& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Livia Benato,
University of Bern, Switzerland

REVIEWED BY
Maria Rita Sergi,

University of G."d’Annunzio, Italy
Yolanda Campos-Uscanga,
Universidad Veracruzana, Mexico

*CORRESPONDENCE
Edimansyah Abdin
edimansyah_abdin@imh.com.sg

RECEIVED 19 January 2025
ACCEPTED 20 May 2025
PUBLISHED 19 June 2025

CITATION

Abdin E, Tan B, Chang S, Samari E, Tan B,
Tang C, Vaingankar JA, Verma SK and
Subramaniam M (2025) Validity, reliability,
measurement invariance, and equipercentile
linking of the depression anxiety stress

scale-21 in the youth population in Singapore.

Front. Psychol. 16:1563190.
doi: 10.3389/fpsyg.2025.1563190

COPYRIGHT

© 2025 Abdin, Tan, Chang, Samari, Tan, Tang,
Vaingankar, Verma and Subramaniam. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Psychology

Frontiers in Psychology

TYPE Original Research
PUBLISHED 19 June 2025
pol 10.3389/fpsyg.2025.1563190

Validity, reliability, measurement
invariance, and equipercentile
linking of the depression anxiety
stress scale-21 in the youth
population in Singapore
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Objective: The current study aims to examine the structural and convergent
validity, reliability, and measurement invariance of the Depression Anxiety
Stress Scales Short Form (DASS-21) across age and gender among the youths
in Singapore. Additionally, it aims to provide a simple and reliable method for
converting the DASS-21 Depression and DASS-21 Anxiety to the Patient Health
Questionnaire 8-item (PHQ-8) and Generalized Anxiety Disorder 7-item (GAD-
7) scores using an equipercentile linking method.

Methods: A total of 2,600 respondents were recruited from a National Youth
Mental Health Study.

Results: The confirmatory factor analysis (CFA) confirmed that the original three-
factor model fits our data. Cronbach’s alpha coefficients for the depression,
anxiety, and stress subscales were 0.91, 0.87, and 0.89, respectively. Multiple
CFA across age and gender showed that the configural, metric, and scalar
measurement invariance models strongly support the three-factor model. The
intraclass correlation coefficient (ICC) between the raw and converted PHQ-
8 and GAD-7 scores support that the DASS-21 subscale scores are practically
exchangeable with the PHQ-8 and GAD-7.

Conclusion: These findings suggest that the DASS-21 s a valid tool for measuring
depression, anxiety, and stress among the youths in Singapore.
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Introduction

Since the COVID-19 pandemic, mental health issues among children and youths have
drawn considerable concern and attention among global researchers (Hossain et al., 2022). A
national survey of children aged 6-17 years that was conducted in the US from 2003 to 2012
reported that the incidence of depression or anxiety increased from 5.4% in 2003 to 8.4% in
2011 to 2012 (Bitsko et al., 2018). Meanwhile, a meta-analysis of 29 studies involving more than
80 thousand youth globally has suggested that the prevalence of depression and anxiety
symptoms doubled during the COVID-19 pandemic as compared to the pre-pandemic period

01 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2025.1563190&domain=pdf&date_stamp=2025-06-19
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1563190/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1563190/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1563190/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1563190/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1563190/full
mailto:edimansyah_abdin@imh.com.sg
https://doi.org/10.3389/fpsyg.2025.1563190
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2025.1563190

Abdin et al.

(Racine et al., 2021). Several studies have suggested the COVID-19
pandemic had a negative impact on the psychological wellbeing of
children and youths due to lockdown restrictions, school closures,
increased family stress, and decreased peer interactions, all potential
precipitants of psychological distress and mental health difficulties in
youth (Sergi et al., 2023; Brooks et al., 2020; Racine et al., 2021). As the
number of children and adolescents with depression and anxiety
globally is expected to increase after the COVID-19 pandemig, it
warrants early detection of their mental health problems with a reliable
and valid screening tool that could lead to timely intervention and
prevention in those affected by these conditions. One of the most
widely used instruments is the Depression Anxiety Stress Scale 21
(DASS-21) (Lovibond and Lovibond, 1995). The DASS-21 is a
screening instrument originally developed by Lovibond and Lovibond
(1995), which has 42 items. It is used to distinguish between depression,
anxiety, and stress as distinct states of negative emotion. The DASS-21
is a shortened version of the full version of the DASS-42. The
instrument consists of three subscales: depression, anxiety, and stress,
where each subscale is measured by seven items. A recent systematic
review and meta-analysis in the youth population (Dwight et al., 2024)
has shown that the DASS-21 has good internal consistency and appears
to have a strong convergent validity with other scales, including Beck
Depression Inventory (BDI) and Generalized Anxiety Disorder 7 item
(GAD-7). The Cronbach alpha obtained by previous studies was high
and ranged from 0.72 to 0.93 for the depression subscale, 0.75 to 0.90
for the anxiety subscale, and 0.70-0.94 for the stress subscale (Dwight
et al., 2024; Anghel, 2020; Jovanovic et al., 2021; Le et al., 2017; Mellor
et al., 2015; Norton, 2007; Silva et al., 2016; Tully et al., 2009).
Furthermore, the structural validity has been reported among children
and adolescents to be adequately valid for a three-factor (Lovibond and
Lovibond, 1995; Chen et al., 2024), bifactor (Moore et al., 2017),
two-factor (Silva et al., 2016; Yap and Lee, 2023), and one-factor
structure (Shaw et al., 2017). However, the factor structure of the
DASS-21 has yielded inconsistent findings across international studies.
The original factor structure of the DASS-21 by Lovibond and
Lovibond (1995) has been supported among adolescents in four
countries, including in Australia, Chile, China, and Malaysia (Mellor
etal, 2015), and among undergraduate students in the United States
across four racial groups, including African-American, Asian,
Caucasian, and Hispanic/Latino (Norton, 2007). Other studies have
supported a one factor structure among children and adolescents in
Australia (Shaw et al., 2017; Patrick et al., 2010). Hence, given that
numerous studies across different countries support varying factor
structure, it is imporntant to validate the factor structure of this
instrument within our local sample.

Singapore is an island city-state in Southeast Asia with a multi-
ethnic Asian population of about 6 million people in 2024. The
population comprises Chinese (74.3%), Malays (13.4%), Indians (9.1%),
and other ethnic groups (3.2%). Previous studies in Singapore have
highlighted a higher prevalence of mental disorders in the youth
population (18-34 years) (Chong et al., 2012; Subramaniam et al,
2019). In order to detect and monitor the levels of depression, anxiety
and stress in the youth population efficiently, it is important to have a
valid and reliable screening instrument. To date, however, studies
examining the validity and reliability of the DASS-21 among the Asian
youth population, are currently lacking. There is also limited evidence
about the measurement invariance of the DASS-21 instrument across
subgroups in the Singapore context, especially across age and gender
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and whether the scores are exchangeable with common measures of
depression and anxiety such as the Patient Health Questionnaire 8 item
(PHQ-8) and GAD-7 scales. The current study aimed to examine the
validity, reliability, and measurement invariance of the DASS-21 across
age and gender in the youth population in Singapore. We also aimed to
provide a simple and reliable linking method for converting the
DASS-21 Depression and DASS-21 Anxiety to the PHQ-8 and GAD-7
scores, respectively using a conversion table derived from equipercentile
linking method.

Methods
Study design

The present study is part of the National Youth Mental Health
Study, which was a cross-sectional epidemiological study conducted
between October 2022 and June 2023 among youths aged 15 to
35 years living in Singapore (Subramaniam et al., 2025). Respondents
were included in the study if they were a Singapore Citizen or
Permanent Resident (PR), aged 15 to 35 years, literate in English,
Mandarin, Bahasa Melayu, or Tamil, and able to provide written
informed consent (and consent from a legally acceptable representative
for those below age 21). Those who were unable to complete the
assessment on their own and were unable to provide written consent
were excluded from the study. The study was approved by the
institutional ethics review boards of participating institutions
[National Healthcare Group Domain Specific Review Board (DSRB)
(NHG DSRB Reference Number: 2021/00562)]. All respondents
provided written informed consent and in the case of participants who
were less than 21 years of age, a written informed consent was taken
from their parent/legally acceptable representative.

Questionnaires

The Depression Anxiety and Stress Scales 21 (DASS-21)
(Lovibond and Lovibond, 1995) contains 21 items covering three
symptoms of depression, anxiety, and stress. The scale assesses the
symptoms in the past week and uses a 4-point Likert scale (from “did
not apply to me” to “applied to me very much”). The DASS-21 subscale
scores can be calculated by summing the scores of the items of each
subscale and multiplying them by 2. The subscales scores can range
from 0 to 42 (Lovibond and Lovibond, 1995).

The WHODAS 2.0 questionnaire contains 12 items that assess
disability in various domains of functioning including cognition, mobility,
self-care, getting along, life activities, and participation during the
preceding 30 days. Each item uses a 5-point Likert-type scale to reflect the
level of difficulty, starting with “no difficulty” and increasing in an ordered
fashion from “mild,” “moderate,” “severe” to “extreme or cannot do” A
simple scoring can be generated by assigning each item a score ranging
from 0 (mild) to 4 (extreme or cannot do) —which are then summed up
with total scores ranging from 0 to 48.

The PHQ-8 is a self-administered scale to measure depressive
symptoms in the past 2 weeks using a 4-point Likert-type scale from
0 = not at all to 3 = nearly every day. Total scores range from 0 to 24,
where scores of 10 and above indicate current depression (Kroenke
et al,, 2009). The GAD-7 was used to measure anxiety symptom
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severity in the past 2 weeks using a 4-point Likert-type scale. The total
scores can range from 0 to 21 (Spitzer et al., 2006).

Socio-demographic information including age, gender, and
ethnicity were also collected from the participants.

Statistical analysis

All analyses were performed in RStudio software version
2022.07.2. We adopted the standard approach for assessing the
psychometric properties of the DASS-21 by assessing the internal
consistency, structural validity, measurement invariance and
convergent validity. Internal consistency was examined using
Cronbach alpha coefficient (Cronbach, 1951). Cronbach alpha
>0.7 is usually regarded as acceptable (Cronbach, 1951). Prior to
CFA, multivariate normality was tested using Mardia’s test, and a
clear violation of the multivariate normal distribution assumption
for each scale was found (p < 0.001). Hence, the structural validity
of the scale in terms of factor structure models proposed by
previous studies was examined through confirmatory factor
analysis (CFA) using diagonal weighted least squares estimator.
The following models were tested, including the one-factor model
(Model 1) (Shaw et al., 2017), a two-factor model (Model 2) (Silva
et al.,, 2016; Yap and Lee, 2023), a three factor model (Model 3)
(Lovibond and Lovibond, 1995; Chen et al., 2024), and a bifactor
model (Model 4) (Moore et al., 2017). Subsequently, Omega
coefficient was calculated for each scale using the best factor
structure model found in the CFA.

The goodness of fit indices of each model was assessed using the
three indices, including root mean square error of approximation
(RMSEA), comparative fit index (CFI), and Tucker-Lewis index
(TLI). The CFI values above 0.95 and TLI values above 0.90 are
considered to be of excellent fit, while RMSEA values below 0.8 are
considered to be acceptable (Browne and Cudek, 1993). The overall
model fit was considered an adequate fit if at least two of these three
indices met their respective cut-off point (Ferro and Boyle, 2013;
Ferro and Speechley, 2013; Tompke et al., 2018). Measurement
invariance of the DASS-21 across age groups (15-24 years vs.
25-33 years) and gender were tested through multiple-group CFA
(MGCFA). The MGCFA began by performing CFA independently in
each subgroup to establish the appropriateness of a baseline model.
Subsequently, the MGCFA was conducted to establish full
measurement invariance across subgroups. Three measurement
invariance models were tested including (1) the configural model
(i.e., to examine whether the factor structure of the DASS-21 is
similar across subgroups); (2) the metric model or weak invariance
(i.e., to examine whether the factor loadings are similar across
subgroups); and (3) the scalar model or strong invariance (i.e., to
examine whether the factor structure, loadings and intercepts are
Karl, 2019). Each
measurement invariance model was considered acceptable if two or

similar across subgroups) (Fischer and

more changes in the following criteria indices were satisfied: ACFI
<0.01, ATLI <0.01, or ARMSEA <0.015 (Kimber et al., 2015; Chen,
2007; Cheung and Rensvold, 2002). The convergence validity between
the DASS-21 subscales, WHODAS 2.0, PHQ-8 and the GAD-7 was
examined using Pearson’s (r) correlation coeflicients. We used the
following categories for evidence of convergent validity: >0.6, very
strong; >0.5 to <0.6, strong; <0.5 to > 0.3, moderate; and <0.3, weak
(Papaioannou et al., 2011). To provide a cross-walk score from DASS
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Depression to PHQ-8 and DASS Anxiety to GAD-7 scores, an
equipercentile linking method with log-linear smoothing was used
(Kolen and Brennan, 2014). This method needs both scales to
measure the same construct and to have at least a moderate
correlation (r=0.3) (Dorans, 1990). The Structural Equation
Modelling (SEM)-based linking method was also examined to
account for measurement errors of the scale (DiStefano et al., 2009).
In this method, factor scores were generated with the lavPredict
function and then cross walked using a linear linking method.
We evaluated the agreement between the raw and converted scores
using the intraclass correlation coefficient (ICC) and the Bland-
Altman plot. The ICC values were interpreted as poor (ICC < 0.40),
fair (ICC =0.40-0.59), good (ICC=0.60-0.74), or excellent
(ICC =0.75-1.0) (Hallgren, 2012). The limits of agreement (LOA) at
1.96 standard deviations from the mean difference were used in the
Bland-Altman plot to describe the agreement between the raw and
converted scores (Bland and Altman, 1986).

Results
Socio-demographic characteristics

Sample characteristics are presented in Table 1. A total of
2,600 respondents completed the study. Most of the respondents
(97.9%) completed the English version, followed by Chinese (2%)
and Malay (0.1%) versions of the DASS-21. The sample comprised
50.2% female and 49.8% male respondents. The mean age of the
overall sample was 25.7 years (SD = 6.0; range = 15-35 years),
70.9% were Chinese, 16.6% were Malays, 9.3% were Indians, and
3.1% belonged to other ethnicities. A total of 2,567 respondents
who completed English version of the DASS-21 were included for
the study.

Structural validity

Four hypothetical models were tested using CFA to examine the
factor structure of the DASS-21 are shown in Table 2. The goodness-
of-fit indices of the original 3-factor model (Model 3) (y* = 2367.969,
df = 186, CFI = 0.9938, TLI = 0.9929, RMSEA = 0.0676) were a better
fit than Model 1 and Model 2. The factor loadings in Model 1 were all
significant (p < 0.001) and ranged from 0.73 to 91 for depression, 0.52
to 0.89 for anxiety, and 0.63 to 0.86 for stress. We also observed that
the goodness-of-fit indices for a bifactor model (Model 4) were a
slightly better fit than that of Model 3 (y* =111835.76, df = 168,
CFI =0.995, TLI = 0.994, RMSEA = 0.062). However, we found that
Model 4 failed to converge due to negative error variances. Hence,
Model 3 was chosen as the best-fitting model and used further for
measurement invariance testing (Figure 1). The Omega coefhicient for
depression, anxiety, and stress was 0.92, 0.88, and 0.89, respectively.

Measurement invariance across age groups
and gender

Age
Results of measurement invariance tests of the DASS-21 using
MGCFA across age and gender are shown in Table 3. The factor structure
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FIGURE 1
Factor structure of the DASS-21.

of the DASS-21 had an adequate fit to the data for different age groups
(15-24 years: RMSEA = 0.061, CFI = 0.995, TLI = 0.994 and 25-33 years:
RMSEA = 0.077, CFI = 0.992, TLI = 0.991). In the configural model, the
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model demonstrated adequate fit across age groups (RMSEA = 0.069,
CFI =0.993, TLI = 0.994). We then further analysed the measurement
invariance in terms of its metric and scalar models. We found that the

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1563190
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Abdin et al. 10.3389/fpsyg.2025.1563190

changes in the three fit indices between the configural and metric models ~~ ARMSEA = 0.003) suggest that the fit of the metric and scalar models was
(ACFI=0.001, ATLI = <0.001, ARMSEA =0.001) and between the  satisfactory. We also found that the fit indices for the configural, metric,
metric and scalar models (ACFI <0.001, ATLI=-0.001, and scalar models were satisfactory when testing measurement invariance

TABLE 1 Sociodemographic characteristics of the sample (n = 2,600).

Variables N (sample) Weighted %
Age (mean, SD) 25.7 6.0
15-19 632 18.8
20-24 672 212
25-29 634 254
30-35 662 34.6
Gender
Male 1,381 49.8
Female 1,219 50.2
Ethnicity
Chinese 1,313 70.9
Malay 658 16.6
Indian 506 9.3
Others 123 3.1

TABLE 2 Confirmatory factor analysis results of factor structure of the DASS-21.

Chi Square df X/df CFlI TLI RMSEA
Model 1 3106.468 189 16.4363 0.9916 0.9907 0.0776
Model 2 2430.992 188 12.9308 0.9936 0.9928 0.0682
Model 3 2367.969 186 12.7310 0.9938 0.9929 0.0676
Model 4 1835.762 168 10.9272 0.9952 0.9940 0.0622

TABLE 3 The goodness of fit indices of measurement invariance models.

Ch-Squared df CFI A CFI TLI ATLI RMSEA ARMSEA

1. Age

15-24 1193.711 186 0.995 0.994 0.061

25-33 1425.39 186 0.992 0.991 0.077

Configural 2619.165 372 0.994 0.993 0.069

Loadings 2699.257 390 0.993 0.001 0.993 0.000 0.068 0.001

Intercepts 2725.519 429 0.993 0.000 0.994 —0.001 0.065 0.003
2. Age

15-18 1981.633 186 0.994 0.993 0.069

19-33 512.461 186 0.995 0.994 0.057

Configural 2493.884 372 0.994 0.993 0.067

Loadings 2632.207 390 0.994 0.000 0.993 0.000 0.067 0.000

Intercepts 2584.715 429 0.994 0.000 0.994 —0.001 0.063 0.004
3. Gender

Male 1246.856 186 0.995 0.994 0.065

Female 1239.62 186 0.994 0.993 0.069

Configural 2486.484 372 0.994 0.993 0.067

Loadings 2588.558 390 0.994 0.000 0.993 0.000 0.066 0.001

Intercepts 2580.999 429 0.994 0.000 0.994 —0.001 0.063 0.003
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between individuals aged 15-18 years and those aged 19-33 years (ACFI
<0.01, ATLI <0.01, or ARMSEA < 0.015). Hence, this suggests that the
configural, metric and scalar measurement invariance models across
different age groups were supported in this study.

Gender

For gender, the factor structure of the DASS-21 had adequate fit
to the data within male and female subgroups (male: RMSEA = 0.065,
CFI = 0.995, TLI = 0.994 and female: RMSEA = 0. 069, CFI = 0.994,
TLI=0.993). In the configural model, the model demonstrated
adequate fit across gender (RMSEA = 0.067, CFI = 0.994, TLI = 0.993).
The model was then tested for metric and scalar models. We found
that the changes in the three fit indices between the configural and
metric models (ACFI <0.001, ATLI = <0.001, ARMSEA = 0.001) and
between the metric and scalar models (ACFI <0.001, ATLI = —0.001,
ARMSEA = 0.003) suggests that the fit of the metric and scalar models
was satisfactory. Hence, this suggests that the configural, metric and
scalar measurement invariance models across gender were also
supported in this study.

Reliability

Internal reliability showed that the DASS-21 subscales have good
internal consistency and reliability in the current sample. The
Cronbach’s alpha coefficients were acceptable for depression
(a=0.91), anxiety (@ = 0.87), and stress subscales (a = 0.89). The
Omega reliability index has also supported these findings.

Convergent validity

The correlation coefficient between the WHODAS 2.0 total scores
with the DASS-21 subscales was moderate (depression, r = 0.46,
anxiety, r = 0.46, and stress, r = 0.43). Among the subset of participants
with completed PHQ-8 and GAD-7 (n=2889), the correlation
coefficient between PHQ-8 and DASS-21 depression subscale scores
was 0.63, while the correlation between GAD-7 and DASS-21 anxiety
subscale scores was 0.59.

Equipercentile linking

A crosswalk score conversion table of the DASS-21 depression to
PHQ-8 and the DASS-21 anxiety to GAD-7 are provided in Table 4. The
agreement between the PHQ-8's raw and converted scores from DASS-21
depression and GAD-7’s raw and converted scores from DASS-21 anxiety
showed good interrater reliability with ICC of 0.616 and 0.578,
respectively. Figure 2 showed the Bland-Altman plots between the
PHQ-8s raw and converted scores from DASS-21 depression and
GAD-7’s raw and converted scores from DASS-21 anxiety. The mean
difference between the PHQ-8’s raw and converted scores from DASS-21
depression and between GAD-7’s raw and converted scores from
DASS-21 anxiety was —0.09 and —0.02, respectively.

Discussion

The present study provides the psychometric performance of the
DASS-21 in the youth population. Our results show that the DASS-21
is a useful tool to measure depression, anxiety, and stress in the youth
population in Singapore. We found that its structural validity,
measurement invariance across age groups and gender, reliability, and
convergent validity with the WHODAS 2.0 were supported in this

Frontiers in Psychology

10.3389/fpsyg.2025.1563190

sample. In the confirmatory factor analysis, the goodness-of-fit results
confirmed that the original three-factor model, as proposed by the
developer, fits our data. Similar results were also found among male and
female medical students in Iran, Chinese left-behind children in China
and adolescents samples from high schools in four countries, including
Australia, Chile, China and Malaysia (Lovibond and Lovibond, 1995;
Chen et al., 2024; Jafari et al., 2017; Mellor et al., 2015; Wang et al,,
2016). Further investigation on measurement invariance across age
groups and gender using the MGCFA shows that the configural, metric,
and scalar measurement invariance models strongly support the
3-factor structure model. Hence, we can conclude that the MGCFA
supports the full measurement invariance of the DASS-21 across
different age and gender in our sample. Our results are similar to Chen
etal. (2024) study, which demonstrated strong measurement invariance
of the DASS-21 across males and females. Another study also found
strong measurement invariance of the DASS-21 among adolescents
across Western and Eastern cultures (Mellor et al., 2015). These findings
have practical implications for users who are interested in using the
DASS-21, as the results seem to support the use of subscale scores for
examining depression, anxiety and stress within subgroups and
undertaking mean group comparisons across age and gender.
Cronbach’s alpha coeflicient for the depression, anxiety and
stress subscale was 0.91, 0.87, and 0.89, respectively. The value of
the Cronbach’s alpha in our study was higher compared to those
obtained by previous studies (depression: 0.72 to 0.88; anxiety: 0.75
to 0.81; stress: 0.70 to 0.88) (Anghel, 2020; Jovanovi¢ et al., 20215 Le
etal, 2017; Mellor et al., 2015; Norton, 2007; Silva et al., 2016; Tully
etal., 2009). However, the Cronbach’s alpha value for the depression
subscale was slightly lower compared to those obtained by Evans
etal. (2021) and Naumova (2022) (Cronbach’s alpha: 0.92 to 9.93).
We assessed the convergent validity of the DASS-21 by examining
the correlations between the DASS-21 subscales and the WHODAS
2.0. The results showed moderate correlations (depression, r = 0.46,
anxiety, r = 0.46, and stress, r = 0.43). Similarly other studies that
examined the convergent validity of the DASS-21 with other scales
also found that the depression subscale moderately correlated with
the Positive and Negative Schedule-Positive Affect and the Beck
Depression Inventory (Norton, 2007; Jovanovic¢ et al., 2021); and
anxiety subscale moderately correlated with the GAD-7 (Evans
etal, 2021). To the best of our knowledge, this is the first study that
provides a crosswalk conversion table of the DASS-21 depression to
PHQ-8 and DASS-21 anxiety subscale to GAD-7 using the
equipercentile method. The equipercentile linking method has been
widely used to provide cross-walk scores for various measures in
the field of psychiatry (Samara et al., 2014; Leucht et al.,, 2013;
Leucht et al., 2012; Leucht et al., 2017; Furukawa et al., 2019; Levine
etal, 20215 Abdin et al., 2024). Recently, the equipercentile linking
method has been successfully used to provide a Clinical Interview
Scheduled-Revised total score equivalent to the DASS-21 total
score, in the Brazilian Longitudinal Study of Health (ELSA-Brasil)
COVID-19 Mental Health Cohort study (Fatori et al., 2022). In our
study, we found the ICC between the raw and converted PHQ-8
score was 0.616, while the ICC between the raw and converted
GAD-7 score was 0.578, suggesting that the DASS-21 depression
and the PHQ-8 as well as the DASS-21 anxiety and GAD-7 were
practically exchangeable. We have also conducted linking analysis
based on SEM and found the ICC was slightly lower than the
equipercentile method (Supplementary Table 1). We suggest that
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TABLE 4 Conversion table from the DASS-depression to PHQ-8 and from the DASS-anxiety to GAD-7.

Conversion for the PHQ-8

Original DASS-depression score Equivalent PHQ-8 score Bootstrap SE
0 0 0.04
2 0 0.12
4 1 0.19
6 2 027
8 2 031
10 3 035
12 4 039
14 4 0.41
16 5 043
18 6 043
20 8 043
22 9 0.45
24 10 0.50
26 12 0.58
28 14 0.69
30 15 0.81
32 17 091
34 18 112
36 20 1.45
38 22 1.34
40 23 0.89
42 24 0.44

Conversion for the GAD-7

Original DASS-anxiety score Equivalent GAD-7 score Bootstrap SE
0 0 0.03
2 0 0.07
4 1 0.13
6 1 0.16
8 2 0.20
10 3 026
12 4 032
14 5 0.38
16 6 045
18 7 0.52
20 8 0.58
22 10 0.63
24 11 0.68
26 13 0.73
28 14 0.77
30 16 0.81
32 17 0.82
34 18 0.80
36 19 0.72
38 20 0.59
40 21 0.40
42 21 0.15
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(a) PHQ~-8's raw scores vs, converted scores

FIGURE 2
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Bland—Altman plots between raw and converted scores of the PHQ-8 and GAD-7.

the conversion tables can be used to measure prevalence and trends
in depression and anxiety using both scales interchangeably in our
youth sample. For example, using values from the conversion table
of the DASS-21 depression to PHQ-8 to establish the prevalence of
depression using a standard cutoff for PHQ-8 > 10, we will be able
to show that the weighted prevalence of depression was available
with marginal differences when derived either from PHQ raw or
conversions score (11.6 versus 11 0.4%).

This study had some limitations. First, the data for this study were
collected from a community-dwelling sample excluding those from

Frontiers in Psychology

hospitals and prisons, thus, the generalizability of our findings to other
population including those from hospitals and prisons and patients
with other mental disorders and chronic physical conditions needs
further investigation. In the present study, although measures were
administered in multiple languages (i.e., English, Mandarin, Bahasa
Melayu and Tamil), the majority responded using the English version
of the questionnaire. Hence, we specifically examined the
psychometric properties of the English version of the DASS-21, and
the validity and reliability of the instrument among those who were
not fluent in English remains uncertain.
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Conclusion

The present study provides evidence of structural validity, full
measurement invariance across age and gender, internal consistency,
reliability, convergent validity and linking of the DASS-21 in the youth
population. Hence, we suggest that the DASS-21 is a valid tool to
measure depression, anxiety, and stress among youths in Singapore.

Data availability statement

Readers who wish to gain access to the data can write to the
corresponding author with their requests. Access can be granted
subject to the institutional review board (IRB) and the research
collaborative agreement guidelines.

Ethics statement

The studies involving humans were approved by Singapore National
Health Group Domain Specific Review Board. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this study
was provided by the participants' legal guardians/next of kin.

Author contributions

EA: Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Software, Validation, Visualization, Writing — original
draft, Writing - review & editing. BeT: Data curation, Methodology,
Resources, Software, Validation, Visualization, Writing - review &
editing. SC: Data curation, Methodology, Project administration,
Resources, Visualization, Writing — review & editing. ES: Data curation,
Investigation, Resources, Validation, Visualization, Writing — review &
editing. BrT: Data curation, Funding acquisition, Resources, Validation,
Visualization, Writing - review & editing. CT: Conceptualization, Data
curation, Funding acquisition, Methodology, Resources, Validation,

References

Abdin, E., Seet, V., Jeyagurunathan, A., Tan, S. C., Mohmad Khalid, M. L S,,
Mok, Y. M,, et al. (2024). Equipercentile linking of the Sheehan disability scale and the
World Health Organization assessment schedule 2.0 scales in people with mental
disorders. J. Affect. Disord. 350, 539-543. doi: 10.1016/j.jad.2024.01.046

Anghel, E. (2020). Longitudinal invariance and information of the depression, anxiety,
and stress scales. J. Clin. Psychol. 76, 1923-1937. doi: 10.1002/jclp.22968

Bitsko, R. H., Holbrook, J. R., Ghandour, R. M., Blumberg, S. J., Visser, S. N., Perou, R.,
et al. (2018). Epidemiology and impact of health care provider-diagnosed anxiety and
depression among US children. J. Dev. Behav. Pediatr. 39, 395-403. doi:
10.1097/DBP.0000000000000571

Bland, J. M., and Altman, D. G. (1986). Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1, 307-310

Brooks, S. K., Weston, D., and Greenberg, N. (2020). Psychological impact of
infectious disease outbreaks on pregnant women: rapid evidence review. Public Health
189, 26-36. doi: 10.1016/j.puhe.2020.09.006

Browne, M., and Cudek, R. (1993). “Alternate ways of assessing model fit” in Testing
structural equation models. eds. K. A. Bollen and J. S. Long (Newbury Park,
CA: Sage).

Chen, F. F. (2007). Sensitivity of goodness of fit indices to lack of measurement
invariance. Struct. Equ. Model. 14, 464-504. doi: 10.1080/10705510701301834

Frontiers in Psychology

10.3389/fpsyg.2025.1563190

Visualization, Writing — review & editing. JV: Conceptualization, Data
curation, Investigation, Methodology, Project administration, Resources,
Supervision, Validation, Visualization, Writing — review & editing. SV:
Conceptualization, Data curation, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision, Validation,
Visualization, Writing - review & editing. MS: Conceptualization, Data
curation, Funding acquisition, Investigation, Methodology, Project
administration, Resources, Supervision, Validation, Visualization,
Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by a Ministry of Health, Singapore.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Chen, W, Peng, K., Gao, M., Meng, Z., Wang, L., and Liao, Y. (2024). Factor
structure and measurement invariance of the depression anxiety stress scale (DASS-21)
in Chinese left-behind and non-left-behind children: an exploratory structural
equation  modeling approach. BMC  Public  Health  24:1660. doi:
10.1186/512889-024-19160-y

Cheung, G. W, and Rensvold, R. B. (2002). Evaluating goodnessof-fit indexes for
testing measurement invariance. Struct. Equ. Modeling 9, 233-255. doi:
10.1207/S15328007SEM0902_5

Chong, S. A., Abdin, E., Vaingankar, J. A., Heng, D., Sherbourne, C., Yap, M., et al.
(2012). A population-based survey of mental disorders in Singapore. Ann. Acad. Med.
Singap. 41, 49-66. doi: 10.47102/annals-acadmedsg.V41N2p49

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests.
Psychometrika 16, 297-334. doi: 10.1007/BF02310555

DiStefano, C., Zhu, M., and Mindrila, D. (2009). Understanding and using factor
scores: considerations for the applied researcher. Pract. Assess. Res. Eval. 14:20.

Dorans, N. J. (1990). Equating methods and sampling designs. Appl. Meas. Educ. 3,
3-17. doi: 10.1207/s15324818ame0301_2

Dwight, A. R,, Briesch, A. M., Hoffman, J. A, and Rutt, C. (2024). Systematic review
of the psychometric evidence supporting use of the depression anxiety stress scales,
short form (DASS-21) with youth. Child Youth Care Forum 53, 1235-1250. doi:
10.1007/s10566-024-09795-8

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1563190
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.jad.2024.01.046
https://doi.org/10.1002/jclp.22968
https://doi.org/10.1097/DBP.0000000000000571
https://doi.org/10.1016/j.puhe.2020.09.006
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1186/s12889-024-19160-y
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.47102/annals-acadmedsg.V41N2p49
https://doi.org/10.1007/BF02310555
https://doi.org/10.1207/s15324818ame0301_2
https://doi.org/10.1007/s10566-024-09795-8

Abdin et al.

Evans, L., Haeberlein, K., Chang, A., and Handal, P. (2021). Convergent validity and
preliminary cut-off scores for the anxiety and depression subscales of the DASS-21 in US
adolescents. Child Psychiatry Hum. Dev. 52, 579-585. doi: 10.1007/s10578-020-01050-0

Fatori, D., Suen, P.,, Bacchi, P, Afonso, L., Klein, I., Cavendish, B. A, et al. (2022).
Trajectories of common mental disorders symptoms before and during the COVID-19
pandemic: findings from the ELSA-Brasil COVID-19 mental health cohort. Soc.
Psychiatry Psychiatr. Epidemiol. 57, 2445-2455. doi: 10.1007/s00127-022-02365-0

Ferro, M. A., and Boyle, M. H. (2013). Longitudinal invariance of measurement and
structure of global self-concept: a population-based study examining trajectories among
adolescents with and without chronic illness. J. Pediatr. Psychol. 38, 425-437. doi:
10.1093/jpepsy/jss112

Ferro, M. A., and Speechley, K. N. (2013). Factor structure and longitudinal invariance
of the Center for Epidemiological Studies Depression Scale (CES-D) in adult women:
application in a population-based sample of mothers of children with epilepsy. Arch.
Womens Ment. Health 16, 159-166. doi: 10.1007/s00737-013-0331-5

Fischer, R., and Karl, J. A. (2019). A primer to (cross-cultural) multi-group invariance
testing possibilities in R. Front. Psychol. 10:1507. doi: 10.3389/fpsyg.2019.01507

Furukawa, T. A., Reijnders, M., Kishimoto, S., Sakata, M., DeRubeis, R. J.,
Dimidjian, S., et al. (2019). Translating the BDI and BDI-II into the HAMD and vice
versa with equipercentile linking. Epidemiol. Psychiatr. Sci. 29:e24. doi: 10.1017/52045
796019000088

Hallgren, K. A. (2012). Computing inter-rater reliability for observational data: an
overview and tutorial. Tutor. Quant. Methods Psychol. 8, 23-34. doi:
10.20982/tqmp.08.1.p023

Hossain, M. M., Nesa, E, Das, J., Aggad, R., Tasnim, S., Bairwa, M., et al. (2022).
Global burden of mental health problems among children and adolescents during
COVID-19 pandemic: an umbrella review. Psychiatry Res. 317:114814. doi:
10.1016/j.psychres.2022.114814

Jafari, P,, Nozari, E,, Ahrari, F, and Bagheri, Z. (2017). Measurement invariance of the
depression anxiety stress Scales-21 across medical student genders. Int. J. Med. Educ. 8,
116-122. doi: 10.5116/ijme.58ba.7d8b

Jovanovi¢, V., Gavrilov-Jerkovi¢, V., and Lazié, M. (2021). Can adolescents differentiate
between depression, anxiety and stress? Testing competing models of the depression
anxiety stress scales (DASS-21). Curr. Psychol. 40, 6045-6056. doi: 10.1007/s12144-
019-00540-2

Kimber, M., Rehm, J., and Ferro, M. A. (2015). Measurement invariance of the
WHODAS 2.0 in a population-based sample of youth. PLoS One 10:e0142385. doi:
10.1371/journal.pone.0142385

Kolen, M. J., and Brennan, R. L. (2014). Test equating, scaling, and linking: Methods
and practices. New York, NY: Springer.

Kroenke, K., Strine, T. W,, Spitzer, R. L., Williams, J. B., Berry, J. T, and Mokdad, A. H.
(2009). The PHQ-8 as a measure of current depression in the general population. ] Affect
Disord. 114, 163-73.

Le, M. T. H.,, Tran, T. D, Holton, S., Nguyen, H. T., Wolfe, R., and Fisher, J. (2017).
Reliability, convergent validity and factor structure of the DASS-21 in a sample of
Vietnamese adolescents. PLoS One 12:€0180557. doi: 10.1371/journal.pone.0180557

Leucht, S., Engel, R. R, Davis, ]. M., Kissling, W., Meyer Zur Capellen, K.,
Schmauss, M., et al. (2012). Equipercentile linking of the brief psychiatric rating scale
and the clinical global impression scale in a catchment area. Eur. Neuropsychopharmacol.
22, 501-505. doi: 10.1016/j.euroneuro.2011.11.007

Leucht, S., Fennema, H., Engel, R. R., Kaspers-Janssen, M., Lepping, P, and Szegedi, A.
(2017). What does the MADRS mean? Equipercentile linking with the CGI using a
company database of mirtazapine studies. J. Affect. Disord. 210, 287-293. doi:
10.1016/j.jad.2016.12.041

Leucht, S., Rothe, P, Davis, J. M., and Engel, R. R. (2013). Equipercentile linking of
the BPRS and the PANSS. Eur. Neuropsychopharmacol. 23, 956-959. doi:
10.1016/j.euroneuro.2012.11.004

Levine, S. Z., Yoshida, K., Goldberg, Y., Samara, M., Cipriani, A., Efthimiou, O., et al.
(2021). Linking the Mini-mental state examination, the Alzheimer's disease assessment
scale-cognitive subscale and the severe impairment battery: evidence from individual
participant data from five randomised clinical trials of donepezil. Evid. Based Ment.
Health 24, 56-61. doi: 10.1136/ebmental-2020-300184

Frontiers in Psychology

10

10.3389/fpsyg.2025.1563190

Lovibond, S. H., and Lovibond, P. F. (1995). Manual for the depression anxiety stress
scales (DASS). 2nd Edn. Sydney, NSW: Psychology Foundation of Australia.

Mellor, D., Vinet, E. V., Xu, X., Mamat, N. H. T., Richardson, B., and Roman, F. (2015).
Factorial invariance of the DASS-21 among adolescents in four countries. Eur. J. Psychol.
Assess. 31, 138-142. doi: 10.1027/1015-5759/a000218

Moore, S. A., Dowdy, E., and Furlong, M. J. (2017). Using the depression, anxiety,
stress scales-21 with US adolescents: an alternate models analysis. J. Psychoeduc. Assess.
35, 581-598. doi: 10.1177/0734282916651537

Naumova, K. (2022). Dimensionality and reliability of the depression anxiety stress
scales 21 among adolescents in North Macedonia. Front. Psychol. 13:1007594. doi:
10.3389/fpsyg.2022.1007594

Norton, P. J. (2007). Depression anxiety and stress scales (DASS-21): psychometric
analysis across four racial groups. Anxiety Stress Coping 20, 253-265. doi:
10.1080/10615800701309279

Papaioannou, D., Brazier, J., and Parry, G. (2011). How valid and responsive are
generic health status measures, such as EQ-5D and SF-36, in schizophrenia? A
systematic review. Value Health 14, 907-920. doi: 10.1016/j.jval.2011.04.006

Patrick, J., Dyck, M., and Bramston, P. (2010). Depression anxiety stress scale: is it
valid for children and adolescents? J. Clin. Psychol. 66, 996-1007. doi:
10.1002/jclp.20696

Racine, N., McArthur, B. A., Cooke, J. E., Eirich, R., Zhu, J., and Madigan, S. (2021).
Global prevalence of depressive and anxiety symptoms in children and adolescents
during COVID-19: a Meta-analysis. JAMA Pediatr. 175, 1142-1150. doi:
10.1001/jamapediatrics.2021.2482

Samara, M. T., Engel, R. R,, Millier, A., Kandenwein, J., Toumi, M., and Leucht, S.
(2014). Equipercentile linking of scales measuring functioning and symptoms:
examining the GAF, SOFAS, CGI-S, and PANSS. Eur. Neuropsychopharmacol. 24,
1767-1772. doi: 10.1016/j.euroneuro.2014.08.009

Sergi, M. R., Picconi, L., Saggino, A., Fermani, A., Bongelli, R., and Tommasi, M.
(2023). Psychometric properties of a new instrument for the measurement of the
perceived quality of distance learning during the coronavirus disease 2019 (COVID-19)
pandemic. Front. Psychol. 14:1169957. doi: 10.3389/fpsyg.2023.1169957

Shaw, T., Campbell, M. A., Runions, K. C., and Zubrick, S. R. (2017). Properties of the
DASS-21 in an Australian community adolescent population. J. Clin. Psychol. 73,
879-892. doi: 10.1002/jclp.22376

Silva, H. A. D, Passos, M. H. P. D,, Oliveira, V. M. A. D., Palmeira, A. C,, Pitangui, A. C.R,,
and Aratjo, R. C. D. (2016). Short version of the depression anxiety stress scale-21: is it valid
for Brazilian adolescents? Einstein 14:486, -493. doi: 10.1590/51679-45082016A03732

Spitzer, R. L., Kroenke, K., Williams, J. B., and Lowe, B. (2006). A brief measure for
assessing generalized anxiety disorder: the GAD-7. Arch. Intern. Med. 166, 1092-1097.
doi: 10.1001/archinte.166.10.1092

Subramaniam, M., Abdin, E., Vaingankar, J. A., Shafie, S., Chua, B. Y., Sambasivam, R.,
etal. (2019). Tracking the mental health of a nation: prevalence and correlates of mental
disorders in the second Singapore mental health study. Epidemiol. Psychiatr. Sci. 5:e29.
doi: 10.1017/52045796019000179

Subramaniam, M., Vaingankar, J. A., Tan, B., Abdin, D., Chang, S., Tan, Y,, et al.
(2025). Examining psychological distress among youth in Singapore: Insights from the
national youth mental health study. Asian J Psychiatr. 105:104405. doi: 10.1016/j.
ajp.2025.104405

Tompke, B. K., Tang, J., Oltean, I. I, Buchan, M. C., Reaume, S. V., and Ferro, M. A.
(2018). Measurement invariance of the WHODAS 2.0 across youth with and without
physical or mental conditions. Assessment 27, 1-12. doi: 10.1177/1073191118816435

Tully, P. ], Zajac, I. T,, and Venning, A. J. (2009). The structure of anxiety and
depression in a normative sample of younger and older Australian adolescents. J.
Abnorm. Child Psychol. 37, 717-726. doi: 10.1007/s10802-009-9306-4

Wang, K., Shi, H. S., Geng, E. L., Zou, L. Q, Tan, S. P,, Wang, Y,, et al. (2016). Cross-
cultural validation of the depression anxiety stress scale-21 in China. Psychol. Assess. 28,
€88-¢100. doi: 10.1037/pas0000207

Yap, A. U,, and Lee, D. Z. R. (2023). Use of the depression anxiety stress scale-21 in
young people with temporomandibular disorders: reliability and dimensionality. Sleep
Pract. 2, 1-9. doi: 10.1080/08869634.2022.2158259

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1563190
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1007/s10578-020-01050-0
https://doi.org/10.1007/s00127-022-02365-0
https://doi.org/10.1093/jpepsy/jss112
https://doi.org/10.1007/s00737-013-0331-5
https://doi.org/10.3389/fpsyg.2019.01507
https://doi.org/10.1017/S2045796019000088
https://doi.org/10.1017/S2045796019000088
https://doi.org/10.20982/tqmp.08.1.p023
https://doi.org/10.1016/j.psychres.2022.114814
https://doi.org/10.5116/ijme.58ba.7d8b
https://doi.org/10.1007/s12144-019-00540-2
https://doi.org/10.1007/s12144-019-00540-2
https://doi.org/10.1371/journal.pone.0142385
https://doi.org/10.1371/journal.pone.0180557
https://doi.org/10.1016/j.euroneuro.2011.11.007
https://doi.org/10.1016/j.jad.2016.12.041
https://doi.org/10.1016/j.euroneuro.2012.11.004
https://doi.org/10.1136/ebmental-2020-300184
https://doi.org/10.1027/1015-5759/a000218
https://doi.org/10.1177/0734282916651537
https://doi.org/10.3389/fpsyg.2022.1007594
https://doi.org/10.1080/10615800701309279
https://doi.org/10.1016/j.jval.2011.04.006
https://doi.org/10.1002/jclp.20696
https://doi.org/10.1001/jamapediatrics.2021.2482
https://doi.org/10.1016/j.euroneuro.2014.08.009
https://doi.org/10.3389/fpsyg.2023.1169957
https://doi.org/10.1002/jclp.22376
https://doi.org/10.1590/S1679-45082016AO3732
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1017/S2045796019000179
https://doi.org/10.1016/j.ajp.2025.104405
https://doi.org/10.1016/j.ajp.2025.104405
https://doi.org/10.1177/1073191118816435
https://doi.org/10.1007/s10802-009-9306-4
https://doi.org/10.1037/pas0000207
https://doi.org/10.1080/08869634.2022.2158259

	Validity, reliability, measurement invariance, and equipercentile linking of the depression anxiety stress scale-21 in the youth population in Singapore
	Introduction
	Methods
	Study design
	Questionnaires
	Statistical analysis

	Results
	Socio-demographic characteristics
	Structural validity
	Measurement invariance across age groups and gender
	Age
	Gender
	Reliability
	Convergent validity
	Equipercentile linking

	Discussion
	Conclusion

	References

