the
high-risk (HR) group exhibits deficits, particularly in verbal fluency, delayed memory, and
processing speed, when compared with the CG [71].

This could be explained by two main factors: in the high-risk group, repeated sub-
stance abuse impacts cognitive abilities [71], and/or, in some cases, these individuals of
schizophrenia group would benefit from starting pharmacological treatment. Medication



Healthcare 2025, 13, 1958

12 0f 18

reduces the hyperactivation associated with the thought disorder, which would improve
cognitive abilities [72], although some studies report a slowing of these abilities due to
medication [73], as can be seen in the results of processing speed.

Regarding the participants’ data on semantic associations, as measured by the BETA
test, significant differences were observed between the three groups. The SP group ob-
tained the lowest scores, followed by the HR group, and finally the CG. These results are
consistent with those of previous studies reporting semantic deficits in individuals with
schizophrenia [13,74,75] and in individuals at high risk [76].

When considering possible reasons for these discrepancies, age and level of education
could be seen as explanations, given that the SP group has the highest mean age. However,
studies such as that by Gudayol-Ferré et al. [77] highlight that discrepancies in semantic
results are generated not by age, but by having less than six years of education. Therefore,
age may not be the underlying reason for our results. Furthermore, the HR group and the
CG were matched in the studies, ruling out educational level as the cause of discrepancies
between the groups.

Another possible explanation could be substance use, given that it causes cognitive im-
pairment [71]. However, this hypothesis was dismissed because people with schizophrenia
obtained the worst scores in semantic association tests, despite not having the highest rates
of substance consumption. Furthermore, not all participants with recurrent substance use
showed extreme deficits on the BETA test. Furthermore, these deficits were not reflected in
most items, unlike the results in the PS group.

Consequently, our data could confirm the presence of specific semantic deficits in
individuals with schizophrenia and those at high risk of developing the condition. In the
latter group, however, such deficits appear to be more moderate [14,74,78]. However, future
research should aim to develop novel methodological approaches to establish the causal
nature of these findings, as the present data only allow for the identification of associations.

The analysis of errors in individual items reveals differences in the pattern of semantic
association deficits between the PS and HR groups. According to semantic processing
models, word retrieval begins with the activation of a set of semantic features connected to
multiple words. These features activate words according to the strength and number of
their connections. One word is then selected as the final response, while other activations
are inhibited to ensure that retrieval is accurate [79,80].

The design of the BETA test involves selecting, from among four visual stimuli, those
that share the highest number of categories, which requires semantic activation and inhibi-
tion abilities [38]. These processes may be impaired in individuals with schizophrenia [14]
and, according to various studies, in people with addictions [81].

It can be observed that all three groups made more mistakes on items 9, 11, 21, 22, 26,
27,28, and 29. Those with schizophrenia had the highest error rates. This can be explained
by the concept of semantic interference [82,83]. This occurs when the activation of a word
triggers the activation of semantic competitors that require inhibition, which can slow
down the decision-making process and increase the probability of making errors.

These items may be more difficult due to the similarity between the correct image
and the distractors. As Wienrich et al. [84] noted, when distractors are more similar,
participants take longer to respond and show behavioral signs like longer fixations and
repeated looks, which may reflect interference. This effect could be stronger in people with
schizophrenia due to their greater cortical disinhibition [81,85,86], and might also affect
high-risk individuals, possibly due to substance use [81].

In contrast, in items like 5, 10, 14, 18, 20, 23, and 24, where the distractors are less similar
and the semantic interference is lower, errors are seen only in the schizophrenia group.
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These findings suggest that some images demand more complex processing, which
seems especially difficult for people with schizophrenia and, to a lesser extent, for those at
high risk [14,81,82,84]. Simpler items, however, mainly challenge only the schizophrenia
group. Future studies could explore this in more depth.

If these results were confirmed, the BETA test could be used to identify individuals
at risk of developing schizophrenia, since the control group in this study answered more
than 98% of the items correctly [38,87]. Various studies have corroborated the potential of
language as an early biomarker of schizophrenia [76,88].

As expected, individuals with schizophrenia presented a higher overall PANSS score,
implying a greater presence of psychopathological symptoms and a lower degree of seman-
tic processing. This shows that poorer mental health leads to weaker semantic association
abilities [78,89].

It is worth noting the correlation between increased psychopathological symptoms,
as measured by the CAPE-42 test, and lower semantic memory scores in both the high-
risk and control groups. Dopaminergic hyperactivation associated with psychopathology,
specifically in cortical language areas such as the temporal lobe, could be the cause of these
deficits [24,90].

These findings suggest that semantic deficits may manifest before the onset of
schizophrenia [53,54] and are closely linked to psychopathological disorders. This po-
sitions them as possible early indicators for use in psychiatric services, suggesting that
language may be a biomarker of schizophrenia and an explanatory factor [76].

The correlation between the dosage of chlorpromazine prescribed to people with
schizophrenia and their performance in semantic tests may be explained by the fact that
those with more severe symptoms are usually given higher doses of antipsychotic medica-
tion, which could affect their performance in the BETA test [51,91].

In our study, we found a correlation between the three groups’ cognitive capacity and
the results of the semantic test. Those with higher cognitive skills scored higher on the
BETA test [14,72].

Scientific evidence has indicated the existence of semantic deficits in people with
schizophrenia and at high risk of developing it; however, until now, standardized tests were
lacking to allow for clinical confirmation of these deficits. Our results, obtained through the
BETA test, highlight these deficits, as this test allows us to detect linguistic alterations and,
specifically, how people with schizophrenia or at high risk interpret meanings in their daily
lives. This would support the clinical applicability and ecological validity of the BETA test.

Finally, the present research is not without limitations, such as the fact that the individ-
uals in the schizophrenia group could not be matched in terms of educational level to the
other groups in the study. The small sample size of the high-risk group is also a limitation,
which may affect the statistical power of some analyses. Furthermore, it would have been
interesting to analyze the effects of each type of antipsychotic drug taken by the participants
in the PS group on their results in the semantic test, as well as to evaluate the associations
between these drugs and formal thought disorders. Another important limitation is that the
study design does not allow for the establishment of causal relationships, only relationships
between the different variables. Future studies should therefore focus on this aspect.

5. Conclusions

The BETA test could be effective in assessing semantic deficits in patients with
schizophrenia and in detecting such deficits in individuals at high risk of developing
the condition. However, future studies will need to replicate these results in larger and
more diverse samples.
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Additionally, analyzing the errors could provide insight into semantic degradation,
which appears to be more prevalent in individuals with higher psychopathological indices.
This degradation begins with the most semantically demanding concepts and those with a
greater number of competitors.

We consider it extremely important to conduct longitudinal studies of people at high
risk, in order to confirm whether people with greater semantic and psychopathological
deficiencies end up developing schizophrenia.

Therefore, semantic processing, particularly at more complex and abstract levels, may
have the potential to identify individuals in the prodromal stages of schizophrenia. If these
findings are replicated in future studies, including those conducted in other languages,
semantic processing could be considered a potential biomarker for schizophrenia.

Currently, identifying individuals at high risk often relies on time-consuming assess-
ments conducted by highly experienced clinicians. As our findings suggest, combining
self-reported psychopathological measures with objective tests of semantic language pro-
cessing could yield a protocol that is both sensitive and reliable for identifying individuals
in high-risk states. However, further research is needed to validate and refine this approach.
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