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Abstract

based on network analysis metrics.

among the different sex groups.

symptoms in the Paraguayan context.

Background Depression and anxiety are two of the most prevalent and disabling mental disorders worldwide,
both in the general population and in outpatient clinical settings.

Objective This study aimed to analyze the psychometric properties of the Patient Health Questionnaire-4 (PHQ-4)

Methods A total of 911 Paraguayans (23.71% women and 76.29% men; mean age 31.25 years, SD=10.63), selected
by non-probabilistic convenience sampling, participated in the study. Network analysis was used to evaluate
the internal structure, reliability, and measurement invariance between men and women.

Results The results revealed that the PHQ-4 is a unidimensional measure through Exploratory Graph Analysis (EGA).
Reliability, through structural consistency, identified that 100% of the time, only a single dimension was obtained,
and all items remained stable, as they were always replicated within the empirical dimension. The unidimen-

sional structure has shown evidence of configural invariance; therefore, the network structure functioned equally

Conclusion The PHQ-4 presented optimal preliminary evidence of validity based on its internal structure, reliability,
and invariance between sexes. Therefore, it may be useful as an accurate and brief measure of anxiety and depressive
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Introduction

Depression and anxiety are two of the most prevalent and
disabling mental disorders worldwide (Christodoulaki
et al,, 2022; Wicke et al., 2022), both in the general popu-
lation and in outpatient clinical settings (Ghaheri et al.,
2020). According to the Global Burden of Disease Study,
depression and anxiety rank fifth and ninth among the
leading causes of years lost owing to disability, respec-
tively (Wicke et al., 2022). Prior to the COVID-19 pan-
demic, approximately 260 million people worldwide were
reported to have anxiety and more than 300 million were
reported to have depression (World Health Organization,
2017). During the pandemic, the prevalence of depres-
sion (28.18% [95% CI:23.81-32.54]) and anxiety (29.57%
[95% CI:24.67-34.47]) was high compared with normal
pre-pandemic times (Mahmud et al, 2023). In Latin
America, during the pandemic, the prevalence of anxi-
ety was 35% as was the prevalence of depression (35%),
with a higher prevalence of mental health symptoms in
South America (36%) than in Central America (28%).
In Paraguay, different studies have reported that 34.4%
(Torales et al., 2022a, 2022b) and 32% (Caycho-Rodriguez
et al, 2021) of the samples derived from the general
population suffered from severe symptoms of depres-
sion and generalized anxiety disorders, respectively. The
High Frequency Surveys (HES) conducted by the World
Bank in 2021 indicated that Paraguay ranked fourth (tied
with Ecuador and Bolivia) among the countries with the
most worrisome results in the Mental Health Vulner-
ability Index during the pandemic (Canavire-Bacarreza &
Recalde-Ramirez, 2022).

It has been estimated that only approximately 2.2%
of people with depressive and anxious symptoms seek
medical attention (Ohayon & Hong, 2006). Anxiety
and depressive disorders are usually first diagnosed and
treated in a primary care setting (Serrano-Blanco et al,
2010). However, in primary care, the time available for
consultation is short, and health professionals only have
approximately 5-10 min to diagnose, treat, and/or refer
patients for further treatment (Cano-Vindel et al., 2018).
For example, in the primary care setting, about 90% of
physicians indicated the need for more time to make
a diagnosis of depression compared to other illnesses
(Wittchen & Pittrow, 2002). In addition, the relatively
high prevalence of anxiety and depression in primary
care tends to overload the daily practice of health pro-
fessionals, which generates low rates of diagnosis and
treatment (Cano-Vindel et al., 2018). This is expressed
in the fact that health professionals identify only 39% of
patients with depression (Thompson et al., 2000). Fur-
thermore, other studies have indicated that less than 50%
of episodes of depression and anxiety are correctly diag-
nosed (Mitchell et al., 2009; Parmentier et al., 2013). An
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incorrect or missed diagnosis is a serious problem as it
decreases the likelihood of patients receiving appropriate
treatments for anxiety and depression.

Currently, there are different instruments to meas-
ure the symptoms of depression and anxiety, such as
the 17-item Hamilton Depression Rating Scale (HDRS;
Hamilton, 1960), 14-item Hamilton Anxiety Rating Scale
(HARS; Hamilton, 1959), Self-Rating Depression Scale
(Zung, 1965), and Self-Rating Anxiety Scale (Zung, 1971),
each consisting of 20 items. Recently, the Depression
Anxiety and Stress Scale (DASS; Lovibond & Lovibond,
1995), 9-item Patient Health Questionnaire-9 (PHQ-9;
Kroenke et al., 2001), and 7-item Generalized Anxiety
Disorder Scale-7 (GAD-7; Spitzer et al., 2006) have also
been developed. However, it has been suggested that to
make mass screening more efficient or in highly crowded
outpatient clinical settings, it is necessary to have shorter
versions of the scales for application in the general and
clinical populations (Caro-Fuentes & Sanabria-Mazo,
2023; Materu et al., 2020).

To avoid overburdening health professionals in primary
care, the use of brief questions for screening for depres-
sive and anxiety disorders is recommended (Wicke et al.,
2022). Brief tools can help improve clinical outcomes by
reducing misdiagnosis rates in primary care (Arroll et al.,
2010; Schumann et al., 2012). Additionally, the use of
brief measures allows for the detection of mental health
disorders that support the implementation of early inter-
ventions (Mulvaney-Day et al., 2018). Thus, the presence
of ultra-brief screening measures would help improve
the resources of the primary healthcare system (Caro-
Fuentes & Sanabria-Mazo, 2023). The Patient Health
Questionnaire-4 (PHQ-4; Kroenke et al., 2009) is a brief
screening measure of anxiety and depression used in
the primary care setting. In addition, the PHQ-4 is use-
ful in cohort and panel studies (Hajek & Konig, 2020).
The PHQ-4 was designed based on the assumption that
symptoms of depression and anxiety frequently coex-
ist and aims to identify individuals who are experiencing
one or both of these common symptoms (Kroenke et al.,
2009).

The PHQ-4 consists of four items, two measuring
depressive symptoms derived from the Patient Health
Questionnaire-9 (PHQ-9; Kroenke & Spitzer, 2002) and
two measuring anxiety symptoms from the General
Anxiety Disorder-7 (GAD-7; Spitzer et al., 2006). The
PHQ-4 has demonstrated high sensitivity and specific-
ity in detecting depression and anxiety (Gilbody et al.,
2008; Kroenke et al., 2009). Unlike other screening meas-
ures, the PHQ-4 has several advantages. As the PHQ-4
is a self-report measure, it allows the direct assessment
of depression and anxiety levels from people’s own per-
spective (Hartung et al., 2017). In addition, as mentioned
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above, the PHQ-4 is a brief measure whose items are eas-
ily worded and can be answered in a short time (Mitchell,
2010). Other measures with a greater number of items
generate challenges, especially in those with cognitive
functioning problems (Renovanz et al., 2019). However,
it has been indicated that brief two- or four-item meas-
ures, such as the PHQ-4, outperform single-item meas-
ures (Mitchell & Coyne, 2007). Finally, the PHQ-4 is
not a definitive diagnostic measure; however, the results
derived from its application motivate further studies on
mental health problems (Kroenke et al., 2009).

The PHQ-4 has been translated into different languages
including German (Lowe et al., 2010; Wicke et al., 2022),
Greek (Christodoulaki et al., 2022), Korean (Kim et al.,
2021), Swahili (Materu et al., 2020), Arabic (Kliem et al.,
2016), Persian (Ahmadi et al, 2019), Austrian, Croa-
tian, Lithuanian, Portuguese, Swedish (Kazlauskas et al.,
2023), and Spanish (Kocalevent et al., 2014; Lopez Guerra
et al., 2022). Regarding the psychometric evidence of the
PHQ-4 since its original development (Kroenke et al.,
2009), the presence of two factors (anxiety and depres-
sion) and adequate reliability have been suggested. The
two-factor structure, adequate reliability, and evidence
of measurement invariance across different ages, gen-
ders, and other groups have been replicated in different
countries and population groups (Christodoulaki et al.,
2022; Kazlauskas et al., 2023; Khubchandani et al., 2016;
Kim et al., 2021; Kocalevent et al., 2014; Lenz & Li, 2022;
Lopez Guerra et al., 2022; Lowe et al., 2010; Mendoza
et al., 2022; Mills et al., 2015).

Despite the consistent presence of these two factors
in the PHQ-4, it has been suggested that this structure
may not be completely adequate (Kim et al., 2021). This
has also been observed in a study conducted in Tanza-
nia (Materu et al., 2020), where the results of confirma-
tory factor analysis (CFA) indicated that all items of
the PHQ-4 significantly clustered into a single factor.
However, the same study also suggested the presence of
two factors (anxiety and depression) from an explora-
tory approach, using principal component analysis with
varimax rotation. These two procedures are part of
the package known as Little Jiffy (Dominguez-Lara &
Merino-Soto, 2016), which has been reported in psycho-
metric literature because of its large intrinsic limitations
(Ferrando & Anguiano-Carrasco, 2010; Lloret-Segura
et al,, 2014).

The reliability estimate of the two-dimensional model,
using Cronbach’s alpha coefficient, ranged from 0.75 to
0.87, and with the omega coefficient ranged from 0.83 to
0.92 in different cultural contexts (Christodoulaki et al.,
2022; Kazlauskas et al., 2023; Khubchandani et al., 2016;
Kim et al., 2021; Kocalevent et al., 2014; Lopez Guerra
et al., 2022; Lowe et al., 2010; Mendoza et al., 2022; Mills
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et al., 2015). Similarly, the unidimensional model of the
PHQ-4 presented values of Cronbach’s alpha and Omega
coeflicient that varied between 0.82 and 0.91 among dif-
ferent sexes, ages, ethnicities, and other groups (Lenz &
Li, 2022).

Regarding the measurement invariance of the PHQ-
4, previous studies have shown that the fit indices of the
two-dimensional model are consistent despite greater
model constraints. Specifically, all previous studies
demonstrated that the configural (unrestricted) model
presented good fit indices, and that the metric (with
restriction of factor loadings between groups) and scalar
(with restriction of item intersections between groups)
invariance models when comparing male and female
groups presented ACFI lower than 0.01 and a ARMSEA
lower than 0.15 (Cano-Vindel et al., 2018; Christodou-
laki et al., 2022; Kazlauskas et al., 2023; Kocalevent et al.,
2014; Mendoza et al., 2022). Likewise, a multigroup anal-
ysis of the unidimensional model of the PHQ-4 indicated
that scalar invariance between male and female groups
can also be assumed (Lenz & Li, 2022).

Psychometric network analysis

So far, what is known about the factor structure, reli-
ability, and invariance of the PHQ-4 is based on latent
variable models derived from classical test theory (CTT).
However, in latent-variable models, the decision regard-
ing factors obtained through exploratory factor analy-
sis tends to be subjective. In this sense, determining the
latent factor structure can lead to a lack of consensus
in defining and interpreting the obtained factors (Bol-
len, 2002; Borsboom et al., 2003). Operationally defining
latent factors tends to be a subjective process because it
is the researcher who determines the latent factors (Bock,
Goode, & Webb, 2003). In addition, there is no certainty
that latent variables are directly related to psychological
attributes. Data-based latent variables may be influenced
by the sample and may not fully represent a psychologi-
cal attribute (Bollen, 2002). Although this practice is
common in self-report measures such as the PHQ-4, it is
necessary to complement the findings with evidence pro-
vided by alternative and contemporary methods such as
Item Response Theory (IRT) and Network Analysis (NA)
(Dias et al., 2023). Both psychometric network models
and latent variable models are alternatives, as they can
be applied to describe or explain the variance—covariance
structures of different variables of interest (McFarland,
2020).

NA is an analytical tool that provides another way to
conceptualize and evaluate different aspects related to
health (Luke & Harris, 2007). For NA, psychopathologi-
cal disorders can be considered as a complex, dynamic,
and interchangeable system consisting of symptoms or
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behaviors that interact with each other and are not only
causes or effects of a disorder (Borsboom, 2008; Bors-
boom & Cramer, 2013; McNally, 2016). In psychology,
NA allows the identification of observable psychologi-
cal nodes or variables, such as symptoms, behaviors, or
cognitions, among others, and edges, which are the sta-
tistical relationships between the nodes (Epskamp et al.,
2018; Hevey, 2018; McNally, 2016). NA allows for the
identification of the most central symptoms or nodes
that can be useful for diagnosis and treatment planning
(Fonseca-Pedrero, 2018). Also, "bridging" symptoms that
relate two network structures can be observed, which
is valuable when considering comorbidity between psy-
chological disorders (Costantini & Perugini, 2017). One
of the advantages of NA is the presence of a diagram
that allows visualization of the relationships between
nodes and edges (partial correlations), where the thick-
ness of the latter indicates the strength of the relationship
(Epskamp & Fried, 2016).

NA postulates can be applied to psychometrics
(Epskamp et al., 2018). In the same way as latent varia-
ble models, psychometric network analysis allows for an
exploratory estimation of the underlying interconnect-
edness of observed data. However, unlike the traditional
latent-variable model, psychometric network analysis
does not assume the presence of latent factors or con-
straints derived from the principle of local independence
(Schmank et al., 2019). The psychometric network model
suggests that symptoms or traits are not due to a com-
mon latent cause, but arise from bidirectional relation-
ships among themselves (Cramer et al., 2012). From this
perspective, latent variables are not required to explain
the presence of covariation among questionnaire items
(Borsboom et al., 2009). In this sense, the relationship
between a questionnaire and the latent variable is mere-
ological, where the questionnaire items do not measure
the latent variable but are part of it (Borsboom, 2008).
Therefore, the latent variable exists as a stable network of
dynamic components that activate each other (Schmitt-
mann et al., 2013).

In the psychometric network model, nodes represent
the items of a questionnaire and edges represent the
relationships between items (Epskamp & Fried, 2018;
Epskamp et al,, 2016). Using exploratory graph analy-
sis (EGA; Golino & Epskamp, 2017), latent dimensions
can be identified in network models, based on a clus-
tering algorithm for weighted networks (Pons & Latapy,
2006). In this manner, nodes are grouped into ordered
and related subnetworks, where clusters are similar
to latent variables (Epskamp et al., 2017). The psycho-
metric approach allows the modeling of relationships
between variables and complements the traditional latent
variable approach (Ferguson & Alzheimer’s Disease
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Neuroimaging Initiative, 2021). A psychometric net-
work analysis provides a new interpretation of the emer-
gence of dimensions (Soares et al., 2021). Psychometric
networks report the degree to which items represent
a dimension, demonstrating whether the components
significantly measure a construct (Christensen et al,
2020). Likewise, structural consistency analysis pro-
vides additional information on traditional measures of
internal consistency by combining internal consistency
and homogeneity (Christensen et al., 2020). Finally, the
graphical nature of psychometric networks can be intui-
tively interpreted by professionals without psychometric
training (Soares et al., 2021).

The network approach is useful for determining the
dimensionality of the PHQ-4, since it does not test
alternative hypotheses of multidimensionality versus
unidimensionality of the construct; rather, the data are
freely expressed (Giuntoli & Vidotto, 2021). Moreover,
compared to other methods of extracting the number
of factors, EGA had 100% accuracy, whereas explora-
tory factor analysis had a mean accuracy of 10% to 49%,
and confirmatory factor analysis had a mean accuracy of
74% based on Akaike’s information criterion (Golino &
Demetriou, 2017; Keith et al., 2016). The PHQ-4 and its
components have mostly been tested in North American,
European, and Asian populations. Therefore, there is lit-
tle research on the PHQ-4 as an instrument for the mass
screening of depressive and anxiety symptoms in the
Latin American context. Thus, this study aimed to evalu-
ate the psychometric properties of the PHQ-4 based on
NA metrics, which is a growing field of research. Specifi-
cally, the evidence of validity based on internal structure,
reliability, and measurement invariance was examined.

Methods

Participants

A total of 911 Paraguayans participated in this study,
selected by non-probabilistic convenience sampling,
based on the following inclusion criteria: a) being over
18 years of age, b) being of Paraguayan nationality, and c)
accepting informed consent. The number of participants
was determined using the iterative Monte Carlo method
for NA. An a priori power of 0.80, a density of 0.40, four
nodes, and a sensitivity of 0.60 were established (Con-
stantin et al., 2023). These parameters suggested a total
of 300 participants. This study significantly exceeded the
recommended minimum number.

Of the participants, 23.71% were women and 76.29%
were men. Their ages ranged from 18 to 60 years, with
an average of 31.25 years (SD=10.63). Most participants
were single (66.0%), had completed university studies
(53.4%), and had a steady job (55.3%). In addition, most
participants lived in the city (88.3%) and reported no
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chronic diseases (84.2%). Table 1 shows the sociodemo-
graphic characteristics of the participants.

Measures

Sociodemographic form

A specific survey was designed to obtain information
on age, sex, marital status, educational level, work, resi-
dence, and presence of chronic diseases.

Patient Health Questionnaire-4

(PHQ-4; Kroenke et al., 2009). The PHQ-4 is a brief
measure of anxiety and depressive symptoms and con-
sists of four items. The first two items measure depres-
sive symptoms ("During the past 2 weeks, how often have
you been bothered by feeling discouraged, depressed,
or hopeless?" and "During the past 2 weeks, how often
have you been bothered by: feeling little interest or pleas-
ure in doing things? ") and the next two items measure
symptoms of anxiety ("During the past 2 weeks, how

Table 1 Sociodemographic data of participants (N=911)

Characteristic n %
Age (M+SD) 24.3 79
Sex
Female 216 237
Male 695 763
Social status
Single 601 66.0
Married 207 227
Divorced 26 29
Partnered 71 7.8
Widowed 6 0.7
Educational level
Primary, complete 4 04
Primary, incomplete 0 0.0
Secondary, complete 80 8.8
Secondary, incomplete 16 1.8
Technicature, complete 20 22
Technicature, incomplete 1 0.1
University, complete 486 534
University, incomplete 304 334
Employment
Permanent job 504 553
Temporary job 155 17.0
Unemployed 252 27.7
Area of residence
Urban 804 883
Rural 107 1.8
Chronic Diseases
Yes 144 15.8
No 767 84.2
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often have you been bothered by feeling nervous, anx-
ious, or jittery?" and "During the past 2 weeks, how often
have you been bothered by, not being able to stop wor-
rying or not being able to control worry?" PHQ-4 cor-
responds to the first two items of the PHQ-9 (Kroenke
et al,, 2001) and GAD-7 (Spitzer et al., 2006). Both the
PHQ-9 and GAD-7, and therefore their first two items,
have already been used in a previous multinational study
demonstrating adequate reliability in the Paraguayan
sample (aPHQ-9=0.89 and aGAD-7=0.86), and the four
items that make up the PHQ-4, two corresponding to the
PHQ-9 and the other two from the GAD-7, presented
high factor loadings (Caycho-Rodriguez et al., 2021).
The Spanish version of the PHQ-4 used in the present
study has been used in another study with a sample from
another Latin American country (Ventura-Leén et al.,
2023). Each of the four items has four response options:
none=0 to almost every day=3. The total PHQ-4 score
is obtained from the sum of the scores of each item. The
score ranges from 0 to 12, with higher scores indicating
a higher frequency of anxiety and depression symptoms.

Procedure

Data were collected using Internet-mediated research
procedures. An online questionnaire was constructed
using the Google Form platform, which consisted of an
informed consent form, a sociodemographic form and
PHQ-4. First, the participants provided informed consent
where the objective of the study, privacy and confidenti-
ality of the data collected, and treatment of the data were
indicated. All the participants were free to stop respond-
ing to the survey at any time. The online questionnaire
was shared through different social networks (Facebook
and Instagram) and emails. The study protocol was eval-
uated and approved by the Faculty of Medical Sciences of
the National University of Asuncién, by virtue of Resolu-
tion No. 0708 00 2022 of the Board of Directors of the
Faculty of Medical Sciences of the National University
of Asuncion, article 2, which refers to the process ethical
approval of non-experimental studies (Ethical Opinion
Number:002_006_2023).

Data analysis

Initially, descriptive analyses of the mean, standard devi-
ation, skewness (As), and kurtosis (Ku) were estimated
to assess the normality of the items, where values were
considered adequate when As< +2 and Ku< +7 (Finney
& DiStefano, 2006). To assess the internal structure,
Exploratory Graph Analysis (EGA) was performed, a
technique that estimates the number of dimensions in
multivariate data using undirected network models. The
EGA was executed using the Gaussian Graph Model
(GGM), which was estimated using the graphical least
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absolute shrinkage and selection operator (GLASSO), a
regularization method on the (inverse) covariance matrix
that reduces coefficients and shrinks to zero, resulting
in a sparse network structure (Friedman et al., 2008).
Additionally, the Walktrap algorithm was employed to
determine the number of factors or communities (Pons
& Latapy, 2005). The combination of GLASSO and the
Walktrap algorithm has shown a high precision (Chris-
tensen et al., 2023).

Within the network depiction, each item is represented
by a node with connections between circles symboliz-
ing the edges. These edges indicate partial correlations
between pairs of items considering all items within the
network.

Centrality indices, such as closeness and betweenness,
were not employed in the study because they have dif-
ferent assumptions that are not met in network analysis
in psychology and may lead to interpretation problems
(Bringmann et al., 2019). Furthermore, the strength was
not evaluated because its value has been shown to be
influenced by various factors (Hallquist et al., 2021). As
part of the solution, network loadings were proposed,
defined as the standardization of node strength divided
among the dimensions identified by EGA. This allows
them to remain uninfluenced by other values, thereby
providing precise measurements. Network loadings rep-
resent the unique contribution of each node in shaping
a coherent dimension within the network. The cut-off
points for the network loadings were established based
on the guidelines developed by the simulation study. Spe-
cifically, the values of small (0.15), moderate (0.25), and
large (0.35) network loadings were considered (Chris-
tensen & Golino, 2021b).

Reliability was assessed using the bootstrap explora-
tory graphical analysis (bootEGA) approach, employing
two values: structural consistency, defined as the propor-
tion of times each dimension estimated through EGA
had the same item composition in a set of bootstrapped
samples. Item stability indicates how often items are rep-
licated in their empirically derived dimensions and other
dimensions. For these estimations, an approach with
1000 replications was employed to determine the struc-
tural consistency and stability of the items, with values
above 0.75 considered acceptable (Christensen & Golino,
2021a).

A network approach was employed to assess the
measure invariance based on sex. Initially, the con-
figural invariance was estimated by conducting an EGA
for each group separately (men and women) to visually
identify whether the nodes were partitioned into identi-
cal communities for each group. Additionally, findings
from bootEGA in the total sample were utilized to evalu-
ate whether the elements were consistently organized
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into the same communities and whether the number
and structure of communities fluctuated (Jamison et al.,
2022). Subsequently, metric invariance first estimates
a network and computes the network loadings using
the assigned community memberships from configural
invariance. The difference between the assigned loadings
of the groups was then calculated as an empirical value.
Next, group memberships are permuted and networks
are estimated iteratively based on these permutations.
Subsequently, network loadings were computed, and the
difference in loadings between permuted groups was cal-
culated to create a null distribution. Empirical differences
were compared to the null distribution using a two-tailed
p-value to assess significance. Both uncorrected and false
discovery rate-corrected p-values are provided, with
uncorrected p-values flagged for significance along with
the direction of the group differences. To determine met-
ric invariance, the item values should be not significant
(p>0.05, adjusted p>0.10) (Jamison et al., 2022). Scalar
or strict invariance was not calculated because network
models do not estimate latent variables; therefore, item
means or residuals that are used to achieve scalar or strict
invariance are not obtained for comparison.

Statistical analyses were performed using the packages
"lavaan”, "EGAnet", and "qgraph". R software (R Core
Team, 2019) and the R Studio Team environment (2021)
were used in all cases.

Results

Descriptive analysis

Table 2 shows that the average score of the scale items
varies between 0.84 and 0.95. Regarding skewness and
kurtosis values, it was observed that all items had ade-
quate values (skewness< +2; kurtosis< +7). This indi-
cates a univariate normal distribution of items (Finney &
DiStefano, 2006).

Validity based on internal structure

Figure la shows the dimensionality estimated by the
EGA, revealing a unidimensional structure comprising
four nodes. These results were replicated 1000 times
using a bootstrap that provided a unidimensional struc-
ture similar to that of the initial model (Fig. 1b). In

Table 2 Item's descriptive analysis

Items M SD gl g2

1 0.95 0.97 0.75 -0.48
2 0.88 0.98 0.84 -0.39
3 0.89 1.02 0.84 -0.53
4 0.84 0.99 091 -033
M Mean, SD Standard deviation, g7 Asymmetry, g2 Kurtosis
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(a) (b)

Empirical EGA Communities () 1

P1 a
P2 “a
£
-]
P3 “a
P4 @
0.00 0.25 0.50 0.75 1.00
Replication

Items’ stability
Fig. 1 Dimensionality and stability of the PHQ-4 items

Dimensionality using EGA (a) and bootEGA (b) of PHQ-4 items. P1=nervousness (anxiety), P2 =worries (anxiety), P3=loss of interest (depression),
P4 =depressive mood (depression). Red edges represent positive relationships. ltem =nodes, Replication=Proportion of times an item was assigned
to the empirical EGA community in the bootstrap samples

addition, the network loading values were high for the Reliability

items (P1=0.44, P2=0.45, P3=0.53, P4=0.44) (>0.35).  Figure 1 shows that the stability of the items exceeded the

These values indicate the high contribution of each acceptable threshold (>0.75) and maintained their posi-

item to the development of a coherent dimension in the  tions within the initial structure derived from the EGA.

network. This examination highlighted the consistency of these
items in their assignment to a unidimensional structure.
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Additionally, the observed structural consistency under-
scores the replication of the unidimensional design
across all the examined instances, maintaining a perfect
consistency rate of 100%. This emphasizes the high sta-
bility and coherence of node organization within the net-
work across diverse iterations and sampling scenarios.

Measurement invariance

In Fig. 2, the visual examination of EGA solutions for
both men and women revealed comparable node par-
titioning into communities. Moreover, bootEGA con-
ducted on the combined sample corroborated this
finding, demonstrating a consistent clustering of nodes
within the same communities across iterations (see
Fig. 1). These results provide evidence for configural
invariance. Subsequently, metric invariance analysis for
EGA was conducted using permutation tests with sex as
the grouping variable. Table 3 shows that the items had
no significant differences (p>0.05, adjusted p>0.10) in
network loading, indicating that the EGA structure func-
tions similarly as a function of gender.

Discussion
To the best of our knowledge, the PHQ-4 does not pre-
sent psychometric evidence in the Paraguayan context
despite the significant percentage of people with severe
symptoms of depression and anxiety (Caycho-Rodriguez
et al., 2021; Torales et al., 2022a, 2022b). This necessitates
the validation of measures of depression and anxiety.
Therefore, this study aimed to evaluate the psychomet-
ric evidence of the Spanish version of the PHQ-4 in the
Paraguayan sample factor using the psychometric NA
approach.

Our literature review indicates that this is the first study
to analyze the structure of PHQ-4 using a psychometric
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Table 3 Metric invariance according to sex
Items Difference p p.adj Significance
P1 -0.051 0.162 0.648 n.s
P2 0.033 0.386 0.772 n.s
P3 0.011 0.798 0.84 n.s
P4 0.01 0.84 0.84 n.s

p p-values, p.adj p-values corrected, n.s. not significant

network approach. The results supported the one-factor
structure using EGA with an adequate level of accu-
racy, based on high levels of stability. EGA has proven
to be a useful procedure with many advantages over
other exploratory methods, such as parallel analysis and
exploratory factor analysis (Christensen, 2020). In addi-
tion, all network loadings were robust (Christensen &
Golino, 2021a, 2021b). These results suggest that PHQ-4
items are facets of anxiety and depression that maintain
a reciprocal relationship (Borsboom, 2017; Christensen
et al,, 2020). Thus, the concepts of anxiety and depression
can be understood as a set of dynamic and interacting
symptoms that form a system. That is, the connections
between the nodes of the network would indicate that
one item of the PHQ-4 influences and is influenced by
the response levels of the other items.

The results provide a new analytical framework to
conceptualize and interpret the PHQ-4 in the context
of a Latin American country such as Paraguay. Initially,
the proposed unidimensional structure of the PHQ-4
seemed divergent from the original model and supported
by different studies, and was composed of two factors:
depression and anxiety (Christodoulaki et al., 2022;
Kazlauskas et al., 2023; Khubchandani et al., 2016; Kim
et al.,, 2021; Kocalevent et al., 2014; Kroenke et al., 2009;

Woman

Fig. 2 Configural invariance between men and women. EGA in men (left) and women (right)
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Lenz & Li, 2022; Lopez Guerra et al., 2022; Lowe et al.,
2010; Mendoza et al., 2022; Mills et al., 2015). However,
since its construction, PHQ-4 assumes that symptoms
of depression and anxiety coexist (Kroenke et al., 2009).
This would demonstrate convergence with the initial the-
oretical assumption of the PHQ-4 and would make the
unidimensional model a complementary version of the
broader or general measurement of anxiety and depres-
sive symptoms. Differences in the network structure of
the PHQ-4 obtained in this study and those reported in
previous studies may be attributed to the cultural char-
acteristics associated with how populations experience
anxiety and depression.

Reliability was assessed using the structural consistency
method, which verified that all the data were organized
within a single dimension from a set of replications. The
single factor replicated accurately in 100% of the boot-
strap samples and 100% of the derived dimensions. This
indicates that the presence of a single factor is homoge-
neous even in the presence of other network structures.
Previous studies estimated the reliability of the PHQ-4
using classical test theory and internal consistency meas-
ures such as Cronbach’s alpha; therefore, the comparison
of reliability estimation is limited. From network analysis,
internal consistency measures do not allow us to deter-
mine whether items remain unidimensional within mul-
tidimensional models, whereas the structural consistency
method indicates whether scales are unidimensional and
internally consistent (Christensen et al., 2020).

When the unidimensional network structure was
tested, evidence of configural invariance was reported,
and the items did not show significant differences
between men and women; therefore, the PHQ-4 struc-
ture works in the same way in both groups. In this sense,
the network structure evaluates male and female groups
in a similar way, which produces comparable results (van
Borkulo et al., 2015). The presence of PHQ-4 measure-
ment invariance between male and female groups has
also been observed in previous studies using classical
test theory methods both at the Latin American level
(Kocalevent et al., 2014) and in other cultural contexts
(Christodoulaki et al., 2022; Kazlauskas et al., 2023; Men-
doza et al., 2022). In contrast, the assessment of network
invariance included all network symptoms and relation-
ships. This finding provides further support for the valid-
ity of the PHQ-4 as a self-reported screening measure,
as it indicates that the network structure of anxiety and
depression symptoms is comparable between the sexes.
Therefore, possible differences in the frequency of anxi-
ety and depression symptoms between men and women
would express true symptom differences and would not
be the product of a measurement method bias. Combin-
ing all the above findings that support the evidence of

Page 9 of 13

validity, reliability, and invariance of the Spanish version
of the PHQ-4, the questionnaire appears to have ade-
quate psychometric properties through network analysis.

The study had strengths, such as the large number of
participants, the number of questions in the PHQ-4,
and the use of novel statistical techniques. It has been
suggested that the EGA procedure works adequately
with sample sizes of 500 and above, with 90% accuracy
(Golino & Epskamp, 2017). However, the results should
be interpreted with consideration of a set of limita-
tions. First, the participants were part of a convenience
sample and therefore were not representative of the
Paraguayan population. This generated a biased sample,
where the majority of the participants were male, single,
with completed university studies, permanent jobs, and
living in an urban area of the city. This limits the gen-
eralizability of the sample findings to the population. It
is advisable to test the network structure of anxiety and
depression symptoms in more homogeneous groups of
people. Second, we exclusively used self-reported meas-
ures to obtain data on depression and anxiety. This could
lead to responses being influenced by common method
biases such as social desirability (Podsakoff et al., 2003).
Third, the data were limited to a cross-sectional design;
therefore, the analyses were limited to the group level
and to a single moment in time. Fourth, information was
obtained only from those with access to the internet.
However, many people in Paraguay do not have access to
the Internet, and there is a significant gap between urban
and rural areas (Villamayor, 2022). Fifth, the study only
explored the equivalence of the network structure of anx-
iety and depression measures as a function of gender but
did not do so between different age groups or other rel-
evant characteristics, such as educational level. Assessing
this equivalence could be important if researchers wish
to use the PHQ-4 to compare anxiety and depression
across these groups.

Implicancias

These findings have theoretical and practical implica-
tions. First, the findings are useful for increasing the
conceptual framework of anxiety and depression in
the Paraguayan context, as they have implications for
the identification of the relationships between depres-
sive and anxiety symptoms, which are associated with
the improvement or deterioration of mental health
in Paraguay (Torales et al, 2021, 2022a, 2022b). The
results also suggest that this assessment can cover spe-
cific symptoms or the general aspects of anxiety and
depression. This is because PHQ-4 assumes the coex-
istence of depression and anxiety symptoms (Kroenke
et al., 2009). Likewise, it should not be assumed a priori
that psychometric measures such as the PHQ-4 present
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measurement equivalence between different groups.
Therefore, the findings allow us to obtain information on
the equivalence of the network structure between groups
of men and women. Thus, the differences in the groups’
symptom networks are attributable to the relationships
between anxiety and depression symptoms, and are not
a product of variations in the measurement instrument
(Hirschfeld & Von Brachel, 2019). Thus, this equivalence
would indicate that both groups understand the relation-
ships between symptoms in the same way, which allows
for comparative studies between both groups and cor-
roborates the evidence provided by previous studies
(Kaiser et al., 2021), despite the presence of biological
and environmental differences associated with depres-
sion and anxiety. Furthermore, the use of psychometric
networks does not force researchers to decode complex
factor-loading matrices or identify the most appropriate
type of rotation for the factor structure. This would help
significantly reduce the biases and errors in the analyses
(Golino et al., 2020).

On a practical level, a brief measure such as the PHQ-4
allows rapid measurement of the relationship between
anxiety and depressive symptoms. In addition, the brevity
of PHQ-4 allows its inclusion in more complex network
models involving a large number of variables. However,
psychometric networks facilitate the visual translation
of information through network plots. This can be intui-
tively interpreted by health professionals and researchers
with little experience in psychometric analyses. Finally,
researchers and health professionals interested in iden-
tifying specific relationships or evaluating the efficacy of
an intervention targeting specific anxiety and depression
symptom relationships would find the PHQ-4 useful.

Conclusion

The PHQ-4 presented optimal evidence of validity
based on its internal structure, reliability, and invariance
between sexes based on a psychometric network analysis.
Therefore, PHQ-4 can be used as an accurate and brief
measure of anxiety and depressive symptoms.
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