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Background: The five-item World Health Organization Well-Being Index (WHO-5) is a frequently used brief stan-
dard measure in large-scale cross-cultural clinical studies. Despite its frequent use, some psychometric questions
remain that concern the choice of an adequate item response theory (IRT) model, the evaluation of reliability at
important cutoff points, and most importantly the assessment of measurement invariance across countries.

Methods: Data from the 6% European Working Condition survey (2015) were used that collected nationally
representative samples of employed and self-employed individuals (N = 43,469) via computer-aided personal
interviews across 35 European countries. An in-depth IRT analysis was conducted for each country, testing dif-
ferent IRT assumptions (e.g., unidimensionality), comparing different IRT-models, and calculating reliabilities.
Furthermore, measurement invariance analysis was conducted with the recently proposed alignment procedure.

Results: The graded response model fitted the data best for all countries. Furthermore, IRT assumptions were
mostly fulfilled. The WHO-5 showed overall and at critical points high reliability. Measurement invariance anal-
ysis revealed metric invariance but discarded scalar invariance across countries. Analysis of the test characteristic
curves of the aligned graded response model indicated low levels of differential test functioning at medium levels
of the WHO-5, but differential test functioning increased at more extreme levels.

Limitations: The current study has no external criterion (e.g., structured clinical interviews) to assess sensitivity
and specificity of the WHO-5 as a depression screening-tool.

Conclusions: The WHO-5 is a psychometrically sound measure. However, large-scale cross-cultural studies should
employ a latent variable modeling approach that accounts for non-invariant parameters across countries (e.g.,
alignment).

1. Introduction

The World Health Organization has defined health since 1948 as “a
state of complete physical, mental and social well-being and not merely
the absence of disease or infirmity” (World Health Organization, 2020;
p- 1). Thus, subjective well-being is an important dimension of perceived
quality of life. It encompasses negative aspects such as the presence of
depression and anxiety but also positive aspects such as contentment,
satisfaction, and happiness (McDowell, 2010). For these reasons, well-
being is a common outcome measure across different populations (e.g.,
clinical vs. non-clinical) or as an indicator of treatment efficacy (e.g.,
pre-post treatment or comparisons of different treatment conditions).
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1.1. The WHO-5 well-being index

Among numerous assessments of well-being in patient and non-
patient populations the five-item World Health Organization Well-Being
Index (WHO-5; World Health Organization, 1998; Topp et al., 2015) is
one of the most widely used measures. The WHO-5 allows for a brief
assessment (under 1 min) of well-being over a two-week period. Indi-
viduals are asked to indicate for each of the five statements how they
felt over the past two weeks using a six-point Likert scale ranging from
0 = “at no time” to 5 = “all of the time”. The WHO-5 is derived from
a 28-item version based on items from the Zung scales for depression,
distress and anxiety as well as from the General Health Questionnaire
and the Psychological General Well-Being Scale (Bech, 1993). Further
analysis of these items resulted in an overall index of ten items (WHO-
Ten) representing positive and negative well-being (Bech et al., 1996).
A subsequent examination of the WHO-Ten revealed that five of the ten
items focused on being interested in things. These items were there-
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fore condensed into the item “My daily life has been filled with things
that interest me”. A negative phrased item regarding depression was
converted into a positively phrased item “I have felt cheerful and in
good spirits”. The other three items remained the same (World Health
Organization, 1998). The WHO-5 measures a global hedonic dimension
of well-being (Bech, 2012).

The WHO-5 is most commonly used to assess clinical outcomes in
controlled clinical trials and has shown to be a good measure of respon-
siveness/sensitivity to treatment (see Topp et al., 2015 for a review of
the literature on the use of the WHO-5 in clinical trials). Although the
WHO-5 was originally developed as a measure of well-being, it is also
often applied as a screening tool for depression, showing high sensitiv-
ity for this condition (Topp et al., 2015). It represents aspects closely
related to depression such as (lack of) positive mood, interests, and en-
ergy (Krieger et al., 2014). It has been adopted in various research fields
such as suicidology (Sisask et al.,2008), geriatrics (Allgaier et al., 2013),
youth problems (Rose et al., 2017), alcohol abuse (Elholm et al., 2011),
diabetes (Halliday et al., 2017), stroke (Damsbo et al., 2020), cancer
(Van Gestel et al., 2007), sleep (Hartwig et al., 2019), personality disor-
der (Fowler et al., 2018), grief (Killikelly et al., 2019), and occupational
psychology (Sischka et al., 2020) among others. Moreover, the WHO-5
has been used in research projects all over the world (e.g., Topp et al.,
2015) and also in large scale, multinational studies, involving differ-
ent study fields such as diabetes (Nicolucci et al., 2013), quality of life
(Eurofound (Ed.), 2017), quality of life in the actual coronavirus crisis
(Eurofound (Ed.), 2020), and value research (Boye, 2009).

1.2. Psychometric properties of the WHO-5 — state of research

Most studies examining the psychometric properties focus on sensi-
tivity and specificity of the WHO-5 to identify depression given an exter-
nal criterion (e.g., structured clinical interviews; see Topp et al., 2015),
reliability (usually investigated by calculating Cronbach’s «) and unidi-
mensionality (e.g., through exploratory factor or principal component
analyses). Despite the extensive use of the WHO-5, several important
psychometric issues remain unclear (El-Den et al., 2018). This concerns
the choice of an adequate item response theory (IRT) model, the re-
liability of the WHO-5, as well as the measurement invariance across
countries.

1.3. Best-fitting item response theory model

The choice of an IRT model is an important aspect for item analysis
as the different models have varying psychometric properties and rest
on differential underlying assumptions (e.g., Ostini et al., 2014). Many
studies on the psychometric properties of the WHO-5 apply the partial
credit model (PCM,; also called ordinal Rasch model; Masters, 1982) that
assumes a constant discrimination parameter across items. The standard
procedure to generate the WHO-5 — summing up the five items that
yield theoretical raw scores from O (absence of well-being) to 25 (maxi-
mal well-being) — requires equal discrimination parameters.! However,
IRT models that estimate separate discrimination parameters like the
generalized partial credit model (GPCM; Muraki, 1992) or the graded
response model (GRM; Samejima, 1969) might be more appropriate.

Unfortunately, to the best of the authors’ knowledge, so far, no
thorough measurement model comparison has been conducted. Previ-
ous studies chose a measurement model based on (often not explic-
itly stated) assumptions of the measurement structure but neglected
empirical data and model fit. The hitherto tested measurement mod-
els include Mokken analysis (e.g., Bech et al., 2003), PCM (e.g., Lucas-
Carrasco et al., 2012), and confirmatory factor analysis (CFA) modeling

1 Many studies, for whatever reason, multiply the raw score by four to obtain
a score ranging from O to 100 in which O represents the worst and 100 the best
imaginable well-being (Topp et al., 2015).
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the items as continuous (e.g., Saipanish et al., 2009) or categorical (e.g.,
Krieger et al., 2014). CFA with categorical data is equivalent to the (nor-
mal ogive) GRM.?

1.4. Reliability and standard error at specific cutoffs

Most of the studies, investigating the psychometric properties of the
WHO-5 calculate Cronbach’s a as a measure of internal consistency (e.g.,
Krieger et al., 2014). Beside the fact that « has some problematic proper-
ties (e.g., Sijtsma, 2009), it is based on the assumption that the standard
error of measurement is uniform across the latent variable continuum,
i.e., it is an empirical estimate of a measure’s marginal reliability. Within
IRT models this assumption can be tested with test information func-
tions. Reliability at a given point of the test information function can be
calculated as: reliability = 1 — 1/test information, whereas the standard
error can be calculated as: SE=1 / \/test information (Brown, 2018).
The issue of non-uniform measurement standard error is especially im-
portant for the WHO-5, as it is often used as a screening tool for depres-
sion with cutoffs of < 28 and < 50 on the 0-100 scale (e.g., Topp et al.,
2015; Lowe et al., 2004; Nicolucci et al., 2013). The open empirical
question, however, is whether the WHO-5 has acceptable reliability at
these cutoff points.

1.5. Measurement invariance

A further issue concerns the comparability of the WHO-5 across
countries as many multinational studies use it to compare the well-being
across countries. The importance to guarantee the comparability of theo-
retical constructs over the compared units (e.g., countries) has been em-
phasized (e.g., Harkness et al., 2003; Millsap, 2011). The measurement
structures of the latent construct and their corresponding manifest items
need to be (at least partially) stable across the compared research units
in order to be comparable. Therefore, measurement invariance (MI) test-
ing is a necessary precondition for comparative analyses (Millsap, 2011).
If MI is not tested, (the lack of) differences between groups on the la-
tent or manifest constructs cannot be unambiguously attributed to ‘real’
(non-)differences as these could also be caused by differences in the
measurement attributes (e.g., Whittaker, 2013). Hence, non-invariance
(across countries) could emerge if (a) the conceptual meaning or un-
derstanding of the construct differs across groups, if (b) groups differ
regarding the extent of social desirability or social norms, if (c) groups
have different reference points, when making statements about them-
selves, if (d) groups respond to extreme items differently, if (e) particular
items are more applicable for one group than another, or if (f) the trans-
lation of one or more items is improper (Chen, 2008). It is worth noting
that full MI (i.e., items do not show differential item functioning across
groups) is not strictly necessary to compare latent means across groups.
Instead, partial invariance (i.e., at least some items show no differen-
tial item functioning across groups) is sufficient for such comparisons
(Reise et al., 1993). However, the more items do not show differential
item functioning across groups, the more reliably the means are esti-
mated (Steenkamp & Baumgartner, 1998).

As certain aspects of the WHO-5 psychometric properties hitherto
remain untested (i.e., lack of model comparison, reliability testing, MI
across countries) we conducted an in-depth psychometric analysis of
the WHO-5 in a large sample (43,469 respondents) of 35 European
countries within an IRT framework. We tested crucial assumptions of
IRT modeling (i.e., unidimensionality, local independence, monotonic-
ity) and compared different IRT models (i.e., PCM, GPCM, GRM) against

2 However, in practice CFA with categorical data is most often estimated with
limited information estimators (e.g., WLSMV) that only use a summary of the
available data (i.e., variances and covariances), whereas GRM is most often es-
timated with full information estimators (e.g., full-information maximum like-
lihood) that use the raw data (Edwards et al., 2012; Wirth & Edwards, 2007).
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each other. Furthermore, we investigated psychometric properties of the
WHO-5 and analyzed whether it has sufficient reliability at frequently-
used cutoff values. Moreover, we tested the WHO-5 for MI (or differ-
ential test functioning; DTF) across countries. Moreover, we sought to
identify non-invariant parameters across countries using the recently
proposed alignment method (Asparouhov & Muthén, 2014; Marsh et al.,
2018). Thus, we aimed to answer recent calls to establish cross-cultural
MI for established measures (Boer et al., 2018).

2. Methods
2.1. Survey design and participants

We used publicly accessible data from the European Working Con-
dition Survey 2015 (European Foundation for the Improvement of Liv-
ing and Working Conditions, 2017; for survey details see Eurofound,
2015a). This survey assessed and quantified working conditions of em-
ployed and self-employed individuals across Europe within nationally
representative samples. The target population was comprised of resi-
dents who had worked for pay or profit for at least one hour in the
week preceding the interview. The survey covered the EU28 countries
as well as Norway, Switzerland, Albania, the former Yugoslav Republic
of Macedonia, Montenegro, Serbia, and Turkey between February and
September 2015 (December 2015 in Albania, the former Yugoslav Re-
public of Macedonia, Montenegro, Serbia, and Turkey). The survey was
conducted in all countries via computer-aided personal interviewing at
respondents’ homes. The sample selection was based on a multi-stage
process resulting in a complex survey sampling. Therefore, a weighting
variable was used that accounts for unequal sample selection probability
and adjusts the sample so that it reflects the socio-demographic structure
of the target population (post-stratification, Eurofound, 2015b).

The initial sample consisted of N = 43,850 respondents. Due to in-
complete data (i.e., one or more missing values on the WHO-5 items),
0.9% (n = 381) of participants had to be excluded from the analyses.
Therefore, the effective sample consisted of 43,469 respondents (49.6%
females, n = 21,553, number of respondents ranged between 946 and
3346 per country). The interviewees’ age ranged from 15 to 89 years
(M = 43.3, SD = 12.7; see Table Al in the Electronical supplement for
further sample details).

2.2. Measures

All five items of the WHO-5 were included. English items are (1) “I
have felt cheerful and in good spirits.”, (2) “I have felt calm and re-
laxed.”, (3) “I have felt active and vigorous.”, (4) “I woke up feeling
fresh and rested.”, (5) “My daily life has been filled with things that
interest me.” The instruction read “Please indicate for each of the five
statements which is the closest to how you have been feeling over the
last two weeks”. Response options ranged from 0 (At no time) to 5 (All
of the time).

2.3. Statistical analysis

To test the unidimensionality assumption required for the applica-
tion of IRT models, parallel analysis (Horn, 1965) and minimum average
partial method (Velicer, 1976) with principal component analysis and
polychoric correlations were used that have been found to work well
with ordinal variables (Garrido et al., 2011, 2013). In a next step, the
different IRT models (i.e., PCM, GPCM, GRM) were compared using the
Akaike information criterion (AIC; Akaike, 1974) and the Bayesian in-
formation criterion (BIC; Schwarz, 1978) as well as their sample size
adjusted variants to determine which model fitted the data best. How-
ever, if these information criteria disagreed, the BIC was used as the
final criterion as it has been found to be most accurate in selecting
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the correct polytomous IRT model (Kang et al., 2009). Moreover, the
Vuong test (Vuong, 1989) was used that has been found to reliably dis-
tinguish between the GRM and GPCM (Schneider et al., 2019). It first
tests, whether two models are distinguishable. In a second step it as-
certains whether the second model shows better fit than the first model.
Additionally, and in order to assess the relative improvement in the pro-
portion of variability accounted for by one model over the other, we
calculated the R? based on the likelihood ratio G test statistic that can
be regarded as analogous to comparing various regression models’ R’s
(De Ayala, 2009).

The accuracy of the selected IRT model was further analyzed with
goodness of fit statistics relying on the limited-information test statis-
tic C, that was specifically developed for IRT models with only few
items (Cai & Monroe, 2014; Monroe & Cai, 2015). We calculated the
RMSEA (acceptable values <.08, good <.05), SRMSR (acceptable < .1,
good < .08), TLI and CFI (both acceptable > .90, good > .95) according
to commonly used thresholds (Kline, 2015). However, as goodness of
fit statistics based on the limited-information test statistic are relatively
new, caution should be exercised in interpreting these statistics on sim-
ple rules of thumb (Cai & Hansen, 2013; Cai & Monroe, 2013; Monroe
& Cai, 2015; Maydeu-Olivares & Joe, 2014). It should also be noted that
the RMSEA based on C, is influenced by the number of answer cate-
gories of the items as more answer categories tend to increase RMSEA
values (Monroe & Cai, 2015). Furthermore, item and test characteristic
curves (ICC, TCC) were generated. Additionally, item and test informa-
tion functions (IIF, TIF) were derived and empirical marginal reliability
as well as root mean square standard error (RMSE)> were calculated
as summary measures of score precision (Brown, 2018; DeMars, 2018).
Moreover, the Jackknife Slope Index (JSI; Edwards et al., 2018) was
used to evaluate the assumption of local independency. The JSI is based
on the phenomenon that locally dependent items will lead to artificially
inflated slope parameters. Positive JSI values indicate that the removal
of a specific item caused the slope of another item to decrease, while
negative JSI values indicate that the removal of a specific item lead
to an increased slope of another item. The proposed cutoff values by
Edwards et al. (2018; mean of the JSI values plus twice the standard
deviation) were used as indication of local dependency. Then, the gen-
eralized S-X? item fit index (Kang and Chen, 2011) and corresponding
RMSEA as measure of effect size were calculated to assess item fit. Fi-
nally, possible violations from the assumption of monotonicity with raw
residual plots were inspected (Wells and Hambleton, 2016).

In the next step we tested the WHO-5 for MI across countries. To
this end, we conducted a multigroup analysis with increasingly restric-
tive nested models. In the configural model (the baseline model) in all
countries the factor mean was fixed to zero, the factor variance was
fixed to one and the discrimination and difficulty parameters were freely
estimated. The next more restrictive model was the metric invariance
model that constrained the discrimination parameter to be equal across
all countries, while the factor variance was fixed to one only in the first
group. In this model the factor mean was still fixed to zero and the diffi-
culty parameter was freely estimated in all countries. The most restric-
tive model was the scalar invariance model that constrained the discrim-
ination parameter as well as the difficulty parameter to be equal, while
the factor mean was fixed to zero and the factor variance was fixed to
one only in the reference group. Factor mean and factor variance were
freely estimated in all other groups.

Finally, we used the alignment optimization method to find non-
invariant parameters (Asparouhov and Muthén, 2014; Marsh et al.,
2018). The alignment method was originally developed within a con-
firmatory factor analysis framework (Asparouhov and Muthén, 2014),
but was quickly adopted in an IRT framework (Muthén and As-
parouhov, 2014) with promising results from further simulation studies

3 The formula 20.22 in Brown (2018) was used and the root of the mean
squared standard error was calculated.
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(DeMars, 2020; Finch, 2016). Based on a simplicity function (similar to
the rotation criteria used with exploratory factor analysis), this method
searches for the most optimal MI model with the configural invariance
model as baseline model. It finds the strongest source of non-invariance
in a minimal number of items, while allowing the other majority of items
to have a trivial amount of differences (Kim et al., 2017). Therefore, the
aligned model has the same model fit as the configural invariance model
(Asparouhov and Muthén, 2014). As the algorithm is based on multiple
testing, Asparouhov and Muthén (2014) used significance level of .01
to determine a starting set of invariant groups. After the determination
of the invariance set, a significance test (significance level of .001) is
conducted to compare the parameter value for each group with the pa-
rameter average of the invariant groups. The alignment method provides
an R? value that represents the parameter variation across groups in the
configural model that is explained by variation in the factor mean and
factor variance across groups. A value close to one indicates a high de-
gree of invariance, while a value close to zero indicates a low degree of
invariance (Asparouhov and Muthén, 2014).

Two alignment optimization methods can be used: In the FIXED ap-
proach, the factor mean and factor variance of a reference group is set
to 0 and 1, respectively. Typically, the group with factor mean closest
to 0 is used as reference group, to avoid misspecification and estima-
tion biases. In the FREE approach there is no constraint on the refer-
ence group’s factor mean, and it is freely estimated (Asparouhov and
Muthén, 2014). Asparouhov and Muthén (2014) recommend using
the FREE approach when more than two groups are being compared
and when measurement noninvariance exists. Guidance on the imple-
mentation of the alignment method and technical details such as the
computation of the loss function are described in Asparouhov and
Muthén (2014, see also Kim et al., 2017 and Marsh et al.,
2018).

The reliability of the alignment method depends on the precision of
the factor mean and variance estimation. Possible problems with factor
mean and variance estimations, were checked with a simulation study
with 500 simulation runs (Muthén and Asparouhov, 2014). A near-
perfect correlation for the ordering of countries with respect to factors to
be trustworthy is required. Muthén and Asparouhov (2014) recommend
a correlation of at least .98. Moreover, relative parameter bias (defined
as = [alignment parameter — average of the parameter estimates across
replications] / alignment parameter * 100) for the means and the pro-
portion of replications for which the 95% confidence interval contains
the mean were calculated.

The alignment method “serves the joint purposes of scale link-
ing and purification, without literally deleting items from the linking”
(DeMars, 2020, p. 56). Thus, the alignment method does not need an-
chor items for the scale linking between the compared groups that can
be hard to identify if there is no prior knowledge about DIF-free items
(Huelmann et al., 2020). Based on the IRT parameters from the align-
ment method, we investigated country pairwise DTF. The compensatory
and non-compensatory differential response functioning (DRF) statistics
were calculated as they represent suitable and interpretable effect sizes
for response bias across groups (Chalmers, 2018). A compensatory DRF
(sDRF) that is significantly different from zero indicates that one group,
on average, receives higher scores on the test than the other group on
the same level of the latent variable. However, if the response functions
cross at one or more locations (i.e., one group gets higher values at cer-
tain levels of the latent variable and the other group at other levels), the
compensatory DRF may approach the value of zero (Chalmers, 2018).
This is often viewed as negative by psychometricians, because it is of-
ten more important to quantify the overall response bias rather than
the degree of response bias after allowing for cancelation across the
range of the latent variable (Chalmers, 2018). The non-compensatory
DRF (uDRF), on the other hand, quantifies the overall response bias.
The sDRF and uDRF are equal if the response functions of the two com-
pared groups never cross.
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3. Results
3.1. Descriptives

The items showed no extreme skewness and kurtosis (Mg ewness = -
0.84, SDgewness = 0-25; Miurtosis = 0-38, SDyuriosis = 0.72; see Table A2
and Figure Al in the Electronical supplement). The polychoric correla-
tions between the items ranged between .38 and .87. Denmark showed
the lowest item intercorrelations (Mpgjycor = -54, SDpoycor = -10) and
Slovakia the highest (Mpqiycor = -82, SDpoiycor = -03, see Figure A2 in
the Electronical supplement).

3.2. Assessing unidimensionality, model comparison, and model-data fit

Results of parallel analysis and minimum average partial method
revealed one dominant factor for all countries. Parallel analysis showed
for each country that only for the first factor, the eigenvalue of the real
data is greater than the eigenvalue from the random data. Furthermore,
the minimum average partial method indicated that for each country
only one factor should be extracted. Moreover, for every country, only
one factor showed an eigenvalue greater than 1 that explained between
54% and 82% (see Figure A3 and A4 in the Electronical supplement for a
detailed analysis for each country), corroborating the unidimensionality
of the WHO-5.

Fig. 1 shows the different information criteria for the three mod-
els. Every criterion favored the GRM over the PCM and the GPCM for
each country. Furthermore, the Vuong test revealed that the GRM and
the GPCM were distinguishable and that the test favored the GRM over
GPCM for each country (see Table A3 in the Electronical supplement).
The AR? between the PCM and the GPCM for each country ranged be-
tween .112 and .288 and should be considered as a non-trivial improve-
ment in every case. Comparing the GPCM and the GRM AR? ranged
between .005 and .027, thus, the improvement was only small. Never-
theless, as the GPCM and GRM did not differ in terms of complexity,
and because the Vuong test favored the GRM, the WHO-5 items were
further analyzed based on the GRM.

Table 1 shows the goodness of fit statistics for the GRM model for
each country. The C, statistic indicates close fit for Latvia, North Mace-
donia, Romania, and Slovenia. However, given the large sample sizes,
even trivial model specification can lead to a significant C, statistic. The
approximate fit indices SRMSR and CFI indicated good model fit for all
countries. The TLI yielded at least acceptable model fit for all coun-
tries and good model fit for most countries (except for Denmark and
France). However, the RMSEA revealed that the unidimensional GRM
model does not fit well for some countries. Especially Belgium, Den-
mark, Spain, Finland, France, Lithuania, Luxembourg, and Montenegro
had RMSEA values above .1.

The JSI flagged local dependence between item 3 and 4 for Switzer-
land, Luxembourg, Malta and Romania (see Fig. A5 in the Electroni-
cal supplement). For Montenegro, items 1 and 2 were flagged as being
locally dependent. However, the values were only slightly above the
threshold, thus, local dependency might be considered still in an accept-
able range. The generalized S-X? item fit index flagged a lot of items to
deviate from the GRM curves. However, the item-level RMSEA ranged
between .000 and .050 for item 1, between .008 and .052 for item 2,
between .000 and .066 for item 3, between .000 and .053 for item 4, and
between .007 and .073 for item 5, indicating low to medium deviation
of the items from the GRM (see Fig. A6 in the Electronical supplement).
Finally, the raw residual plots indicated no strong deviation from mono-
tonicity (see Fig. A7.1-A7.35 in the Electronical supplement).

3.3. Psychometric properties
Fig. 2 shows the item parameter for the GRM for each country.

Items 1, 2, and 3 yielded on average higher discrimination parame-
ters (Myem 1 = 3.25, SD 1rem 1 = 0.51; Myem 5 = 2.97, SD pem o = 0.64;
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Fig. 1. Model comparison for the PCM, GPCM, and GRM.
Table 1
Goodness of fit statistics for the graded response model.
Country C, P RMSEA [90% CI] SRMSR TLI CFI
ALB 50.505 0.000 .096 [.073; .120] .028 .980 .990
AUT 29.836 0.000 .070 [.047; .095] .030 986 993
BEL 151.001 0.000 106 [.092; .121] .053 .964 982
BGR 40.224 0.000 .082 [.059; .106] .026 .987 994
CHE 35.047 0.000 .077 [.054; .103] .028 987 993
CYP 30.648 0.000 .072 [.049; .097] .032 .987 993
CZE 52.756 0.000 .098 [.075; .123] .034 972 .986
DEU 59.584 0.000 .072 [.057; .089] .030 985 992
DNK 79.361 0.000 122 [.099; .146] .055 938 969
ESP 315.005 0.000 136 [.124; .149] .063 956 978
EST 48.823 0.000 .094 [.071; .118] .058 973 987
FIN 57.488 0.000 .103 [.080; .127] .048 959 .980
FRA 209.224 0.000 .164 [.145; .183] .056 915 958
GBR 57.136 0.000 .080 [.062; .100] .037 983 992
GRC 41.153 0.000 .085 [.062; .110] .023 982 991
HRV 45.724 0.000 .090 [.067; .115] .031 982 991
HUN 51.894 0.000 .096 [.073; .121] .038 978 .989
IRL 27.075 0.000 .065 [.042; .090] .036 988 994
ITA 54.531 0.000 .084 [.065; .105] .038 .980 .990
LTU 64.476 0.000 .110 [.087; .134] .026 977 988
LUX 60.938 0.000 .106 [.083; .131] .041 962 981
LVA 16.822 0.005 .050 [.025; .077] .024 994 997
MKD 6.948 0.225 .020 [.000; .051] .028 1999 1.000
MLT 49.474 0.000 .094 [.071; .119] .051 968 984
MNE 82.955 0.000 125 [.102; .149] .030 965 .982
NLD 42.307 0.000 .085 [.063; .110] .031 .980 .990
NOR 43.944 0.000 .087 [.065; .112] .051 .966 983
POL 49.694 0.000 .087 [.066; .110] .047 984 992
PRT 27.880 0.000 .067 [.044; .093] .041 .987 994
ROU 4.304 0.507 .000 [.000; .040] .019 1.000 1.000
SRB 31.180 0.000 .071 [.049; .096] .024 988 994
SVK 39.423 0.000 .085 [.061; .110] .036 .987 993
SVN 7.294 0.200 .017 [.000; .042] .025 1999 1.000
SWE 50.692 0.000 .096 [.073; .120] .036 970 .985
TUR 59.262 0.000 .074 [.058; .091] .074 984 992

Notes. df = 5; RMSEA = root mean squared error of approximation; SRMR = standardized root mean square residual; TLI = Tucker-Lewis index; CFI = comparative
fit index.
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Fig. 2. Item parameter for the GRM.

Miiem 3 = 3.44; SD e 1 = 0.73), while items 4 and 5 revealed lower dis-
crimination parameters (Myee, 4 = 2.70, SD e 1 = 0.48; Myer, 5 = 2.07,
SD tem 2 = 0.46). The items differed only slightly on item difficulty. Item
characteristic curves and item information functions can be seen in Fig.
A8 and A9 in the Electronical supplement.

Fig. 3 shows the item and test information functions. The empirical
marginal reliability ranged between .83 and .93 (RMSE ranged between

0.257 and 0.412). The reliability was also satisfying at both frequently
used cutoff values for depression, i.e., p;5 5 (WHO-5 score of 12.5 equals
50 on the 0-100 scale) ranged between .86 and .96 (standard errors
ranged between 0.202 and 0.379) and p; (WHO-5 score of 7 equals 28
on the 0-100 scale) ranged between .84 and .95 (standard errors ranged
between 0.212 and 0.398; see Table A6 in the Electronical supplement
for each country).
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Fig. 3. Item and test information functions for the GRM.

3.4. Measurement invariance and differential test functioning analysis

The multigroup analysis (with the GRM as base model) revealed
a very good fit for the configural model (C, = 2,073.244; df = 175,
p = .000, RMSEA = .016, SRMSR for each country ranged between .019
and .074, TLI = .977, CFI = .988). The metric invariance model showed
also a very good fit (C, = 3,248.038; df = 311, p = .000, RMSEA = .015,
SRMSR ranged between .026 and .131, TLI = .980, CFI = .982), indi-
cating that the item discrimination parameters between the countries

were approximately invariant. However, fixing the item thresholds to
be equal across countries led to strong deterioration of some model fit
indicators (C, =17,738.548; df = 1127, p = .000, RMSEA = .018, SRMSR
ranged between .026 and .188, TLI = .968, CFI = .898), indicating non-
invariance for at least some threshold parameters (see Table A7 in the
Electronical Supplement for all SRMSR values).

Table 2 shows the fit statistics of the alignment analysis with the
FREE approach and with Great Britain as reference group (with variance
fixed to one). The average invariance index equaled .362 and 28.9% of
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Table 2
Alignment fit statistics.
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Number
Weighted Average Weighted (percentage) of
across invariant Variance across Weighted Average Weighted Variance  approx. invariant
Item Parameter R? groups invariant groups across all groups across all groups groups
Item 1 Discrimination 728 3.28 0.24 3.28 0.24 35 (100%)
Threshold 1 .340 -2.14 0.26 -1.99 0.32 26 (74.3%)
Threshold 2 .539 -1.01 0.12 —-0.95 0.16 28 (80%)
Threshold 3 .626 —-0.46 0.10 —-0.46 0.12 26 (74.3%)
Threshold 4 .071 0.61 0.10 0.36 0.25 14 (40%)
Threshold 5 .000 1.86 0.24 1.80 0.33 7 (77.1%)
Item 2 Discrimination .706 3.01 0.30 2.99 0.33 4 (97.1%)
Threshold 1 274 -1.84 0.25 -1.65 0.34 3 (65.7%)
Threshold 2 444 -0.89 0.13 -0.75 0.16 8 (51.4%)
Threshold 3 .693 —-0.22 0.07 —-0.22 0.08 3 (94.3%)
Threshold 4 165 0.68 0.11 0.55 0.20 7 (48.6%)
Threshold 5 .000 2.05 0.21 1.91 0.30 21 (60%)
Item 3 Discrimination 532 3.53 0.39 348 0.46 3 (94.3%)
Threshold 1 331 -1.99 0.34 -1.67 0.40 8 (51.4%)
Threshold 2 .500 -0.99 0.23 -0.83 0.24 8 (51.4%)
Threshold 3 .603 -0.33 0.08 -0.28 0.12 2 (62.9%)
Threshold 4 400 0.59 0.13 0.49 0.17 2 (62.9%)
Threshold 5 .000 1.81 0.22 1.80 0.28 9 (82.9%)
Item 4 Discrimination .623 2.75 0.29 2.75 0.29 35 (100%)
Threshold 1 .210 -1.77 0.25 -1.46 0.40 17 (48.6%)
Threshold 2 337 -0.78 0.13 —-0.64 0.25 17 (48.6%)
Threshold 3 .552 -0.17 0.06 -0.10 0.13 21 (60%)
Threshold 4 489 0.59 0.09 0.64 0.15 25 (71.4%)
Threshold 5 .000 2.20 0.24 2.01 0.28 21 (60%)
Item 5 Discrimination 517 2.18 0.26 2.10 0.34 31 (88.6%)
Threshold 1 .354 -2.22 0.32 -2.20 0.34 31 (88.6%)
Threshold 2 415 -1.08 0.18 -1.07 0.19 29 (82.9%)
Threshold 3 410 -0.52 0.15 -0.48 0.19 28 (80%)
Threshold 4 .000 0.26 0.12 0.37 0.30 16 (45.7%)
Threshold 5 .000 1.85 0.26 1.84 0.33 21 (60%)

Notes. MLR estimator; FREE approach.

the parameters were non-invariant. The R? values for the item discrimi-
nation parameter ranged between .517 and .728 corroborating the find-
ing of the multigroup analysis that the item discrimination parameters,
with few exceptions were invariant across countries (the number of in-
variant discrimination parameters ranged between 31 and 35). Regard-
ing the thresholds, the R? values were highest for the thresholds 2 and
3 for nearly all items, while items 1 and 4 showed lower R? values. The
threshold 5 showed an R? value of .000 for all items. The standard devi-
ation of the parameters showed the same pattern, i.e., it is often lower
for the thresholds 2 and 3 and higher for the thresholds 1, 4, and 5. Strik-
ingly, the number of approximate invariant groups showed a less clear
picture (for a quick overview of invariant and non-invariant parame-
ters see Fig. Al1 in the Electronical Supplement). The simulation study
revealed that the correlation between the population factor means and
the estimated alignment factor means computed over groups and aver-
aged over replications equals .98. Relative parameter bias for the factor
means ranged between 2.4% and 9.6% (M = 4.9; SD = 1.5); the pro-
portion of replications for which the 95% confidence interval contains
the mean ranged between 89.0% and 96.8% (M = 93.2; SD = 1.5; see
Table A8 in the Electronical Supplement for all information). Thus, fac-
tor mean estimates and factor mean rankings of the alignment method
emerged as pretty reliable (Muthén and Asparouhov, 2014).

Fig. 4 shows the item parameter of the alignment procedure. Because
of the scale linking of the alignment method, these parameters can be di-
rectly compared. Fig. 4 corroborates the finding that the discrimination
parameters did not differ significantly and that the thresholds 2 and 3
showed less variation between countries. Fig. 4 also gives an indication
of the ambiguous results of R? and variation of the parameters on the
one hand, and the number of approximate invariant groups on the other
hand. It shows that the standard error was much larger for the thresh-
olds 1 and 5, thus, the power to establish significant non-invariance was

lower for these parameters. These results indicate that there was less DIF
and DTF in the middle range of the latent variable.

Fig. 5 shows the test characteristic curves of the WHO-5 for the GRM
after alignment. As an illustration, it can be seen that the expected test
score for negative values of the latent variable was especially high for
Albania, Bulgaria, and Slovakia. That means that these countries had
higher values as one would expect, given their latent variable level. On
the other hand, these countries had lower expected test scores for posi-
tive values of the latent variable. Fig. 6 shows the sDRF and uDRF statis-
tics for Great Britain as reference group (for the other country compar-
isons see Fig. A12.1-A12.35 in the Electronical supplement). The curves
show DTF at different levels of the latent variable. Negative values in-
dicated that the other group had higher expected test scores, whereas
positive values indicate that the reference group (Great Britain) had
higher expected test scores. The sDRF and uDRF statistics summarize
the DTF across the full range of the latent variable. For instance, only
minor DTF effects appeared between Great Britain and Austria, whereas
larger DTF effects showed up between Great Britain and Albania. Inter-
estingly, most of the DTF effects indicate unidirectional response bias,
i.e., that the response functions of two countries cross at one or more
locations (Chalmers, 2018). Considering all country comparisons, the
sDRF statistics ranged between -1.51 and 1.36 (M = -0.07, SD = 0.57)
and the uDRF statistics between 0.05 and 2.12 (M = 0.73, SD = 0.45;
for a quick overview of the sDRF and uDRF statistics see Fig. A13 in the
Electronical supplement).

3.5. Comparing alignment factor scores and manifest sum scores

The correlations between factor scores and manifest sum scores were
quite high and ranged between .95 and .99 within each country (see Fig.
Al4 in the Electronical supplement). However, it could be observed that
the regression slopes differed between countries and ranged between
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Fig. 4. Item parameter for the GRM after alignment.

being as Lithuania. However, comparing the latent means, Lithuania had

a significantly higher mean.

3.8 and 6.6 reflecting the different test characteristic curves. Thus, the

manifest scores and the factor scores differed also in their distributions.
The correlation between the means of the manifest sum score and the

4. Discussion

means of the factor scores was only .77 (see Fig. 7). Thus, there was a

non-negligible change in the country rank order regarding their mean
well-being levels, when switching from manifest to latent models (see

The IRT analyses clearly revealed that the GRM provided better fit

to the data than the PCM and the GPCM. This means that the items do

also Fig. A15 in the Electronical supplement). For instance, comparing
manifest means, Luxembourg had nearly the same mean level of well-

not only differ in terms of difficulty but also in terms of discrimination.
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Fig. 5. Test characteristic curves for the GRM after alignment.
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tions for the cross-national and cross-cultural literature on the WHO-5
that hitherto has not taken into account this liability of the measure
and probably suffers from non-valid conclusions (see the various cross-
national epidemiology studies in Topp et al., 2015). Thus, future studies
should employ a latent variable modeling approach when studying pre-
dictors or consequences of the WHO-5.

Model fit to the GRM over countries differed. The RMSEA of some
countries was relatively high, indicating that the model fitted less well
relative to the degrees of freedoms for these countries. Nevertheless,

In this context, a simple scoring method (e.g., mean or sum scoring)
can lead to serious error of inference (e.g., Chen, 2008).% Therefore,
the manifest norms reported in Topp et al. (2015) have to be regarded
with caution and might be misleading. This has also important implica-

4 Sum and mean scores can be regarded as a highly constrained latent variable
model with equal loadings (or in IRT terminology: discrimination) parameters
across the items (McNeish & Wolf, 2020).
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Fig. 6. Differential test functioning for the GRM after alignment (Reference group: GBR).

the analysis of the different assumptions revealed only minor devia-
tion (e.g., local dependency for only a few countries), thus, the IRT
assumptions were mostly fulfilled. Test and item information analyses
indicated overall (p = .83-.93.) as well as at critical points (p;55 = .86-
.96, p; = .84-.95) high reliability for all countries. Thus, the present

study corroborated the psychometric soundness of the WHO-5 also for
countries where an in-depth psychometric analysis was yet missing (e.g.,
Albania, Czech Republic, Turkey).

Moreover, MI testing and the alignment procedure revealed that
there are some non-invariant parameters across countries. Whereas item
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Fig. 7. Scatterplot with means of factor scores
19 4 and manifest sum scores.
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discrimination parameters were approximately invariant, there were
some non-invariant thresholds. Especially the first and last threshold of
the items showed higher proportions of invariance, indicating less DIF
and DTF in the middle range of the latent variable and more on the ex-
treme; a finding that was also corroborated with the in-depth DTF anal-
ysis. Manifest sum (or mean) scoring assumes that the measure under
study is invariant across groups (Chen, 2008), however, it is important
that cross-country studies take possible DTF effects of the WHO-5 into
account (for a gentle introduction into measurement invariance testing
see e.g., Tay et al., 2015 for an IRT and Pendergast et al., 2017 for
a factor analytical approach). For instance, Great Britain and Albania
showed an average deviation of 1.48 (99% CI [1.23; 1.75]) points from
the WHO-5 expected test scores (ranging between 0 and 25) for the same
level on the latent variable. Great Britain yielded expected test scores
that were up to 3.40 (99% CI [2.49; 4.33]) points lower for lower lev-
els of the latent variable, whereas expected test scores were up to 2.02
(99% CI [1.45; 2.53]) points higher for higher levels of the latent vari-
able compared with Albania. This means that a respondent from Great
Britain with a WHO-5 score of 23.1 (or 2.5) has the same (estimated)
level on the latent well-being variable as a respondent from Albania with
a WHO-5 score of 21.1 (or 5.9). This exemplifies the problem with sim-
ple mean comparisons that becomes particularly relevant when clinical
cutoffs are used.

So far, most of the studies that made use of the alignment approach
used the assumption of continuous indicators (e.g., Jang et al., 2017).
However, modeling the indicators as categorical-ordinal, the alignment
method revealed that some thresholds are more invariant than others
and that DIF/DTF occurred more at the extremes of the latent variable
that are particularly relevant in clinical research. The alignment method
allows to compare factor means without satisfying exact scalar invari-
ance that is a hard, if ever, to reach assumption in large-scale cross-
cultural research (e.g., Asparouhov and Muthén, 2014; Marsh et al.,
2018). Moreover, the alignment procedure has recently been extended
to be able to include covariates (Marsh et al., 2018).

4.1. Study strengths, limitations, and outlook

The strength of the study is the large sample size for all included
countries (i.e., n ranged between 946 and 3,346) and that all samples
are nationally representative samples of employed and self-employed
individuals. Thus, the analysis should have obtained reasonable item
parameter recovery (Ostini et al., 2014). Moreover, the power was large
enough to detect even small DIFs between countries (Nguyen et al.,
2014). Future studies might consider using samples that also include
unemployed persons who are out of jobs or retired. Moreover, future re-
search might seek to test MI for a wider range of countries (e.g., Amer-
ican, Asian, and African countries). In addition, exploring the sources
of the non-invariant parameters is an important next step to improve
the psychometric properties of the WHO-5 in certain countries (e.g.,
France).

One limitation of the current study is that the European Working
Condition Survey has no external criterion to assess the sensitivity and
specificity (e.g., structured clinical interviews) of the WHO-5 to identify
depression. However, the validity of the WHO-5 as a depression screen-
ing tool has been extensively studied (Krieger et al., 2014; Topp et al.,
2015), indicating high sensitivity and specificity across a wide range of
research fields and countries. Nevertheless, all research on cutoffs rests
on manifestly derived thresholds. Hence, it remains an open empirical
question whether latent cutoffs could improve criterion validity.

5. Conclusion

We want to advocate Topp et al.’s (2015) conclusion that the WHO-5
is a psychometrically sound brief measure with non-invasive questions
that tap into the subjective well-being of respondents. However, the
present study showed that future studies should implement the GRM
and that researcher should be aware of measurement non-invariance
when they are conducting cross-cultural research. The alignment proce-
dure can help to identify non-invariant parameters across countries.
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6. Software information

Most of the data analysis was done in R (Version 4.0.2; R
Core Team, 2020). Data transformations were done with the tidyverse
(Wickham, 2019), car (Fox et al., 2020), combinat (Chasalow, 2015),
labelled (Larmarange et al., 2020), and sjlabelled (Liidecke and Ran-
zolin, 2020) packages. Descriptive statistics were calculated with
the weights (Pasek and Tahk, 2020) and the Weighted.Desc.Stat
(Parchami and Bahonar, 2016) packages. Weighted polychoric correla-
tions were calculated with the wCorr (Emad and Bailey, 2017) package.
Parallel analysis, map test, and description were done with the psych
(Revelle, 2019) package. Item response analyses were done with the mirt
(Chalmers, 2012), nonnest2 (Merkle et al., 2020), and irtplay (Lim and
Wells, 2020) packages. The graphs were created with the ggplot2
(Wickham et al., 2020) and ggpubr (Kassambara, 2020) packages. The
alignment analysis was done in Mplus (v8.0; Muthén and Muthén, 2017)
and read in R with the package MplusAutomation (Hallquist and Wi-
ley, 2018). Although this study was not preregistered, the R and Mplus
scripts used in this article are stored on Open Science Framework
(https://osf.io/agfmk/).
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