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Introduction: The 5-item World Health Organization Well-Being Index (WHO-5) is
widely used to assess psychological well-being, but its psychometric properties in
younger populations, particularly in non-Western settings, remain underexplored.
This study aimed to assess the validity and reliability of the Japanese version of
the WHO-5 (WHO-5-J) and a culturally adapted four-item version (WHO-4-J),
which excludes a culturally sensitive item ("I have felt cheerful and in good spirits”)
and uses a simplified four-point Likert scale to minimize cognitive burden among
Japanese school-aged children.

Methods: Data were collected from a large community-based sample of 6,983
students aged 10-15 years (Grades 4-9) in Hirosaki City, Japan. We evaluated
the factorial validity and internal consistency of the WHO-5-J and WHO-4-J
using exploratory and confirmatory factor analyses. Measurement invariance
across age and gender groups was examined with multi-group confirmatory
factor analyses. Receiver operating characteristic analyses were conducted to
determine optimal cutoff scores for detecting psychological distress.

Results: Exploratory and confirmatory factor analyses supported the factorial
validity and internal consistency of both the WHO-5-J (« = 0.84-0.88; o =
0.86-0.91) and WHO-4-J (a = 0.82-0.88), confirming their unidimensional
structures. Multi-group confirmatory factor analyses demonstrated full scalar
measurement invariance across age and gender groups. Receiver operating
characteristic analyses identified optimal cutoff scores with area under the
curve values ranging from 0.80 to 0.85, indicating good diagnostic accuracy for
psychological distress.

Discussion: Overall, the WHO-4-J demonstrated psychometric properties
comparable to those of the WHO-5-J, supporting its practical utility as a
culturally appropriate tool for assessing psychological well-being and screening
for depression in Japanese youth. These findings underscore the importance
of cultural adaptation and developmentally appropriate scaling for accurately
assessing psychological well-being in diverse, non-Western child populations.
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1 Introduction

The 5-item World Health Organization Well-Being Index
(WHO-5) is a widely used tool for assessing subjective psychological
well-being (1). Developed by the WHO, it comprises five positively
framed items that assess mood, interest, and energy levels (2). Each
item is rated on a 6-point Likert scale from 0 (“At no time”) to 5 (“All
the time”), resulting in a total score ranging from 0 to 25. This score
can be converted to a percentage scale (0-100%) for easier
interpretation, with higher scores indicating better well-being (3).

Psychological well-being is a crucial aspect of overall quality of life
(QoL) and is linked to various life outcomes, including academic
success, social adaptation, and long-term mental health (4-6). Reliable
measures like the WHO-5 are vital for understanding mental health
and guiding effective interventions across diverse populations. The
brevity and strong psychometric properties of the WHO-5 make it
valuable in clinical and research settings.

In addition to assessing psychological well-being, the WHO-5 has
proven to be effective as a screening tool for mental health conditions,
particularly depression (7). Previous studies have shown strong
negative correlations between WHO-5 scores and established
depression measures, such as the Patient Health Questionnaire 9
(PHQ-9) (1, 8, 9), indicating that lower WHO-5 scores can help
identify individuals at risk for depressive symptoms.

While the WHO-5 has been extensively validated in adults and
clinical populations, its applicability to younger, nonclinical
populations—particularly in community  settings—remains
underexplored (1, 8). Developmental differences in cognition,
emotion, and language mean that school-aged children may struggle
with abstract or complex well-being items, increasing susceptibility to
response bias and reliability concerns (10-13). Consistent with
developmental theory and empirical work, age-appropriate,
developmentally sensitive tools are needed to capture children’s
genuine feelings and to support early mental-health interventions and
policy actions from the early school years (14, 15). Moreover,
instruments developed or validated in clinical samples may not
perform equivalently in community populations, which have broader
symptom distributions, lower disorder prevalence, and greater
demographic diversity, potentially altering sensitivity and specificity
(16). Thus, explicit validation of the WHO-5 in younger, community-
based samples is essential to confirm its measurement properties for
subjective well-being and to ensure reliable identification of early
psychological distress, thereby enabling timely prevention and broad
public-health applicability.

Cultural factors shape how WHO-5 items are interpreted and
answered, with implications for validity across sociocultural settings
(12, 14, 17). Despite its global use, evidence remains concentrated in
Europe and North America, with limited coverage of non-Western
regions—including East Asia, South Asia, the Middle East, and Africa
(18). Within East Asia, for example, studies from China have often
focused on university students rather than younger school-age groups,
limiting developmental generalizability (19). Cross-cultural work
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further suggests that expression and reporting of positive affect can
vary at the item level (e.g., “I have felt cheerful and in good spirits”),
raising potential validity concerns in youth samples (18, 20). These
gaps motivate comprehensive research in younger age ranges and
diverse contexts within East Asia, including Japan. Because schools
increasingly rely on brief well-being screens to enable early
identification and stepped support, age-appropriate validation is a
prerequisite for safe implementation.

Psychometrically, variability has been reported in factorial
structure and cutoffs across cultures and age groups (1, 7). While the
WHO-5 is often treated as unidimensional, robust validation requires
moving beyond exploratory factor analysis (EFA) to confirmatory
factor analysis (CFA) and explicit tests of measurement invariance to
avoid biased cross-group comparisons (17, 21-23). A recent cross-
national study of 74,071 children and adolescents in 15 European
countries found that the WHO-5 did not achieve full measurement
invariance across countries, age groups, or genders; scalar
non-invariance was especially evident for Item 1 (“cheerful and in
good spirits”), motivating a four-item variant (WHO-4) to enhance
comparability (20). These signals point not only to potential content-
level issues (e.g., Item 1) but also to how response categories function
in youth as a plausible driver of scalar non-invariance.

Building on this, developmental questionnaire research shows
that six response options can overtax younger respondents,
destabilize category thresholds, and thereby undermine scalar
invariance (10, 11). Consistent with this rationale, a four-category
format may improve interpretability and cross-group comparability
in children (18, 20). Accordingly, we formally evaluate WHO-5-]
and WHO-4-] head-to-head in Japanese school-aged children,
testing whether a four-item content core combined with a four-
category response format improves interpretability and scalar
comparability beyond mere item reduction. By holding the response
format constant (four categories) for both versions, we isolate
response-format effects from item-content effects (i.e., the exclusion
of Item 1) and can evaluate their respective contributions to
measurement invariance and discrimination.

Although the WHO-5 is commonly used as a screening tool for
depression, its validation in community-based samples of school-aged
children is lacking. Furthermore, the impact of reducing the scale to
four items (WHO-4) on its ability to detect depressive symptoms in
this population has not been explored. Given the increasing prevalence
of mental health challenges among children, exacerbated by the
coronavirus disease of 2019 pandemic (24), validating both WHO-5
and WHO-4 in general child populations could be crucial. While the
WHO-5 is effective in identifying mild to moderate depressive
symptoms, it has limited sensitivity in severe cases, highlighting the
need for further refinement (7).

To address these gaps, we evaluated, in a large community sample
of Japanese school-aged children, the psychometric validity, reliability,
measurement invariance, and screening utility of the WHO-5-] and
WHO-4-] under a common four-point Likert response format
designed to reduce cognitive burden and enhance response
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consistency; specifically, we aimed to: (1) conduct a head-to-head
psychometric comparison of WHO-5-] and WHO-4-] administered
with this shared four-point format; (2) test configural, metric, and
scalar invariance across grade (age) and gender; (3) examine
convergent validity with established measures of distress and well-
being (PHQ-A, KIDSCREEN-10); and (4) determine and compare
ROC-based operating characteristics and optimal cut-off scores for
detecting psychological distress.

By systematically comparing these two models while holding the
response format constant, this study aimed to clarify their
comparative suitability for assessing well-being in Japanese school-
aged children. The findings could inform school-based mental-health
initiatives, guide evidence-based public-health policies, and enhance
culturally sensitive mental-health assessments, particularly in
non-Western settings.

2 Materials and methods
2.1 Study design and participants

Data for this study were obtained from the Assessment from
Preschool to Puberty—Longitudinal Epidemiological (APPLE)
study (25). The APPLE study is a community-based cohort study
aimed at clarifying the protective and risk factors and mechanisms
of mental health in children and adolescents. Since 2015, data have
been collected each September. This study analyzed a cross-
sectional wave targeting all elementary and junior high school
students in Hirosaki City, Japan. The survey was conducted in
collaboration with the Hirosaki City Board of Education and
followed established methodologies from previous community-
based studies in the same region (e.g., (26, 27)). Hirosaki City is a
mid-sized regional municipality in northern Japan (area =~
524.20 km? population ~ 174,171 across ~ 71,823 households),
providing a typical socioeconomic context for public-school
populations (25).

The study population included all students in public elementary
and junior high schools in Hirosaki City. During the study period,
there were 36 elementary schools and 17 junior high schools in the
city, with a total enrollment of approximately 11,900 students. The
target population consisted of students from Grades 4 through 9, as
these students possessed the cognitive and reading abilities necessary
to complete the self-reported questionnaires. Private school students,
comprising less than 1% of the total student population, were excluded
from the study. Coverage of the public-school target population
exceeded 99%, supporting representativeness for public-school
children in this setting.

Questionnaires were distributed to all eligible students during a
designated class period. Teachers explained the study objectives and
emphasized the voluntary nature of participation to the students.
Additionally, letters outlining the objectives, methods, and ethical
considerations were sent to the parents or guardians of all students by
email. Parents had the option to withdraw their child from the study
by informing the school. Students who were absent on the day of data
collection were excluded.

Data was collected in September 2024, with a total of 7,347
questionnaires distributed. Of these, 6,983 questionnaires were
completed and returned, resulting in a response rate of 95.0%.
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2.2 Handling of missing data

Questionnaires with entirely missing responses were excluded
(n =102/6,983; 1.46%). Cases with missing values on grouping
variables (sex or grade) were retained but excluded only from the
relevant grouped analyses; unknown sex/grade was n = 8/6,881
(0.12%) among included respondents. For factor models (EFA/CFA
and measurement invariance) using ordinal indicators, missing data
were handled under the weighted least squares mean- and variance-
adjusted (WLSMYV) estimator with polychoric correlations, assuming
missing at random (MAR). For ROC analyses using PHQ-A as the
reference, cases with missing PHQ-A were excluded listwise
(n=203/6,881;2.95%), yielding an effective ROC sample of n = 6,678.
PHQ-A nonresponse occurred at a low rate (203/6,881; 2.95%) and
showed no evidence of concentration by grade [y*(5)=5.710,
p =0.336] and only a small sex difference [y*(1) = 4.483, p = 0.034;
male 0.26% vs. female 0.03%]. Taken together, the low overall
exclusion rate and minimal subgroup imbalances indicate that
missingness is unlikely to meaningfully bias estimates of factor
structure, measurement invariance, or ROC-based screening
performance, although residual bias cannot be fully excluded.

2.3 Ethical considerations

The study was approved by the Committee of Medical Ethics of
Hirosaki University Graduate School of Medicine (IRB# 2015-055).
Prior to data collection, parents or guardians were provided with
written information about the study through schools, with instructions
to contact the researchers if they wished to decline participation.
Classroom teachers informed students about the study content and
their right to decline participation without facing any disadvantages
before distributing the questionnaires.

2.4 Measures

1. WHO-5 Well-Being Index (WHO-5-]). The WHO-5 is a
validated self-report measure designed to assess psychological
well-being (1, 3). In Japan, a simplified four-point Likert scale
version (S-WHO-5-]) was developed and validated for older
adult populations to enhance ease of response while
maintaining reliability and validity (28). In this study, we
adapted the S-WHO-5-] for school-aged children by adjusting
item wording and instructions to be more age-appropriate and
understandable for younger participants. A back-translation
process was conducted to ensure accuracy and consistency in
meaning across translations, and the step-by-step translation
workflow (including back translation and native check) is
documented in Supplementary Material. The five positively
worded items, such as “I have felt cheerful and in good spirits;”
assess positive affect, interest, and energy levels over the past
2 weeks. Responses are scored from 0 (“At no time”) to 3 (“All
of the time”), yielding a total score ranging from 0 to 15, with
higher scores indicating better psychological well-being.
Additionally, due to potential cross-cultural variability in
interpreting the first item (20), a four-item version (WHO-4)
excluding this item was also evaluated.
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2. Patient Health Questionnaire (PHQ): The PHQ is a validated
self-report tool used to assess depressive symptoms based on
the Diagnostic and Statistical Manual of Mental Disorders
criteria (29). In this study, the adolescent version (PHQ-A) was
used, adapted from the PHQ-9 tailored to the developmental
stages of adolescents (30). The PHQ-A comprises nine items
that align with the Diagnostic and Statistical Manual of Mental
Disorders 5 criteria for major depressive disorder, covering
mood, interest, sleep, appetite, energy, self-worth,
concentration, psychomotor changes, and suicidal ideation.
Each item is rated on a 4-point scale from 0 (“Not at all”) to 3
(“Nearly every day”), resulting in total scores ranging from 0 to
27. A cutoff score of 10 or higher is commonly employed to
identify moderate-to-severe depressive symptoms. The
psychometric properties of the PHQ-A have been validated in
Japanese adolescents, demonstrating its reliability and
construct validity in detecting depression (31).

3. KIDSCREEN-10: The KIDSCREEN-10 is a validated self-report
questionnaire used to assess the general health-related QoL in
children and adolescents aged 8 to 18 years (32). This scale is a
shortened unidimensional version of the KIDSCREEN
questionnaires, comprising 10 items selected from the
KIDSCREEN-27 to capture key aspects of physical,
psychological, social, and school-related well-being in children.
The items cover physical activity, emotional well-being,
autonomy, parent—child relationships, peer interactions, and
cognitive and learning capacities. Responses are rated on a
5-point Likert scale, indicating frequency (“never” to “always”)
or intensity (“not at all” to “extremely”) over the past week.
Scores are transformed into T-values with a mean of 50 and a
standard deviation of 10, where higher scores indicate better
HRQoL. The Japanese of KIDSCREEN-10
(J-KIDSCREEN-10)  has  demonstrated

psychometric properties, including internal consistency, test—

version
acceptable

retest reliability, and concurrent validity in Japanese
populations (33).

2.5 Data analysis

The data analysis in this study involved several steps to evaluate
the psychometric properties and utility of the WHO-5-]. First,
descriptive statistics, such as means, standard deviations, and
frequency distributions, were computed for the WHO-5, PHQ-A, and
KIDSCREEN-10 measures to provide an overview of the data and
ensure its suitability for further analysis.

The internal consistency of the WHO-5 and WHO-4 scales
among Japanese elementary and junior high school students was
assessed in this study. To comprehensively evaluate reliability, both
Cronbach’s @ and McDonald’s @ coefficients were utilized. McDonald’s
o is increasingly recommended due to its ability to account for varying
factor loadings among items (34, 35). Reliability coefficients of 0.70 or
higher were considered acceptable. While Cronbach’s & is commonly
used, it may underestimate reliability when factor loadings are not
equal and can indicate item redundancy with excessively high alpha
values (>0.90) (36). Bayesian estimation methods were employed to
calculate McDonald’s ® and Cronbach’s a, along with their 95%
credible intervals, providing a nuanced understanding of reliability
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beyond conventional frequentist methods (37). The Bayesian credible
intervals enhanced interpretability by explicitly quantifying
uncertainty around reliability estimates, strengthening the robustness
of the findings.

EFA and CFA are commonly employed together to assess the
construct validity of psychological scales. Typically, EFA is initially
conducted to identify the underlying factor structure without
imposing a preconceived theoretical model. Subsequently, CFA is
performed to assess the fit of the hypothesized model derived from
the EFA results (38). It is recommended to split the sample into two
independent subsets for EFA and CFA to prevent overfitting, validate
the factor structure identified by EFA independently, and enhance the
validation process’s robustness (38). While there is no universally
prescribed ratio for dividing samples, it is generally recommended to
allocate a larger portion to EFA for stable factor extraction and a
smaller portion to CFA for validation (39). In the present study, we
followed a 2:1 ratio of participants for EFA to CFA, aligning with these
recommendations. Additionally, ensuring comparability between
subsets in terms of key demographic variables like gender and grade
level is crucial to reduce biases and enhance result generalizability
(38). Therefore, we randomly divided the analytic sample (N = 6,873)
into independent EFA and CFA subsets with a 2:1 allocation (EFA:
n=4,811; CFA: n = 2,062), implemented in Python (Jupyter; pandas,
numpy, scikit-learn StratifiedShuffleSplit, seed = 2025). Stratification
was performed jointly by sex (1 = male, 2 = female) and school grade
(4-9) to preserve marginal distributions. Post-split balance was
excellent. For sex, the male proportion was 47.37% (EFA) vs. 47.37%
(CFA); the difference in proportions was A = 0.000 percentage points
[95% CI (—1.80, 1.80)]. A Pearsons chi-square test indicated no
association between subset and sex, *(1) = 0.000, p = 0.999, with a
negligible effect size (¢ = 0.000). For grade (4-9), distributions were
also equivalent, y*(5) = 0.007, p = 0.999, Cramér’s V = 0.001. This
methodological approach adheres to established psychometric best
practices, indicating that with clearly defined factor structures and
adequate sample sizes, population-level factor structures can be
accurately reproduced even without a perfect model fit (38). Thus, the
approach adopted in this study enhances the reliability and validity of
the identified factor structures.

Because item responses are ordinal Likert categories, all factor
models were estimated from polychoric correlations using the
weighted least squares mean and variance adjusted (WLSMYV)
estimator with a probit link, which does not assume multivariate
normality and is robust to non-normality. We screened item-level
distributions (skewness and kurtosis) and found values within
acceptable ranges; total scores were approximately normal, supporting
the use of parametric summaries. Within this framework, exploratory
factor analyses applied a Geomin oblique rotation to allow correlated
factors (40). Factor retention was determined based on various
criteria, including eigenvalues greater than 1 (41), scree plot inspection
(42), and model fit indices. Solutions with one to five factors were
considered, but convergence was only achieved for one- and
two-factor solutions.

CFA was conducted on the second subset using the same
WLSMYV estimator. A unidimensional model was specified for
each version: all five items for the WHO-5 and all four items for
the WHO-4 were set to load onto a single latent factor. The factor
variance was fixed at 1, and the mean was set to 0 for
model identification.
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The model fit for both EFA and CFA was assessed using the
Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), Root Mean
Square Error of Approximation (RMSEA), and Standardized Root
Mean Square Residual (SRMR). Acceptable fit criteria were defined as
CFI/TLI > 0.90 and RMSEA < 0.08, while good fit was defined as CFI/
TLI > 0.95 and RMSEA < 0.06; SRMR values <0.10 and < 0.08 were
considered acceptable and good, respectively (43). RMSEA values
slightly above 0.06 were considered acceptable due to the low number
of items in both scales, consistent with prior recommendations for low
degrees of freedom (44, 45).

Following the CFA, subgroup differences were examined
through multi-group confirmatory factor analysis using the entire
sample (n = 6,873) to assess measurement invariance across gender
and age groups. The analysis proceeded sequentially, starting with
configural invariance to ensure consistency in factor structure
across groups, followed by metric invariance to assess equivalence
in factor loadings, and scalar invariance to ascertain if item
intercepts remained invariant across groups. Model fit was assessed
based on established criteria: CFI > 0.95, TLI > 0.95, and RMSEA <
0.06 (43). However, it is important to consider potential bias in
RMSEA values for models with low degrees of freedom, particularly
with fewer than 10 indicators (45), as is the case with both the
WHO-5 and WHO-4 scales. Moreover, Hu and Bentler (43)
indicated that RMSEA values close to 0.06 are acceptable, while
values <0.08 are widely recognized as acceptable. Therefore,
RMSEA values ranging approximately from 0.06 to 0.08 were
considered indicative of an acceptable model fit for the present
study (22, 23, 45). Upon establishing configural invariance, metric
invariance and scalar invariance were tested. Model comparisons
were not conducted using chi-square difference tests due to the
test’s sensitivity to large sample sizes. Instead, differences in CFI and
TLI values <0.01 and differences in RMSEA <0.015 were considered
indicative of measurement invariance.

To assess concurrent validity, Pearson’s correlation coefficients
were computed to investigate the associations between the WHO-5-]
and two other measures, the PHQ-A and KIDSCREEN-10. These
correlations offer insights into the alignment of the WHO-5-] with
established measures of depressive symptoms and health-related QoL.

To determine the optimal cutoft scores for both the WHO-5-]
and WHO-4-], ROC curve analyses were conducted. The PHQ-A was
used as the reference measure for identifying psychological distress,
with predefined cutoff scores of >10 for moderate depression, >15
for moderately severe depression, and >20 for severe depression. The
discriminative ability of each scale was assessed by calculating the

10.3389/fpubh.2025.1662332

area under the ROC curve (AUC), with values >0.90 indicating
excellent discriminative accuracy, 0.80-0.89 representing good
accuracy, 0.70-0.79 indicating fair accuracy, and values below 0.70
suggesting poor accuracy (46). AUCs were reported with 95%
confidence intervals computed by the DeLong method, and paired
DeLong tests were used to compare AUCs between WHO-4-] and
WHO-5-]. Various diagnostic accuracy indices, including sensitivity
(the proportion correctly identifying true positive cases), specificity
(the proportion correctly identifying true negative cases), the
Youden’s index (defined as sensitivity + specificity-1, which indicates
the optimal balance between sensitivity and specificity (47)), positive
likelihood ratios (LR+), and negative likelihood ratios (LR—), were
analyzed to determine optimal cutoff scores. LR + values greater than
5 indicate strong diagnostic utility, values between 2 and 5 suggest
moderate utility, and LR— values less than 0.2 indicate a low risk of
false negatives (48, 49). The overall accuracy of correctly classified
cases was assessed, with optimal cutoff scores determined by
maximizing the Youden’s index to ensure balanced diagnostic
precision (47). In community-based primary screening contexts,
minimizing false negatives is crucial, so alternative thresholds
emphasizing higher sensitivity with acceptable trade-offs in specificity
were also considered. The ROC analyses, incorporating AUC values,
sensitivity, specificity, Youden’s index, likelihood ratios, and overall
classification accuracy, provided comprehensive evidence for
selecting optimal cutoff points and assessing the discriminative
accuracy of the WHO-5-] and WHO-4-] across varying levels of
depressive symptoms.

Descriptive statistics, reliability estimates, and correlation analyses
were conducted using JASP (Version 0.19.3). EFA and CFA, including
multi-group CFA, were performed using Mplus (Version 8.8). ROC
analyses were conducted using IBM Statistical Package for the Social
Sciences Statistics (Version 28.0.1.0).

3 Results
3.1 Descriptive statistics

Table 1 presents the descriptive statistics for each item in the
WHO-5 questionnaire, along with the total scores for both WHO-5
and WHO-4. All items demonstrated acceptable levels of skewness
and kurtosis, indicating their suitability for subsequent psychometric
analyses. The total scores for WHO-4 and WHO-5 had distributions
close to normal, with skewness values of —0.716 for WHO-5 and

TABLE 1 Descriptive statistics, item-total correlations, and internal consistency estimates for the WHO-5 and WHO-4 Items.

Item/scale

WHO1 6,867 2331 0.705 —0.742 —0.026 0.812 0.813 0.818
WHO2 6,861 2275 0.749 —0.728 —0.119 0.730 0.835 0.839
WHO3 6,839 2336 0.773 —0.895 —0.015 0.767 0.824 0.829
WHO4 6,835 2035 0.890 —0472 ~0.763 0.635 0.866 0.868
WHO5 6,872 2452 0.727 —1.124 0.492 0.719 0.837 0.842
WHO-5 total score 6,804 11.439 3.116 —0.716 —0.014

WHO-4 total score 6,807 9.106 2531 ~0.709 —0.048

sk, skewness; ku, kurtosis; r, corrected item-total correlations; @5, Cronbach’s alpha, if item deleted, ;, Cronbach’s alpha, if item deleted.
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—0.709 for WHO-4, and kurtosis values of —0.014 for WHO-5and  skewed distributions, with a majority of students reporting high levels
—0.048 for WHO-4, supporting their use in parametric analyses (50).  of psychological well-being. Around 57% of participants scored 12 or

Tables 2, 3 present the frequency distributions of total scores for ~ higher on WHO-5 (out of a maximum of 15), while approximately
WHO-5 and WHO-4, respectively. Both tables revealed negatively ~ 63% scored 10 or higher on WHO-4 (out of a maximum of 12),

TABLE 2 Frequency distribution of WHO-5 total scores among Japanese school-aged children (n = 6,983).

Observed value Frequency Probability (%) Valid percentage Cumulative
percentage

1 10 0.14 0.15 0.44

2 17 0.24 025 0.69

3 32 0.46 0.47 116

4 65 0.93 0.96 212

5 181 259 2.66 478

6 208 2.98 3.06 7.83

7 266 3.81 391 11.74

8 381 5.46 5.60 17.34

9 540 7.73 7.94 25.28

10 865 12.39 1271 37.99

11 612 8.76 8.99 46.99

12 622 8.91 9.14 56.13

13 665 9.52 9.77 65.90

14 785 11.24 11.54 77.44

15 1,535 21.98 22.56 100.00

Missing value 179 2.56

Total 6,983 100 100

WHO-5, 5-item World Health Organization Well-Being Index; Observed value, WHO-5 total score; Frequency, number of respondents; Probability (%), percentage of total sample including
missing values; Valid Percentage, percentage of valid (non-missing) responses; Cumulative percentage, cumulative percentage of valid responses. Missing values accounted for 2.56% of the
total sample.

TABLE 3 Frequency distribution of WHO-4 total scores among Japanese school-aged children (n = 6,983).

Observed value Frequency Probability (%) Valid percentage Cumulative
percentage

1 19 027 0.28 059

2 35 0.50 051 1.10

3 70 1.00 1.03 2.13

4 221 3.16 325 5.38

5 285 4.08 4.19 9.56

6 454 6.50 6.67 16.23

7 603 8.64 8.86 25.09

8 964 13.80 14.16 39.25

9 772 11.06 11.34 50.59

10 830 11.89 12.19 62.79

11 927 13.28 13.62 76.41

12 1,606 23.00 23.59 100.00

Missing value 176 2.52

Total 6,983 100 100

WHO-4, 4-item World Health Organization Well-Being Index; Observed value, WHO-4 total score; Frequency, number of respondents; Probability (%), percentage of total sample including
missing values; Valid percentage, percentage of valid (non-missing) responses; Cumulative percentage, cumulative percentage of valid responses. Missing values accounted for 2.52% of the
total sample.
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indicating generally favorable psychological states in the sample. The
amount of missing data was minimal (2.56% for WHO-5, 2.52% for
WHO-4), further confirming the reliability of the data for
subsequent analyses.

3.2 Reliability and internal consistency

The WHO-5 scale demonstrated strong internal consistency, with
a McDonald’s @ of 0.864 (95% confidence interval [CI]: 0.859-0.869)
and a Cronbach’s a of 0.867 (95% CI: 0.862-0.872). Similarly, the
WHO-4 scale had a McDonald’s » of 0.813 (95% CI: 0.805-0.820) and
a Cronbach’s a of 0.818 (95% CI: 0.810-0.824). Both scales exceeded
the recommended threshold of 0.80 for reliability coeflicients,
indicating robust internal consistency (36). These reliability statistics
are detailed in Table 4. Analysis of the impact of removing individual
items from the WHO-5 scale revealed minor fluctuations in the
reliability coefficients (o range: 0.818-0.868). Deleting the WHO4
item resulted in the highest reliability coefficient (a =0.868),
suggesting a slightly weaker contribution compared to the other items.
However, the marginal impact of item deletion indicates that each
item contributes meaningfully to the overall internal consistency of
the scale, supporting the structural validity observed in previous
studies (1, 8). Detailed results of the item analysis are presented in
Table 1.

3.3 Exploratory factor analysis

The eigenvalues showed a clear “elbow;” supporting a dominant
first factor (WHO-5: 3.763, 0.486, 0.333, 0.274, 0.143; WHO-4: 2.938,
0.464, 0.333, 0.265). A one-factor EFA provided acceptable-to-good

TABLE 4 Internal consistency and concurrent validity of WHO-5 and
WHO-4 with PHQ-A and KIDSCREEN-10.

| ~ WHO-5  WHO-4
Cronbachs 0.867 (95% CI: 0.818 (95% CI:
Internal 0.862-0.872) 0.810-0.824)
consistency 0.864 (95% CI: 0.813 (95% CI:
McDonald’s ®
0.859-0.869) 0.805-0.820)
Pearson'’s correlation coefficient
r 0.990 -
WHO-4 p-value <0.001 -
95%CI 0.990 ~ 0.991 -
r —0.603 —0.598
PHQ-A p-value <0.001 <0.001
95%CI —0.618 ~ —0.588 —0.613 ~ —0.583
r 0.757 0.741
Kidscreen10 p-value <0.001 <0.001
95%CI 0.747 ~ 0.767 0.730 ~ 0.752

WHO-5, 5-item World Health Organization Well-Being Index; WHO-4, modified four-item
version of WHO-5; PHQ-A, Patient Health Questionnaire for Adolescents; KIDSCREEN-10,
10-item measure of Health-Related Quality of Life for children and adolescents; CI,
confidence interval; r = Pearson’s correlation coefficient; all correlation coefficients were
statistically significant at p < 0.001.
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fit for both scales [WHO-5: y*(5) = 144.685, RMSEA = 0.076 (90% CI
0.066-0.087), CFI=0.997, TLI=0.994, SRMR = 0.023; WHO-4:
2(2)=69.614, RMSEA =0.084 (0.068-0.101), CFI = 0.996,
TLI = 0.989, SRMR = 0.023]. Consistent with prior reccommendations,
model evaluation relied on multiple indices (RMSEA with 90% Cls,
CFIL, TLI, SRMR) (43, 51); the slightly elevated RMSEA for WHO-4 is
expected in short, low-df models and does not contradict the overall
one-factor solution (45).

All factor loadings were significant (p < 0.001). Loadings ranged
0.701-0.945 for WHO-5 (highest on Item 1 = 0.945) and 0.724-0.861
for WHO-4, indicating a clear unidimensional structure in both
versions. Because WHO-4 excludes the strongest-loading item, its
maximum loading and explained variance are modestly lower, yet the
scale retains adequate measurement precision. Full item-level
estimates are provided in Table 5.

3.4 Confirmatory factor analysis

The model fit indices indicated a good overall fit for both
WHO-5 and WHO-4. For WHO-5, the chi-square statistic was
79.19 (df = 5, p < 0.001), RMSEA = 0.079 (90% CI: 0.063-0.096),
CFI = 0.997, TLI = 0.993, and SRMR = 0.014. For WHO-4, the
chi-square statistic was 25.1 (df = 2, p < 0.001), RMSEA = 0.081
(90% CI: 0.068-0.096), CFI=0.996, TLI=0.989, and
SRMR = 0.012. Detailed model fit indices and factor loadings are
presented in Table 5.

Although the RMSEA values for the WHO-4 model slightly
exceed the conventional cutoff of 0.08 for an acceptable fit (38),
previous research has indicated that RMSEA may be biased in
models with low degrees of freedom (45), particularly when the
number of indicators is fewer than 10, as in this study. Given the
limited number of items in both WHO-5 and WHO-4, the slightly
elevated RMSEA may not necessarily indicate a poor fit.
Furthermore, the CFI and TLI values surpassed the widely accepted
threshold of 0.95 for good model fit (43), and the SRMR values were
well below the recommended cutoft of 0.08 (51), further supporting
the adequacy of both models.

All standardized factor loadings were significant (p < 0.001),
supporting a clear unidimensional structure in both versions.
Consistent with the EFA, Item 1 showed the strongest loading in
WHO-5; its exclusion accounts for the slightly lower maximum
loading in WHO-4, while the short form retains adequate
measurement precision. These findings suggest that while the WHO-4
scale remains a valid measure of well-being, the WHO-5 scale may
offer a more robust representation of the construct due to the inclusion
of WHO-1.

The R-square values were generally high for both scales,
indicating strong measurement properties. WHO-5: R-square
ranged 0.492 (Item 4)-0.893 (Item 1); residual variances were 0.107
(Item 1), 0.341 (Item 2), 0.228 (Item 3), 0.508 (Item 4), 0.326 (Item
5). WHO-4: R-square ranged 0.524 (Item 4)-0.741 (Item 3); residual
variances were 0.335 (Item 2), 0.259 (Item 3), 0.476 (Item 4), 0.326
(Item 5). The higher R-square in WHO-5—especially for Item 1
(0.893)—indicates that omitting this strongest indicator in WHO-4
modestly reduces the maximum explained variance; nevertheless,
WHO-4 maintains adequate explanatory power and remains a
viable short form.
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TABLE 5 Exploratory and confirmatory factor analysis of the WHO-5 and WHO-4 items among Japanese school-aged children.

WHO1-WHO5 Exploratory factor analysis Confirmatory factor analysis
WHO-5 WHO-4 WHO-5 WHO-4
Factor Residual Factor Residual Factor EH[VEL Factor Residual
loading variance loading variance loading variance loading variance
WHO1 1 have felt 0.945 0.107 (Removed) (Removed) 0.944 0.109 (Removed) (Removed)
cheerful
and in good
spirits.
WHO2 I have felt 0.812 0.341 0.815 0.335 0.809 0.346 0.814 0.337
calm and
relaxed.
WHO3 I have felt 0.879 0.228 0.861 0.259 0.874 0.237 0.854 0.271
active and
vigorous.
WHO4 I woke up 0.701 0.508 0.724 0.476 0.702 0.507 0.727 0.471
feeling
fresh and
rested.
WHO5 My daily 0.821 0.326 0.821 0.326 0.825 0.320 0.822 0.324
life has
been filled
with things
that interest
me.
N 4,811 4,811 2062 2062
Model fit
Chi-square 144.685 69.614 79.19 25.1
Degrees of freedom 5 2 5 2
Relative chi-square 28.94 34.81 15.84 12.55
(*/df)
p-value <0.001 <0.001 <0.001 <0.001
RMSEA 0.076 0.084 0.079 0.081
RMSEA 90% CI [0.066, 0.087] [0.068, 0.101] (0.063, 0.096] [0.057, 0.108]
CFI 0.997 0.996 0.997 0.996
TLI 0.994 0.989 0.993 0.989
SRMR 0.023 0.023 0.014 0.012

WHO-5, 5-item World Health Organization Well-Being Index; WHO-4, modified four-item version excluding item WHO1 (“T have felt cheerful and in good spirits”); RMSEA, Root Mean
Square Error of Approximation; CI, confidence interval; CFI, Comparative Fit Index; TLI, Tucker-Lewis Index; SRMR, Standardized Root Mean Square Residual. All factor loadings and

residual variances were statistically significant at p < 0.001.

3.5 Measurement invariance of the WHO-5
and WHO-4 across grade groups

A stepwise measurement invariance analysis was conducted to
determine if the WHO-5 and WHO-4 Well-Being Indexes function
equivalently across elementary and junior high school students. The
analysis assessed configural, metric, and scalar invariance models to
evaluate the consistency of well-being measurements across grade
groups. Results are summarized in Table 6.

The configural invariance model, which examined the overall
factor structure of the WHO-5 and WHO-4 without imposing
equality constraints, demonstrated an adequate fit. The WHO-5
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model yielded a chi-square value of 155.634 (df = 10), RMSEA of
0.065 (90% CI: 0.056-0.074), CFI of 0.986, TLI of 0.972, and SRMR of
0.019, indicating that the single-factor model applied to both
elementary and junior high school students. The WHO-4 model also
demonstrated an acceptable fit with y*(4) = 82.581, RMSEA = 0.076
(90% CI: 0.062-0.090), CFI = 0.987, TLI = 0.961, and SRMR = 0.017.
These results suggest that well-being measurement was consistent
across grade groups for both scales. However, the slightly higher
RMSEA and lower TLI for the WHO-4 model may be due to the
exclusion of WHO-1.

After establishing configural invariance, metric invariance was
tested by constraining factor loadings to be equal across groups. For
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TABLE 6 Measurement invariance testing of WHO-5 and WHO-4 across grade levels in Japanese school-aged children.

Grade Models Model fit indices Model Comparison
¥/  CFl  TLI RMSEA SRMR ACFI ATLI ARMSEA Ve
df
Configural | 155.634 10 1556 | 0986 = 0.972 0.065 0.019 — — — — — —
WHO-5  Metric 198283 | 14 | 1416 | 0982 0974 0.062 0.044 —0.004  —0.002 0.003 38892 | 4 | p<0.001
Scalar 294788 = 18 | 1638 0973 | 0.970 0.067 0.057 —0.009  0.004 —0.005 108776 | 4 | p<0.001
Configural | 82.581 4 2065 | 0987 0961 0.076 0.017 — — —
WHO-4 | Metric 115203 7 | 1646 | 0982 | 0.969 0.067 0.040 —0.005 = —0.008 0.009 28973 | 3 | p<0.001
Scalar 224466 = 10 | 2245 0966 = 0.960 0.078 0.057 —0.016  0.009 —0.011 109263 = 3 p<0.001

WHO-5, 5-item World Health Organization Well-Being Index; WHO-4, modified four-item version excluding item WHOU; y?, chi-square statistic; df, degrees of freedom; CFI, Comparative
Fit Index; TLI, Tucker-Lewis Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Square Residual; A, Change between nested models.

WHO-5, the chi-square difference test showed a significant difference
between the metric and configural models [Ay*(4) = 38.892, p < 0.001],
but the overall model fit remained strong, with y*(14) = 198.283,
RMSEA = 0.062, CFI = 0.982, TLI = 0.974, and SRMR = 0.044. The
change in CFI (ACFI = —0.004) was below the commonly used
threshold of —0.01, supporting metric invariance. Similarly, for
WHO-4, a significant difference was found between the metric and
configural models [Ay*(3) = 28.973, p < 0.001], with fit indices within
acceptable limits [*(7) = 115.203, RMSEA =0.067, CFI=0.982,
TLI = 0.969, SRMR = 0.040]. The change in CFI (ACFI = —0.005)
further supports metric invariance, indicating that the relationships
between the latent well-being construct and individual items were
equivalent across grade groups for both WHO-5 and WHO-4.

Scalar invariance was assessed by constraining item intercepts to
be equal across groups. For the WHO-5 scale, the chi-square
difference test comparing the scalar and metric models showed a
significant difference [Ay*(4) = 108.776, p < 0.001]. However, the
overall model fit remained acceptable, with »?(18)=294.788,
RMSEA = 0.067, CFI = 0.973, TLI = 0.970, and SRMR = 0.057. The
change in CFI (ACFI = —0.009) was within the —0.01 threshold,
supporting full scalar invariance for meaningful comparisons of
latent well-being across grade groups. In contrast, for the WHO-4
scale, the scalar model showed a significant decrease in fit compared
to the metric model, with Ay*(3) = 109.263, p < 0.001, and a CFI
decline of —0.016, exceeding the recommended threshold. These
results indicate that the WHO-4 scale does not fully meet the criteria
for scalar invariance, indicating potential differences in response
tendencies between elementary and junior high school students.

Overall, the results of measurement invariance analysis indicate
that the WHO-5 scale offers a more stable and generalizable
assessment of well-being across different grade levels, meeting the
criteria for full scalar invariance. In contrast, the WHO-4 scale only
demonstrated partial scalar invariance, implying that score differences
may not solely reflect variations in latent well-being but could be
influenced by variations in item response patterns among grade
groups. This implies that adjustments for partial scalar invariance may
be needed to ensure the comparability of latent means when using the
WHO-4 scale. The slightly higher RMSEA values observed in all
models for the WHO-4 scale indicate that the removal of WHO-1 may
have impacted the scale’s structural integrity. Therefore, the WHO-5
scale appears to be a more robust and reliable measure for assessing
well-being in elementary and junior high school students.
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3.6 Measurement invariance of WHO-5 and
WHO-4 across gender groups

To assess the comparability of the WHO-5 and WHO-4 Well-
Being Index across gender groups, a series of measurement invariance
tests were conducted. The analysis followed a hierarchical approach,
assessing the configural, metric, and scalar invariance models
sequentially. The results are summarized in Table 7.

The configural invariance model demonstrated an adequate fit for
both the WHO-5 and WHO-4. The WHO-5 model showed a
chi-square value of 155.634 (df=10), RMSEA =0.063 (90% CI:
0.054-0.072), CFI=0.987, TLI=0.974, and SRMR=0.019,
confirming that the single-factor structure applied to both males and
females. Similarly, the WHO-4 model exhibited acceptable fit indices,
with #%(4) = 75.568, RMSEA =0.072 (90% CIL 0.059-0.087),
CFI =0.988, TLI = 0.964, and SRMR = 0.017. These findings indicate
that the latent well-being construct is similarly structured across
gender groups in both versions of the scale.

To examine whether the factor loadings were equivalent across
gender groups, metric invariance was examined by constraining the
factor loadings to be equal. For the WHO-5 model, the chi-square
difference test comparing the metric and configural models yielded a
significant result [Ay*(4) = 17.57, p < 0.001]. However, the overall
model fit remained strong, with y*(14) = 168.129, RMSEA = 0.057
(90% CI: 0.049-0.065), CFI = 0.985, TLI = 0.978, and SRMR = 0.031.
The change in CFI (ACFI=—0.002) was below the commonly
accepted threshold of —0.01, supporting metric invariance. Similarly,
for the WHO-4 model, metric invariance was supported despite a
significant chi-square difference [Ay*(3) = 16.651, p = 0.0008], as the
model fit indices remained within an acceptable range y*(7) = 96.385,
RMSEA = 0.061 (90% CI: 0.051-0.072), CFI =0.985, TLI = 0.974,
SRMR = 0.031, with a ACFI = —0.003. These results indicate that the
relationships between the latent well-being factor and individual items
were equivalent across gender groups in both the WHO-5 and
WHO-4 models.

Finally, scalar invariance was tested by constraining item
intercepts to be equal across gender groups. For the WHO-5 scale, the
chi-square difference test comparing the scalar and metric models was
statistically significant [Ay*(4) = 58.601, p < 0.001]. However, the
overall model fit remained acceptable, with x*(18)=224.299,
RMSEA = 0.058 (90% CI: 0.051-0.065), CFI = 0.980, TLI = 0.977, and
SRMR = 0.041. The change in CFI (ACFI = —0.005) did not exceed
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TABLE 7 Measurement invariance testing of WHO-5 and WHO-4 across gender groups in Japanese school-aged children.

Gender Models Model fit indices Model comparison
¥/ CFl TLI RMSEA SRMR ACFI ATLI ARMSEA ¥
df
Configural 155634 | 10 | 1556 | 0.987 | 0.974 0.063 0.019 — — — — — —
WHO-5 Metric 168129 14 | 1301 & 0985 0978 0.057 0031 | —0.002 & —0.004 0.006 1757 | 4 p<0.001
Scalar 224299 18 | 1246 0980 = 0977 0.058 0041 | —0.005  0.001 —0.001 58601 = 4  p<0.001
Configural | 75568 | 4 | 1889 0988  0.964 0.072 0.017 — — — —
WHO-4 Metric 96385 | 7 | 1377 0985 0974 0.061 0.031 | —0.003 = —0.01 0.011 16651 | 3 | p<0.001
Scalar 152183 | 10 1522 | 0976 | 0971 0.065 0.043 | —0.004  0.003 —0.004 59355 3 p<0.001

WHO-5, 5-item World Health Organization Well-Being Index; WHO-4, modified four-item version excluding item WHOU; 7, chi-square statistic; df, degrees of freedom; CFI, Comparative
Fit Index; TLI, Tucker-Lewis Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Square Residual; A, Change between nested models.

the —0.01 threshold, supporting full scalar invariance. Similarly, for
the WHO-4 scale, the scalar invariance model also showed a
significant chi-square difference [Ay*(3) = 59.355, p < 0.001], but the
changes in CFI (ACFI =—0.004) remained within an acceptable
range. The final model fit for the WHO-4 scale was y*(10) = 152.183,
RMSEA = 0.065 (90% CI: 0.056-0.074), CFI = 0.976, TLI = 0.971, and
SRMR = 0.043. These findings indicate that both the WHO-5 and
WHO-4 scales meet the criteria for full scalar invariance.

Overall, these findings suggest that both the WHO-5 and WHO-4
scales demonstrate full scalar invariance across gender groups,
enabling direct comparisons of latent well-being scores between males
and females. The stability of the CFI and the minor impact on RMSEA
values further support the robustness of these measures. The
achievement of full scalar invariance by both scales suggests that any
observed mean differences in well-being scores between genders
reflect true differences in the latent construct rather than measurement
artifacts. These findings underscore the suitability of both the WHO-5
and WHO-4 scales for gender-based comparisons of well-being,
providing strong empirical evidence for their measurement
equivalence.

3.7 Convergent validity

To assess convergent validity, Pearson’s correlation coeflicients
were computed between the WHO-5, WHO-4, and relevant
constructs. The WHO-5 scale exhibited a strong correlation with the
WHO-4 scale (r=0.990), a negative correlation with depressive
symptoms (PHQ-A; r=—0.603), and a positive correlation with
subjective well-being (KIDSCREEN-10; r = 0.757). Similarly, the
WHO-4 scale was negatively correlated with PHQ-A (r = —0.598) and
positively correlated with KIDSCREEN-10 (r = 0.741). Based on
Cohen’s criteria (52), these coefficients reflect large effect sizes,
supporting the convergent validity of both the WHO-5 and WHO-4
scales. Detailed correlation coeflicients and confidence intervals are
presented in Table 4.

3.8 Receiver operating characteristic curve
analysis

The ROC analysis results, as summarized in Table 8 and
illustrated in Figures 1-3, indicated that both the WHO-4 and
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WHO-5 scales demonstrated strong discriminative accuracy in
identifying depression across various severity levels (moderate,
moderately severe, and severe). For moderate depression, the AUC
was 0.84 (95% CI: 0.82-0.85) for WHO-4 and 0.84 (95% CI: 0.82-
0.85) for WHO-5; the paired DeLong test indicated no significant
difference (AAUC = 0.00, 95% CI: —0.01-0.01, p > 0.05). This is
consistent with the classic interpretation that substantial overlap of
95% confidence intervals rarely implies a statistically significant
difference (53).

A similar trend was observed for moderately severe
depression, with an AUC of 0.87 (95% CI: 0.85-0.90) for WHO-4
and 0.88 (95% CI: 0.85-0.90) for WHO-5; the paired DeLong test
indicated no significant difference (AAUC =0.01, 95% CI:
—0.00-0.02, p > 0.05). Although WHO-5 showed slightly higher
accuracy, the substantial overlap of the confidence intervals and
the very small AAUC indicate that the difference is not
statistically or clinically meaningful.

In the case of severe depression, both scales demonstrated very
high discriminative performance, with an AUC of 0.92 (95% CI: 0.88-
0.95) for WHO-4 and an AUC of 0.92 (95% CI: 0.88-0.96) for
WHO-5; the paired DeLong test indicated no significant difference
(AAUC = 0.00, 95% CI: —0.02-0.02, p > 0.05). At this severity level,
the accuracy of the two scales was nearly identical, with no
meaningful differences.

Overall, the WHO-5 scale consistently exhibited slightly higher
discriminative accuracy than the WHO-4 scale across all levels of
depression severity, although these differences were not statistically
significant. Both scales demonstrate practical effectiveness in
identifying depression. The WHO-4 scale could be sufficiently useful
as a general screening tool for broadly detecting depressive symptoms;
however, the WHO-5 scale may be preferred in situations where
specificity and minimizing false positives are crucial. In clinical
settings, the choice between the WHO-4 and WHO-5 scales should
be based on the specific screening objectives and the required
diagnostic accuracy (46).

To address potential heterogeneity in measurement precision by
developmental stage, we additionally conducted age-stratified ROC
analyses (Elementary: Grades 4-6; Junior-high: Grades 7-9). For both
WHO-4 and WHO-5, discrimination remained good to excellent
within each stratum, and the 95% confidence intervals of the AUCs
overlapped across age groups. On this basis, we proceeded with
pooled analyses for subsequent models. Stratum-specific AUCs and
case/control counts are provided in the Supplementary Tables.
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TABLE 8 Diagnostic accuracy of WHO-4 and WHO-5 for detecting different levels of depression severity in Japanese school-aged children.

Dependent Predictor AUC SE Asymptotic 95% ClI WAVA
variable -value o . .
(depression p Lower Upper Positive Negative Missing
severity)
Moderate WHO-4 0.84 0.008 <0.001 0.82 0.85
) 772 (11.6) 5,906 (88.4)
depression WHO-5 0.84 0.008 <0.001 0.82 0.85
Moderately severe | WHO-4 0.87 0.012 <0.001 0.85 0.90
) 259 (3.9) 6,419 (96.1) 305
depression WHO-5 0.88 0.012 <0.001 0.85 0.90
WHO-4 0.92 0.018 <0.001 0.88 0.95
Severe depression 75 (1.1) 6,603 (98.9%)
WHO-5 0.92 0.019 <0.001 0.88 0.96

WHO-5, 5-item World Health Organization Well-Being Index; WHO-4, modified four-item version excluding item WHO1; AUC, area under the curve; SE, standard error; CI, confidence
interval; N (%), number and percentage of participants classified according to depression severity using PHQ-A cutoff scores (>10 points for moderate depression, >15 points for moderately
severe depression, and >20 points for severe depression). All analyses were statistically significant at p < 0.001. Higher area under the curve values indicate better diagnostic accuracy.
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FIGURE 1

ROC curve for moderate depression. Receiver operating
characteristic (ROC) curves for the WHO-4 and WHO-5 well-being
indices in detecting moderate depression. The x-axis represents the
false positive rate (1 — specificity), and the y-axis represents the true
positive rate (sensitivity). The WHO-5 showed marginally better
discriminative performance than the WHO-4, though the difference
was minimal. ROC, receiver operating characteristic; WHO-4, 4-item
version of the World Health Organization-Five Well-Being Index;
WHO-5, 5-item version of the World Health Organization-Five Well-
Being Index; AUC, area under the curve.

3.9 Optimal cutoff points for the WHO-4
and WHO-5 scales by depression severity

Optimal cutoff points for detecting depression at different severity
levels (moderate, moderately severe, and severe) using WHO-4 and
WHO-5 scales were determined based on sensitivity, specificity,
Youden’s index, LR+, LR—, and overall classification accuracy (46, 47,
53). The detailed results are summarized in Table 9.

For moderate depression, the recommended clinical screening
thresholds were set at <8 points for WHO-4 (sensitivity = 0.71,
specificity = 0.81, Youden’s index = 0.52, correctly classified = 76%,
LR+=3.71,LR—=0.36) and <10 points for WHO-5 (sensitivity = 0.71,
specificity = 0.81, Youden’s index = 0.52, correctly classified = 76%,
LR+ = 3.72, LR — = 0.36). Both thresholds demonstrated balanced
diagnostic utility suitable for clinical and general screening contexts
(48, 49).
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FIGURE 2

ROC curve for moderately severe depression. Both WHO-4 and
WHO-5 demonstrated high discriminative ability, with ROC curves
approaching the upper left corner. WHO-5 showed slightly better
sensitivity at comparable levels of specificity, suggesting a marginal
advantage in identifying moderately severe depressive symptoms.
ROC, receiver operating characteristic; WHO-4, 4-item version of
the World Health Organization-Five Well-Being Index; WHO-5,
5-item version of the World Health Organization-Five Well-Being
Index; AUC, area under the curve.

For moderately severe depression, the optimal thresholds were
slightly higher, at <7 points for WHO-4 (sensitivity =0.74,
specificity = 0.86, Youden’s index = 0.60, correctly classified = 80%,
LR+ =5.38, LR— = 0.30) and <9 points for WHO-5 (sensitivity = 0.78,
specificity = 0.85, Youden’s index = 0.63, correctly classified = 81%,
LR+ = 5.28, LR— = 0.26). These thresholds provided improved
diagnostic accuracy, featuring strong likelihood ratios and acceptable
false-negative rates (53).

For severe depression, the identified optimal thresholds were also
<7 points for WHO-4 (sensitivity = 0.87, specificity = 0.85, Youden’s
index = 0.71, correctly classified = 86%, LR+ = 5.70, LR— = 0.16) and
<9 points for WHO-5 (sensitivity = 0.89, specificity = 0.84, Youden’s
index = 0.73, correctly classified = 87%, LR+ = 5.48, LR— = 0.13).
These thresholds yielded excellent diagnostic accuracy with minimal
false negatives, making them particularly suitable for identifying
severe cases requiring immediate intervention (46, 53).

In practical scenarios like community-based primary screening,
where high sensitivity is prioritized to minimize the risk of missed
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FIGURE 3

ROC curve for severe depression. Both WHO-4 and WHO-5
demonstrated high accuracy, particularly at lower false positive rates.
WHO-5 exhibited slightly higher sensitivity than WHO-4 across
several cut points, suggesting its potential advantage in screening for
severe depressive symptoms. ROC, receiver operating characteristic;
WHO-4, 4-item version of the World Health Organization-Five Well-
Being Index; WHO-5, 5-item version of the World Health
Organization-Five Well-Being Index; AUC, area under the curve.

cases (false negatives), the reccommended cutoff points were adjusted
slightly upward (toward higher scores) to ensure greater sensitivity,
accepting minor reductions in specificity. Specifically, for moderate
depression, the recommended thresholds were adjusted to <9 points
for WHO-4 (sensitivity = 0.83, specificity = 0.67) and <11 points for
WHO-5 (sensitivity = 0.82, specificity = 0.68). For moderately severe
depression, thresholds of <8 points for WHO-4 (sensitivity = 0.83,
specificity = 0.77) and <10 points for WHO-5 (sensitivity = 0.83,
specificity = 0.77) were recommended. In the context of severe
depression, community-based screening thresholds were similarly set
at <8 points for WHO-4 (sensitivity = 0.93, specificity = 0.76) and
<10 points for WHO-5 (sensitivity =0.93, specificity = 0.76),
providing excellent sensitivity for early identification in broader
community settings (48, 49).

Based on a comprehensive analysis of various severity levels and
considering sensitivity, specificity, and overall accuracy, it is
recommended to establish unified optimal cutoff points for practical
clinical and community-based use at <8 points for WHO-4 and <10
points for WHO-5. These standardized thresholds demonstrate
consistent and robust diagnostic performance while effectively
balancing the trade-offs between false positives and false negatives
(46). In community settings where early detection is crucial to
minimize missed cases, slightly higher unified thresholds are
suggested: <9 points for WHO-4 and <11 points for WHO-5. These
adjusted thresholds improve the chances of early identification,
enabling timely preventive interventions (54-57).

4 Discussion

The present study significantly advances the literature by
validating the WHO-5 Well-Being Index and its abbreviated version
(WHO-4) among a large, community-based sample of Japanese
school-aged children. Through rigorous psychometric analyses, we
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confirmed the reliability of both scales, factorial validity, measurement
invariance across gender and age groups, convergent validity, and
optimal screening thresholds for psychological distress. This study
addresses important gaps regarding the suitability of the WHO-5 scale
for younger, nonclinical populations in East Asia, particularly in
educational settings where early identification of psychological
distress is crucial. By using a simplified four-point Likert scale to
reduce cognitive load, our approach innovatively expands the practical
utility and accessibility of the WHO-5 scale among younger
respondents, which is beneficial for large-scale school screenings
(10, 11).

The close correspondence between «a and @ indicates limited
heterogeneity in item loadings and thus strong structural coherence
(58). The obtained reliability estimates are consistent with prior
validations of the WHO-5 and comparable work in diverse
populations, supporting generalizability and cross-cultural stability (1,
8, 18, 20). The use of Bayesian estimation further enhanced the
interpretability of the reliability coefficients by providing precise
credible intervals, supporting the robustness of the findings (37). Item
removal analysis indicated that deleting any single item from the
WHO-5 scale did not meaningfully improve reliability, suggesting that
each item contributes effectively to the overall internal consistency of
the scale. Although item WHO4 showed a slightly lower corrected
item-total correlation, its removal did not substantially affect
reliability, supporting the retention of all items in practical applications.

Factorial analyses confirmed a clear unidimensional structure,
consistent with existing literature that identifies the WHO-5 scale as
measuring a single construct of subjective psychological well-being (1,
3). Both EFA and CFA consistently supported this single-factor
structure, further reinforcing the established factorial validity of the
WHO-5 scale in diverse populations (19, 20). Measurement invariance
analyses revealed full scalar invariance across gender for both WHO-5
and WHO-4, indicating that gender-based comparisons of well-being
are unbiased. However, while WHO-5 demonstrated full scalar
invariance across grade groups, WHO-4 only showed partial scalar
invariance. Full scalar invariance is critical to ensure that gender- and
age-based comparisons of latent means accurately reflect true
differences in well-being without bias (17, 22, 23). The partial scalar
invariance observed in WHO-4 suggests that caution and potential
adjustments are necessary when interpreting cross-grade comparisons,
highlighting  the of WHO-5
developmental applications.

superiority for broader

A significant methodological innovation in our study was the
modification of the standard 6-point Likert scale to a simplified
4-point scale to reduce cognitive burden in children, as younger
respondents may struggle with extensive response options (10, 11).
Although this scaling change prevented direct numeric comparisons
with previous studies, it did not compromise discriminative metrics
such as sensitivity, specificity, and the AUC. Indeed, our observed
AUCs in the range of 0.85-0.90 were consistent with prior research
using the standard WHO-5 format (7, 59), demonstrating that the
overall diagnostic power remained intact despite the
scale modification.

Our ROC analysis confirmed that both WHO-5 and WHO-4 have
good accuracy in detecting depression across varying severity levels.
This study is the first to formally evaluate WHO-4’s screening
performance in a large community-based sample of school-aged

children, suggesting its utility as a practical short-form tool in
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TABLE 9 Sensitivity, specificity, likelihood ratios, and positive predictive values of WHO-4 and WHO-5 at various cut-off points for detecting moderate, moderately severe, and severe depression among Japanese
school-aged Children.

Moderate depression

Moderately severe depression

Severe depression

PPV estimation

SP CC CC LR+ LR+ LR— 12-month = Cumulative
<1 0.01 1.00 0.01 0.51 7.00 0.99 003  1.00 0.02 051 13.50 0.97 0.05 1.00 0.05 0.53 26.50 0.95 16.5% 28.9%
<2 0.04 1.00 0.03 0.52 18.00 0.97 0.07 | 1.00 | 0.07 | 0.54 24.33 0.93 0.19 1.00 0.18 0.59 46.75 0.82 33.7% 51.2%
<3 0.07 1.00 0.07 0.54 24.33 0.93 0.15 1.00 014 057 29.40 0.86 0.28 0.99 0.27 0.64 35.00 0.73 40.8% 58.6%
<4 0.13 0.99 0.12 0.56 21.67 0.88 023 | 099 022 06l 19.00 0.78 0.36 0.98 0.34 0.67 21.18 0.65 38.0% 55.8%
<5 0.29 0.98 0.27 0.64 14.00 0.72 044 096 040  0.70 11.89 0.58 0.65 0.95 0.61 0.80 14.20 0.36 28.4% 44.9%
<6 0.42 0.95 0.37 0.69 8.31 0.61 060 | 093 | 052 076 8.04 0.44 0.77 0.91 0.69 0.84 8.99 0.25 19.0% 32.6%
o <7 0.59 0.90 0.48 0.74 5.63 0.46 0.74 0.86 0.60 0.80 5.38 0.30 0.87 0.85 0.71 0.86 5.70 0.16 13.7% 24.7%
<8 0.71 0.81 0.52 0.76 3.71 0.36 0.83 | 0.77 | 0.60  0.80 3.65 0.22 0.93 0.76 0.69 0.85 3.86 0.09 9.5% 17.8%
<9 0.83 0.67 0.50 0.75 2.49 0.26 0.91 0.63 0.54 0.77 245 0.15 0.95 0.62 0.56 0.78 2.46 0.09 6.6% 12.6%
<10 0.89 0.55 0.44 0.72 1.96 0.20 093 | 051 | 045 | 072 1.92 0.13 0.96 0.50 0.46 0.73 1.92 0.08 5.3% 10.2%
<11 0.94 0.41 0.36 0.68 1.61 0.14 0.95 0.39 0.34 0.67 1.55 0.12 0.96 0.38 0.34 0.67 1.54 0.11 4.3% 8.6%
<12 0.97 0.26 0.24 0.62 1.32 0.11 099 | 025 | 023 0.62 1.30 0.06 0.99 0.24 0.23 0.61 1.30 0.05 3.6% 7.1%
WHO-5 <1 0.01 1.00 0.01 0.51 6.50 0.99 0.03  1.00 0.02 051 13.50 0.97 0.05 1.00 0.05 0.53 26.50 0.95 15.5% 27.4%
<2 0.03 1.00 0.02 0.51 12.50 0.98 0.05 | 1.00 | 0.04 | 052 15.33 0.96 0.11 1.00 0.10 0.55 35.67 0.90 26.1% 42.1%
<3 0.04 1.00 0.04 0.52 21.50 0.96 0.09  1.00 0.09 055 31.00 0.91 0.20 1.00 0.20 0.60 40.00 0.80 37.8% 55.6%
<4 0.08 1.00 0.07 0.54 25.00 0.93 0.16 | 099 | 015 | 0.58 26.33 0.85 0.31 0.99 0.30 0.65 38.37 0.70 41.4% 59.3%
<5 0.13 0.99 0.12 0.56 18.57 0.88 0.25 0.99 0.23 0.62 20.58 0.76 0.41 0.98 0.40 0.70 25.81 0.60 34.4% 51.9%
<6 0.27 0.98 0.25 0.63 15.94 0.74 043 | 097 | 039 | 070 13.71 0.59 0.67 0.96 0.63 0.81 16.67 0.35 31.1% 48.1%
<7 0.39 0.96 0.35 0.68 10.72 0.64 0.56 0.94 0.50 0.75 9.75 0.47 0.76 0.93 0.69 0.85 11.01 0.26 23.3% 38.4%
<8 0.50 0.93 0.43 0.72 7.52 0.54 0.66 | 091 | 057 | 078 7.02 0.38 0.80 0.89 0.69 0.85 7.41 0.22 17.5% 30.4%
<9 0.62 0.89 0.50 0.75 5.47 0.43 0.78 0.85 0.63 0.81 5.28 0.26 0.89 0.84 0.73 0.87 5.48 0.13 13.4% 24.1%
<10 0.71 0.81 0.52 0.76 3.72 0.36 0.83 0.77 0.60 0.80 3.64 0.22 0.93 0.76 0.69 0.84 3.82 0.09 9.5% 17.8%
<11 0.82 0.68 0.50 0.75 2.55 0.27 0.89 0.64 0.53 0.77 2.49 0.17 0.93 0.63 0.56 0.78 2.51 0.11 6.7% 12.9%
<12 0.87 0.58 0.45 0.73 2.08 0.23 0.92 0.55 0.47 0.73 2.04 0.15 0.95 0.54 0.48 0.74 2.05 0.10 5.6% 10.8%
<13 0.91 0.49 0.40 0.70 1.77 0.18 0.95 0.45 0.40 0.70 1.74 0.12 0.96 0.44 0.40 0.70 1.73 0.09 4.8% 9.4%
<14 0.96 0.38 0.33 0.67 1.54 0.12 097 | 035 | 0.33 0.66 1.51 0.08 0.96 0.35 0.30 0.65 1.47 0.12 4.2% 8.2%
<15 0.97 0.25 0.23 0.61 1.30 0.10 0.99 0.23 0.22 0.61 1.29 0.06 0.99 0.23 0.21 0.61 1.28 0.06 3.6% 7.0%

CP, Cut-off point; SE, Sensitivity; SP, Specificity; YI, Youden’s Index; CC, Correctly classified; LR+, Positive likelihood ratio; LR—, Negative likelihood ratio; PPV, Positive predictive value. Sensitivity indicates the proportion of true positive cases identified correctly,
while specificity represents the proportion of true negative cases identified correctly. Youden’s Index (YI = Sensitivity + Specificity — 1) reflects the optimal balance between sensitivity and specificity. The Correctly classified (CC) metric shows the overall accuracy,
representing the proportion of participants accurately identified as positive or negative. Positive likelihood ratio (LR+) indicates how much more likely individuals with depression are to have a positive screening result compared to those without depression; conversely,
Negative likelihood ratio (LR—) indicates how much less likely individuals with depression are to have a negative screening result compared to those without depression. Higher LR+ values and lower LR— values indicate greater diagnostic accuracy. PPVs were

estimated based on 12-month prevalence (2.75%) and cumulative prevalence (5.5%), demonstrating the proportion of screening-positive individuals who are likely to have depression, noting that PPV varies depending on the underlying prevalence.
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educational settings. Optimal cutoff scores were identified by
considering sensitivity-specificity trade-offs, clinical utility, and
predictive values influenced by the prevalence of depression. Positive
predictive value (PPV) strongly depends on contextual prevalence
rates (60-62), and we incorporated global epidemiological prevalence
estimates to interpret the screening results. Specifically, the 12-month
prevalence for adolescents aged 10-15 years was estimated at 2.75%,
based on WHO reports (63) and meta-analytic findings (64). The
cumulative prevalence was set at 5.5%, reflecting longitudinal data
indicating a lifetime prevalence of approximately 11% among
adolescents aged 13-18 (65).

As shown in Table 9, sensitivity, specificity, and PPV varied
significantly based on the chosen thresholds for the WHO-4 and
WHO-5 scales. Thresholds with the highest specificity (e.g.,
WHO-4 < 3, WHO-5 < 6) had very low sensitivity, posing a risk of
missing cases. Conversely, thresholds identified as statistically optimal
using Youden’s index (WHO-4 < 8, WHO-5 < 10) offered a balanced
diagnostic accuracy, making them suitable for initial screening.
However, it is crucial to consider practical and clinical factors
alongside statistical optimization. Indeed, Brehaut et al. (54)
emphasized the importance of thresholds that account for local
prevalence rates, resource availability, and the impact of
missed diagnoses.

Therefore, slightly adjusted thresholds (WHO-4<9,
WHO-5<11) were recommended to improve sensitivity and
minimize false negatives, prioritizing early detection and timely
intervention in community-based settings like schools. This
adjustment aligns closely with public health principles outlined in
Wilson and Jungner’s screening criteria (66, 67). While these adjusted
thresholds inevitably reduce PPV through an increased false-positive
rate, this trade-off is justified by the clinical and ethical imperative to
identify vulnerable children early, provided that there are adequate
psychological support services, trained professionals, and effective
referral systems in place.

Indeed, the effectiveness of screening programs depends on
selected thresholds and the availability of follow-up resources and
intervention capacity (68-70). Inadequate infrastructure can result in
unintended consequences such as increased anxiety, stigma from
mental health labeling, or delayed intervention due to overwhelmed
resources (66, 70). This highlights the need for flexible screening
strategies that consider local resources, prevalence rates, and ethical
considerations regarding the psychological impact on those screened.
For instance, in resource-limited school settings, a more specific
threshold may be preferred to avoid overlooking existing services,
while in well-equipped settings with robust follow-up capabilities,
higher sensitivity thresholds are needed for early detection.

Ultimately, the selection of optimal screening thresholds should be
guided by clear objectives, careful assessment of local prevalence,
available resources, and consideration of potential psychological and
ethical implications. Previous WHO-5 studies have often used a single
cutoff point irrespective of severity. In contrast, our identification of
severity-specific thresholds offers tailored guidance based on severity,
a novel contribution that enriches the existing literature on mental
health screening. While we report recommended operating cut-offs,
threshold selection should remain adaptable to local prevalence and
follow-up capacity; in this spirit, we tabulated the full range of
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candidate cut-offs with their operating characteristics so that districts
can calibrate decisions to their resources. Therefore, our findings offer
clear and practical recommendations for clinical practice and
community-based mental-health policies, effectively bridging statistical
precision and clinical utility in school-based depression screening.

These results underscore the inherent limitations of single-stage
screenings and emphasize the necessity of context-sensitive,
multitiered approaches. When implementing school-wide screenings,
itis crucial to select thresholds in light of local resources and follow-up
capacity. In resource-limited settings, more conservative (higher-
specificity) thresholds can increase PPV and concentrate scarce
follow-up on higher-risk cases; conversely, in well-resourced settings,
more inclusive (higher-sensitivity) thresholds may facilitate early
intervention (66, 68).

Finally, our findings have significant implications for school-wide
mental health initiatives, supporting the routine integration of the
WHO-5 scale—and potentially the WHO-4 scale as a streamlined
alternative—for early depression screening. At a policy level, our
results justify district-wide screening frameworks that assign
complementary roles to the two versions: WHO-5 for unbiased cross-
grade monitoring (given its full scalar invariance) and WHO-4 as a
streamlined option when maximizing coverage is prioritized in
routine workflows. Many adolescents experiencing psychological
distress go unnoticed in school settings, and using brief, positively
framed well-being questionnaires like the WHO-5 scale can enhance
honest reporting, reduce stigma, and enable early intervention (59,
71). Specifically, the positive framing of the WHO-5 items may reduce
the stigma associated with overt mental health questions, enhancing
the acceptability and accuracy of student responses in school-wide
mental health programs (1, 3, 20). Effective school-based screening
programs require robust follow-up infrastructure to translate
screening results into tangible mental-health benefits (69, 70).
Framing the instruments in this way facilitates routine integration into
school health policy (universal screening with stepped follow-up) and
enables population-level dashboards to track grade-level trends and
guide resource allocation.

Despite the significant strengths of our study, it is important to
acknowledge several limitations. First, the cross-sectional design of
our study limited our ability to assess the predictive validity and
longitudinal stability of the WHO-5 and WHO-4 measures. Future
longitudinal studies are necessary to determine their predictive
capabilities for mental health outcomes over time. Second, external
validity is bounded: although the sampling frame—restricted to public
elementary and junior-high schools—supports internal validity,
generalizability to private-school settings, to areas with different
socioeconomic profiles, or to non-Japanese contexts remains
uncertain, particularly because individual-level SES was not collected.
Future studies should recruit multi-site samples across prefectures and
school types, incorporate individual or area-level SES indicators, and
undertake cross-national replications to establish broader applicability.

Additionally, criterion validity in this study was based solely on a
self-report reference (PHQ-A). To address this limitation, future
research should include brief, blinded subsample clinical validation
using standardized diagnostic interviews to confirm AUCs (with 95%
Cls) and sensitivity/specificity at prespecified cut points, and to
examine potential age-related heterogeneity under a clinical reference.
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Lastly, while our study identified optimal cutoffs balancing sensitivity
and specificity, the appropriateness of these thresholds depends on
contextual factors such as local prevalence rates, resource availability,
and specific screening goals. Therefore, practitioners should interpret
and adjust these cutoffs flexibly, considering their specific operational
contexts and available resources (54, 55, 57).

In conclusion, our study supports the psychometric robustness
and practical utility of the WHO-5 and WHO-4 scales as screening
tools for psychological well-being in Japanese school-aged children.
Addressing the identified limitations through longitudinal designs,
clinical diagnostic validation, and geographical replications in future
research will enhance their applicability and clinical utility.

5 Conclusion

The present study offers comprehensive validation evidence
supporting the WHO-5 and WHO-4 scales as effective, reliable, and
culturally appropriate screening tools for identifying psychological
distress among Japanese school-aged children. Our findings
establish optimal cutoff thresholds that balance sensitivity and
specificity, enabling evidence-based decisions tailored to specific
contextual needs and resource capacities within school-based
mental health programs. Practitioners are encouraged to adapt
these thresholds thoughtfully, considering their screening
objectives, local prevalence rates, and available follow-up
infrastructure. Future research should further validate these tools
through longitudinal studies, clinical diagnostic comparisons, and
replication in diverse populations and settings to ensure their
ongoing relevance and effectiveness in global mental health
screening efforts.
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