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Abstract

Background: Monitoring mental health in the university population is essential to be
able to meet the demands and needs of this segment. For this, it is essential to have properly
calibrated instruments to adequately describe reality and generate adequate decision
making.

Aim: Confirm bi-factor model and measurement invariance by gender of the 28-item
General Health Questionnaire (GHQ- 28) in university students in Ecuador according
to Classical Test Theory (CTT). In addition, analyze the discrimination parameters, item
difficulty and global reliability according to the Item Response Theory (IRT).
Participants and procedure: A descriptive and instrumental design of the GHQ-28
from a bi-factor model was used with 476 participants, of whom 61.5% were women
and 38.5% men, aged 17 to 47 years (M = 21.2; SD = 3.7), from 34 higher education
centers in Ecuador.

Results: The factorial validity of the GHQ-28 was confirmed based on a bi-factor model.
In addition, it showed measurement invariance across gender of the participants according
to the CTT. The items of the scale present adequate discrimination and difficulty, and the
global reliability of the measure is correct based on IRT

Conclusions: The GHQ-28 is a valid test that can be applied to a university population
in Ecuador. The scale is essentially unidimensional in its assessment of psychological distress
and the contribution of the IRT broadens and complements the information on the known
items of the scale previously collected by the CTT.
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Introduction

Mental health is a fundamental component of people’s quality
of life (Suryavanshi et al., 2020). It involves not only the
absence of illness, but the expression of biopsychosocial well-
being through stress management, functionality, introspection,
and working in the community. It involves the search for
both psychological/behavioural and social balance within a
specific environment that allows you to perceive levels of well-
being and satisfaction. (World Health Organization [WHO],
2001) Despite its significance, optimal mental health can be
compromised under various circumstances (Walton etal., 2021).
An example of this is the aftermath of the Covid-19 pandemic
(Caycho-Rodriguez et al., 2021; Larzabal-Fernandez et., 2023;
Zumba-Tello & Moreta-Herrera, 2022). This situation led to
the proliferation of disorders such as anxiety and depression, as
well as an increase in psychological distress (Mena-Freire et al.,
2023; Sanchez-Vélez & Moreta-Herrera, 2022).

The university population is a high-risk group for mental
health problems (Lorca et al., 2021; Ruiz-Olarte et al., 2023;
Vallejo et al., 2007). This vulnerability could be due to the
transition from adolescence to adulthood and academic
pressure, among other reasons (Moreta-Herrera et al,
2023; Wang et al., 2020). However, assessing mental health
conditions in university students is challenging, especially
in Ecuador, due to the limited availability of validated
and adapted instruments. In this regard, for the study of
psychological symptoms associated with probable mental order
problems, there are a number of specific measures such as the
Generalized Anxiety Scale (GAD-7, Spitzer et al., 2006), the
Symptom Severity Scale-Revised (EGS-R; Echeburta et al.,
2016) for post-traumatic stress disorder or the Patient Health
Scale for depression screening (PHQ-9; Kroenke & Spiltzer,
2002), as well as global ones such as the 90 Symptom Scale
Revised (SCL-90R; Derogatis, 1994). However, many of these
scales have certain limitations, such as functionality, since they
analyze very specific areas, and extension, which may limit the
operational capacity of the global evaluation due to time. It
is also important to point out that several of these measures
have not yet undergone validation processes in the regional
context that includes Ecuador, which affects the exercise
of psychological assessment and diagnosis. For this reason,
psychometric research is needed to resolve this situation.

Within this framework of limitations, one of the available
instruments that may be broad enough to measure different
aspects of mental health and at the same time operational
in terms of the number of items is the General Health
Questionnaire (GHQ; Goldberg, 1978), which was designed
to assess perceptions of general health in adults. It does this
by configuring its 28 items into four factors that analyze
somatization, insomnia/anxiety, social dysfunction, and
depression in a general way. It is a powerful tool for rapid
population screening in situations of limited health care or
primary prevention. This has made it one of the most widely
used tools worldwide, especially in the adult population (Vallejo
et al., 2014). However, despite being a widely used tool, its
operability still requires further psychometric validation to
ensure its correct functioning, especially in the Ecuadorian and
Latin American context.

Validity and new findings on the internal structure of GHQ-28

As mentioned above, the GHQ-28 is a widely used instrument
that has undergone several processes of item revision and
reduction, originally from 60 items (GHQ; Goldberg, 1972)
to reduced versions until reaching the 28-item version that is
the basis of this study (Goldberg, 1978). From this, different
translations and adaptations have been made in different
contexts and cultural and national groups. As a reference, there
are works on adults in Greece (Kokkinis et al., 2017), India
(Kumaranayake & Srimathi, 2016), Spain (Lobo et al., 1986)
and Norway (Hjelle et al., 2019). Although validation studies
have also been conducted in university populations, such studies
are less common (Lorca et al., 2021; Vallejo et al., 2007). The
GHQ-28 has a multidimensional character with four factors:
somatization, anxiety/insomnia, social dysfunction, and severe
depression, and presents high internal consistency among scores.
Although there is relative consensus on the factorial structure
of the GHQ-28, it has not been explored in more complex fit
models that preserve the internal components and integrate the
items’ role in the constructs global variance. Building on this
idea, Moreta-Herrera et al. (2021) identified a new agglutinating
type factor that provided a unidimensional shape to the measure
through a bi-factor model. The authors found that the items
contributed not only to the variance of their specific factors
(SF), but also to the reliable variance of the measure through a
general factor (GF) that adjusts to the university population of
Ecuador. Although this study represents a significant advance
and innovation in the factorial interpretation of the GHQ-28,
providing a broader internal structure, the measure still lacks
sufficient evidence for generalization as there are no confirmatory
studies conducted inside or outside Ecuador.

Even so, Moreta-Herrera et al.’s (2021) findings open up
new possibilities about the evaluative abilities of the measure,
such as the existence of a GF that allows a global assessment
of health perception, without representing the presence of
dominant dimensions or factors (Rodriguez et al., 2016). This,
in turn, allows for calculations and interpretations of total
scores on the test. However, this finding also raises concerns
about the usefulness of the SFs in comparison to the GF and
their contribution to the reliable variance of the measure. It is
unclear whether the SFs complementarily contribute to the GF
or if they are solely dependent on the GE making the measure
essentially unidimensional.

Current limitations in the instrumental examination of the GHQ-28

The verification of this property is essential for multigroup
research (cross-gender or cross-cultural studies) because in order
to find differences (p < .05) between groups it is unavoidable
that the measure retains its factorial configuration characteristics
so that the probable existing differences come from changes
in the particular characteristics of the groups (differences in
variance) and not from differences in the factorial structure
of the measure (Brown, 2015; Caycho-Rodriguez et al., 2022;
Merlyn Sacoto et al., 2022).

The GHQ-28 has been researched extensively, with several
studies examining its validity, including internal structure and
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convergent validity with depression (Galindo et al., 2017), as
well as its reliability. However, there are other properties based
on Classical Test Theory (CTT) that have yet to be addressed.
One such property is measurement equivalence (ME), which
refers to the degree of invariance of the factor structure across
different groups within a sample, such as gender, marital
status, nationality, and culture (Asparouhov & Muthén, 2014;
Meade et al., 2008). It is essential to verify this property for
multigroup research, such as cross-gender or cross-cultural
studies, because any differences found between groups must
be attributable to differences in the characteristics of the
groups rather than to differences in the factorial structure of
the measure (Brown, 2015; Caycho-Rodriguez et al., 2022;
Merlyn Sacoto et al., 2022).

Research  shows that psychological symptoms and
psychopathology differ between genders, with women
reporting  higher levels of somatization, anxiety/insomnia,
social dysfunction, depression, and general distress, according
to studies using the GHQ-28 (Canal-Rivero et al., 2022;
Tsukamoto et al., 2021; Walton et al., 2021; Zumba-Tello
& Moreta-Herrera, 2022). However, other studies show that
men report higher levels of social dysfunction and depression
than women (Moreta Herrera et al., 2021). These findings
are inconclusive and may be affected by the sensitivity of the
measure’s structure to change, given that ME has not been
verified accross genders for the GHQ-28. As a result, it is
crucial to determine its invariance for cross-gender research in
order to properly understand the phenomenon.

Another limitation of current research on the GHQ-28 is
that, like other measures, evidence of its validity and reliability
is primarily based on CTT. According to CTT, the validity
of a measure is determined based on a latent common factor
in a reference population (De Champlain, 2010). In this
mathematical approach, the weight assigned to each item is
similar because it focuses more on the analysis of measurement
error, which is why the factor or factors that make up the
items are explained globally without considering the variation
specific to the test items. This limitation does not allow us to
look at the level of individual contribution that each item has
to capture the construct being evaluated. In this aspect, the
CTT does not analyze the particularities of the items or the
individual’s ability or ‘latent trait’ to know if they respond
correctly (Hambleton & Swaminathan, 2013). That is why,
as a counterpart, the Item Response Theory (IRT) appears,
which corresponds to a probabilistic model that explains the
responses of respondents to the items based on the properties
of the item and the latent trait (theta). The IRT analyzes
specific parameters of each of the items such as discrimination
(a), difficulty (b) and guessing (c) of the items. (Harvey &
Hammer, 1999) to know the degree of contribution and
precision that each of them has to identify the probability of
interpretation of the latent variable that is analyzed. Unlike
CTT, in IRT the analysis is much more detailed.

With regard to the IRT and the GHQ-28, psychometric
studies have not yet been conducted, and their use could
contribute to a better understanding of the performance of the
items in detecting mental health problems and how they affect
the precision and scoring of the latent variable. . The use of
IRT can help complement the work carried out from a CTT

framework, since they deal with theoretical models that are not
exclusive but complementary.

Objectives of the study

Based on the above, the objectives of the study include: a)
From the CTT, verify the bi-factor model of the GHQ-28
in university students and in turn confirm the equivalence of
measurement based on gender; and b) From the IRT, analyze
the performance of the scale items based on the discrimination
and difficulty parameters to know their precision and
contribution, as well as establish the reliability of the scale in
a general way.

Method

Participants

The study was carried out with 476 participants. 61.5% of
the sample correspond to women and the remaining 38.5%
to men. Their ages range from 17 to 47 years (M = 21.2; SD =
3.7). Ethnically, 91.2% self-identify as half blood, while 3.4%
as indigenous, 1.1% Afro-ecuadorian, 3.2% white and 1.6%
without ethnic definition. 78% of the sample came from urban
areas and 22.1% from rural areas. In addition, the participants
were studying in 34 higher education centers (universities and
technological institutes) in 10 provinces of Ecuador.

Participants were selected by means of non-probabilistic
sampling based on inclusion criteria. The criteria were: a) being
over 18 years of age; b) being a student at a higher education
center; ¢) willingness to participate voluntarily; and d) signing
a letter of consent for participation.

Instruments

General Health Questionnaire (GHQ-28; Goldberg, 1978)
in the version adapted for university students in Ecuador
(Moreta-Herrera et al., 2021). It consists of 28 items answered
on a four-option Likert scale (from better than usual to
much worse than usual) and divided into four dimensions: a)
somatization; b) anxiety/insomnia; ) social dysfunction; and
d) depression. Regarding the psychometric properties of the
scale, the Ecuadorian version showed factorial validity through
a bi-factor fit model, and also high internal consistency
with o(Somatization) = .89 [.87 - .90], o(Anxiety/insomnia)
=.957 [.951 - .963], o(Social dysfunction) = .90 [.88 - .91],
o (Depression) = .958 [.952 - .964] for the SF and w(Global) =
.96 [.95 - .97] for the GE

Procedure

Datacollectionwasdonevirtuallydueto the Covid-19 pandemic,
during which students participated in classes remotely. For this
purpose, an evaluation form was created in Google Forms

through the link https://forms.gle/CAgtTbc8FaYWMh4Co6,
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which included informed consent, a sociodemographic form,
and the study instruments. The informed consent stated the
theme and objectives of the research, role of the participants,
and information regarding anonymity and confidentiality.
Data collection was carried out during the first semester of
2022; the approximate evaluation time was approximately 15
minutes. Once the evaluation was concluded, the data were
cleaned and systematized; this was followed by statistical
analyses, consideration of the hypotheses, and formulation of
the respective conclusions. The research project from which
this work derives adhered to the criteria and ethical norms for
the development of research with human beings according
to the Helsinki Convention. Furthermore, the project from
which it is derived complies with the institutional regulations
regarding the ethical management of research of the Pontificia
Universidad Catélica del Ecuador and was approved by the

Institutional Review Commission.

Data analysis

Data analysis was carried out in three blocks. The first was the
preliminary study of the items. The individual behavior of the
items was investigated through measures of central tendency
(arithmetic mean [M]), dispersion (standard deviation [SD]) and
distribution (skewness [g/] and kurtosis [¢g2]). The univariate
normality assumption was also verified, which is fulfilled when
gl and g2 are within the range +1.5 (Ferrando & Anguiano-
Carrasco, 2010). Likewise, multivariate normality is studied
through Mardia’s test (1970), which is fulfilled when the results
in g, and g, do not present statistical significance (p > .05).

The second segment was the psychometric analysis of the
GHQ-28 based on CTT, comprising Confirmatory Factor
Analysis (CFA) testing four fit models (unidimensional,
four correlated factors, hierarchical and bi-factor) and the
multigroup CFA (CFA-MG) from the bi-factor model
verified using Diagonally Weighted Least Squares (DWLS)
estimation, given that multivariate normality is not present
and the response scale of the items are ordinal in nature (Li,
2016). The factorial validity was verified according to the fit
obtained in the indicators comprising absolute indices such as
Chi-square (y2), normed Chi-square (y2/df) and Standardized
Root Mean Residual (SRMR), as well as relative indicators such
as Comparative Fit Index (CF]) and Tucker-Lewis Index (711),
and non-centrality based indicator such as Root Mean Square
Error of Approximation (RMSEA). A factor model is deemed
adequate when the y2 is not significant (p > .05) or the y2/df
< 4, the CFl and TLI > .9, the SRMR and RMSEA < .08, and
for item saturations (A) > to .40 (Brown, 2015; Byrne, 2008;
Dominguez-Lara, 2018; Mueller & Hancock, 2018; Wolf et
al., 2013). Since we worked on a bi-factor model, we used
specific indices such as the hierarchical Omega (wH) and the
factor-specific Omegas (ws), the Explained Variance Common
(EVQ), the Percentage of Uncontaminated Correlation (PUC)
and the Hancock and Mueller coefficient (/). To validate this
structure, the specific indices must show that the ® 7 and ECV
are > .70, the PUC > .60, the H > .90 and the ws> .30 (in this
case to demonstrate that the reliable variance is attributed by
the factors themselves or failing that by the GF) (Dominguez-

Lara & Rodriguez, 2017; Moreta-Herrera et al., 2022; Reise et
al., 2013; Smits et al., 2015; Rodriguez et al., 2016).

In this same segment, the measurement invariance
by gender is performed with the AFC-MG with DWLS
estimation. After the independent CFAs, the differences in the
Ay2 were analyzed and no significance (p > .05) was expected
to establish similarity between groups. We then proceeded to
place constraints on the model (metric, hard and hard) and
measured the change (A) in the fit indicators 2, CFI and
RMSEA between each constraint time. The change found is not
expected to be high (Asparouhov & Muthén, 2014; Brown,
2015). If at least strong invariance was verified, latent means
were analyzed for construct differences between groups (AK).
For this purpose, the intercepts of the men’s group are set to 0,
while the women’s group is left unchecked; if no significance
is found (p < .05), the groups are considered to be similar at
the latent level.

The last block was devoted to IRT-based analyses of item
discrimination () and difliculty (). For this, the Graded
Response Model (GRM) wase used, which is an extension
of the 2-Parameter Logistic Model (2-PLM) for ordered
polytomous items (Hambleton et al., 2010; Samejima, 1997).
For a we checkd the slope at which item responses change as
a function of individuals” ability and allow us to discriminate
individuals between those who do and do not possess ability
to respond correctly to an item. A value of [a] > 1 is expected
to consider moderate and acceptable discrimination of the
items, while it is considered high when it is [a] > 1.5 or mul
high when it is [a] > 2 (Baker & Kim, 2017). In the case of 4,
the manner in which an item behaves along the ability scale
(four options) is analyzed. The difficulty is determined at the
point of average probability (50%) of the individuals” ability to
obtain a correct answer. As it is a four-choice scale, 3 estimates
of difficulty are considered (1 for each threshold, bl - b3).
For a more detailed view of these parameters, the information
curves of both the items as the Item Information Curve (IIC)
and the Test Information Curve (TIC) were reviewed.

Statistical management was performed by means of the R
programming language in version 4.2.2 (R Core Team, 2022)
with the packages foreign, lavaan, letm, MBESS, MVN for the
AFC, AFC-MG and GRM,; as well as the application Bifactor
Index Calculator (Dueber, 2017) for the calculation of bi-
factor estimates.

Results
Preliminary item analysis

Table 1 shows the behaviour of the GHQ-28 items, in general,
as well as by gender. In all these cases, the average scores are
homogeneous. Regarding the distribution measures, these
remain equally uniform (except items 1 and 25 in the group of
women) and are within the range +1.5, so for these cases, the
assumption of univariate normal distribution is met. This is not
the case in the multivariate normality, since the values of the
Mardia test show statistical significance (p < 0.05) in the data
reported in general, as well as by the groups based on gender.
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Tab. 1. Preliminary analysis of GHQ-28 items

General Men Women
Items
M SD gl 22 M SD gl 22 M SD gl 22
Ttem 1 2.00 0.57 0.53 1.91 1.95 0.60 0.47 1.44 2.03 0.55 0.62 2.35
Item 2 2.13 0.91 0.45 -0.57 2.02 0.88 0.56 -0.40 2.20 0.92 0.38 -0.64
Item 3 2.20 0.92 0.38 -0.68 2.06 0.88 0.51 -0.44 2.28 0.94 0.29 -0.77
Item 4 1.96 0.86 0.58 -0.37 1.88 0.82 0.65 -0.14 2.01 0.88 0.52 -0.49
Item 5 2.18 0.91 0.39 -0.64 2.00 0.83 0.46 -0.42 2.30 0.95 0.30 -0.79
Item 6 1.95 0.95 0.65 -0.63 1.81 0.88 0.83 -0.17 2.03 0.99 0.53 -0.85
Item 7 1.68 0.84 1.01 0.11 1.63 0.82 1.07 0.23 1.70 0.85 0.98 0.06
Item 8 2.21 1.02 0.36 -1.00 2.17 1.03 0.47 -0.92 2.24 1.02 0.30 -1.04
Item 9 2.04 1.02 0.60 -0.80 2.10 1.04 0.54 -0.88 1.99 1.01 0.64 -0.74
Item 10 2.22 0.99 0.29 -0.99 2.07 0.95 0.44 -0.81 2.31 1.00 0.19 -1.05
Item 11 2.17 0.99 0.39 -0.91 2.02 0.93 0.60 -0.52 2.27 1.02 0.26 -1.06
Ttem 12 1.85 0.95 0.83 -0.40 1.77 0.87 0.93 0.02 1.90 1.00 0.75 -0.62
Item 13 2.23 1.01 0.37 -0.95 2.03 0.94 0.63 -0.48 2.36 1.03 0.21 -1.10
Item 14 2.07 1.01 0.54 -0.85 1.89 0.94 0.84 -0.22 2.18 1.04 0.37 -1.07
Item 15 2.14 0.80 0.69 0.30 2.04 0.82 0.75 0.36 2.20 0.79 0.69 0.33
Item 16 2.34 0.81 0.44 -0.24 2.25 0.78 0.54 0.13 2.40 0.83 0.37 -0.40
Item 17 2.07 0.71 0.71 0.95 1.99 0.71 0.74 1.08 2.12 0.71 0.71 0.94
Item 18 2.13 0.77 0.46 0.05 2.04 0.75 0.55 0.30 2.19 0.77 0.41 -0.04
Item 19 2.13 0.85 0.61 -0.05 2.07 0.81 0.76 0.47 2.17 0.87 0.52 -0.28
Item 20 2.01 0.84 0.63 -0.05 1.92 0.81 0.78 0.37 2.07 0.85 0.55 -0.21
Ttem 21 2.16 0.80 0.53 0.04 1.98 0.76 0.65 0.51 2.28 0.80 0.45 -0.12
Ttem 22 1.85 1.01 0.90 -0.42 1.80 0.96 0.97 -0.11 1.87 1.04 0.85 -0.58
Item 23 1.71 0.95 1.17 0.29 1.74 0.91 1.08 0.28 1.70 0.97 1.22 0.31
Ttem 24 1.67 0.94 1.22 0.35 1.70 0.95 1.17 0.26 1.65 0.93 1.26 0.43
Item 25 1.55 0.85 1.53 1.56 1.62 0.90 1.36 0.92 1.51 0.81 1.66 2.12
Item 26 1.81 0.93 0.94 -0.11 1.72 0.90 1.21 0.69 1.86 0.95 0.79 -0.45
Item 27 1.68 0.94 1.25 0.49 1.67 0.94 1.26 0.53 1.68 0.94 1.25 0.50
Ttem 28 1.61 0.90 1.40 1.00 1.63 0.92 1.36 0.85 1.60 0.89 1.44 1.14
Mardia 9469.5™ 66.2"" 7715.9" 347" 7743.2" 41.9"
Note: *** p<.001; SD: standard deviation; g1: asymmetry; g2: kurtosis
Tab. 2. Confirmatory Factor Analysis of GHQ-28
Models %2 df y2/df CFI TLI SRMR RMSEA RMSEA 90% C.I.
Unidimensional 3256.2" 350 9.30 904 .897 112 132 .128;.136
Hierarchical 1360.17 349 3.90 967 964 .068 .078 .074; .082
Four factors 1376.7" 344 4.00 966 963 .057 .079 .075; .084
Bi-factor 803.3™ 332 2.41 996 996 .051 .056 .051;.061

Note: *** p < .001; x2: Chi-square; df = degree free; 2/df- normed Chi-square; CFI: Comparative Fit Index; TLI: Tucker-Lewis Index; SRMR: Standardized

Root Mean Residual; RMSEA: Root Mean Squared Error of Approximation

Given the lack of multivariate normality in the item
responses and the ordinal nature of the items, future factor
analyses should be based on the use of robust estimates such as
the WLSMYV for better precision in reporting results.

Confirmatory Factor Analysis

Table 2 shows the CFA of the GHQ-28 considering four fit
models (unidimensional, four correlated factors, hierarchical
and bi-factor). As the results show, the model that presents the
best fit of those tested is the one that corresponds to the bi-
factor model of the GHQ-28 composed of a general factor and
four specific factors (somatization, anxiety/insomnia, social
dysfunction and depression).

Moreover, on the specific bi-factor indicators, the measure
is essentially unidimensional with wH = .903; PUC = .778;
CVE = .72 and H = .969; and even the reliable variance of the

SEs ws = .193; 0s2 = .179; 0s3 = .206; 054 = .362 are more
attributed to the GF than to the SFs themselves, so they are
not independent.

Multigroup Confirmatory Factor Analysis by gender

Once this process was completed of factorial validity, the CFA-
GM by gender was performed. Table 3 shows, in the first part, the
independent CFAs (baselines by gender), which are adequate. In
addition, when analyzing the change (Ay2) between groups, no
significant differences were found (Ay2 = 135.66; p > .05), so they
were considered similar. The second part comprised the nesting
of the model considering restrictions in the saturations, intercepts
and residuals. As can be observed, as the restrictions increase
changes are presented in the fit indicators (¥2, CFI and RMSEA).
These changes do not exceed the tolerance points at any of the
restriction levels, so factorial invariance exists and at a strict level.
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Tab. 3. Gender equivalence analysis of the GHQ-28

Restrictions d.f. %2 CFI RMSEA Adf. Ay2 ACFI ARMSEA
Baseline men 322 425.5 998 .042 - - -
Baseline women 322 561.1 997 .050 - - -
Unrestricted 644 986.6 998 .047 - - -
Metrics 695 1338.4 995 .063 51 351.8™ .002 .015
Fort 746 1113.6 997 .046 51 224.8 .002 .017
Strict 751 1246.3 997 .053 b) 132.6™ .001 .007

Note: *** p< .001; y2: Chi-square; CFI: Comparative Fit Index; RMSEA: Root Mean Squared Error of Approximation; A: Delta (differentials)

Figure 1 shows the internal structure of the GHQ-28 with
item saturations by groups (left men and right women). The
reported values of the items for both the GF and the SF respond
better for the unidimensionality of the measure than for the
multidimensionality. Complementarily, the specific bi-factor
indicators show that, even when segmented by gender, the
essentiality of unidimensionality of the measure is maintained,

Fig. 1. Internal structure of the GHQ-28 from a bi-factor fit model
segmented by gender

Men Women
wg=.98 ws=.98
wy=_90 wy= 90
wz= 96 wz= 96
wz=.93 wa=.92
we= 98 we= 97
wy=.89 wy=91
H=.97 H=.97

ECV= 71 ECV= .73
PUC= T8 PUC= 78
W= .20 W= .23
W= .18 W .20
W= 21 W= 20
Wya= .43 W= .29

Note: 0= omega coefficient; 0 H: hierarchical omega; ws: specific omega; H:
Hancock and Mueller coefficient; CVE: common variance explained; PUC:
percentage of uncontaminated correlation.

since the reliable variances for the specific SFs are predominantly
attributed to the GE so they are not independent.

Finally, the internal consistency (@) shows that the reliability
for the GF as well as for the SFs are high for both groups, so it is
considered adequate for its evaluation in Ecuadorian university
students.

Latent mean difference analysis

Faced with the presence of measurement invariance by gender
of strict type and containing strong invariance, it was possible to
identify differences between groups in their latent means. Women
present greater presence of symptoms than men in the SF of
anxiety/insomnia AK = .213; p < .001; # = -2.26 and small effect
AK*= 21; and Depression with AK= .216; p < .001; £ = .06 and
no effect AK*= .01. Whereas, in the GF there was more general
psychological distress in men than in women AK'=-.259; p <.001;
t = -2.18 and small effect AK* = .20. In the SFs of somatization
and social dysfunction there were no differences (p > .05).

Graded response model

Once the assumption of unidimensionality and independence
of the GHQ-28 has been verified by means of the AFC, the
GRM is used. As shown in Table 4, in the case of [a], it is
mentioned that this parameter is appropriate for all the items
of the scale, because its values exceed [a] >1 and generally
indicate adequate discrimination. Items 10, 11, 12, 13,
14, 22, 23, 26 and 27 present a very high discrimination as
they are above [a] > 2. This is evidence that these Items and
their response categories are powerful enough to allow better
differentiation between those who present and those who do
not present a significant symptom burden. On the other hand,
concerning [b], the estimators of the thresholds from b1 to b3
for all items increase jointly and monotonically, making this
parameter equally suitable (the level of difficulty increases as
the next appears response level). At the extreme-left threshold,
it is observed that the difficulty levels of the GHQ-28 are less
than 2 SD away from the average (8), indicating that the level
of ability to respond to the items correctly is low; while on
the far-right the reported values are close to 1 SD of 6 and
even items 1 and 7 exceed 3 SD. From this it follows that
to achieve extreme scores the level of difficulty required is
average and high (pointing out that to predict the latent trait
the symptomatology must be widely manifest). In general,
the average difficulty thresholds (b(avg)) between the items
indicate that the GHQ-28 presents average difficulty, with
values slightly above 8, which indicates that to increase the
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probability of adequate detection of the latent trait medium or
higher skill is required from the participant.

Figure 2a shows the informaton curves for the 28 items
of the GHQ-28. In the IIC it is observed that the items that
have the greatest relevance for evaluating the latent variable
correspond to items 10, 14, 13 and 23. The shape of the curve
indicates that these items have both greater discriminatory
capacity, as well as similar skill levels to 0, making them

Tab. 4. GHQ-28 Graded Response Model

particularly effective in counting more accurately to identify
the latent trait, especially against medium or high skill levels.

Finally, in the global TIC (figure 2b), the GHQ-28 curve
has an adequate amount of information, which indicates
acceptable levels of precision, especially in the ranges -1 to 2,
which is when the most information is presented. Based on
this, it is estimated that the scale is reliable and much more so
at skill levels close to the average.

a b1 b2 b3 b(prom)
Ttem 1 1.266 -1.902 1.844 3.909 1.283
Ttem 2 1.195 -1.192 0.774 2.439 0.673
Item 3 1.961 -1.045 0.442 1.761 0.386
Item 4 1.309 -0.802 1.065 2.781 0.681
Trem 5 1.338 -1.228 0.655 2.173 0.533
Item 6 1.557 -0.448 0.868 2.184 1.167
Item 7 1.185 0.019 1.581 3.408 1.669
Item 8 1.639 -0.871 0.425 1.564 0.372
Ttem 9 1.682 -0.544 0.666 1.728 0.617
Item 10 2.392 -0.818 0.282 1.515 0.326
Item 11 2.096 -0.792 0.413 1.578 0.792
Ttem 12 2.088 -0.238 0.851 1.970 0.861
Item 13 2.330 -0.858 0.367 1.359 0.289
Item 14 2.340 -0.539 0.555 1.562 0.526
Item 15 1.128 -1.769 1.218 2.589 0.679
Item 16 1.572 -1.908 0.457 1.949 0.166
Item 17 1.564 -1.543 1.235 2.590 0.761
Item 18 1.610 -1.434 0.869 2.482 0.639
Item 19 1.841 -1.204 0.825 1.961 0.527
Item 20 1.792 -0.936 0.963 2.269 0.765
Item 21 1.792 -1.397 0.787 2.175 0.521
ITtem 22 2.023 -0.111 0.835 1.767 0.830
Item 23 2.284 0.053 1.074 1.845 0.955
Item 24 1.982 0.184 1.122 2.035 1.113
Item 25 1.947 0.330 1.505 2.259 1.364
Item 26 2.176 -0.205 0.970 1.958 0.907
Item 27 2.069 0.128 1.157 1.934 1.073
Item 28 1.841 0.247 1.376 2.136 1.253

Note: a: discrimination; b: difficulty

Fig. 2a. Information curves of the items and of the GHQ-28 in general
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Fig. 2b. Information curves of the items and of the GHQ-28 in general
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Discussion

The objectives of the study were to verify the bi-factor
structure, the measurement invariance by gender, and the
internal consistency reliability of the GHQ-28 according to
the postulates of the CTT as well as the discrimination and
difficulty parameters of the items according to IRT in a sample
of university students from Ecuador.

Regarding its internal structure, the AFC shows that the
GHQ-28 fits a bi-factor factorial model considering four SFs
and, moreover, one GF in the sample under analysis. The fit
values (%2, 2/df; CFI, TLI, SRMR and RMSEA) are within the
tolerance parameters to estimate adequate (Brown, 2015; Byrne,
2008; Dominguez-Lara, 2018; Mueller & Hancock, 2018;
Wolf et al., 2013). Moreover, the specific bi-factor indices (0 H,
ws, CVE, PUC and H), point out that the proposed model itself
is essentially unidimensional, given that the reliable variance of
the SFs is attributed more to the GF than to the SFs themselves
(s < .30), so these are not independent (Dominguez-Lara &
Rodriguez, 2017; Moreta-Herrera et al., 2022; Reise et al., 2013;
Smits et al., 2015; Rodriguez et al., 2016). The results regarding
the bi-factor structure agree with the referential work of
Moreta-Herrera et al. (2021) in Ecuadorian university students.
Regarding the evidence supporting the unidimensionality of
the measure, at the moment there are no other contributions
with which it can be contrasted.

Regarding the measurement invariance by gender, the
GHQ-28 is invariant; the values of the change (A) in the fit
indices (x2, CFI, RMESEA), the restrictions in the saturations,
intercepts and residuals increase (Asparouhov & Muthén, 2014;
Brown, 2015) and do not vary widely, so the measurement
invariance is strict. The interpretation of the items in the factor
structure by the participants was not significant regardless of
group belonging. There are no similar reports with which to
contrast the results shown. Thus, these results are a significant
advance in the study of the measurement invariance of the
scale. Likewise, in a complementary manner, by identifying
strong invariance we investigated the differences in the latent

Ahility

means of the SF and the GF of the GHQ-28. Women show
more presence of anxiety/insomnia and depression than men;
while men show more presence of global psychological distress
than women. In all these cases, the differences are significant (p
<.5) and the effect sizes are small (AK* > .20). The presence of
gender differences in aspects of mental health has already been
reported in preliminary studies (Canal-Rivero et al., 2022;
Tsukamoto et al., 2021; Walton et al., 2021; Zumba-Tello
& Moreta-Herrera, 2022) although the contrast with these
results can be complex due to the differences in the methods
used, since using CFA to compare groups analyzes latent
relationships considering the measurement errors of the items,
while the use of bivariate tests such as Pearson’s coeflicient
does not. In the future, specific studies of differences between
groups are required.

Finally, on the discrimination and difficulty parameters, all
items of the GHQ-28 show adequate discrimination (#) since
they meet the criterion of adequacy. And in the case of 4, the
thresholds from 1 to 3 of all items also increase monotonically
noting that the difficulty is adequate. In the IICs, the items
with the highest relevance and accuracy are 10, 14, 13 and 23
which show the highest relevance and accuracy for assessing
the latent variable. The TIC globally shows the scale to be
reliable and accurate. The fact that these findings are the first
in this field of study makes it impossible to contrast them
with other studies. We consider the current work to represents
an important advance and an innovation by broadening the
assessment criteria of a measure such as the GHQ-28 using
the postulates of IRT. The items of the GHQ-28 have different
information power, although some show a higher level than
others, with certain items being more relevant for the detection
of mental health problems. In general, all items are located at
the average of the highest positive levels of 8, so the scale is
more useful for evaluating average and high levels of mental
health problems (which is why its use is mainly recommended
in primary care with some symptom burden present), but is
not powerful enough to screen for low or very low levels of
mental health problems (prodromal or subclinical conditions).
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That is why it would be advisable to use other measures that
are even more sensitive or perhaps with a positive and not a
negative orientation of mental health assessment, such as the
GHQ-28 for these cases.

These advances in the instrumental research of the GHQ-28
are explained by a broader mechanics of interpretation of the
measure through a more complex and integrative (bi-factor)
fit model. In practice, this gives the measure a global scale
for the interpretation of the health perception construct in a
direct way and allows it to obtain general scores for diagnostic
categorizations and not only by dimensions. In addition, the
study evidences measurement invariance based on gender, which
allows it to delve into the differences by group when assessing
mental health in the future. Finally, with the use of IRT-based
criteria, the particular functioning of the items that compose it
is described in more detail, including which of them contribute
more to the interpretation of the latent variable, which may allow
in an individual or group evaluation more sensitive indicators of
detection of alterations in mental health and discomfort.

Limitations

One of the main limitations of the study is that it worked
only with a university population, so the results shown cannot
be generalized to other population groups. Thus, similar
validation studies are recommended for future studies, but
aimed at other groups such as adolescents in school, the general
population or others. It is also important to mention that given
the length of the study, other analyses based on the CTT were
not considered, such as the validity of the relationship with
other variables, discrimination or reliability analysis based on
temporal stability.
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