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Abstract

Background

Language plays a crucial role in health care and especially in mental health, since the use of
the native language helps to make a good diagnosis as several studies have shown.

Aim

We studied the influence of language on the accurate detection of psychotic and affective
symptoms, exploring differences in the severity of reported symptomatology in a bilingual
Basque-Spanish population.

Methods

The study uses the Prodromal Questionnaire-Brief for the detection of psychosis and the
Patient Health Questionnaire-9, Generalized Anxiety Disorder Scale-7, and Depression,
Anxiety and Stress Scale-42 for the assessment of stress, anxiety and depression. Basque
versions of the scales were developed and their psychometric properties were evaluated in
a sample of 623 individuals, including 521 from the general population and 102 psychiatric
patients. Possible relations between questionnaire scores and four linguistic factors, namely
first language (L1), proficiency, age of acquisition and language exposure, were examined.

Results

The four translated questionnaires showed adequate sensitivity, goodness-of-fit, and reli-
ability indices, thus validating their suitability for general and clinical settings. The results
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showed that reporting of depressive symptoms seemed to be modulated by linguistic vari-
ables, mainly L1, whereas the severity of psychotic symptoms was less reliably associated
with the gathered linguistic factors.

Conclusions

Overall, our results suggest that language of assessment by means of written instruments
may have a limited impact on healthcare outcomes in balanced bilingual populations. The
study enriches the understanding by considering various linguistic factors beyond L1, and
by exploring the effect of these factors on affective symptoms, apart from psychotic ones.

1. Introduction
1.1 Language, psychiatric evaluation and assessment tools

Language is a core element of healthcare that notably impacts the interaction between the cli-
nician and the patient particularly when it is not the patient’s first language. As many authors
have pointed out, when assessing the patient’s symptomatology, it is important that the patient
understands the language being used by the clinician in order to avoid errors and misunder-
standings [1], as well as to improve adherence [2] and accessibility to mental health services
[3]. The patient’s experience, which is increasingly considered as important over the last years,
is also influenced by language barriers [4].

The lack of measurable physical signs that function as biomarkers of psychiatric conditions
means that diagnostic assessment and subsequent follow-up depend primarily on language-
based clinician-patient interaction. The use of standardized structured interviews as well as
psychometric scales is currently the best way to make objective assessments that can be univer-
sally reliable. To achieve these universal standards, the language variable comes into play
again, since it is essential to adapt these instruments, not only linguistically but also culturally
to different countries and sociolinguistic environments.

In the field of mental health, and regarding psychotic symptomatology in particular, our
group has already reported a meta-analysis that revealed that the language used in the evalua-
tion of bi- and multilingual patients makes a difference in how accurately psychotic symptoms
are detected [5]. Specifically, psychotic symptoms may be more severely rated when the clinical
assessment is conducted in the first language (L1) of the patient rather than in the second lan-
guage (L2). A previous investigation [6] and published case reports point in the same direction
[7-12]. Less is known about possible differences in the detection of affective symptoms in bal-
anced bilingual patients when assessing them in L1 vs. L2.

The available literature indicates that autobiographical memories seem to be more emo-
tionally expressive in the L1 of bilingual individuals, and that the communication of memories
of personal events is qualitatively different in the two languages [13]. An emotional barrier and
increased defensiveness have been detected when a bilingual patient uses the L2 and more
affect is observed when patients express themselves in L1 [14,15]. Other authors claim that
affect is weaker in L2 and information processing less automatic, which reduces emotionality
[16]. Emotional distance in L2 has also been shown to affect even automatic stages of emo-
tional processing [17].

Among English-Welsh bilingual patients, a differential experience of languages in auditory
hallucinations has been reported, influenced by the Age of Acquisition (AoA) of each
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language, as well as the frequency of use and the proficiency in each language [18]. Linguistic
differences in auditory hallucinations had already been detected in earlier studies [9,19],
including our Spanish-Basque bilingual setting. Also, a case study describing the encapsulation
or decrease of psychotic symptoms when using the second language has recently been pub-
lished [20].

Most of previous research has been conducted using semi-structured interviews or non-
standardized clinical assessments. Thus, whether these differences are also observed when
using written assessments, such as psychometric tools, remains unknown.

1.2 Validation of psychometric tools

Psychometric tools are widely used for the assessment of neurocognitive functioning, evaluat-
ing personality traits, quantifying psychiatric symptoms, estimation of adaptability to the envi-
ronment and also for screening purposes. However, most of these tools have been created in
English. In order to use these tools with diverse populations, they must be translated and then
validated through administration to groups within the target population. There is a broad con-
sensus about the methods to ensure rigorous translation and validation across different cul-
tural settings, and in fact, the utility of most existing psychometric tools relies on translations
into different languages and their validation for distinct cultural environments [21,22].

Detection of prodromal psychosis with the Prodromal Questionnaire-Brief. Early
detection and intervention in psychosis has the potential to improve the prognosis of the
condition [23-25] and thus, the identification of individuals at clinical high risk for psycho-
sis has become an extensive focus of research and debate in the last two decades. Semi-struc-
tured interviews such as the Structured Interview for Psychosis-risk Syndromes or the
Comprehensive Assessment of At-risk Mental States have enabled the use of common crite-
ria by researchers embarking on investigation in this field. Nonetheless, these measures
require referrals to specialized programs and so are not suitable for screening purposes in
large cohorts. Thus, more recently, self-report instruments have been developed as a means
to screen larger populations, in order to facilitate the detection of a much greater number of
high-risk individuals.

Among the available self-report instruments, the Prodromal Questionnaire-Brief (PQ-B)
has demonstrated good convergence with validated interview measures, such as the previously
mentioned Structured Interview for Psychosis-risk Syndromes and the Comprehensive
Assessment of At-risk Mental States [26-30]. The PQ-B has also shown excellent sensitivity to
detect emerging psychosis and a strong agreement with clinician-rated attenuated psychotic
symptoms over a six-month follow-up study [31].

Stress, anxiety and depression screening with Patient Health Questionnaire-9, GAD-7
and Depression, Anxiety and Stress Scale-42. Depressive and anxiety disorders are a
major contributor to the global burden of disease [32]. Therefore, there is a clear need for
reliable tools to evaluate and identify patients with potential affective disorders. These high
incidences have motivated efforts to improve the detection and management of depression
and anxiety by routinely administering screeners. One of the most widely-used self-report
depression screeners is the Patient Health Questionnaire-9 [33,34]. As far as anxiety disor-
ders are concerned [35], GAD Scale-7 (GAD-7) was developed to identify probable cases of
GAD and to assess symptom severity [36]. Finally, Depression, Anxiety and Stress Scale
(DASS-42, [37] is another self-report measure which has the advantage of exploring depres-
sion, anxiety and stress in a single instrument, that is extensively used both in research and
in clinical practice.
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1.3. The present study

The present study is conducted in a bilingual region in which the Basque and Spanish lan-
guages coexist. The translation and validation of patient-related outcome measures is part of a
series of initiatives that have been undertaken over the last few years within the Basque public
health system to ensure patients can choose the language they wish to be assisted in. Self-
reports that evaluate psychiatric symptoms are among these tools.

In this context, we used the validation process of the Basque versions of the PQ-B, the
PHQ-9, the GAD-7 and the DASS-42 scales to explore whether differences in reported symp-
tomatic severity would be detected when the language of assessment (Basque) was the L1 or
the L2 of the informant. We also assessed whether there were independent effects of AoA, pro-
ficiency and exposure to Basque on the reporting of symptoms. To that end, participants in the
study were asked a series of questions concerning their linguistic profile (see Supplementary
Materials 8). Considering that most of the world’s population is bi- or multilingual, the results
will be of great interest in terms of public health policies, insofar as they will help to clarify
whether linguistic choice has clinical relevance in terms of the accurate detection of psychiatric
symptoms.

Therefore, the aim of the present study is twofold. On the one hand, we developed the Bas-
que versions of the PQ-B, the PHQ-9, the GAD-7 and the DASS-42, and tested their psycho-
metric properties. On the other hand, we investigated whether any differences exist in the
reported severity of psychopathology according to linguistic variables in a large sample of
bilingual individuals from both general and clinical populations.

When the language of assessment is Basque, it is expected that higher symptomatic severity
will be reported by L1 than L2 Basque speakers. It is also expected that higher proficiency and
exposure to Basque and earlier AoA will be associated with more accurate detection of
symptoms.

2. Methods
2.1. Participants and procedures

A total of 623 Basque-Spanish bilingual individuals were recruited for the study, 521 were
healthy individuals from the general population and 102 were psychiatric patients from differ-
ent clinical settings. However, 15 participants were excluded due to lack of linguistic profile
and demographic information, leaving 512 participants in the general group and 96 partici-
pants in the clinical group. Participants from the general population were mainly students and
employees of the University of the Basque Country UPV/EHU, volunteers recruited from the
Basque Center on Cognition, Brain and Language (BCBL) database, and spontaneous volun-
teers from the general population that found out about the project through informal verbal dif-
fusion. Participants from the clinical settings were heterogeneous in- and outpatients recruited
at hospital wards and community mental health centers of the Basque public health system.
Socio-demographic data including age, gender, marital status, level of education and
employment were collected in an ad-hoc questionnaire. Next, participants completed a lan-
guage competence questionnaire developed by the BCBL. Afterwards, they completed the Bas-
que version of the PQ-B, the Basque version of PHQ-9, the Basque version of GAD-7 and the
Basque version of the 42-item Depression, Anxiety and Stress Scale (DASS-42). All the mental
health screeners had been previously translated using the back-translation method, and their
back-translated English version had received the approval of the respective authors (see Sec-
tion 2.3). The questionnaires were administered to the general population group by means of
an online platform (google forms) but were completed on paper by the clinical group, either at
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Table 1. Description of the sample.

General group Clinical group
N=521 N=102
N (%) N (%)
Age [mean (sd)] 26.53 (7.74) 30.65 (8.32)
Sex
Male 131 (25.14) 51 (50)
Female 383 (73.51) 50 (49.02)
Others 7 (1.34) 1(0.98)
Marital status
Single 359 (68.91) 79 (77.45)
Married/living together 106 (20.35) 14 (13.73)
Separated/divorced 3(0.19) 7 (6.86)
Widowed 1(0.19) 2 (1.96)
Others 52 (9.98) 0(0)
Level of education
None 0 (0) 1(0.99)
Primary 2(0.38) 1(0.99)
Secondary 2(0.38) 26 (25.74)
High School 96 (18.43) 12 (11.88)
Professional 37 (7.10) 37 (36.63)
University Degree 384 (73.70) 24 (23.76)
Occupation
Employed/studying 436 (83.69) 55 (54.46)
Unemployed 40 (7.68) 38 (37.62)
Housekeeper 11 (2.11) 0(0)
Pensioner 1(0.19) 8(7.92)
Others 33 (6.33) 0(0)

sd: Standard deviation.

https://doi.org/10.1371/journal.pone.0314069.t001

the healthcare units, in the case of inpatients, or at home, in the case of outpatients. The socio-
demographic information for both groups is shown in Table 1, the linguistic profile in Fig I,
and mean scores obtained on the screeners in Table 2. Within the clinical group, a total of 30
individuals (29.41%) had a main diagnosis of a psychotic disorder (F20) according to the ICD-
10, 17 (16.67%) of an affective disorder (F30), 16 (15.69%) of phobias or adaptive disorders
(F40), 13 (12.75%) of substance use disorders (F10), 5 (4.90%) of eating or sleep disorders
(F50) and 1 (0.98%) of a developmental disorder (F80).

Participation was restricted to individuals between 18 and 45 years of age, to ensure that
they were familiar with standard Basque, which was used in the translation of the instrument.
There are several dialects of Basque, which differ considerably in both grammar and vocabu-
lary forms, and the diffusion of standard Basque was not generalized until 1975.

Participants were dropped from the analysis of the general and clinical group data sets in
the following cases:

i. unlikely socio-demographic information entered (e.g., age indicated as 3 years, 1
participant).

ii. Incomplete information about language profile (7 participants in the general population; 6
in the clinical population).
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Fig 1. Linguistic profile of the overall general (N = 521) and clinical (N = 102) populations tested.

https://doi.org/10.1371/journal.pone.0314069.9001

iii. Failure to complete a questionnaire (variable, see results for details).

iv. Basque or Spanish indicated as L3 (1 participant).

Data were collected between November 1, 2019 and January 31, 2021. Participants in both
groups were informed about the ongoing research and gave their written informed consent
before participating. All procedures were approved by (CEIm-E) Ethics Committee

[P12019052].
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Table 2. Symptom severity across questionnaires and groups.

PQB total General group Clinical group General vs. Clinical group
(matched groups)

Mean (sd) 3.1(3.4) 5.4 (4.1) 2.9(3.2) 5.4 (4.1)

Min-max 0-16 0-17 0-13 0-17

PQB distress

Mean (sd) 9.2 (11.7) 17.5 (15.7) 7.8 (10.4) 17.5 (15.7)

Min—max 0-58 0-65 0-43 0-65

PHQ-9

Mean (sd) 7(5.1) 14.8 (7.9) 6.3 (5.1) 14.8 (7.9)

Min-max 0-29 1-30 0-26 1-30

GAD-7

Mean (sd) 6.4(3.9) 10.3 (5.1) 5.9 (3.6) 10.3 (5.1)

Min-max 0-21 0-21 0-21 0-21

DASS total

Mean (sd) 18.6 (19) 58.2 (31) 18.3 (19.6) 58.2 (31)

Min-max 0-105 2-120 0-88 2-120

DASS depression

Mean (sd) 6.2 (8.3) 21.6 (13.3) 5.6 (8.2) 21.6 (13.3)

Min-max 0-42 0-42 0-42 0-42

DASS anxiety

Mean (sd) 4.5(5.6) 16.4 (10.4) 4.6(5.2) 16.4 (10.4)

Min-max 0-38 0-42 0-25 0-42

DASS stress

Mean (sd) 7.9(7.2) 20.3 (10.7) 8.1(7.5) 20.3 (10.7)

Min-max 0-38 0-42 0-31 0-42

PQB: Prodromal questionnaire-Brief; PHQ-9: Patient Health questionnaire-9; GAD-7: General Anxiety Disorder

Scale-7; DASS: Depression, Anxiety and Stress Scale; sd: standard deviation; min: minimum score; max: maximal

score.

https://doi.org/10.1371/journal.pone.0314069.t002

2.2. Instruments

BCBL language competence questionnaire. This is a questionnaire developed by the
BCBL to make a comprehensive linguistic assessment of an individual. It collects information
on: the languages that a person speaks, in order of preference; the percentage of time they are
exposed to each language they know (i.e., percentage of time they read, listen to, write and
speak in each known language, total time being 100%); the age of acquisition of each language;
self-estimated proficiency in each language in different areas (speaking, listening, reading,
writing) on a scale of 0 to 10; whether they have official qualifications in any of the known lan-

guages; as well as data on handedness, the first language of the parents, and the length of any
experience living abroad. A copy of the questionnaire can be found in the Supplementary

Materials (SM).

Prodromal Questionnaire-Brief Version(PQ-B) [38]. This is a self-report psychosis risk
screening measure with 21 items and a yes/no dichotomous response structure (frequency

scale). PQ-B was developed from the original 92-item Prodromal Questionnaire [39]. Follow-
ing each individual item, and when the response is affirmative, a follow-up question inquiring
about frequency and related distress/impairment is included, rated on a 5-point Likert scale
(distress scale). Different cut-off points in the frequency and distress scales have been proposed
in the different populations in which the instrument has been validated [27-29, among others].
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The validations conducted in the Spanish population propose a cut-off score of >9 in the fre-
quency scale [40] and >29 for the distress scale [41]. These validation studies have shown that
the instrument has a good internal consistency, with alpha values ranging between 0.83 and
0.89, and a unidimensional factorial structure.

Patient Health Questionnaire (PHQ-9) [33]. This is a 9-item self-report measure with a
response option rated on a 4-point Likert scale that explores the nine DSM-IV diagnostic crite-
ria for depressive disorders. There is a single final item that evaluates functional impairment.
The cut-off point of >10 has been established as indicating a possible depressive disorder. It
has been validated in several languages and cultural contexts [e.g., 41-44], with good internal
consistency, as indicated by alpha values between 0.79 and 0.89.

Generalized Anxiety Disorder Scale (GAD-7) [36]. This is a self-report measure for eval-
uating the presence and severity of GAD during the past two weeks, according to the
DSM-IV-TR criteria. It consists of 7 items with a response option rated on a 4-point Likert
scale. A score >10 has been proposed as the cut-off point for identifying cases of GAD. Cut-off
points of 5, 10, and 15 might be interpreted as representing mild, moderate, and severe levels
of anxiety. It has been validated in different languages and populations [e.g., 45-47], reporting
an excellent internal consistency, with alpha values between 0.85 and 0.95.

Depression, Anxiety and Stress Scale-42 (DASS-42) [37]. This is a self-administered
questionnaire composed of 42 items, which measures severity of depression, anxiety and stress
over the last week, using a 3-point Likert scale. Cut-off scores of 10 for depression, 8 for anxiety
and 15 for stress have been proposed. It has been validated in many different languages [e.g.,
48-51], with reported alpha values between 0.84 and 0.97. The three-factor solution, corre-
sponding to the depression, anxiety, and stress scales, has been supported in most studies.

2.3. Validation procedures

The Basque versions of the questionnaires were developed through the translation and back-
translation method. Back-translation methodology ensures the most accurate translation and
an improved reliability and validity of the process [52]. Translation from English to Basque
was conducted by the Translation Service of Osakidetza-Basque Health Service (V1). The first
translated Basque version was revised by a trilingual English-Spanish-Basque psychiatrist to
ensure that technical terms were correct (V2). The revised version was then back-translated
into English by an external professional translation service (V3). V3 were sent to the authors
and, after their approval, V2 was revised again by a Basque technician, in order to ensure com-
prehensibility and feasibility of administration for the general population (V4). V4 was consid-
ered the final version in all cases. All necessary permissions were obtained to translate and
publish the questionnaire.

2.4. Data analysis

Firstly, the psychometric properties of the questionnaires were analyzed, including sensitivity,
confirmatory analysis, reliability, concurrent validity, and factor loadings.

Secondly, we analyzed the association between participants’ linguistic profile and symptom-
atic expression, by means of regression models in which scores on the four questionnaires
were used as dependent variables and predictor variables were four linguistic profile measures:
AoA of Basque, Exposure to Basque, Proficiency in Basque and L1. Demographic variables
(age, gender, education) were also included in the model as predictors. The distributions of the
linguistic profile in the general and in the clinical group are illustrated in Fig 1.

The Education predictor originally included 6 categories: none, primary, secondary, high
school, professional and university degree, with a non-homogeneous stratification of
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participants across the 6 categories. Since this was problematic for the computation of coeffi-
cients in interactions terms (i.e., full regression models returned NAs and/or the algorithm did
not converge), educational categories with less than 10 participants were dropped from the
analysis. Specifically, the categories “primary” and “secondary” education were dropped from
the analysis of the general group (2 participants in each category), while “none” and “primary”
(1 participant each) were removed from the Education predictor in the analysis of the clinical
group. Similarly, “other” for the Gender variable was dropped from the analysis of both the
general and the clinical group (7 and 1 participants, respectively). In reporting each analysis,
the number, age and gender of the participants in each group is provided.

Multiple-regression models with Poisson distribution were fitted for each dependent vari-
able using R version 4.2.1 [53]. To reduce overdispersion of the data (as checked by the
check_dispersion function in the Performance package) [54], negative binomial regression
models were applied and their likelihood compared to a simple Poisson regression model
(package pcsl) [55]. Overdispersion tests showed that all negative binomial models had a Chi-
Square test statistic greater than the critical 2.7055 value at alpha = .05 (all ps < .001), indicat-
ing that data were more likely under a negative binomial than a simple Poisson regression
model, so negative binomial regression models are reported below.

For each dependent variable, the effect of each demographic and linguistic profile variable
was tested in three different sets of analysis: within the general group, within the clinical group
and between groups. For the between-group analysis we subset a sample of Gender- and age-
matched participants from the two groups. Since the two groups could not be matched in Edu-
cation, this variable was included in the analysis as a covariate. Patient-general group matching
was carried out with the match function from the R package Matchlt [56].

For both within- and between-group analyses, maximal models were built in which all four
linguistic and three demographic variables, as well as their interaction, were simultaneously
entered. The R model syntax for the two within-group analyses is indicated below in 1, while 2
shows the maximal model adopted for the between-group analysis. Full model structure was
simplified whenever non-convergence problems arose, with such changes noted below in the
corresponding results section. The complete output of each maximal regression model fitted is
reported in Supplementary Tables 4-7 in S1 File.

1. glm.nb (y ~ AoA + Proficiency + Exposure + L1+ Age + Gender + Education +
AoA*(Age + Gender + Education) +
Proficiency * (Age + Gender + Education) +
Exposure * (Age + Gender + Education) +
L1 * (Age + Gender + Education), data,
general = glm.control(maxit = 250))

2. glm.nb (y~ Group +AoA + Proficiency + Exposure + L1 + Education +
Group * AoA+
Group * Proficiency+
Group * Exposure+
Group * L1, data, control = glm.control(maxit = 250))

To avoid collinearity among predictors, continuous variables (Age, AoA, Exposure to Bas-
que and Proficiency in Basque) were converted to z-scores. The vif function (R package CAR)
was used to check whether the GVIF" /P values of predictors and their interactions
exceeded 10 (all values < 5).

A backward model selection procedure (R package MASS) [57] was used to select the com-
bination of explanatory variables included in the maximal model that provided the lowest
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AIC. The overall effect of each variable was determined through an Analysis of Deviance using
the R function Anova (Type III, Wald’s test, R package “car”) [58]. Due to the significant posi-
tive correlation among the scores obtained from the 4 screeners, for each dependent variable,
p-values obtained from the between-group and the two within-group analyses were FDR cor-
rected (separately for the three groups of analysis). We report the effect of predictor variables
and interactions that survived FDR correction below, while the reader is referred to the Sup-
plementary Materials for the complete output of stepwise regression models (Supplementary
Tables 4-7 in S1 File).

Estimated marginal means (EMM, henceforth) were calculated for comparisons between
the general and the clinical group as well as for comparisons between levels of significant cate-
gorical predictors (L1, Gender, Education) using the R package emmeans [59]. Results of post-
hoc contrasts were FDR-adjusted for multiple comparisons. For each contrast, we report
EMM, standard error (SE), confidence intervals (CI), z ratios and adjusted p-values. To
increase the interpretability of results, EMM and figures are reported using untransformed val-
ues of Age, AoA, Proficiency and Exposure.

3. Results

Table 2 provides the scores obtained on the different psychometric scales for the general and
clinical groups.

Of the 512 participants in the general group and 96 participants in the clinical group, a vari-
able number of participants failed to complete all four questionnaires (PQB: 26 in the clinical
group; PHQ-9: 2 in the general group; 3 in the clinical group; DASS: 8 in the clinical group).

3.1. Psychometric properties

The Basque versions of the scales showed adequate sensitivity to discriminate general and clin-
ical groups, with p-values < .0001 for both mean and median comparisons. Confirmatory
analysis yielded adequate goodness-of-fit indices (Supplementary Table 1 in S1 File). The cut-
off for comparative fit index (CFI) was set at > 0.95 and for Tucker-Lewis index (TLI) t > 0.95
[60]. The cut-off for acceptable model-fit was set at RMSEA < 0.08 [61]. Reliability and con-
current validity data are shown in Supplementary Table 2 in S1 File, with Cronbach’s alpha
values ranging from .71 and .75 for PHQ-9 factor 2 to .90 for the stress subscale of the DASS-
42. All alpha values were above 0.7, demonstrating good reliability properties. Factor loadings
for all the scales are represented in Supplementary Tables 3A-D in S1 File. In this case, previ-
ous factor loadings were confirmed for DASS, PQB and GAD-7; in the case of PHQ-9, a 2-fac-
tor structure fitted better than the unifactorial model.

3.2. Differences in symptom severity according to linguistic variables

Below, we report the results of the three analyses (within-group analyses of the general and
clinical populations and between-group analysis) conducted to assess the relation between
reported symptom severity on the four questionnaires and four linguistic predictor variables
(L1, Basque proficiency, exposure and AoA). For the PQB, we report the models with the total
scores and with the distress ratings and for the DASS, we report the total score and the three
elements separately (depression, anxiety and stress).

PQB total. General population. The analysis of the general group included 501 partici-
pants (373 female; mean age: 26.6, standard deviation (SD: 7.2, range: 18-45). The model with
lowest AIC included Exposure, Proficiency and L1 among the linguistic predictors, and the
three demographic predictors, along with the interaction between Exposure and Gender and
between L1 and Education. Among these, only Education (Df ;) Chi-Square: 13.761, corrected
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p =0.02190) and Age (Df(;), Chi-Square: 8.841, corrected p = 0.02660) were significantly asso-
ciated with PQB total scores, while the effect of linguistic variables did not reach statistical
significance.

Clinical population. The clinical group included 70 participants (34 female; mean age: 30.4
years, SD: 8.2, range: 18-45). The model with the lowest AIC included Exposure, Age and the
interaction between these two predictors. Neither Exposure nor interaction between Exposure
and Age reached statistical significance.

Between-group analysis. A total of 72 age- and gender-matched participants per group were
included in this analysis (General group: 34 females; mean age: 30.35 years, SD: 7.97; Clinical
group: 34 females; mean age: 30.41; years, SD: 7.96). The model with the lowest AIC included
Group, AoA and Exposure. Group was significantly associated with PQB symptoms, as
expected (Df(;), Chi-square: 13.965; corrected p = 0.0008). Significantly higher total PQB
scores were found in the clinical group (EMM: 5.02, SE: 0.609, CI: 3.96, 6.36) compared to the
general population (EMM: 2.95, SE: 0.382, CI: 2.29, 3.81; z-ratio: -2.930, p = 0.0034). Profi-
ciency in Basque was also associated with PQB scores (Df(;), Chi-Square: 7.536, corrected
p = 0.0181): for each 1 point increase in Basque Proficiency (on a scale of 0 to 10), PQB scores
decreased by -0.17 (intercept: 2.63, SE: 0.06444 CI: -0.30, 0.03) (see Fig 2).

Stepwise regression analysis for the PQB scale (total score) is shown in Supplementary
Table 4A in S1 File.

PQB distress. General population. The analysis of the general group included a total of
501 participants (373 females; mean age: 26.65, SD: 7.73, range: 18-45). A model including
Education and Age provided the lowest AIC. Education was found to be a significant predictor
of PQB scores (Df,y Chi-Square: 14.400; corrected p = 0.02190).

Clinical population. The analysis of the clinical group included a sample of 68 participants
(33 females; mean age: 30.28 years, SD: 8.03, range: 18-45 years). The intercept-only model
had the lowest AIC.

Between-group analysis. A total of 68 age- and gender-matched participants per group were
included in this analysis (General group: 34 females; mean age: 30.2 years, SD: 8; Clinical
group: 34 females; mean age: 30.3; years, SD: 8). A model including Group, AoA, Proficiency
and Exposure provided the lowest AIC. Group, AoA and Proficiency were found to be signifi-
cantly associated with distress symptoms. Group was significantly associated with distress
symptoms (Df(;), Chi-Square: 14.498, corrected p = .0007), with lower scores in the general
group. A significant association was found between AoA and distress symptoms (Df(;), Chi-
Square: 5.547, corrected p = .0407). For each year later the AoA of Basque, distress symptoms
across the two groups decreased by 0.24 points (SE: 2.01; CI: -0.45, -0.01), as shown in Fig 2.
Similarly, Proficiency was associated with distress scores (Df(;), Chi-Square: 8.601, corrected
p =0.01110). For each 1 point increase in Basque Proficiency, participants’ distress symptoms
across the two groups decreased by -0.47 points (SE: 0.16, CI: -0.82, -0.14) (Fig 2C).

Stepwise regression analysis for the PBQ distress subscale is shown in Supplementary
Table 4B in S1 File.

PHQ-9. General population. The analysis of the general group included a final sample of
499 participants (371 females; mean age: 26.69, SD: 7.28, range: 18-45). The model providing
the lowest AIC included the predictors Exposure, Proficiency, L1, Education, and Age, as well
as the interaction between Exposure and Age, L1 and Education, and Proficiency and Age.
After FDR correction, only the interaction between Proficiency and Age (Df(;), Chi-Square:
8.838, corrected p = 0.02660) was found to be reliably associated with PHQ-9 scores. As shown
in Fig 2, participants below 26 years and with lower proficiency in Basque reported more
severe depressive symptoms compared to older participants.
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Fig 2. Association between expressive symptoms and linguistic variables. (A) General population, (B) Clinical
population (C), Comparison between General and Clinical populations. Note that in Fig 2A, age is a continuous
predictor that has been broken down into three age groups only for illustrative purposes. PHQ: Patient Health
Questionnaire; DASS: Depression, Anxiety and Stress Scale; PQB: Prodromal questionnaire.

https://doi.org/10.1371/journal.pone.0314069.9002

Clinical population. Ninety-one participants were included in the analysis of the clinical
group (47 females; mean age: 30.87 years, SD: 8.08, range: 18-45 years). Stepwise regression
indicated that the lowest AIC was provided by a model including AoA, Exposure, Proficiency,
L1, Age, Gender, Education, as well as the interaction between Proficiency and Gender, L1
and Gender, AoA and Age, Exposure and Age, and Exposure and Education. After FDR cor-
rection, only AoA was found to be a significant predictor (Df(;), Chi-square: 11.552,

p = 0.00940). For each year later the AoA of Basque, participants’ PHQ scores decreased by
-0.23 (intercept: 2.78, se: 0.15, CI: -0.38, -0.08 (Fig 2).

Between-group analysis. A total of 91 age- and gender-matched participants per group were
included in this analysis (General group: 51 females; mean age: 31.56 years, SD: 8.39, range:
18-45; Clinical group: 51 females; mean age: 30.87; years, SD: 8.08, range: 18-45). The lowest
AIC was provided by a model that included Group, AoA, Proficiency and L1, together with
the interaction between Group and AoA, Exposure and L1.

L1 was significantly associated with PHQ scores (Df(;), Chi-Square: 9.120, corrected
p = 0.00930). Participants whose L1 was Basque had higher PHQ scores (EMM.: 10.98, se:
0.813, CI: 9.50-12.69, Fig 2) compared to those with Spanish as their L1 (EMM: 8.63, se: 0.589,
CI: 7.55-9.86, z-ratio: 2.268, p = 0.0234). Moreover, a significant L1 by Group interaction was
found (Df;), Chi-Square: 6.305, corrected p = 0.03310). Post-hoc analysis revealed that within
the clinical group, having Basque or Spanish as L1 was associated with symptoms of similar
severity (Basque: 13.60, se: 1.639, CI: 10.74-17.22; Spanish: 14.67, se: 1.291, CI: 12.35-17.43, z-
ratio: -0.461 p = 0.6449), while in the general group, participants with Basque as their L1
reported higher symptoms compared to those with Spanish as their L1 (Basque: 7.83, se: 0.797,
CI: 6.42-9.56; Spanish: 4.67, se: 0.554, CI: 3.70-5.90, z-ratio: 3.020, p = 0.0025). A significant
Group by Exposure interaction was also found (Df(;), Chi-Square: 5.915, corrected p =
.03810). Post-hoc analyses revealed a marginal effect of Exposure to Basque within the Clinical
group, such that for each 1% increase in exposure to Basque, symptoms increased by 0.13
points (intercept: 2.82, se: 0.08, CI: -0.017-0.28, z-value: 1.70, p = 0.0887). In contrast, in the
general group, symptoms decreased by 0.14 points (intercept: 2.07, se: 0.09, CI: -0.33, 0.04, z-
value: -1.60, p = 0.1076) for each 1% increase in exposure to Basque (Fig 2).

Stepwise regression analysis for the PHQ-9 is shown in Supplementary Table 5 in S1 File.

GAD-7. General population. A final sample of 501 participants was included in the analy-
sis of the general group (373 females; mean age: 26.66 years, SD: 7.28, range: 18-45). The
model with lowest AIC included the following predictors: AoA, Exposure, Proficiency, Age,
Gender, and the interactions between Age and AoA, Proficiency and Exposure. However,
none of these predictors were found to be significantly associated with GAD symptoms after
FDR correction.

Clinical population. The clinical group included 93 participants (47 females; mean age:
30.62, SD: 8.16, range: 18-45). The model with the lowest AIC included only the Gender vari-
able. However, Gender was not significantly associated with GAD-7 scores.

Between-groups analysis. A total of 93 age- and gender-matched participants per group
were included in this analysis (General group: 51 females; mean age: 31.4 years, SD: 8.6, range:
18-45; Clinical group: 47 females; mean age: 30.6; years, SD: 8.2, range: 18-45). A model
including only the Group predictor provided the lowest AIC. Group was significantly associ-
ated with GAD symptoms (Df(;, Chi-Square = 46.882, corrected p < .001) Participants in the
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general group (EMM: 5.87, SE: 0.361, CI: 5.20-6.62) reported lower anxiety symptoms, as
expected.

Stepwise regression analysis for the GAD-7 is shown in Supplementary Table 6 in S1 File.
DASS. DASS total. General population. A total of 509 participants were included in the
analysis of the general group (373 females; mean age: 26.6, SD: 7.3, range; 18-45). The maximal
model tested included all the linguistic and demographic predictors, as well as the interactions

between all four linguistic predictors and Gender and Age. The interaction with Education
was removed since it led to non-convergence of the algorithm. The lowest AIC was provided
by a model including the following predictors: Age and Education; Proficiency and L1; and the
interaction between Proficiency and Age. However, none of these predictors were significantly
associated with DASS total scores after FDR correction.

Clinical population. A total of 89 participants were included in the analysis of the clinical
group (41 females; mean age: 30.4 years, SD: 7.9, range: 18-45). The model with lowest AIC
included AoA, L1, Age and Education, as well as the interaction between AoA and Age. After
FDR correction, AoA was found to be a significant predictor of total DASS scores (Df(;), Chi-
Square = 7.970, corrected p = 0.03330). One year later AoA of Basque was associated with a
decrease in DASS total scores of 0.22 points (intercept: 3.76, SE: 0.08, CI: -0.4, -0.05, Fig 2).

Between-group analysis. A total of 86 age- and gender-matched participants per group were
included in this analysis (General group: 41 females; mean age: 30.3 years, SD: 8, range: 18-45;
Clinical group: 41 females; mean age: 30.4 years, SE: 8, range: 18-45). Backward model selec-
tion indicated that the lowest AIC was provided by a model including Group, AoA and L1,
and the interactions between Group and AoA and L1. Group was significantly associated with
total DASS scores (Df;), Chi-Square: 23.3869, corrected p < .001), as expected. No other sig-
nificant association was found.

Stepwise regression analysis for the DASS-42 (total score) is shown in Supplementary
Table 7A in S1 File.

DASS depression. General population. A total of 501 participants were included in the
general group (373 females; mean age: 26.7, SD: 7.3, range: 18-45). In the full model, inclusion
of the interaction between linguistic predictors and Education resulted in non-convergence of
the algorithm and so this term was dropped. Backward model selection indicated that a model
with Exposure, Proficiency, L1, Education, Age and the interaction between Proficiency and
Age provided the lowest AIC. A significant association was found between Education and
depression scores (Df(,) Chi-Square: 13.059, corrected p = 0.02190), while the effects of linguis-
tic variables did not reach statistical significance.

Clinical population. A total of 87 participants were included in the analysis of the clinical
group (42 females; mean age: 30.38 years, SD:7.95, range: 18-45). The intercept-only model
provided the lowest AIC.

Between-group analysis. A total of 87 age- and gender-matched participants per group were
included in this analysis (General group: 42 females; mean age: 30.3 years, SD: 8.2, range: 18-
45; Clinical group: 42 females; mean age: 30.4 years, SD: 13.3, range: 18-45). Stepwise regres-
sion showed that a model with Group, AoA, Proficiency, Exposure, L1 and the interaction
between Group and AoA and Exposure and L1 provided the lowest AIC. Group was signifi-
cantly associated with depression symptoms (Df(;, Chi-Square: 67.947, p < .001), with lower
scores for the general group (EMM: 5.63 SE: 0.668; CI: 4.46,7.11). Participants’ L1 was also
associated with depression symptoms (Df(;), Chi-Square: 5.754, corrected p = 0388). More-
over, a significant interaction between Group and L1 (Df(;, Chi-Square: 5.136, corrected p =
.0483) showed that within the clinical group, the severity of depression symptoms was similar
among participants with Basque (EMM: 18.69, SE: 3.784, CI: 12.57, 27.79) and Spanish as L1
(EMM: 22.94, SE: 3.547, CI: 16.94, 31.06, z-ratio: - 0.731, p = 0.4647). In contrast, within the
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general group, participants whose L1 was Basque reported higher depressive symptoms
(EMM: 7.24, SE: 1.266, CI: 5.13, 10.20) compared to those with Spanish as their L1 (EMM:
3.54, SE: 0.723, CI: 2.37-5.28, z-ratio: 2.399, p = 0.0165, see Fig 2)

Stepwise regression analysis for the depression subscale of DASS-42 is shown in Supple-
mentary Table 7B in S1 File.

DASS anxiety. General population. A total of 501 participants were entered in the analysis
for the general group (373 females; mean age: 26.66, SD: 7.73, range: 18-45). Backward model
selection indicated that a model including Education and Age provided the lowest AIC. A sig-
nificant association was found between Education and anxiety scores (Df), Chi-Square:
10.296, corrected p = 0.04360).

Clinical population. A total of 86 participants were included in the analysis of the clinical
group (41 females; mean age: 30.4 years, SD: 8, range: 18-45). The model with the lowest AIC
resulting from backward selection included AoA, Exposure, Education, Age and the interac-
tion of Age with AoA and Exposure. As shown in Fig 2, AoA correlated with anxiety symp-
toms in the clinical group (Df(;), Chi-Square: 10.819, corrected p = 0.00940: as participants’
age increased, anxiety symptoms decreased by 0.32 points (intercept: 3.05, se: 0.14643, CI:
-0.51, -0.10).

Between-group analysis. A total of 86 age- and gender-matched participants per group were
included in this analysis (General group: 41 females; mean age: 30.3 years, SD: 8, range: 18-45;
Clinical group: 41 females; mean age: 30.4 years, SD: 8, range: 18-45). The model with the low-
est AIC included the Group variable. Group was significantly associated with anxiety scores
(Df(1), Chi-Square: 82.043, corrected p < .001), with the general group showing lower anxiety
(EMM: 4.63, SE: 0.477; CI: 3.78,5.66) than the clinical group (EMM: 16.38, SE: 1.540; CL:
13.63, 19.70).

Stepwise regression analysis for the anxiety subscale of DASS-42 is shown in Supplementary
Table 7C in S1 File.

DASS stress. General population. A total of 501 participants were included in the analysis
of the general group (373 females; mean age 26.66, SD: 7.73, range: 18-45). Backward model
selection resulted in a model that included Proficiency, L1, Education, Age, the interaction
between Age and Proficiency and between L1 and Education. None of the variables showed a
statistically significant association with stress symptoms.

Clinical population. The final sample for the analysis of the clinical group included 87 par-
ticipants (42 females; mean age: 30.55, SD: 8.1, range: 18-45). The lowest AIC was provided by
the intercept-only model.

Between-groups analysis. A total of 87 age- and gender-matched participants per group
were included in this analysis (General group: 42 females; mean age: 30.5 years, SD: 8.1, range:
18-45; Clinical group: 42 females; mean age: 30.6 years, SD: 8.1, range: 18-45). A model with
the Group predictor provided the lowest AIC, with the variable Group being significantly asso-
ciated with stress symptoms (Df(;), Chi-Square: 57.768, corrected p < .001). Higher stress
symptoms were found in the clinical population (EMM: 20.28, SE: 1.684, CI: 17.2, 23.9) com-
pared to the general population group (EMM: 8.08, SE: 0.712, CI: 6.8, 9.6; z-ratio: -7.600, p <
.001)

Stepwise regression analysis for the stress subscale of DASS-42 is shown in Supplementary
Table 7D in S1 File.

4. Discussion

The goal of the current study was to develop and test the psychometric properties of the Bas-
que versions of the PQ-B, the PHQ-9, the GAD-7 and the DASS-42, as well as to assess
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whether and to what extent the severity of psychopathology could be associated with linguistic
profile, in a representative sample of Basque-Spanish bilingual individuals.

Following back-translation, the validation of the four questionnaires revealed their ade-
quate sensitivity and goodness of fit, as well as good reliability indices.

Based on previous studies [6-12], we expected participants with Basque as their L1 to report
more severe symptoms compared to those whose L1 was Spanish, both in the general and in
the clinical population, as well as in the comparison between them. A similar pattern was
expected for participants with greater exposure to Basque and proficiency in this language,
and those who had acquired Basque earlier in life. However, the results reveal a non-homoge-
neous scenario across populations and questionnaires: whereas reporting of depressive symp-
toms appeared to be modulated by all four linguistic variables analyzed with a congruent
pattern, the severity of psychotic symptoms was associated only with proficiency and age of
acquisition of Basque, and furthermore, these associations contradict previous findings. In
both cases, a relation between linguistic variables and reported symptoms consistently
emerged in between-group analysis, while it was less reliable in the two within-group analyses.
Below, we discuss these results and their implications in greater detail.

4.1. Differences in prodromal psychotic symptom severity in relation to
linguistic variables

Contrary to what we expected, linguistic variables were not consistently associated with the
psychotic symptomatology evaluated by the PQB, either in the general or the clinical group
separately. Although the existing literature is scarce, most previous reports exploring the dif-
ferences in psychotic symptoms based on the language of assessment, including a meta-analy-
sis conducted by our group [5], pointed to reporting of more severe symptoms when the
assessment was conducted in the L1 compared to L2. In the current study, L1 was not signifi-
cantly associated with total or distress scores on the PQB. Indeed, the only linguistic variable
associated with the PQB total score was proficiency, and the direction of the association
(higher proficiency, lower score) seem to contradict what previous studies have described.
Also, none of the other linguistic variables that could be linked to higher proficiency (AoA,
exposure and L1) seem to be related to the PQB total score, which is the score that best reflects
the presence of psychotic symptomatology.

A plausible explanation for these contrasting results concerns the different socio-linguistic
contexts in which this and previous studies were conducted. Participants in both our general
and clinical samples were highly proficient bilingual speakers (see Fig 1) who, in most cases,
acquired both languages early in their lives and, at the time of testing, lived in a balanced bilin-
gual context. In contrast, most previous studies were conducted in monolingual settings with a
large migrant population, whose first language was different from the language in which the
evaluation was carried out [6,8,10,20].

In addition, most investigations have not separately considered linguistic factors such as
proficiency, AoA, or exposure to each language. In this respect, our work is more rigorous
since it included these different linguistic factors and, thus, it could be considered a more com-
plete examination of the linguistic reality of the participants.

The comparison of the two groups revealed significant associations between Basque Profi-
ciency and AoA with the symptoms evaluated by the PQB questionnaire. In both groups, the
higher participants’ proficiency in Basque, the lower their psychotic symptoms, as evaluated by
the PQB total. In contrast, the later the age at which Basque was acquired, the lower the distress
symptoms reported by participants in the two groups. Proficiency is usually higher in the lan-
guage mainly used at home [62], so the association between a greater proficiency in Basque
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and less severe symptoms was unexpected. It seems at odds with the association between the
later age of Basque acquisition and lower distress symptoms observed in the same samples.
Therefore, these results require further study.

4.2. Differences in depressive and anxious symptom severity according to
linguistic variables

Regarding depressive and anxious symptomatology (measured with PHQ-9, GAD-7 and
DASS), our result point to a greater influence of linguistic variables on depressive symptoms
than on anxious ones. Indeed, with respect to anxious symptomatology, the effect of linguistic
variables is marginal and not consistent across the different tools used to assess it.

Specifically, and although we failed to find evidence for the association between partici-
pants’ L1 and their depressive symptoms when the two groups were analyzed separately, in the
between-group analyses, the L1 was differentially associated with the severity of the depressive
symptoms reported by the two groups. In both PHQ-9 and DASS depression, L1-Basque par-
ticipants in the general group reported more severe depressive symptoms compared to those
with Spanish as their L1, as we expected. In contrast, in the clinical group, the difference in
symptom severity between L1-Basque and L1-Spanish participants was not statistically signifi-
cant. In other words, whether the assessment was carried out in the participants’ first language
mattered only in the non-clinical population. This difference between both groups may be due
to the fact that the instruments used have screening purposes, so that there could be a ceiling
effect in the results obtained in the clinical group that prevents adequate discrimination.
Although the individuals included in the clinical sample have different underlying pathologies,
it is to be expected that they report greater psychological distress as a group. Nonetheless, a
later AoA of Basque was associated with lower scores on PHQ-9 in the clinical group, which
could be in line with the above-mentioned results.

Finally, the amount of exposure to Basque was associated with different PHQ-9 symptoms
across the two groups. While in the clinical group greater exposure to Basque was associated
with increased depressive symptoms, this was not the case in the general group. This result
seems to contradict the previous one, although it is true that we cannot infer that having Bas-
que as L1 is equivalent to a greater use in everyday life. Use and exposure depend to a large
extent on the specific context in which an individual lives and works/studies. Exposure was a
composite measure that included different components (the percentage of reading, writing,
speaking, listening in a specific language), so it could be interesting to make a disaggregated
analysis of the relationship with each of these components in the future. It is possible that the
associations are different depending on the area of language use. It should also be noted that
we assessed symptomatology by means of written questionnaires, which involve reading and
writing, and their results may not generalize to interview-based assessment, which involves
speaking and listening, and thus a more spontaneous and less formal type of communication.
Furthermore, the involvement of the three main executive functions [63] in oral communica-
tion and written communication differ [64]. In relation to verbal communication, a multidi-
rectional relationship between language and executive functions has been described [65], so
the impact of L1 on these different skills may differ.

There are no precedents in the literature on differential reporting of depressive and anxiety
symptoms according to different linguistic variables. Based on our results, we could state that
first language is a clinically relevant variable at the time of assessing affective symptoms in the
general population, in line with previous investigations into the assessment of psychotic
symptoms.
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4.3. Limitations and strengths

The main strengths of the study are its sample size, its representativeness (including general
and clinical populations) and its detailed analysis of linguistic profile variables, which has not
been carried out before. In addition, to our knowledge, this is the first study that has explored
possible differences in symptomatic severity in relation to a variety of linguistic factors. Cru-
cially, in contrast to previous studies, which have focused solely on psychotic symptoms, we
also examined the role of language in depressive and anxious symptomatology. Moreover, to
our knowledge, this is also the first time that differences in symptomatic reporting in relation
to L1 have been studied by means of written measures (psychometric tools) instead of
interviews.

However, one limitation of this study is precisely the use of written assessment tools, which
prevents us from directly comparing our results to existing studies conducted through clinical
and semi-structured interviews. In this study, we exploited the need to develop and validate
Basque language versions of various screeners to simultaneously test differences in the report-
ing of psychopathology as a function of linguistic variables in bilingual populations. However,
it would be interesting to design a new study to explore possible differences between written
instruments and interviews, in a balanced bilingual population, using both languages.

In addition, it should be highlighted that we tested a balanced bilingual population, with
most Basque speakers living in the Basque Country having high-proficient bilingual status.
Spanish is the language used most extensively outside of the family environment and by main-
stream press and television, so even those individuals whose first language is Basque achieve a
high level of proficiency in Spanish by adulthood. This situation is similar to other settings in
which two native languages coexist but one of them is dominant, such as the French-speaking
area of Canada or Wales (in the United Kingdom). Therefore, our results may be generalizable
to these types of linguistic settings, but might differ from those obtained with migrant popula-
tions whose first language is different from the language of assessment.

Finally, the fact that we found no language-related differences in the self-reports of psy-
chotic symptomatology in high proficient bilinguals does not indicate that, even in high profi-
cient bilinguals, there may be no differences in the verbal expression of psychotic symptoms
when interviewing in L1 vs. L2. This would be an important line for future research.

This study is a first approach to a very relevant topic, if we take into account that most of
the world’s population is bi- or multilingual, and that there are many societies with various
official languages, where linguistic choice in healthcare is viewed as an important topic.

4.4. Clinical implications

In contrast to our expectations based on our previous meta-analysis [5], in the present study
we did not find differences in the severity of reported prodromal psychotic symptomatology
according to the language of assessment. Specifically, our results suggest that in highly profi-
cient bilingual populations, whether assessments of psychotic symptoms by means of self-
reported questionnaires are conducted in the first vs. second language may not be of clinical
relevance. This has important clinical implications since it suggests that availability of bilingual
psychometric tools to assess psychotic symptomatology may not be critical for treatment out-
comes in balanced bilingual sociocultural contexts, even if healthcare availability in the co-offi-
cial language chosen by the patient should be viewed as a linguistic right.

However, for the questionnaires assessing depressive symptoms, although the L1 was not a
reliable predictor in within-group analyses, it was found to differentiate the clinical group
from a matched group of controls when their depressive symptomatology was contrasted
directly, along with independent effects of proficiency, exposure and age of language
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acquisition. In particular, an association of L1-Basque in the between-group analyses of both
PHQ-9 and DASS-depression, and of AoA in the PHQ-9 clinical group, with reported severity
were found for depressive symptomatology.

Thus, and in contrast to prodromal psychotic symptomatology, the language in which the
self-reported assessment of affective symptomatology was carried out had relevant clinical
implications, mainly in the general population. To our knowledge, this is the first work in
which the relevance of the language of assessment in relation to affective symptoms has been
assessed.

Finally, another important outcome of our study is that the Basque language translations of
the DASS-42, PHQ-9, GAD-7 and PQ-B questionnaires have been validated. These tools are
freely available, so that clinicians and researchers in the Basque region will be able to offer
assessments in the individual’s preferred language.

5. Conclusions

The possible influence of the language in which the psychopathological examination is con-
ducted, mainly in the expression of psychotic symptomatology, has been object of recurrent
interest in recent years. Most of the studies carried out to date point to significant differences
in the expression of psychotic symptoms when the examination is performed using the
patient’s L1 vs. L2, and most of them point to a greater severity in L1. Interestingly, there are
no studies published to date, neither using psychometric instruments as assessment measures,
nor focused on affective symptomatology as main outcome. In our research, we have used a
validation study of four questionnaires that measure psychotic, depressive and anxious symp-
tomatology by means of self-reports, also collecting extensively the linguistic profile of the par-
ticipants. Among the results, we have observed, firstly, that the higher the proficiency in the
language of exploration, the milder the psychotic symptomatology detected, findings that con-
tradict what has been described to date. On the other hand, and in a novel way, we have
observed that L1 is consistently associated with greater severity in the depressive symptomatol-
ogy detected, which is a first report related to affective symptomatology.

Supporting information

S1 File. Supplementary tables.
(DOCX)

Author Contributions

Conceptualization: Leire Erkoreka, Naiara Ozamiz-Etxebarria, Simona Mancini.
Data curation: Onintze Ruiz, Maider Prieto, Argifie Mingo, Simona Mancini.
Formal analysis: Maider Prieto, Argifie Mingo, Urko Aguirre, Simona Mancini.
Investigation: Saioa Aspiazu, Urko Aguirre, Miren Orive.

Methodology: Naiara Ozamiz-Etxebarria, Saioa Aspiazu, Urko Aguirre, Miren Orive.
Project administration: Leire Erkoreka.

Supervision: Leire Erkoreka.

Writing - original draft: Leire Erkoreka, Naiara Ozamiz-Etxebarria, Onintze Ruiz, Maider
Prieto, Saioa Aspiazu, Argifie Mingo, Miren Orive, Simona Mancini.

Writing - review & editing: Leire Erkoreka, Naiara Ozamiz-Etxebarria, Simona Mancini.

PLOS ONE | https://doi.org/10.1371/journal.pone.0314069 March 3, 2025 19/23


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314069.s001
https://doi.org/10.1371/journal.pone.0314069

PLOS ONE

Reported severity of psychotic, depressive and anxiety symptoms in relation to bilingual language profile

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

Diaz E, Miskemen T, Vega WA, Gara M, Wilson DR, Lesser |, et al. Inconsistencies in diagnosis and
symptoms among bilingual and English-speaking Latinos and Euro-Americans. Psychiatr Serv. 2009
Oct; 60(10):1379-82. https://doi.org/10.1176/ps.2009.60.10.1379 PMID: 19797380

Andreae MH, White RS, Chen KY, Nair S, Hall C, Shaparin N. The Effect of Initiatives to Overcome Lan-
guage Barriers and Improve Attendance: A Cross-Sectional Analysis of Adherence in an Inner City
Chronic Pain Clinic. Pain Med. 2017 Feb 1; 18(2):265-74. https://doi.org/10.1093/pm/pnw161 PMID:
28204760

Ohtani A, Suzuki T, Takeuchi H, Uchida H. Language Barriers and Access to Psychiatric Care: A Sys-
tematic Review. Psychiatr Serv. 2015 Aug 1; 66(8):798-805. https://doi.org/10.1176/appi.ps.
201400351 PMID: 25930043

Yeheskel A, Rawal S. Exploring the “Patient Experience” of Individuals with Limited English Proficiency:
A Scoping Review. J Immigr Minor Health. 2019 Aug; 21(4):853-78. https://doi.org/10.1007/s10903-
018-0816-4 PMID: 30203377

Erkoreka L, Ozamiz-Etxebarria N, Ruiz O, Ballesteros J. Assessment of Psychiatric Symptomatology in
Bilingual Psychotic Patients: A Systematic Review and Meta-Analysis. Int J Environ Res Public Health.
2020 Jun 10;17(11). https://doi.org/10.3390/ijerph17114137 PMID: 32531946

Brown CA, Weisman de Mamani A. A comparison of psychiatric symptom severity in individuals
assessed in their mother tongue versus an acquired language: A two-sample study of individuals with
schizophrenia and a normative population. Professional Psychology: Research and Practice. 2017; 48
(1):1-10.

De Zulueta FIS, Gene-Cos N, Grachev S. Differential psychotic symptomatology in polyglot patients:
Case reports and their implications. Br J Med Psychol. 2001 Sep;74 Part 3:277-92.

Del Castillo JC. The influence of language upon symptomatology in foreign-born patients. Am J Psychi-
atry. 1970 Aug; 127(2):242—4. https://doi.org/10.1176/ajp.127.2.242 PMID: 5473153

Hemphill RE. Auditory hallucinations in polyglots. S Afr Med J. 1971 Dec 18; 45(48):1391—4. PMID:
5136040

Price CS, Cuellar |. Effects of Language and Related Variables on the Expression of Psychopathology
in Mexican American Psychiatric Patients. Hispanic Journal of Behavioral Sciences. 1981 Jun 1; 3
(2):145-60.

Schoeman R, Chiliza B, Emsley R, Southwood F. Bilingualism and psychosis: a case report. Schizophr
Res. 2008 Aug; 103(1-3):333-5. https://doi.org/10.1016/j.schres.2008.03.019 PMID: 18485673

Southwood F, Schoeman R, Emsley R. Bilingualism and psychosis: a linguistic analysis of a patient
with differential symptom severity across languages. Southern African Linguistics and Applied Lan-

guage Studies [Internet]. 2009 Jan 1 [cited 2017 Oct 12];27(2). Available from: https://www.ajol.info/
index.php/salas/article/view/46205

Schwanberg JS. Does language of retrieval affect the remembering of trauma? J Trauma Dissociation.
2010; 11(1):44-56. https://doi.org/10.1080/15299730903143550 PMID: 20063247

Guttfreund DG. Effects of language usage on the emotional experience of Spanish-English and
English-Spanish bilinguals. J Consult Clin Psychol. 1990 Oct; 58(5):604—7. https://doi.org/10.1037//
0022-006x.58.5.604 PMID: 2254507

Pavlenko A. Affective processing in bilingual speakers: disembodied cognition? Int J Psychol. 2012; 47
(6):405-28. https://doi.org/10.1080/00207594.2012.743665 PMID: 23163422

Morawetz C, Oganian Y, Schlickeiser U, Jacobs AM, Heekeren HR. Second Language Use Facilitates
Implicit Emotion Regulation via Content Labeling. Front Psychol. 2017; 8:366. https://doi.org/10.3389/
fpsyg.2017.00366 PMID: 28360873

Ivaz L, Costa A, Dufiabeitia JA. The emotional impact of being myself: Emotions and foreign-language
processing. J Exp Psychol Learn Mem Cogn. 2016 Mar; 42(3):489-96. https://doi.org/10.1037/
xIm0000179 PMID: 26348199

Hadden LM, Alderson-Day B, Jackson M, Fernyhough C, Bentall RP. The auditory-verbal hallucinations
of Welsh-English bilingual people. Psychol Psychother. 2020 Mar; 93(1):122—33. https://doi.org/10.
1111/papt.12234 PMID: 31187575

Malo P, Medrano J, Uriarte JJ. Alucinaciones auditivas en sujetos bilinglies. Archivos de neurobiologia.
1991; 54(1):15-9.

Sandoval LR, Stone L, Guimond S, Lawler A, Keshavan MS, Stone WS. Encapsulating psychosis with
a second language: A clinical case. Schizophr Res. 2021 Nov 17;S0920-9964(21)00422-9. https://doi.
org/10.1016/j.schres.2021.11.001 PMID: 34799223

PLOS ONE | https://doi.org/10.1371/journal.pone.0314069 March 3, 2025 20/23


https://doi.org/10.1176/ps.2009.60.10.1379
http://www.ncbi.nlm.nih.gov/pubmed/19797380
https://doi.org/10.1093/pm/pnw161
http://www.ncbi.nlm.nih.gov/pubmed/28204760
https://doi.org/10.1176/appi.ps.201400351
https://doi.org/10.1176/appi.ps.201400351
http://www.ncbi.nlm.nih.gov/pubmed/25930043
https://doi.org/10.1007/s10903-018-0816-4
https://doi.org/10.1007/s10903-018-0816-4
http://www.ncbi.nlm.nih.gov/pubmed/30203377
https://doi.org/10.3390/ijerph17114137
http://www.ncbi.nlm.nih.gov/pubmed/32531946
https://doi.org/10.1176/ajp.127.2.242
http://www.ncbi.nlm.nih.gov/pubmed/5473153
http://www.ncbi.nlm.nih.gov/pubmed/5136040
https://doi.org/10.1016/j.schres.2008.03.019
http://www.ncbi.nlm.nih.gov/pubmed/18485673
https://www.ajol.info/index.php/salas/article/view/46205
https://www.ajol.info/index.php/salas/article/view/46205
https://doi.org/10.1080/15299730903143550
http://www.ncbi.nlm.nih.gov/pubmed/20063247
https://doi.org/10.1037//0022-006x.58.5.604
https://doi.org/10.1037//0022-006x.58.5.604
http://www.ncbi.nlm.nih.gov/pubmed/2254507
https://doi.org/10.1080/00207594.2012.743665
http://www.ncbi.nlm.nih.gov/pubmed/23163422
https://doi.org/10.3389/fpsyg.2017.00366
https://doi.org/10.3389/fpsyg.2017.00366
http://www.ncbi.nlm.nih.gov/pubmed/28360873
https://doi.org/10.1037/xlm0000179
https://doi.org/10.1037/xlm0000179
http://www.ncbi.nlm.nih.gov/pubmed/26348199
https://doi.org/10.1111/papt.12234
https://doi.org/10.1111/papt.12234
http://www.ncbi.nlm.nih.gov/pubmed/31187575
https://doi.org/10.1016/j.schres.2021.11.001
https://doi.org/10.1016/j.schres.2021.11.001
http://www.ncbi.nlm.nih.gov/pubmed/34799223
https://doi.org/10.1371/journal.pone.0314069

PLOS ONE

Reported severity of psychotic, depressive and anxiety symptoms in relation to bilingual language profile

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Boparai JK, Singh S, Kathuria P. How to Design and Validate A Questionnaire: A Guide. Curr Clin Phar-
macol. 2018; 13(4):210-5. https://doi.org/10.2174/1574884713666180807151328 PMID: 30084336

Taherdoost H. Validity and Reliability of the Research Instrument; How to Test the Validation of a Ques-
tionnaire/Survey in a Research [Internet]. Rochester, NY: Social Science Research Network; 2016
Aug [cited 2022 Sep 30]. Report No.: 3205040. Available from: https://papers.ssrn.com/abstract=
3205040

Fusar-Poli P, McGorry PD, Kane JM. Improving outcomes of first-episode psychosis: an overview.
World Psychiatry. 2017 Oct; 16(3):251-65. https://doi.org/10.1002/wps.20446 PMID: 28941089

Murru A, Carpiniello B. Duration of untreated iliness as a key to early intervention in schizophrenia: A
review. Neurosci Lett. 2018 Mar 16; 669:59-67. https://doi.org/10.1016/j.neulet.2016.10.003 PMID:
27717830

Penttila M, Jaaskelainen E, Hirvonen N, Isohanni M, Miettunen J. Duration of untreated psychosis as
predictor of long-term outcome in schizophrenia: systematic review and meta-analysis. Br J Psychiatry.
2014 Aug; 205(2):88-94. https://doi.org/10.1192/bjp.bp.113.127753 PMID: 25252316

Jang YE, Lee TY, Hur JW, Kwon JS. Validation of the Korean Version of the Prodromal Questionnaire-
Brief Version in Non-Help-Seeking Individuals. Psychiatry Investig. 2019 Feb; 16(2):109-14. https://doi.
org/10.30773/pi.2018.10.23 PMID: 30808116

Kaligis F, Ismail Marsubrin RI, Wiguna T, Noorhana SW, Aimasyhur AF. Translation and validation
study of the prodromal questionnaire brief version into Indonesian language. Asian J Psychiatr. 2018
Oct; 37:96—-101. https://doi.org/10.1016/j.ajp.2018.08.012 PMID: 30170200

Okewole AO, Ajogbon D, Adeniji AA, Omotoso OO, Awhangansi SS, Fasokun ME, et al. Psychosis risk
screening among secondary school students in Abeokuta, Nigeria: Validity of the Prodromal Question-
naire—Brief Version (PQ-B). Schizophr Res. 2015 May; 164(1-3):281-2. https://doi.org/10.1016/j.
schres.2015.01.006 PMID: 25640525

Pelizza L, Azzali S, Paterlini F, Scazza |, Garlassi S, Chiri LR, et al. The Italian Version of the Brief 21-
Item Prodromal Questionnaire: Field Test, Psychometric Properties and Age-Sensitive Cut-Offs. Psy-
chopathology. 2018; 51(4):234—44. https://doi.org/10.1159/000490708 PMID: 30032134

Xul, Zhang T, Zheng L, LiH, Tang Y, Luo X, et al. Psychometric Properties of Prodromal Question-
naire-Brief Version among Chinese Help-Seeking Individuals. PLoS One. 2016; 11(2):e0148935.
https://doi.org/10.1371/journal.pone.0148935 PMID: 26859774

Kline E, Thompson E, Demro C, Bussell K, Reeves G, Schiffman J. Longitudinal validation of psychosis
risk screening tools. Schizophr Res. 2015 Jul; 165(2-3):116—22. https://doi.org/10.1016/j.schres.2015.
04.026 PMID: 25975827

GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12 mental disorders
in 204 countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease
Study 2019. The Lancet Psychiatry. 2022 Feb; 9(2):137-50. https://doi.org/10.1016/S2215-0366(21)
00395-3 PMID: 35026139

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen
Intern Med. 2001 Sep; 16(9):606—13. https://doi.org/10.1046/j.1525-1497.2001.016009606.x PMID:
11556941

Patel JS, Oh Y, Rand KL, Wu W, Cyders MA, Kroenke K, et al. Measurement invariance of the patient
health questionnaire-9 (PHQ-9) depression screener in U.S. adults across sex, race/ethnicity, and edu-
cation level: NHANES 2005-2016. Depress Anxiety. 2019 Sep; 36(9):813-23. https://doi.org/10.1002/
da.22940 PMID: 31356710

OECD/EU. OECD/EU (2018), Health at a Glance: Europe 2018: State of Health in the EU Cycle, OECD
Publishing, Paris. [Internet]. OECD Publishing; 2018. Available from: https://doi.org/10.1787/health_
glance_eur-2018-en

Spitzer RL, Kroenke K, Williams JBW, Léwe B. A brief measure for assessing generalized anxiety disor-
der: the GAD-7. Arch Intern Med. 2006 May 22; 166(10):1092-7. https://doi.org/10.1001/archinte.166.
10.1092 PMID: 16717171

Lovibond SH, Lovibond PF. Manual for the Depression Anxiety Stress Scales. 2nd ed. Sydney: Psy-
chology Foundation; 1995.

Loewy RL, Pearson R, Vinogradov S, Bearden CE, Cannon TD. Psychosis risk screening with the Pro-
dromal Questionnaire—brief version (PQ-B). Schizophr Res. 2011 Jun; 129(1):42—-6. https://doi.org/10.
1016/j.schres.2011.03.029 PMID: 21511440

Loewy RL, Bearden CE, Johnson JK, Raine A, Cannon TD. The prodromal questionnaire (PQ): prelimi-
nary validation of a self-report screening measure for prodromal and psychotic syndromes. Schizophr
Res. 2005 Sep 15; 77(2-3):141-9. https://doi.org/10.1016/j.schres.2005.03.007 PMID: 15905071

PLOS ONE | https://doi.org/10.1371/journal.pone.0314069 March 3, 2025 21/23


https://doi.org/10.2174/1574884713666180807151328
http://www.ncbi.nlm.nih.gov/pubmed/30084336
https://papers.ssrn.com/abstract=3205040
https://papers.ssrn.com/abstract=3205040
https://doi.org/10.1002/wps.20446
http://www.ncbi.nlm.nih.gov/pubmed/28941089
https://doi.org/10.1016/j.neulet.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/27717830
https://doi.org/10.1192/bjp.bp.113.127753
http://www.ncbi.nlm.nih.gov/pubmed/25252316
https://doi.org/10.30773/pi.2018.10.23
https://doi.org/10.30773/pi.2018.10.23
http://www.ncbi.nlm.nih.gov/pubmed/30808116
https://doi.org/10.1016/j.ajp.2018.08.012
http://www.ncbi.nlm.nih.gov/pubmed/30170200
https://doi.org/10.1016/j.schres.2015.01.006
https://doi.org/10.1016/j.schres.2015.01.006
http://www.ncbi.nlm.nih.gov/pubmed/25640525
https://doi.org/10.1159/000490708
http://www.ncbi.nlm.nih.gov/pubmed/30032134
https://doi.org/10.1371/journal.pone.0148935
http://www.ncbi.nlm.nih.gov/pubmed/26859774
https://doi.org/10.1016/j.schres.2015.04.026
https://doi.org/10.1016/j.schres.2015.04.026
http://www.ncbi.nlm.nih.gov/pubmed/25975827
https://doi.org/10.1016/S2215-0366%2821%2900395-3
https://doi.org/10.1016/S2215-0366%2821%2900395-3
http://www.ncbi.nlm.nih.gov/pubmed/35026139
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.1002/da.22940
https://doi.org/10.1002/da.22940
http://www.ncbi.nlm.nih.gov/pubmed/31356710
https://doi.org/10.1787/health%5Fglance%5Feur-2018-en
https://doi.org/10.1787/health%5Fglance%5Feur-2018-en
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.1016/j.schres.2011.03.029
https://doi.org/10.1016/j.schres.2011.03.029
http://www.ncbi.nlm.nih.gov/pubmed/21511440
https://doi.org/10.1016/j.schres.2005.03.007
http://www.ncbi.nlm.nih.gov/pubmed/15905071
https://doi.org/10.1371/journal.pone.0314069

PLOS ONE

Reported severity of psychotic, depressive and anxiety symptoms in relation to bilingual language profile

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

Fonseca-Pedrero E, Inchausti F, Pérez-Albéniz A, Ortufio-Sierra J. Validation of the Prodromal Ques-
tionnaire-Brief in a representative sample of adolescents: Internal structure, norms, reliability, and links
with psychopathology. Int J Methods Psychiatr Res. 2018 Dec; 27(4):e1740. https://doi.org/10.1002/
mpr.1740 PMID: 30198201

Fonseca-Pedrero E, Gooding DC, Ortufio-Sierra J, Paino M. Assessing self-reported clinical high risk
symptoms in community-derived adolescents: A psychometric evaluation of the Prodromal Question-
naire-Brief. Compr Psychiatry. 2016 Apr; 66:201-8. https://doi.org/10.1016/j.comppsych.2016.01.013
PMID: 26995254

Gomez-Gomez |, Benitez |, Belldn J, Moreno-Peral P, Olivan-Blazquez B, Claveria A, et al. Utility of
PHQ-2, PHQ-8 and PHQ-9 for detecting major depression in primary health care: a validation study in
Spain. Psychol Med. 2023 Sep; 53(12):5625-35. https://doi.org/10.1017/S0033291722002835 PMID:
36258639

Jomli R, Belhaj H, Ouali U, Zgueb Y, Jemli H, Nacef F. Validation of the Tunisian version of the Patient
Health Questionnaire -9 (PHQ- 9) for Depression screening. Tunis Med. 2020 Dec; 98(12):972-9.
PMID: 33479999

Lamela D, Soreira C, Matos P, Morais A. Systematic review of the factor structure and measurement
invariance of the patient health questionnaire-9 (PHQ-9) and validation of the Portuguese version in
community settings. J Affect Disord. 2020 Nov 1; 276:220-33. https://doi.org/10.1016/j.jad.2020.06.
066 PMID: 32697702

Mwangi P, Nyongesa MK, Koot HM, Cuijpers P, Newton CRJC, Abubakar A. Validation of a Swahili ver-
sion of the 9-item Patient Health Questionnaire (PHQ-9) among adults living with HIV compared to a
community sample from Kilifi, Kenya. J Affect Disord Rep. 2020 Dec; 1:100013. https://doi.org/10.1016/
j.jadr.2020.100013 PMID: 33313580

Gong Y, Zhou H, Zhang Y, Zhu X, Wang X, Shen B, et al. Validation of the 7-item Generalized Anxiety
Disorder scale (GAD-7) as a screening tool for anxiety among pregnant Chinese women. J Affect Dis-
ord. 2021 Mar 1; 282:98-1083. https://doi.org/10.1016/j.jad.2020.12.129 PMID: 33401129

Lee SH, Shin C, Kim H, Jeon SW, Yoon HK, Ko YH, et al. Validation of the Korean version of the Gener-
alized Anxiety Disorder 7 self-rating Scale. Asia Pac Psychiatry. 2022 Mar; 14(1):e12421. https://doi.
org/10.1111/appy.12421 PMID: 32893471

Vrublevska J, Renemane L, Kivite-Urtane A, Rancans E. Validation of the generalized anxiety disorder
scales (GAD-7 and GAD-2) in primary care settings in Latvia. Front Psychiatry. 2022; 13:972628.
https://doi.org/10.3389/fpsyt.2022.972628 PMID: 36276320

Hekimoglu L, Altun ZO, Kaya EZ, Bayram N, Bilgel N. Psychometric properties of the Turkish version of
the 42 item Depression Anxiety Stress Scale (DASS-42) in a clinical sample. Int J Psychiatry Med.
2012; 44(3):183-98. https://doi.org/10.2190/PM.44.3.a PMID: 23586275

Makara-Studzinska M, Tyburski E, Zatuski M, Adamczyk K, Mesterhazy J, Mesterhazy A. Confirmatory
Factor Analysis of Three Versions of the Depression Anxiety Stress Scale (DASS-42, DASS-21, and
DASS-12) in Polish Adults. Front Psychiatry. 2021; 12:770532. https://doi.org/10.3389/fpsyt.2021.
770532 PMID: 35058818

Oei TPS, Sawang S, Goh YW, Mukhtar F. Using the Depression Anxiety Stress Scale 21 (DASS-21)
across cultures. Int J Psychol. 2013; 48(6):1018-29. https://doi.org/10.1080/00207594.2012.755535
PMID: 23425257

Ozamiz-Etxebarria N, Ortiz-Jauregi MA, Escobar JI. Validating the Alternative DSM-5 Criteria for Per-
sonality Disorders: A Study in the Basque Region of Spain. J Nerv Ment Dis. 2019 Mar; 207(3):199—
202. https://doi.org/10.1097/NMD.0000000000000948 PMID: 30724829

R Core Team. A language and environment for statistical computing. R Foundation for Statistical Com-
puting. [Internet]. 2022. Available from: https://www.R-project.org/

Ludecke D, Ben-Shachar MS, Patil |, Waggoner P, Makowski D. performance: An R Package for
Assessment, Comparison and Testing of Statistical Models. Journal of Open Source Software. 2021
Apr 21; 6(60):3139.

Jackman S. pscl: Classes and Methods for R Developed in the Political Science Computational Labora-
tory [Internet]. University of Sidney, Australia; 2023 [cited 2023 Dec 28]. Available from: https://github.
com/atahk/pscl

Ho D, Imai K, King G, Stuart EA. Matchlt: Nonparametric Preprocessing for Parametric Causal Infer-
ence. Journal of Statistical Software. 2011 Jun 14; 42:1-28.

Venables W, Ripley B. Modern Applied Statistics with S. Fourth edition. New York: Springer; 2002.

Fox J, Weisberg S. An R Companion to Applied Regression. Third edition. Thousand Oaks, CA: Sage;
2019.

PLOS ONE | https://doi.org/10.1371/journal.pone.0314069 March 3, 2025 22/23


https://doi.org/10.1002/mpr.1740
https://doi.org/10.1002/mpr.1740
http://www.ncbi.nlm.nih.gov/pubmed/30198201
https://doi.org/10.1016/j.comppsych.2016.01.013
http://www.ncbi.nlm.nih.gov/pubmed/26995254
https://doi.org/10.1017/S0033291722002835
http://www.ncbi.nlm.nih.gov/pubmed/36258639
http://www.ncbi.nlm.nih.gov/pubmed/33479999
https://doi.org/10.1016/j.jad.2020.06.066
https://doi.org/10.1016/j.jad.2020.06.066
http://www.ncbi.nlm.nih.gov/pubmed/32697702
https://doi.org/10.1016/j.jadr.2020.100013
https://doi.org/10.1016/j.jadr.2020.100013
http://www.ncbi.nlm.nih.gov/pubmed/33313580
https://doi.org/10.1016/j.jad.2020.12.129
http://www.ncbi.nlm.nih.gov/pubmed/33401129
https://doi.org/10.1111/appy.12421
https://doi.org/10.1111/appy.12421
http://www.ncbi.nlm.nih.gov/pubmed/32893471
https://doi.org/10.3389/fpsyt.2022.972628
http://www.ncbi.nlm.nih.gov/pubmed/36276320
https://doi.org/10.2190/PM.44.3.a
http://www.ncbi.nlm.nih.gov/pubmed/23586275
https://doi.org/10.3389/fpsyt.2021.770532
https://doi.org/10.3389/fpsyt.2021.770532
http://www.ncbi.nlm.nih.gov/pubmed/35058818
https://doi.org/10.1080/00207594.2012.755535
http://www.ncbi.nlm.nih.gov/pubmed/23425257
https://doi.org/10.1097/NMD.0000000000000948
http://www.ncbi.nlm.nih.gov/pubmed/30724829
https://www.R-project.org/
https://github.com/atahk/pscl
https://github.com/atahk/pscl
https://doi.org/10.1371/journal.pone.0314069

PLOS ONE

Reported severity of psychotic, depressive and anxiety symptoms in relation to bilingual language profile

59.

60.

61.

62.

63.

64.

65.

Lenth RV, Bolker B, Buerkner P, Giné-Vazquez |, Herve M, Jung M, et al. emmeans: Estimated Mar-
ginal Means, aka Least-Squares Means [Internet]. 2023 [cited 2023 Dec 28]. Available from: hitps://
cran.r-project.org/web/packages/emmeans/index.html

Browne MW, Cudeck R. Alternative Ways of Assessing Model Fit. Sociological Methods & Research.
1992 Nov 1; 21(2):230-58.

Cole DA, Howard GS, Maxwell SE. Effects of mono- versus multiple-operationalization in construct vali-
dation efforts. Journal of Consulting and Clinical Psychology. 1981; 49(3):395-405.

Gathercole VCM, Thomas EM. Bilingual first-language development: Dominant language takeover,
threatened minority language take-up. Bilingualism: Language and Cognition. 2009 Apr; 12(2):213-37.

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity and diversity of
executive functions and their contributions to complex “Frontal Lobe” tasks: a latent variable analysis.
Cogn Psychol. 2000 Aug; 41(1):49-100. https://doi.org/10.1006/cogp.1999.0734 PMID: 10945922

Spencer M, Richmond MC, Cutting LE. Considering the Role of Executive Function in Reading Compre-
hension: A Structural Equation Modeling Approach. Sci Stud Read. 2020; 24(3):179-99. https://doi.org/
10.1080/10888438.2019.1643868 PMID: 32982142

Shokrkon A, Nicoladis E. The Directionality of the Relationship Between Executive Functions and Lan-
guage Skills: A Literature Review. Front Psychol. 2022 Jul 19; 13:848696. https://doi.org/10.3389/
fpsyg.2022.848696 PMID: 35928417

PLOS ONE | https://doi.org/10.1371/journal.pone.0314069 March 3, 2025 23/23


https://cran.r-project.org/web/packages/emmeans/index.html
https://cran.r-project.org/web/packages/emmeans/index.html
https://doi.org/10.1006/cogp.1999.0734
http://www.ncbi.nlm.nih.gov/pubmed/10945922
https://doi.org/10.1080/10888438.2019.1643868
https://doi.org/10.1080/10888438.2019.1643868
http://www.ncbi.nlm.nih.gov/pubmed/32982142
https://doi.org/10.3389/fpsyg.2022.848696
https://doi.org/10.3389/fpsyg.2022.848696
http://www.ncbi.nlm.nih.gov/pubmed/35928417
https://doi.org/10.1371/journal.pone.0314069

