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Abstract

Background

The General Health Questionnaire (GHQ-12) is widely used for detecting psychiatric disor-
ders, but its reliability across different populations remains to be determined.

Objective

This meta-analysis aims to evaluate the reliability of GHQ-12 across varied cultural and
demographic settings.

Method

This meta-analysis evaluates the reliability of General Health Questionnaire [GHQ-12]
across diverse populations, employing a systematic search strategy and rigorous inclusion
criteria. This meta-analysis evaluates the General Health Questionnaire (GHQ-12) using a
pre-registered protocol (CRD42023488436) to ensure unbiased results. Data from 20 stud-
ies published between 2016—2023 were analysed using a random-effects model, with qual-
ity assessment guided by COSMIN Risk of Bias and QUADAS-2. This study enhances our
understanding of GHQ-12’s psychometric properties.

Results

For the GHQ-12 subscales, Cronbach’s alpha coefficients were 0.72 (90% CI [0.68, 0.75])
for anxiety and depression, 0.82 (90% CI [0.79, 0.86]) for social dysfunction, and 0.72 (90%
Cl[0.68, 0.76]) for loss of confidence. However, the analysis showed substantial heteroge-
neity (12 = 90.04%), with significant variability in reliability estimates across different studies.
The overall Cronbach’s alpha was 0.84 (95% CI[0.810, 0.873]) with SE =0.016 (90% CI
[0.68, 0.82], p < .05), indicating moderate to high internal consistency. Quantifying heteroge-
neity revealed a substantial level (se = 0.0016, I? = 96.7%), signifying considerable variabil-
ity in the reliability estimate among the studies. Results further show Cronbach’s alpha
coefficients range from 0.82 to 0.85 (95% CI [0.77, 0.86 to 0.81, 0.90]) for the GHQ 12
items.
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Conclusion

While reaffirming the GHQ-12’s utility in mental health assessment, our findings urge a
more cautious and context-aware application of the questionnaire. The substantial hetero-
geneity and variability in reliability scores indicate a need for further research. Future studies
should explore the reasons behind this variability, focusing on cultural, socio-economic, and
methodological factors that might influence the GHQ-12’s reliability. This critical analysis
underscores the need for a deeper understanding of the GHQ-12’s applicability and the
importance of tailoring mental health assessment tools to specific population
characteristics.

Introduction

Mental health assessment an indispensable pillar in the comprehensive understanding and
effective management of psychological well-being. Self-report mental health assessments are
commonly used in research contexts, but they have limitations due to the subjective nature of
self-reporting and the lack of temporal precision [1, 2]. Amid the myriad assessment tools, the
General Health Questionnaire (GHQ-12) has emerged as a versatile instrument designed to
appraise mental health status across various populations, cultures, and linguistic contexts

[3, 4]. The GHQ-12, rooted in Goldberg and Hillier’s theoretical framework, assesses an indi-
vidual’s mental health status through questions encompassing psychological well-being and
distress [4].

The GHQ-12 has transcended geographical boundaries, demonstrating its utility across
diverse populations, cultures, and languages [5, 6]. Notably, brevity and adaptability have con-
tributed to its widespread application in clinical and research settings, facilitating a quick yet
comprehensive screening of psychological distress and well-being [7, 8].

The General Health Questionnaire (GHQ-12) has emerged as a widely utilized instrument
for gauging mental health across diverse populations. Studies have shown that individuals with
clinically diagnosed emphysema experience poorer general mental health, increased levels of
social dysfunction and anhedonia, heightened depression and anxiety, as well as an elevated
loss of confidence [9].

The GHQ-12 has been found to have construct and criterion validity, reliability, and gender
and age differences among hospitalized patients with COVID-19 [5, 7]. Researchers have used
item response theory (IRT) to analyze GHQ-12 responses and have identified subgroups of
individuals based on their level of psychological distress [7]. The GHQ-12 has also been used
to screen women in the reproductive age group for their mental health status, with results
showing that psychological stressors are present in all three groups of women [10]. Addition-
ally, the GHQ-12 has been standardized and used to compare different population cohorts,
providing valuable data for public health and clinical practice [11].

The reliability of the General Health Questionnaire-12 (GHQ-12) has been evaluated in
various studies. A study that evaluated the reliability and validity of the GHQ-12 in Chinese
dental healthcare workers found that the two-factor model of GHQ-12 had good reliability
and validity, making it suitable for assessing the mental health status of Chinese dental health-
care workers [12]. The Research investigated the factor structure of the GHQ-12 for South
Korean university students and found that Graetz’s three-factor model provided the best fit to
the data, indicating that the Korean version of the GHQ-12 is a robust measure of general
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psychological distress symptoms [13]. A study tested the bifactor structure of the GHQ-12
among Brazilian physicians and found that it had good psychometric properties, although cau-
tion is needed when interpreting specific factors [14].

A robust literature review underscores the GHQ-12’s extensive usage in various popula-
tions worldwide. In a study of South African healthcare workers, the GHQ-12 showed ade-
quate reliability and validity, with a four-factor model suggesting multidimensionality in this
group [15]. Another study in Spanish adolescents found that the GHQ-12 is a one-dimensional
test for screening psychological distress with excellent psychometric properties [16]. Among
male tannery workers in India, the GHQ-12 was found to be reliable and valid, with a three-
factor structure [17]. In German and Pakistani university teachers, the GHQ-12 demonstrated
good psychometric properties, with high reliability and validity [6, 18]. A Brazilian-Portuguese
version of the GHQ-12 showed good internal reliability and factorial validity in both clinical
and non-clinical groups [19] Overall, these studies suggest that the GHQ-12 is a reliable and
valid tool for measuring mental health in various populations.

The GHQ-12’s cross-cultural adaptability has been examined, considering the potential
influence of cultural variations on the interpretation of mental health indicators. A study in a
Finnish population confirms GHQ-12’s reliability for measuring psychological health but sug-
gests limited predictive ability for mental health service use [20]. Similarly, research critically
evaluates the GHQ-12 validity for detecting common mental disorders among men in Goa,
India, with findings demonstrating acceptable criterion validity but suggests a need for ongo-
ing validation in the local context [21]. A study assessed the measurement equivalence of the
GHQ-12 across six ethnic groups in the UK and found the instrument is invariant, allowing
valid population comparisons, but caution is urged for individual screenings [22].

In the Spanish version of the GHQ-12, a multidimensional three-factor structure has been
identified as the best-fitting model [23]. A study found compelling evidence of robust internal
consistency and a stable two-factor structure in the GHQ-12 reliability study among Austra-
lian students aged 7-19, affirming its suitability for mental well-being assessment [24].
Research on Korean early childhood teachers establish the GHQ-12 as a dependable tool with
a three-factor structure, affirming its reliability and validity for effectively assessing psychiatric
symptoms [25].

On contrary, research exploring the factorial validity of the GHQ-12 in outpatients with
psychological disorders in China found that the 3-factor model demonstrated superior fit, and
the GHQ-12 exhibited measurement invariance across genders, affirming its reliability and
applicability in clinical mental health assessments [26]. Similarly, research investigated the fac-
tor structures of the GHQ-12 among rural Chinese residents and found adequate reveal reli-
ability of the instrument’s two- and three-factor structures, suggesting its applicability for
assessing mental health in rural China based on the number of kins [27]. The study emphasises
the importance of cultural and contextual considerations in utilising the GHQ-12 in diverse
populations. Study validated the Persian version of the GHQ-12 for Iranian elders found the
instrument two-factors, demonstrating adequate validity and reliability, making it a suitable
tool for assessing the general health of Persian-speaking elderly populations [28].

The study assessed the GHQ-12 reliability for Iranian elders, and found good internal con-
sistency and satisfactory test-retest reliability, supporting its application for a mental health
assessment [29]. The study validates the GHQ-12 for assessing psychological distress in
chronic low back pain patients’ findings demonstrate good reliability, construct validity, and
responsiveness, supporting its utility for assessing this population [30]. A study confirms the
General Health Questionnaire (GHQ-12) reliability among older adults in India also found
high internal consistency and a valid two-factor structure, supporting its applicability [31]. A
study evaluated the General Health Questionnaire (GHQ-12) for use with autistic adults
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without learning difficulties, and found good psychometric properties, supporting the mea-
sure’s validity in this population [32]. A study by [33] revealed that the Indonesian adaptation
of GHQ-12 demonstrates favourable internal consistency and construct validity. This suggests
its appropriateness for mental health screening in primary care patients, acknowledging poten-
tial trade-offs between sensitivity and specificity. The GHQ-12 was also, found to have good
psychometric properties in autistic adults without learning difficulties [32].

The rationale for employing a meta-analysis lies in its capacity to synthesize findings from
numerous studies, allowing for a comprehensive examination of the GHQ-12’s reliability. This
approach is crucial for capturing the inherent variability in reliability estimates across different
populations, periods, and cultural contexts [34]. While previous studies have assessed the psy-
chometric properties of the GHQ-12 [28, 32, 33], a systematic evaluation of its reliability across
a many of studies is notably absent. This study seeks to fill this void by conducting a reliability
generalization meta-analysis, aiming to identify patterns, trends, and potential moderators
that may influence the GHQ-12’s reliability.

Findings from this meta-analysis hold substantial implications for mental health practition-
ers, researchers, and policymakers. A nuanced understanding of the GHQ-12’s reliability can
guide its appropriate use in diverse settings, ultimately enhancing the accuracy of mental
health assessments and the subsequent interventions based on those assessments. In undertak-
ing this meta-analysis, we aspire to contribute valuable insights that refine the understanding
of the GHQ-12’s reliability and advance the broader field of mental health assessment, aligning
with the ongoing efforts to provide efficient and accurate tools for evaluating psychological
well-being.

Methods
Study design

We conducted a reliability generalization meta-analysis (RG) to comprehensively evaluate the
psychometric properties of the General Health Questionnaire (GHQ-12). The study protocol,
outlining the specific methods for the reliability generalization meta-analysis, was pre-regis-
tered in the Prospero database with the registration number CRD42023488436. This pre-regis-
tration was implemented to enhance transparency, prevent selective reporting, and minimize
the risk of bias in the study design and analysis.

Search strategy

This systematic review implemented a predetermined search strategy to comprehensively eval-
uate the reliability of the General Health Questionnaire (GHQ-12). A thorough search was
conducted across multiple databases, including PubMed, PsycINFO, Medline, CHAHL, Sci-
ence Direct, Scopus, Web of Science, Google Scholar, APA Psycharticle, and EBSCO, targeting
studies published between 2016 and 2023 that focused on the GHQ-12’s reliability across
diverse populations.

The search strategy incorporated relevant keywords such as Reliability, General Health
Questionnaire (GHQ-12), Measurement Properties, Assessment, Psychometric properties,
Internal consistency, Cronbach’s alpha, validity, and reliability. Various combinations of key-
words, such as "validity," "Reliability," and "General Health Questionnaire (GHQ-12)," were
employed in Boolean search strings, including ("Reliability” OR "psychometric properties")
AND ("General Health Questionnaire (GHQ-12)" OR "GHQ-12") AND ("Cronbach’s alpha"
OR "internal consistency” OR "reliability" OR "validity"). Additionally, TITLE-ABS-KEY("Reli-
ability generalization” OR "Measurement Properties” OR "Assessment” OR "psychometric
properties”) AND ("General Health Questionnaire (GHQ-12)" OR "GHQ-12") AND
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("Measurement Properties” OR "Assessment” OR “Cronbach’s alpha" OR "internal consis-
tency" OR "reliability”" OR "validity"), and TS = ("Measurement Properties” OR "Assessment"
OR "Reliability generalization" OR "psychometric properties") AND TS = ("General Health
Questionnaire (GHQ-12)" OR "Measurement Properties” OR "Assessment” OR "CD-RISC-10"
OR "CD-RISC-25") AND TS = ("Cronbach’s alpha” OR "internal consistency” OR "reliability"
OR "validity")) were used. Language restrictions were not imposed, aiming to inclusively
incorporate relevant studies on GHQ-12 scales’ validity and reliability.

Inclusion and exclusion criteria

This systematic review encompasses empirical studies that provide quantitative reliability data
for the General Health Questionnaire (GHQ-12). The meta-analysis incorporated data from
20 independent studies, selected for their pertinence to the evaluation of psychometric proper-
ties of the General Health Questionnaire (GHQ-12).

Inclusion criteria cover cross-sectional and validation studies, along with psychometric
evaluations detailing GHQ-12 reliability, specifically focusing on studies reporting reliability
metrics such as Cronbach’s alpha and test-retest reliability. The inclusion criteria also encom-
pass studies involving participants from diverse age groups (including adolescents, adults, and
the elderly) to capture the GHQ-12’s applicability across the lifespan. The research spans vari-
ous cultural and geographic settings, assessing the scale’s reliability across different socio-cul-
tural contexts. It includes both clinical populations (individuals diagnosed with mental health
disorders) and non-clinical populations (e.g., general community samples, students) to under-
stand the scale’s reliability in different mental health states.

The review includes participants of all gender identities and sexual orientations to ensure a
comprehensive examination. It considers studies utilising both the original English version of
GHQ-12 and validated translations, examining reliability across different linguistic contexts.

Exclusion criteria involve qualitative research, case reports, opinion pieces, theoretical
papers without empirical data, systematic reviews, meta-analyses, and non-empirical studies.
Non-peer-reviewed materials such as grey literature, dissertations, theses, and conference
abstracts without peer review are excluded to maintain scientific rigour.

Additionally, research published in languages other than English is excluded unless a vali-
dated translation of GHQ-12 is used, ensuring consistency in the measurement tool’s applica-
tion. By focusing on diverse quantitative designs, this review comprehensively assesses GHQ-
12 reliability across different populations and settings, enhancing our understanding of its psy-
chometric robustness and application in measuring psychological well-being. This approach
ensures a broad yet precise examination of GHQ-12’s empirical utility and generalizability.

Publication bias and quality assessment

Publication bias was assessed using funnel plots and statistical tests to ensure that the meta-
analysis included studies with diverse results, mitigating the risk of bias. In the assessment of
study quality, the review method strictly adhered to the reliability of the COnsensus-based
Standards for the selection of health Measurement Instruments Risk of Bias checklist (COS-
MIN RB, [35]). This checklist served as a robust framework, ensuring a thorough evaluation of
the methodological quality and potential risk of bias within the studies included in the review.
To enhance the credibility of the assessment, a comprehensive evaluation of study quality
was conducted by two independent investigators. This evaluation employed both the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2, [36] (S1 Fig)) and the COnsensus-
based Standards for the selection of health Measurement Instruments Risk of Bias checklist
(COSMIN RB, [35] (S1 Table)). This dual and rigorous examination was undertaken to
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provide an in-depth analysis of the methodological robustness and potential biases inherent in
the studies included in the review. By employing these recognized and validated assessment
tools, the quality assessment process aimed to ensure the reliability, transparency, and validity
of the findings, ultimately contributing to the credibility of the overall review (see S1 Fig and
S1 Table).

Data extraction and study selection

Systematic extraction of pertinent data from the selected studies involved capturing study
characteristics, demographics, reliability coefficients, validity measures, and other essential
information related to GHQ-12 psychometric properties. The meta-analysis applied eligibility
criteria to select relevant research, with two independent reviewers meticulously screening
titles and abstracts. Full-text articles underwent assessment for final inclusion, and to ensure
consistency and accuracy, a comprehensive documentation process was implemented. In dis-
agreements, the reviewers reached a consensus, ensuring a robust and reliable compilation of
data for further analysis.

Statistical analysis

A meta-analytic approach was employed to synthesise reliability coefficients across individual
studies, utilising random-effects models to address potential heterogeneity. In this meta-analy-
sis, effect sizes were calculated based on Cronbach’s alpha, which measures the internal consis-
tency or reliability of a scale.

The formula for effect size is

Cronbach's alpha x (1 ;> )

B Sample Size

A qualitative analysis was summarised and interpreted the reliability of the General Health
Questionnaire (GHQ-12). Additionally, a meta-analysis will be conducted, employing a ran-
dom-effects model to pool reliability coefficients. Heterogeneity was assessed using the I* sta-
tistic and subgroup analyses. Data analysis was performed using the R studio meta for-
package.

Ethical considerations

While formal ethical clearance was not obtained for our study on the reliability generalization
of the General Health Questionnaire (GHQ-12) through meta-analysis, our commitment to
upholding ethical standards remains unwavering. We prioritize participant confidentiality,
secure informed consent, and maintain research integrity. Our dedication to transparency and
methodological rigour is evident through PROSPERO protocol registration and adherence to
PRISMA guidelines. These practices ensure a thorough and responsible approach, instilling
confidence in the scientific community regarding the validity and reliability of our findings.

Results
Selection and reliability coefficients induction

Fig 1 illustrates the PRISMA 2020 flowchart outlining the study selection process and screen-
ing. The search across various databases, including Medline, APA PsycINFO, CINAHL, APA
PSYCHArticle, EBSCO, PubMed, Web of Science, Scopus, ScienceDirect, Google Scholar, and
others, yielded a total of 13,572 research articles. The titles and abstracts of these articles were
initially screened, excluding 198 duplicated studies.
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Records identified from*:

Medline =47

APA PsycINFO =39

CINAHL =30

APA PSYCHArticle =5 Records removed before screening:
EBSCO = Duplicate records removed:
PubMed =23 (n =198)

Web of Science = 5730

Scopus =30

ScienceDirect =849

Google Scholar =6710

Others =78

Total download = 13572

A 4
Records screened. Records excluded**
—>
(n =13,374) (n =13537)
A4
Reports sought for retrieval. Reports not retrieved.
(n=131) (n=83)
Report luded:
Reports assessed for eligibility. pe ?ne;(czus)e
(n=48) 4

Reports of included studies.
(n =20)

Fig 1. PRISMA flow chart of study selection for reliability generalization meta-analysis of General Health Questionnaire-12 (GHQ-
12).

https://doi.org/10.1371/journal.pone.0304182.9001
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During the second screening phase, a total of 13,374 studies were assessed against the inclu-
sion and exclusion criteria, leading to the exclusion of 13,537 articles. This left a pool of 131
studies for further screening. Out of these, only 48 studies were deemed eligible based on the
study inclusion criteria. Finally, a subset of 20 studies from the 48 full articles, which met the
study inclusion criteria, was included in the meta-analysis.

In examining the psychometric properties of the General Health Questionnaire-12 (GHQ-
12) across various studies, diverse patterns emerge, shedding light on the questionnaire’s appli-
cability in different contexts. [35] conducted a study in Spain involving 47 participants, female
nurses, revealing a robust Cronbach’s alpha of 0.872 and a moderately stable test-retest reliabil-
ity of 0.594. [36] explored GHQ-12 in an Indian undergraduate population [N = 432], finding
a Cronbach’s alpha of 0.784, though test-retest reliability was not specified. Lee and Kim’s
investigation [13] in South Korea [N = 504] unveiled a Cronbach’s alpha of 0.810 in under-
graduate students. Centofanti [24] conducted an extensive study with 18,070 participants in
Australia, reporting a Cronbach’s alpha of 0.700.

The GHQ-12 exhibited high internal consistency in diverse settings. Elovanio et al.’s [20]
study in Finland [N = 4270] with a general population demonstrated a robust Cronbach’s
alpha of 0.920. Endsley et al. [2017] in India [N = 773] found a Cronbach’s alpha of 0.820
among the general population, though conducted in Konkani. The Chinese context was
explored by Liu et al. [26] and Guan & Han [27], with N = 870 and N = 32,083, respectively,
reporting satisfactory Cronbach’s alphas of 0.830 and 0.750. Zhong et al. [2022] investigated
dental healthcare workers in China (N = 3,020), revealing a high Cronbach’s alpha of 0.892
and a notable test-retest reliability of 0. 843. The synthesis underscores the GHQ-12’s reliabil-
ity across diverse populations and settings, encouraging its use as a valid instrument for mental
health assessment. However, careful consideration of cultural and demographic nuances is
crucial for nuanced interpretation.

Overall reliability

The primary aim of this meta-analysis was to evaluate the overall reliability of the General
Health Questionnaire (GHQ-12) across a diverse set of studies (k = 20) between 2016 to 2023.
The meta-analysis, as summarized in Table 1, demonstrates a robust level of global reliability
for the GHQ-12, yielding a coefficient alpha estimate of 0.84 (95% CI [0.810,0.873]) with

SE =0.016, (90% CI [0.68, 0.82], p < .001), with an individual coefficient alpha estimate for
each ranged from 0.70 to 93 (95% Cl [0.69; 0.71 to 0.89; 0.95]) across the 20 included studies.
The analysis effect size yielded highly significant (z = 52.05, p < .05), reinforcing the consistent
pattern of reliability across diverse contexts of GHQ-12. Quantifying heterogeneity revealed a
substantial level, (SE = 0.0016, I* = 96.7%), signifying considerable variability in reliability esti-
mate among the studies. The result showed a total heterogeneity, T = 0.0039 (95% Cl [0.0017,
0.0076]), and T = 0.0628(95% Cl [0.08418, 0.0869]), as evidenced by the significant Q-test for
heterogeneity (Q [df = 19] = 583.73, p < .05). These findings imply that while GHQ-12 main-
tains high overall reliability, there exists notable heterogeneity in its application across differ-
ent study settings. Fig 2 provides a visual representation of the meta-analysis results. Also,

Fig 3 provides a visual representation of the included studies bias.

GHQ-12 subscale reliability

This study investigates the reliability generalization of the General Health Questionnaire
(GHQ-12) subscales, specifically focusing on Anxiety and Depression, Social Dysfunction, and
Loss of Confidence. A meta-analysis was conducted to estimate Cronbach’s alpha for each sub-
scale, and the results, detailed in Table 1, unveiled varying reliability estimates for individual
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Table 1. Mean reliability coefficients for General Health Questionnaire [GHQ-12].

Total scale/Subscales
Coefficient alpha

GHQ-12 Global Score

Model

GHQ-12 Subscales

Anxiety and Depression

Social Dysfunction

Loss of confidence

Model

GHQ-12 Items

1.Lost much sleep

2.Under stress

3.Able to concentrate

4.Playing a useful part

5.Face up to problems
6.Capable of making decisions
7.Could not overcome difficulties
8.Feeling reasonably happy
9.Enjoy your day-to-day activities
10.Feeling unhappy and depressed
11.Losing confidence
12.Thinking of self as worthless
Model

Language Version

Chinese

Dutch

English

Indian-Konkani
Iranian-Persian

Spanish

Model

Test-retest

GHQ-12

Model

k

W W R

R R R R R R R e

o
(5]

Estimate o,

0.84

0.72
0.82
0.72
0.75

0.82
0.84
0.84
0.85
0.85
0.85
0.84
0.84
0.83
0.84
0.84
0.84
0.84

0.79
0.85
0.84
0.82
0.82
0.83
0.82

0.78

Se

0.016

0.04

0.007

0.013

Zval

52.05

21.03

123.56

61.35

12.35

90%CL

0.81[0.87] ***

0.68[0.75]

0.79[0.86]

0.68[0.76]
0.68[0.82] ***

0.77[0.86]
0.79[0.88]
0.80[0.89]
0.80[0.89]
0.80[0.89]
0.81[0.90]
0.79[0.88]
0.80[0.89
0.78[0.87
0.80[0.89
0.79[0.88
0.80[0.89]
0.83[0.85] ***

]
]
]
]

0.78[0.80]
0.71[0.99]
0.84[0.85]
0.76[0.88]
0.72[0.92]
0.80[0.86]
0.79[0.85]***

0.66[0.90] ***

583.73***

20.04***

1.689

87.48%**

23.63%**

96.7%

90.04%

0.00%

88.70%

87.3%

Note: GHQ-12 = General Health Questionnaire (12-items), k = number of studies, o, = mean coefficient, Q = Cochran’s heterogeneity Q statistic, I’= heterogeneity

index

https://doi.org/10.1371/journal.pone.0304182.t001

subscales. For Anxiety and Depression, the meta-analysis yielded a Cronbach’s alpha coeffi-
cient of 0.72 (90% CI [0.68, 0.75]). Similarly, for Social Dysfunction, the estimated Cronbach’s
alpha was 0.82 (90% CI [0.79, 0.86]), and for Loss of Confidence, it was 0.72 (90% CI [0.68,
0.76]). The overall estimate of Cronbach’s Alpha was 0.75 (SE = 0.04, 95% CI [0.68, 0.82]),
indicating a moderate to high level of internal consistency across the GHQ-12 scales. The ran-
dom-effects meta-analysis revealed substantial heterogeneity among the studies (I* = 90.04%).
The Q test for heterogeneity was significant (Q [df = 2] = 20.04, p < .05), indicating notable
variability in Cronbach’s alpha estimates across the subscales. Fig 4 provides a visual represen-

tation of the meta-analysis results.
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Fig 2. Forest plot of overall mean reliability coefficients for General Health Questionnaire (GHQ-12).
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Fig 3. Funnel plot of overall mean reliability coefficients for General Health Questionnaire (GHQ-12).
https://doi.org/10.1371/journal.pone.0304182.9g003

GHQ-12 items reliability assessment

This analysis aimed to evaluate the reliability of individual items within the General
Health Questionnaire (GHQ-12). The specific focus was on the internal consistency, mea-
sured by Cronbach’s alpha, for each item. Table 1 presents the meta-analysis results for
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Fig 4. Meta-analysis for GHQ-12 subscales reliability.
https://doi.org/10.1371/journal.pone.0304182.g004

each GHQ-12 item, including their Cronbach’s alpha coefficients and 90% confidence
intervals.

Table 1 results showed Lost much sleep (Cronbach’s Alpha = 0.82, 90% CI [0.77, 0.86]),
Under stress (Cronbach’s Alpha = 0.84, 90% CI [0.79, 0.88]), Able to concentrate (Cronbach’s
Alpha = 0.84, 90% CI [0.80, 0.89]), Playing a useful part (Cronbach’s alpha = 0.85, 90% CI
[0.80, 0.89]), Face up to problems (Cronbach’s Alpha = 0.85, 90% CI [0.80, 0.89]), Capable of
making decisions (Cronbach’s Alpha = 0.85, 90% CI [0.81, 0.90]), Could not overcome diffi-
culties (Cronbach’s Alpha = 0.84, 90% CI [0.79, 0.88]), Feeling reasonably happy (Cronbach’s
Alpha = 0.84, 90% CI [0.80, 0.89]), Enjoy your day-to-day activities (Cronbach’s Alpha = 0.83,
90% CI [0.78, 0.87]), Feeling unhappy and depressed (Cronbach’s alpha = 0.84, 90% CI [0.80,
0.89]), Losing confidence (Cronbach’s Alpha = 0.84, 90% CI [0.79, 0.88]), and Thinking of self
as worthless (Cronbach’s Alpha = 0.84, 90% CI [0.80, 0.89]). The overall meta-analysis, com-
bining all GHQ-12 items, yields a Cronbach’s alpha of 0.84 (SE = 0.007, 95% CI [0.83, 0.85]).
The random-effects meta-analysis revealed substantial heterogeneity among the studies (I* =
0.00%). The test for heterogeneity is non-significant (Q = 1.689, p> .05), indicating homoge-
neity in reliability estimates across the 12 items of GHQ.

Reliability assessment across different language versions of GHQ-12

This analysis aims to explore and compare the reliability variations of the General Health
Questionnaire (GHQ-12) across distinct language versions. The primary focus is to evaluate
the internal consistency, quantified by Cronbach’s Alpha, for each linguistic variant of GHQ-
12. Seven language versions are scrutinised, including Chinese, Dutch, English, Indian-Kon-
kani, Iranian Persian, and Spanish. We calculate the sample size, Cronbach’s Alpha, and their
corresponding 90% confidence intervals for each language iteration, providing a comprehen-
sive overview of the instrument’s reliability. Table 1 exhibits the language-dependent analysis,
uncovering diverse reliability estimates for individual language versions. Cronbach’s alpha
coefficients are delineated as follows: 0.79 (90% CL [0.78, 0.80]) for Chinese, 0.85 (90% CL
[0.71, 0.99]) for Dutch, 0.84 (90% CL [0.84, 0.85]) for English, 0.82 (90% CL [0.76, 0.88]) for
Indian-Konkani, 0.82 (90% CL [0.72, 0.92]) for Iranian Persian, and 0.83 (90% CL [0.80, 0.86])
for Spanish. The collective meta-analysis, encompassing all language versions, yields a Cron-
bach’s Alpha of (M = 0.82) with a 90% confidence interval [0.79, 0.85]. The random-effects
meta-analysis revealed substantial heterogeneity among the studies (I° = 88.70%). Notably, the
test for heterogeneity is statistically significant (Q = 87.48, p < .05), indicating variability in
reliability estimates across languages.
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Fig 5. Forest plot of meta-analysis for GHQ-12 test-retest reliability.
https://doi.org/10.1371/journal.pone.0304182.g005

GHQ-12 test-retest assessment

The meta-analysis aimed to assess the General Health Questionnaire (GHQ-12) test-retest reli-
ability across a diverse set of studies (k = 4). According to the random-effects model, a signifi-
cant overall estimate of 0.78 was observed (95% CI: [0.6567, 0.9045]), indicating a moderate to
high level of consistency in GHQ-12 test-retest reliability (see Table 1). Regarding heterogene-
ity, the analysis revealed substantial variability among the studies, with an I* of 87.3% and a 1*
of 0.0134. The Q-test for heterogeneity was highly significant (Q = 23.63, df = 3, p < 0.05),
indicating significant differences in test-retest reliability estimates across studies. The forest
plot (Fig 5) visually depicted individual study estimates and their contributions.

Discussion

The assessment of the General Health Questionnaire (GHQ-12)’s overall reliability revealed
commendable results, backed by a robust coefficient alpha estimate. This aligns with the con-
sensus in existing literature [13, 35], but a critical examination of the methodologies employed
in these studies prompts a closer scrutiny of the reliability measures employed. While our find-
ings support GHQ-12’s reputation as a reliable mental health assessment tool across diverse
populations, it is crucial to question the generalizability of these results and consider potential
biases introduced by various study designs.

The second objective focused on investigating the reliability generalization of GHQ-12 sub-
scales. Notably, the Anxiety and Depression subscale exhibited moderate reliability, while the
Social Dysfunction and Loss of Confidence subscales demonstrated higher reliability. These
results are consistent with previous studies, highlighting variations in reliability across differ-
ent dimensions of psychological distress [14, 16].

Examining the reliability generalization of GHQ-12 subscales prompts a closer look at the
variations observed within the Anxiety and Depression, Social Dysfunction, and Loss of Confi-
dence dimensions. Specifically, the Anxiety and Depression subscale showed moderate reli-
ability, while the Social Dysfunction and Loss of Confidence subscales displayed higher
reliability. These findings align with the conclusions drawn by earlier studies, underlining the
consistency of reliability variations across diverse dimensions of psychological distress
[14, 16]. To gain a more detailed understanding of the instrument’s reliability, conducting a
more rigorous and critical analysis of the psychometric properties associated with each sub-
scale is imperative.

The evaluation of individual items within GHQ-12, showcasing consistent high reliability,
prompts a critical examination of the underlying constructs measured by each item. While the
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study echoes [32]” emphasis on robust internal consistency, a deeper exploration into the con-
struct validity of each item is crucial. Critical discussions surrounding the theoretical under-
pinnings of these items and their alignment with contemporary conceptualizations of mental
health will contribute to a more detailed interpretation of the results.

Turning attention to the reliability variations across distinct language versions, our study
has revealed noteworthy differences in ‘Cronbach’s alpha. A critical evaluation of the impact of
cultural and linguistic nuances on mental health assessments is imperative. While supporting
the findings of [30] and the suitability of the Indonesian version [33], it is crucial to address
potential cultural biases and language-related challenges that may affect the cross-cultural
applicability of GHQ-12.

Finally, the examination of test-retest reliability has been broadened to underscore the
importance of the results obtained from four distinct studies. A critical examination of the
potential sources of variability in test-retest reliability is essential, including factors such as the
time interval between assessments and the stability of mental health conditions over time.
While our results align with [29]’findings among Iranian elders, a more critical analysis will
provide a comprehensive understanding of the temporal stability of GHQ-12 scores.

Implications

This research evaluates the reliability of the General Health Questionnaire (GHQ-12) across
diverse populations, highlighting the need for culturally sensitive adaptations. It also empha-
sises the need for ongoing refinement of mental health assessment tools, guiding future modi-
fications and improvements. The study contributes valuable knowledge to mental health,
supporting healthcare professionals and researchers in understanding and addressing mental
health issues. It advocates for a combination of qualitative and quantitative approaches to com-
prehensively understand mental health conditions and their assessment.

Future directions

Future research on the GHQ-12 should focus on longitudinal studies to better understand its
temporal stability and delve into reliability across diverse demographic and cultural groups,
particularly underrepresented populations. Emphasis on cross-cultural validation and cultural
adaptations of the GHQ-12 will improve its applicability. Detailed examination of subscale
reliability and factors influencing variability is crucial, alongside comparisons with standard
diagnostic measures. Combining qualitative and quantitative methods will enrich the under-
standing of mental health assessments. Developing culturally tailored instruments will address
cross-cultural variations, enhancing the GHQ-12’s effectiveness in diverse settings, thereby
refining it as a reliable mental health assessment tool.

Conclusion

According to our meta-analysis, the General Health Questionnaire (GHQ-12) has good overall
reliability, according to our meta-analysis, indicating that it can be used with confidence to
assess mental health in a range of populations. Despite variations in subscale dependability,
individual items consistently exhibit high reliability. However, the different effects of culture,
language, and study heterogeneity emphasise the need for caution when interpreting data. It is
a helpful tool that will only improve over time, increasing our understanding of mental health
and being more applicable in various contexts.

PLOS ONE | https://doi.org/10.1371/journal.pone.0304182  July 17, 2024 13/16


https://doi.org/10.1371/journal.pone.0304182

PLOS ONE

The evaluation General Health Questionnaire (GHQ-12) reliability

Supporting information

S1 Table. Summary of COSMIN risk of bias [RB] checklist assessments.
(DOCX)

S1 Fig. QUADAS-2 assessments for included studies.
(DOCX)

S1 Checklist. PRISMA 2020 checklist.
(DOCX)

Author Contributions

Conceptualization: Ajele Kenni Wojujutari, Lawrence Ejike Ugwu.

Data curation: Lawrence Ejike Ugwu.

Formal analysis: Lawrence Ejike Ugwu.

Methodology: Ajele Kenni Wojujutari, Erhabor Sunday Idemudia.

Software: Ajele Kenni Wojujutari.

Validation: Ajele Kenni Wojujutari, Erhabor Sunday Idemudia.

Visualization: Ajele Kenni Wojujutari.

Writing - original draft: Ajele Kenni Wojujutari.

Writing - review & editing: Ajele Kenni Wojujutari, Erhabor Sunday Idemudia.

References

1. Heinz MV, Thomas NX, Nguyen ND, Griffin TZ, Jacobson NC. 4.17—Technological Advances in Clini-
cal Assessment. In: Asmundson GJG, editor. Comprehensive Clinical Psychology (Second Edition)
[Internet]. Second Edition. Oxford: Elsevier; 2022. p. 301-20. https://www.sciencedirect.com/science/
article/pii/B9780128186978001710

Mattek S. Establishing Effective Measurement Strategy for Mental Health Research. 2022;

3. Goldberg DP, Gater R, Sartorius N, Ustun TB, Piccinelli M, Gureje O, et al. The validity of two versions
of the GHQ in the WHO study of mental iliness in general health care. Psychol Med. 1997; 27(1):191-7.
https://doi.org/10.1017/s0033291796004242 PMID: 9122299

4. Goldberg DP, Hillier VF. A scaled version of the General Health Questionnaire. Psychol Med. 1979; 9
(1):139-45. https://doi.org/10.1017/s0033291700021644 PMID: 424481

5. Habibi Asgarabad M, Etesam F, Salehi Yegaei P, Vahabi Z, Akbari Saneh N, Fathi F, et al. Measure-
ment invariance of the General Health Questionnaire (GHQ-12) across gender and age: Demographic
and medical correlates of mental health in patients with COVID-19. Front Psychol. 2023; 14:1132154.

6. Lutke Lanfer SS, Pfeifer R, Lahmann C, Wiinsch A. How to Measure the Mental Health of Teachers?
Psychometric Properties of the GHQ-12 in a Large Sample of German Teachers. Int J Environ Res Pub-
lic Health [Internet]. 2022; 19(15). Available from: https://nwulib.idm.oclc.org/login?url=https://search.
ebscohost.com/login.aspx?direct=true&db=cmedm&AN=35955063

7. Comotti A, Fattori A, Greselin F, Bordini L, Brambilla P, Bonzini M. Psychometric Evaluation of GHQ-12
as a Screening Tool for Psychological Impairment of Healthcare Workers Facing COVID-19 Pandemic.
Med Lav. 2023; 114(1):€2023009. https://doi.org/10.23749/mdl.v114i1.13918 PMID: 36790406

8. Hystad SW, Johnsen BH. The dimensionality of the 12-item General Health Questionnaire (GHQ-12):
Comparisons of factor structures and invariance across samples and time. Front Psychol [Internet].
2020; 11. Available from: https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.
aspx?direct=true&db=psyh&AN=2020-46351-001 https://doi.org/10.3389/fpsyg.2020.01300 PMID:
32595570

9. KangW, Whelan E, Pineda Hernandez S. Using GHQ-12 to Screen Mental Health Issues in People
with Emphysema. Healthc Basel Switz [Internet]. 2023; 11(14). Available from: https://nwulib.idm.oclc.

PLOS ONE | https://doi.org/10.1371/journal.pone.0304182  July 17, 2024 14/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304182.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304182.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304182.s003
https://www.sciencedirect.com/science/article/pii/B9780128186978001710
https://www.sciencedirect.com/science/article/pii/B9780128186978001710
https://doi.org/10.1017/s0033291796004242
http://www.ncbi.nlm.nih.gov/pubmed/9122299
https://doi.org/10.1017/s0033291700021644
http://www.ncbi.nlm.nih.gov/pubmed/424481
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=35955063
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=35955063
https://doi.org/10.23749/mdl.v114i1.13918
http://www.ncbi.nlm.nih.gov/pubmed/36790406
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2020-46351-001
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2020-46351-001
https://doi.org/10.3389/fpsyg.2020.01300
http://www.ncbi.nlm.nih.gov/pubmed/32595570
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=37510450
https://doi.org/10.1371/journal.pone.0304182

PLOS ONE

The evaluation General Health Questionnaire (GHQ-12) reliability

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=37510450
https://doi.org/10.3390/healthcare 11142009 PMID: 37510450

Kar S, Samantaray P. Mental health status of women in reproductive age group and its determinants in
rural Odisha, India using GHQ 12 questionnaire. F1000Research. 2022; 11:1445.

Hultquist TB, Kaiser KL, Geske JA. Innovative Use of the Health Status Questionnaire-12 for Individual
and Population Health. J Health Care Poor Underserved. 2022; 33(3):1353-67. https://doi.org/10.1353/
hpu.2022.0117 PMID: 36245168

Zhong X, Jin X, Yan L, Yang L, Long H, Wang J, et al. Reliability and validity of general health Question-
naire-12 in Chinese dental healthcare workers during the COVID-19 pandemic. Front Psychiatry. 2022;
12:792838. https://doi.org/10.3389/fpsyt.2021.792838 PMID: 35115967

Lee B, Kim YE. Factor Structure of the 12-item General Health Questionnaire (GHQ-12) Among Korean
University Students. Vol. 30, Psychiatry and Clinical Psychopharmacology. 2020. p. 248-53.

Oliveira TAA, Gouveia VV, Ribeiro MGC, Oliveira KG, de Melo RLP, Montagna E. General Health
Questionnaire (GHQ12): new evidence of construct validity. Cienc Amp Saude Coletiva. 2023; 28
(3):803—10. https://doi.org/10.1590/1413-81232023283.09452022 PMID: 36888864

Kufe C, Bernstein C, Wilson K. Reliability, validity and dimensionality of the GHQ-12 in South African
populations: Structural equation modelling (SEM). medRxiv. 2023;2023-06.

Pedrero-Pérez EJ, Mora-Rodriguez C, Rodriguez-Gémez R, Benitez-Robredo MT, Ordofiez-Franco A,
Gonzalez-Robledo L, et al. GHQ-12 in adolescents: Contributions to the controversial factorial validity.
An Psicol. 2020; 36(2):247-53.

Kashyap GC, Singh SK. Reliability and validity of General Health Questionnaire (GHQ-12) for male tan-
nery workers: A study carried out in Kanpur, India. BMC Psychiatry [Internet]. 2017; 17. Available from:
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=
psyh&AN=2017-13102-001 https://doi.org/10.1186/s12888-017-1253-y PMID: 28320339

Khan A, Shah IM, Khan F, Suhail S. Reliability and validity assessment of 12 items general health ques-
tionnaire (GHQ: 12) among Pakistani university teachers. World Appl Sci J. 2013; 24(5):603-8.

Fernandes HM, Vasconcelos-Raposo J. Factorial Validity and Invariance of the GHQ-12 Among Clinical
and Nonclinical Samples. . .General Health Questionnaire—12. Assessment. 2013; 20(2):219-29.

Elovanio M, Hakulinen C, Pulkki-Raback L, Aalto AM, Virtanen M, Partonen T, et al. General Health
Questionnaire (GHQ-12), Beck Depression Inventory (BDI-6), and Mental Health Index (MHI-5): psy-
chometric and predictive properties in a Finnish population-based sample. Psychiatry Res [Internet].
2020; 289. Available from: https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.
aspx?direct=true&db=psyh&AN=2020-90238-001

Endsley P, Weobong B, Nadkarni A. The psychometric properties of GHQ for detecting common mental
disorder among community dwelling men in Goa, India. Asian J Psychiatry. 2017; 28:106—10. https://
doi.org/10.1016/j.ajp.2017.03.023 PMID: 28784361

King K, Allum N, Stoneman P, Cernat A. Estimating measurement equivalence of the 12-item General
Health Questionnaire across ethnic groups in the UK. Psychol Med. 2023; 53(5):1778-86. https://doi.
0rg/10.1017/S0033291721003408 PMID: 34498557

Tomas JM, Gutiérrez M, Sancho P. Factorial validity of the General Health Questionnaire 12 in an
Angolan sample. Eur J Psychol Assess. 2017; 33(2):116-22.

Centofanti S, Lushington K, Wicking A, Wicking P, Fuller A, Janz P, et al. Establishing norms for mental
well-being in young people (7-19 years) using the General Health Questionnaire-12. Aust J Psychol.
2019 Jun; 71(2):117-26.

Lee B, Kim YE. Factor structure and validation of the 12-item Korean version of the General Health
Questionnaire in a sample of early childhood teachers. Educ Sci [Internet]. 2021; 11(5). Available from:
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=
psyh&AN=2023-18611-007

Liu Z, Xi C, Zhong M, Peng W, Liu Q, Chu J, et al. Factorial validity of the 12-item general health ques-
tionnaire in patients with psychological disorders. Curr Psychol. 2023 Jul; 42(21):18133—41.

Guan M, Han B. Factor structures of general health questionnaire-12 within the number of kins among
the rural residents in China. Front Psychol. 2019 Aug; 10:1774. https://doi.org/10.3389/fpsyg.2019.
01774 PMID: 31428024

Namjoo S, Shaghaghi A, Sarbaksh P, Allahverdipour H, Pakpour AH. Psychometric properties of the
General Health Questionnaire (GHQ-12) to be applied for the Iranian elder population. Aging Amp
Ment Health. 2017; 21(10):1047-51. https://doi.org/10.1080/13607863.2016.1196337 PMID:
27333198

Alaminos-Torres A, Martinez-Lorca M, Sifre De Sola |, Lépez-Ejeda N, Dolores Marrodan M. Psycho-
logical distress in Spanish airline pilots during the aviation crisis caused by the COVID-19 pandemic

PLOS ONE | https://doi.org/10.1371/journal.pone.0304182  July 17, 2024 15/16


https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=37510450
https://doi.org/10.3390/healthcare11142009
http://www.ncbi.nlm.nih.gov/pubmed/37510450
https://doi.org/10.1353/hpu.2022.0117
https://doi.org/10.1353/hpu.2022.0117
http://www.ncbi.nlm.nih.gov/pubmed/36245168
https://doi.org/10.3389/fpsyt.2021.792838
http://www.ncbi.nlm.nih.gov/pubmed/35115967
https://doi.org/10.1590/1413-81232023283.09452022
http://www.ncbi.nlm.nih.gov/pubmed/36888864
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2017-13102-001
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2017-13102-001
https://doi.org/10.1186/s12888-017-1253-y
http://www.ncbi.nlm.nih.gov/pubmed/28320339
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2020-90238-001
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2020-90238-001
https://doi.org/10.1016/j.ajp.2017.03.023
https://doi.org/10.1016/j.ajp.2017.03.023
http://www.ncbi.nlm.nih.gov/pubmed/28784361
https://doi.org/10.1017/S0033291721003408
https://doi.org/10.1017/S0033291721003408
http://www.ncbi.nlm.nih.gov/pubmed/34498557
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2023-18611-007
https://nwulib.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2023-18611-007
https://doi.org/10.3389/fpsyg.2019.01774
https://doi.org/10.3389/fpsyg.2019.01774
http://www.ncbi.nlm.nih.gov/pubmed/31428024
https://doi.org/10.1080/13607863.2016.1196337
http://www.ncbi.nlm.nih.gov/pubmed/27333198
https://doi.org/10.1371/journal.pone.0304182

PLOS ONE

The evaluation General Health Questionnaire (GHQ-12) reliability

30.

31.

32.

33.

34.

35.

36.

and psychometric analysis of the 12-item general health questionnaire. Ergonomics. 2022; 65(5):741—
52. https://doi.org/10.1080/00140139.2021.1984587 PMID: 34615449

Beaudreuil J, Zerkak D, Métivier JC, Fouquet B. Validation of the General Health Questionnaire 12 for
assessing psychological distress in patients with chronic low back pain. J Back Musculoskelet Rehabil.
2022; 35(1):55-60. https://doi.org/10.3233/BMR-191564 PMID: 34180402

Qin M, Vlachantoni A, Evandrou M, Falkingham J. General Health Questionnaire-12 reliability, factor
structure, and external validity among older adults in India. Indian J Psychiatry. 2018 Jan; 60(1):56-9.
https://doi.org/10.4103/psychiatry.IndiandPsychiatry_112_17 PMID: 29736063

Mayhew E, Stuttard L, Beresford B. An Assessment of the Psychometric Properties of the GHQ-12in
an English Population of Autistic Adults Without Learning Difficulties. J Autism Dev Disord. 2021; 51
(4):1093-106. https://doi.org/10.1007/s10803-020-04604-2 PMID: 32653976

Anjara SG, Bonetto C, Van Bortel T, Brayne C. Using the GHQ-12 to screen for mental health problems
among primary care patients: psychometrics and practical considerations. Int J Ment Health Syst. 2020;
14:62. https://doi.org/10.1186/s13033-020-00397-0 PMID: 32793301

Séanchez-Meca J, Marin-Martinez F, Lépez-Lopez JA, NUiez-Nufiez RM, Rubio-Aparicio M, Lépez-
Garcia JJ, et al. Improving the reporting quality of reliability generalization meta-analyses: The
REGEMA checklist. Res Synth Methods. 2021; 12(4):516-36. https://doi.org/10.1002/jrsm.1487 PMID:
33742752

Barrigon ML, Rico-Romano AM, Ruiz-Gomez M, Delgado-Gomez D, Barahona I, Aroca F, et al. Com-
parative study of pencil-and-paper and electronic formats of GHQ-12, WHO-5 and PHQ-9 question-
naires. Rev Psiquiatr Salud Ment Engl Ed. 2017; 10(3):160-7.

Rathore D, Rana S, Chadha N. Psychometric Assessment of the GHQ-12 (General Health Question-
naire-12 items): evaluating the reliability, validity, and comparison of factor structure in Indian under-
graduate students. Int J Indian Psychol. 2022; 10(3):1355-68.

PLOS ONE | https://doi.org/10.1371/journal.pone.0304182  July 17, 2024 16/16


https://doi.org/10.1080/00140139.2021.1984587
http://www.ncbi.nlm.nih.gov/pubmed/34615449
https://doi.org/10.3233/BMR-191564
http://www.ncbi.nlm.nih.gov/pubmed/34180402
https://doi.org/10.4103/psychiatry.IndianJPsychiatry%5F112%5F17
http://www.ncbi.nlm.nih.gov/pubmed/29736063
https://doi.org/10.1007/s10803-020-04604-2
http://www.ncbi.nlm.nih.gov/pubmed/32653976
https://doi.org/10.1186/s13033-020-00397-0
http://www.ncbi.nlm.nih.gov/pubmed/32793301
https://doi.org/10.1002/jrsm.1487
http://www.ncbi.nlm.nih.gov/pubmed/33742752
https://doi.org/10.1371/journal.pone.0304182

