
1 23

Quality of Life Research
An International Journal of Quality of
Life Aspects of Treatment, Care and
Rehabilitation - Official Journal of the
International Society of Quality of Life
Research
 
ISSN 0962-9343
Volume 27
Number 4
 
Qual Life Res (2018) 27:1015-1025
DOI 10.1007/s11136-017-1737-8

Measurement invariance of the WHOQOL-
AGE questionnaire across three European
countries

David Santos, Francisco J. Abad, Marta
Miret, Somnath Chatterji, Beatriz Olaya,
Katarzyna Zawisza, Seppo Koskinen,
Matilde Leonardi, et al.



1 23

Your article is protected by copyright and

all rights are held exclusively by Springer

International Publishing AG, part of Springer

Nature. This e-offprint is for personal use only

and shall not be self-archived in electronic

repositories. If you wish to self-archive your

article, please use the accepted manuscript

version for posting on your own website. You

may further deposit the accepted manuscript

version in any repository, provided it is only

made publicly available 12 months after

official publication or later and provided

acknowledgement is given to the original

source of publication and a link is inserted

to the published article on Springer's

website. The link must be accompanied by

the following text: "The final publication is

available at link.springer.com”.



Vol.:(0123456789)1 3

Quality of Life Research (2018) 27:1015–1025 
https://doi.org/10.1007/s11136-017-1737-8

Measurement invariance of the WHOQOL-AGE questionnaire 
across three European countries

David Santos1 · Francisco J. Abad1 · Marta Miret2,3,4 · Somnath Chatterji5 · Beatriz Olaya3,6 · 
Katarzyna Zawisza7 · Seppo Koskinen8 · Matilde Leonardi9 · Josep Maria Haro3,6 · José Luis Ayuso‑Mateos2,3,4 · 
Francisco Félix Caballero2,3,4 

Accepted: 8 November 2017 / Published online: 16 November 2017 
© Springer International Publishing AG, part of Springer Nature 2017

Abstract
Purpose  Developing valid and reliable instruments that can be used across countries is necessary. The present study aimed 
to test the comparability of quality of life scores across three European countries (Finland, Poland, and Spain).
Method  Data from 9987 participants interviewed between 2011 and 2012 were employed, using nationally representative 
samples from the Collaborative Research on Ageing in Europe project. The WHOQOL-AGE questionnaire is a 13-item test 
and was employed to assess the quality of life in the three considered countries. First of all, two models (a bifactor model and 
a two-correlated factor model) were proposed and tested in each country by means of confirmatory factor models. Second, 
measurement invariance across the three countries was tested using multi-group confirmatory factor analysis for that model 
which showed the best fit. Finally, differences in latent mean scores across countries were analyzed.
Results  The results indicated that the bifactor model showed more satisfactory goodness-of-fit indices than the two-correlated 
factor model and that the WHOQOL-AGE questionnaire is a partially scalar invariant instrument (only two items do not meet 
scalar invariance). Quality of life scores were higher in Finland (considered as the reference category: mean = 0, SD = 1) 
than in Spain (mean = − 0.547, SD = 1.22) and Poland (mean = − 0.927, SD = 1.26).
Conclusions  Respondents from Finland, Poland, and Spain attribute the same meaning to the latent construct studied, and 
differences across countries can be due to actual differences in quality of life. According to the results, the comparability 
across the different considered samples is supported and the WHOQOL-AGE showed an adequate validity in terms of 
cross-country validation. Caution should be exercised with the two items which did not meet scalar invariance, as potential 
indicator of differential item functioning.

Keywords  Quality of life · Measurement invariance · Multi-group confirmatory factor analysis · WHOQOL-AGE · Bifactor 
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Introduction

The World Health Organization (WHO) argues that the 
measurement of health and the effects of health care must 
include not only an indication of changes in the frequency 
and severity of diseases, but also an estimation of the qual-
ity of life (QOL) related to health care [1]. QOL is a broad-
ranging concept which can be thought of as “the individu-
als’ perception of their position in life in the context of the 
culture and value systems in which they live and in relation 
to their goals, expectations, standards and concerns” [2].

The World Health Organization Quality Of Life (WHO-
QOL) Group [3] elaborated a series of instruments that seek 
to assess QOL, allowing for cross-cultural comparisons [4]. 
The rationale and assumption of the WHOQOL measure-
ment instruments is that people themselves should be asked 
whether they are satisfied with their health and well-being: 
a person can be satisfied with his/her life, though disabled 
by disease or illness.

The first WHOQOL instrument [5], also called WHO-
QOL-100, was composed of 100 items and developed col-
laboratively over several years in a number of centers in 
diverse cultural settings. A brief version of the instrument, 
composed of 26 items and showing good psychometric 
properties, was also developed in order to reduce time and 
fatigue: the WHOQOL-BREF [6, 7]. Moreover, the WHO-
QOL-OLD [8] has been created as a specific WHOQOL 
module to assess quality of life in the elderly population, 
although needs to be administered together with WHOQOL-
BREF. In order to reduce the application time, another 
WHOQOL instrument was created: the EUROHIS-QOL 
eight-item index [9], showing satisfactory internal consist-
ency as well as good convergent and discriminant validity.

The WHOQOL-AGE is an instrument which has been 
designed specifically to assess QOL in aging populations 
and has been built upon previous WHOQOL instruments; it 
is based on the EUROHIS-QOL and the WHOQOL-OLD 
short form version 1 [10]. The WHOQOL-AGE has been 
developed within the Collaborative Research on Ageing 
in Europe (COURAGE in Europe) [11] project and it has 
been validated in samples from Finland, Poland, and Spain 
[12], using the same dataset that is considered in the pre-
sent research and showing adequate psychometric proper-
ties. Since the application time of this instrument is shorter 
than the time necessary to complete other similar QOL 
scales specifically designed for the older population, it can 
be applied in large-scale population studies and busy clini-
cal settings.

During the validation process of an instrument, it is not 
only necessary to test the reliability of the scores and other 
psychometric properties, but also to test whether the scores 
of the instrument are measurement invariant across groups 

(e.g., differences across countries, age groups, gender, etc.). 
According to Meredith and Millsap [13, 14], a measure-
ment instrument is measurement invariant if an individual’s 
probability of an observed score does not depend on his/her 
membership to a group, conditional on the true score. Meas-
urement invariance in this sense assumes that the param-
eters of the measurement model which describes the relation 
between the latent variable and the observed scores are the 
same within the different groups.

Objectives of the current study

The present study aimed to test the comparability of the 
WHOQOL-AGE scores across different countries. First, 
the measurement invariance of the WHOQOL-AGE was 
assessed across three European samples (Finland, Poland, 
and Spain). And second, the latent scores in QOL were com-
pared across these three countries, after assessing measure-
ment invariance.

Method

Sample and design

Data were collected between 2011 and 2012, within the 
COURAGE in Europe project, an observational cross-
sectional study comprising samples from the adult non-
institutionalized population of Finland, Poland, and Spain. 
Specific details about the COURAGE in Europe project and 
the sampling strategy developed in the three countries are 
described elsewhere [11, 15].

The COURAGE in Europe project collected data on 
adults aged 50 years and older, plus a sample of adults aged 
between 18 and 49 years for comparison purposes. Among 
the participants older than 50, people older than 80 years 
were overrepresented in the sampling in order to avoid hav-
ing small sample sizes for the oldest age groups and to allow 
for potential comparisons in subsequent follow-up studies. 
Before collecting data, informed consent was obtained from 
each participant. The research was approved by the local 
ethics research review boards [15].

Instrument

The WHOQOL-AGE comprises 13 items assessed on a five-
point rating scale (items are shown in Appendix Table 7). 
The items which were not available in Finnish, Polish, or 
Spanish in previous WHOQOL instruments were translated 
from English into Finnish, Polish, and Spanish, following 
the World Health Organization’s translation guidelines for 
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assessment instruments: a forward translation, a targeted 
back-translation, a review by a bilingual expert group, and a 
detailed translation report [16].

The response format is a combination of bipolar and 
unipolar formats. The unipolar format refers to scales that 
range from the absence of the attribute to its presence (e.g., 
response options from not at all to very much) while the 
bipolar format refers to scales using both the positively 
and the negatively worded response in the same item (e.g., 
response options from very negative to very positive) [17, 
18]. The bipolar format was applied for items Q1 (ranging 
from 1 = “very bad” to 5 = “very good”), and items Q2–Q8 
(ranging from 1 = “very dissatisfied” to 5 = “very satisfied”). 
The unipolar format was applied for items Q9–Q12 (ranging 
from 1 = “not at all” to 5 = “completely”), and Q13 (ranging 
from 1 = “not at all” to 5 = “an extreme amount”).

In Caballero et al. [12], a second-order factorial structure 
was found for the 13 WHOQOL-AGE items, with the gen-
eral factor representing QOL. Two first-order factors were 
also identified. Similar Cronbach’s alpha values (0.88 and 
0.84) were obtained for both factors in the overall sample, 
indicating a good internal consistency in the previous above-
mentioned study. Scoring information about the second-
order general factor (QOL) and the two first-order factors 
found was also shown in Caballero et al. [12].

Statistical analysis

Socio‑demographics

The socio-demographic characteristics of each sample (e.g., 
age, sex, years of education) were described, and differences 
across countries were analyzed using Chi-square test and 
analysis of variance (ANOVA). When large samples are con-
sidered, differences found can be due to the large sample 
sizes. Therefore, Cramer’s V and partial eta-squared were 
computed to determine the effect size, assessing the magni-
tude according to Cohen’s guidelines [19].

Effect indicators and causal indicators

QOL questionnaires often contain two different types of 
items [20–22]: effect indicators and causal indicators. A 
causal indicator is an empirical phenomenon that has an 
impact on the latent variable to be measured, whereas an 
effect indicator is an empirical phenomenon which is caused 
by the latent variable to be measured. For instance, in the 
case of QOL, the presence of a symptom of a disease (e.g., 
pain) should be better seen as a causal indicator (i.e., the 
presence of pain reduces QOL), whereas experiencing 
depression might be better conceived as an effect of low 
levels of QOL. When causal indicators are present, extra 
caution should be exerted before they are aggregated into 

a summated scale since they have a less uniform relation-
ship with QOL. Increasing QOL is likely to affect all effect 
indicators, such as anxiety and depression, whereas will not 
change a causal indicator, such as the presence of pain.

Based on Fayers’ approach [20], the global question about 
QOL in the WHOQOL-AGE (Q1—“How would you rate 
your quality of life?”) was considered as a gold standard for 
the assessment of the latent variable QOL and the remain-
ing 12 items were compared against Q1. For each of the 12 
items, a contingency table between the item (e.g., Q2) and 
the external criterion considered (i.e., Q1) was obtained. For 
items that are causal indicators, an asymmetric relationship 
is expected: it is more probable to find people who score 
high in the indicator but low in quality of life than finding 
people who score low in the indicator but high in quality of 
life. A ratio (hereafter, the Indicator Identification Ratio, 
IIR) can be then computed. First, we obtain the number of 
people who score high (e.g., satisfied, very satisfied) in the 
indicator but low (e.g., bad or very bad) in quality of life 
(OX) and the number of people who score low in the indi-
cator but high in quality of life (OY). Second, the expected 
values of these frequencies (EX and EY) were obtained, 
according to the independence null hypothesis. Finally, the 
IIR is obtained as the ratio of the two squared standardized 
residuals 

(

Z
2

X

/

Z
2

Y

)

. According to Fayers et al. [20], lower 
values in the IIR might indicate that the indicator is a cause 
rather than an effect indicator. Inter-item and adjusted item-
test correlations were also calculated.

Confirmatory factor analysis

Two models were considered: (1) a bifactor model [23, 
24], with one general factor influencing the items and two 
response format-specific factors (i.e., bipolar and unipolar), 
and (2) a two-correlated factor model. Both were tested in 
the overall sample, and separately by country (see Fig. 1). 
Factor loadings on specific factors were constrained to be 
positive in the bifactor model. The maximum likelihood 
mean-adjusted (MLM) estimator, based on maximum like-
lihood parameter estimates with standard errors and a mean-
adjusted Chi-square test statistic robust to non-normality 
[25] was employed in each model.

Comparative Fit Index (CFI), Tucker–Lewis Index (TLI), 
and Root Mean Square Error of Approximation (RMSEA) 
were considered to assess the goodness-of-fit of the models 
according to the cut-off points established in the literature 
[26, 27]: CFI > 0.90, TLI > 0.90, and RMSEA < 0.08. Akaike 
Information Criterion (AIC) [28] values were also reported.

Multi‑group confirmatory factor analysis

Measurement invariance across the three countries was 
assessed by means of a Multi-group Confirmatory Factor 
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Analysis (MG-CFA) for that model which showed a better 
fit to the data in the overall sample. A sequential constraint 
approach was employed to assess whether the same con-
struct was measured across the Finnish, Polish, and Spanish 
samples. The invariance of the factor structure was studied 
comparing a set of nested models [29, 30]: (a) configural 
invariance model (factor structure is equal across groups, 
whereas the factor loadings, intercepts, and residual vari-
ances are allowed to differ across groups), (b) metric invari-
ance model (the factor loadings are equal across groups), 
(c) scalar invariance model (the loadings and intercepts are 
constrained to be equal across groups), and (d) strict invari-
ance model (the residual variances are also fixed to be equal 
across groups).

When configural invariance is reached, this suggests 
that the same items measure the constructs across coun-
tries. Metric invariance suggests that items share equiva-
lent meaning across groups, in terms of the relationship 
with the factor [31], while scalar invariance suggests that 
differences in item means are due to differences in latent 
factor means across groups. Finally, when strict invariance 
is attained, the error variance associated to the items is the 

same across groups, suggesting that differences in means 
or covariances of the indicators are due to differences in 
latent factor distributions across groups [32].

The four invariance models were compared (i.e., con-
figural vs. metric, metric vs. scalar, and scalar vs. strict) 
based on CFI values. The more restrictive model was con-
sidered as valid when ΔCFI < 0.01 [33]. When the more 
restrictive model did not hold, then equality constraints 
which were specially imposed by the more restricted model 
were removed for one or more items until a ΔCFI < 0.01 
was achieved. Wald statistical tests were used to select 
these items. This procedure allowed us to detect the items 
that were responsible for the lack of invariance. The final 
model in which a subset of parameters is allowed to vary 
across groups is called a partial invariance model [34]. If 
partial invariance is tenable, groups can be compared at 
the latent level even if full measurement invariance is not 
attained.

Some constraints were added for identification pur-
poses. Factor means and variances were fixed to zero and 
one, respectively, in Finland, considered as the reference 
group. When loadings were not constrained to be equal 

Fig. 1   Graphic representation of 
the bifactor model structure (left 
side) and the two-correlated 
factor model (right side)
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across groups, latent factor variances were fixed to one for 
all groups; finally, when intercepts were not constrained to 
be equal across groups, latent factor means were fixed to 
zero in all groups.

Finally, the Wald test was used to assess differences in 
general factor latent scores on QOL across countries, when 
the level of scalar invariance was achieved. The mean and 
standard deviation (SD) in the general factor (QOL) were 
set to zero and one in Finland (reference group). Factor 
loadings and intercepts should be the same across countries 
for a correct interpretation of latent means across countries 
[30]. Higher latent scores indicated a better QOL. Cohen’s d 
[19] associated to each pairwise comparison was computed. 
95% confidence intervals for Cohen’s d [35] were calculated 
using the MBESS package [36] in R. Mplus version 6 [37] 
was employed for structural equation modeling. The remain-
ing analyses were computed using Stata 11 [38].

Results

Descriptive statistics

Mean age of the sample (N = 9987) was 58.10 years 
(SD = 16.70), with a 56.73% of women. The age varied 
between 18 and 100 years. The socio-demographics sepa-
rated by country are shown in Table 1. Although signifi-
cant differences were found across countries, the associated 
effect sizes were small (or moderate in the case of residential 

setting). Significant differences in the percentage of partici-
pants in each age group (18–49, 50–79, 80 + years) were 
found across countries (p < 0.001), with a higher rate of 
people aged between 18 and 49 years in Poland; however, 
this difference had associated a low effect size (Cramer’s 
V = 0.07).

Effect indicators and causal indicators

Mean inter-item correlation for the WHOQOL-AGE items 
was 0.45, with pairwise correlations ranging from 0.27 to 
0.76. As illustrated in Table 2, the adjusted item-test correla-
tions ranged from 0.49 for Q7 to 0.74 for Q5. The items with 
the lower IIR are Q12 and Q13. Skewness, floor, and ceiling 
effects corresponding to the 13 WHOQOL-AGE items are 
also displayed (see Table 3).

Confirmatory factor analysis

For the bifactor model, satisfactory goodness-of-fit indices 
were obtained in Finland (RMSEA = 0.068; CFI = 0.931; 
TLI = 0.889), Poland (RMSEA = 0.056; CFI = 0.970; 
TLI = 0.951), and Spain (RMSEA = 0.057; CFI = 0.967; 
TLI = 0.946). The bifactor model showed a better fit than 
the two-correlated factor model in all cases (Table 4). The 
model fit in Finland was worse than in the other countries. 
In the total sample, the correlation between the factors of 

Table 1   Socio-demographic 
characteristics of the sample 
(N = 9987) in each country

All differences were found significant at the 99% confidence level. Effect size: Cramer’s V for χ2 test (cat-
egorical variables) and partial eta-squared (η2) for ANOVA test (quantitative variables). Effect size was 
reported for all the differences that were found to be significant at the 95% confidence level. Cramer’s V 
values of 0.10, 0.30, and 0.50, constitute small, medium, and large effect sizes. whereas these values are 
0.01, 0.06, and 0.14, respectively, for partial eta-squared

Finland Poland Spain p value Effect size

Number of participants (n) 1845 3940 4202
Sex, n (%)
 Female 1042 (56.48) 2370 (60.15) 2254 (53.64) < 0.001 0.06
 Male 803 (43.52) 1570 (39.85) 1948 (46.36)

Current marital status, n (%)
 Not married 670 (36.31) 1739 (44.14) 1555 (37.01) < 0.001 0.07
 Married or in partnership 1175 (63.69) 2201 (55.86) 2647 (62.99)

Residential setting, n (%)
 Rural 402 (21.79) 1702 (43.20) 564 (13.42) < 0.001 0.31
 Urban 1443 (78.21) 2238 (56.80) 3638 (86.58)

Age, mean (SD) 58.13 (15.88) 57.02 (17.93) 59.10 (15.76) < 0.001 0.01
Age group, n (%)
 18–49 years 477 (25.85) 1030 (26.14) 915 (21.78) < 0.001 0.07
 50–79 years 1187 (64.34) 2438 (61.88) 2977 (70.85)
 80 + years 181 (9.81) 472 (11.98) 310 (7.38)

Years of education, mean (SD) 12.38 (4.21) 11.65 (3.99) 10.91 (6.32) < 0.001 0.01
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the two-correlated factor model was 0.810 [95% CI (0.786, 
0.826)].

Multi‑group confirmatory factor analysis

As shown in Table 5, the MG-CFA displayed an adequate 
fit for the configural invariance model: RMSEA = 0.058; 
CFI = 0.964; TLI = 0.941. The metric invariance model also 
showed an adequate fit according to goodness-of-fit indices 
(RMSEA = 0.056; CFI = 0.957; TLI = 0.947). The difference 
in CFI values between configural and metric invariance mod-
els was < 0.01 (ΔCFI = 0.007). Note that constraining the 
loadings for the specific factors did not decrease the model 
fit (ΔCFI = 0.002). More importantly, invariance of loadings 
on the QOL general factor was also tenable (ΔCFI = 0.005). 

Regarding the scalar invariance model, an adequate fit was 
found (RMSEA = 0.062; CFI = 0.941; TLI = 0.935), but the 
change in the CFI value was higher than 0.01 (ΔCFI = 0.016) 
when comparing metric and scalar invariance models. As 
the full invariance model was not reached, we tested par-
tial invariance models in order to detect the items that were 
responsible for the lack of invariance. Based on the Wald 
test, we sequentially dropped the equality constraint of 
the intercept for items Q12 (Model 3.1.) and Q13 (Model 
3.2.), until the criterion based on a change in the CFI value 
(ΔCFI < 0.01) was achieved. Finally, the strict invariance 
model displayed satisfactory fit according to the goodness-
of-fit indices considered (RMSEA = 0.059; CFI = 0.941; 
TLI = 0.941) and produced a small change in the CFI value 
(ΔCFI = 0.007) when compared with the partial scalar 
model. Thus, strict invariance across countries was achieved 
after unconstraining the intercepts of items Q12 and Q13.

The standardized loadings for the configural model and 
the strict invariance model are shown in Table 6 for the three 
countries. Regarding the configural model, the standardized 
loadings of the 13 WHOQOL-AGE items on the general 
factor ranged from 0.391 to 0.738 in Finland, from 0.429 to 
0.824 in Poland, and from 0.314 to 0.831 in Spain. Similar 
ranges for each country were found when running the strict 
invariance model (Table 6).

Finally, latent mean scores on QOL across countries 
were calculated for the general factor based on the partial 
scalar invariance model. Taking Finland as reference group 
(mean = 0, SD = 1), significantly lower latent scores in QOL 
were found in Spain (mean = − 0.547, SD = 1.22) and Poland 
(mean = − 0.927, SD = 1.26). The difference in QOL latent 
scores between Finland and Poland had a large effect size 
associated [Cohen’s d = 0.78; 95% CI = (0.72, 0.84)]. A mod-
erate effect size was associated with the differences between 

Table 2   Procedures to distinguish between effect indicators and causal indicators

rjX1 item-Q1 correlation, rjX adjusted item-test correlation

Item Proportion of people who score high in the indi-
cator among people with low quality of life

Proportion of people who score low in the indi-
cator among people with high quality of life

Indicator identi-
fication ratio

rjX1 rjX

Q2 0.53 0.04 0.43 0.36 0.58
Q3 0.27 0.06 0.55 0.46 0.70
Q4 0.43 0.02 0.66 0.42 0.71
Q5 0.35 0.03 0.54 0.47 0.74
Q6 0.57 0.01 0.58 0.38 0.66
Q7 0.64 0.02 0.43 0.30 0.49
Q8 0.41 0.04 0.84 0.36 0.61
Q9 0.33 0.03 0.52 0.44 0.73
Q10 0.36 0.03 0.53 0.40 0.70
Q11 0.28 0.04 0.49 0.43 0.71
Q12 0.28 0.12 0.27 0.38 0.50
Q13 0.48 0.04 0.39 0.34 0.53

Table 3   Skewness, floor, and ceiling effects for the items of the 
WHOQOL-AGE questionnaire

Item Skewness Floor Ceiling

Q1 − 0.68 0.01 0.12
Q2 − 1.01 0.01 0.21
Q3 − 0.83 0.02 0.17
Q4 − 0.99 0.01 0.20
Q5 − 1.07 0.02 0.23
Q6 − 0.99 0.01 0.22
Q7 − 1.13 0.01 0.25
Q8 − 0.93 0.01 0.15
Q9 − 0.78 0.02 0.31
Q10 − 0.74 0.01 0.28
Q11 − 0.66 0.03 0.19
Q12 − 0.43 0.07 0.19
Q13 − 0.88 0.03 0.29
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Spain and Poland [Cohen’s d = 0.34; 95% CI = (0.30, 0.38)], 
and between Finland and Spain [Cohen’s d = 0.51; 95% 
CI = (0.45, 0.57)].

Discussion

The present study was focused on a questionnaire spe-
cifically designed for assessing QOL in aging population, 
the WHOQOL-AGE [12]. The main aim of the current 
research was to test the comparability of WHOQOL-AGE 
scores across three European countries. The WHOQOL-
AGE was found to be partially invariant across the Fin-
land, Poland, and Spain.

A bifactor model is proposed in the present study. The 
two specific factors comprised, respectively, those items 
with bipolar and unipolar item response formats. The 13 
WHOQOL-AGE items are loaded on the QOL general 
factor. The items assigned to each specific factor slightly 
differ from those identified in Caballero et al. [12]. In that 
study, the general item Q1 was considered as belonging 
to both specific factors, while in the present study, this 
first item was assigned only to the first one, based on the 
response format and the structure of the bifactor model.

This research provides evidence for the partial measure-
ment invariance of the WHOQOL-AGE across Finland, 
Poland, and Spain. Regarding the measurement invariance, 
two item intercepts (Q12 and Q13) were unconstrained in 

Table 4   Goodness-of-fit indices associated to the bifactor and the two-correlated factor models

All Chi-square values were significant at the 99.9% confidence level

Goodness-of-fit Total sample Finland Poland Spain

Bifactor model
 χ2 (d.f.) 1431.13 (48) 454.90 (48) 638.35 (48) 692.98 (48)
 RMSEA (90% CI) 0.054

(0.051, 0.056)
0.068
(0.062, 0.074)

0.056
(0.052, 0.060)

0.057
(0.053, 0.060)

 AIC 266646.879 48337.121 104041.802 110018.620
 CFI 0.971 0.931 0.970 0.967
 TLI 0.952 0.889 0.951 0.946

Two-correlated factor model
 χ2 (d.f.) 3059.23 (60) 614.63 (60) 1252.28(60) 1503.74 (60)
 RMSEA (90% CI) 0.071 (0.069, 0.073) 0.071 (0.066, 0.076) 0.071 (0.068, 0.074) 0.076 (0.072, 0.079)
 AIC 268868.742 48524.024 104882.777 111142.745
 CFI 0.936 0.907 0.940 0.925
 TLI 0.917 0.879 0.921 0.903
 Correlation between fac-

tors (95% CI)
0.810 (0.786, 0.826) 0.880 (0.827, 0.933) 0.791 (0.764, 0.818) 0.759 (0.726, 792)

Table 5   Goodness-of-fit indices for the different invariance bifactor models across countries

Parameters which were considered as free to assess partial scalar invariance are given in square brackets
µ12 intercept of Q12, µ13 intercept of Q13
*ΔCFI ≥ 0.01 regarding the previous invariant model (configural/metric/partial scalar)

Number of 
parameters

RMSEA (90% CI) AIC CFI ΔCFI TLI

Model 1: configural 168 0.058 (0.056, 0.061) 262397.359 0.964 – 0.941
Model 2a: metric (specific factors) 146 0.056 (0.054, 0.058) 262445.671 0.962 0.002 0.946
Model 2b: metric (general factor) 122 0.056 (0.053, 0.058) 262761.248 0.957 0.005 0.947
Model 3: scalar 102 0.062 (0.060, 0.064) 263707.770 0.941 0.016* 0.935
Model 3.1: partial scalar [µ12] 104 0.061 (0.059, 0.063) 263566.392 0.944 0.013* 0.937
Model 3.2: partial scalar [µ12, µ13] 106 0.059 (0.057, 0.061) 263301.548 0.948 0.009 0.941
Model 4: strict 80 0.059 (0.057, 0.061) 263902.556 0.941 0.007 0.941
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order to reach partial scalar invariance. After freeing these 
intercepts, the strict measurement invariance model showed 
adequate goodness-of-fit. For the two items which showed 
potential differential item functioning (DIF; Q12 and Q13), 
higher intercepts were found in Finland, followed by Spain 
and Poland. Different socio-economic characteristics in each 
country can be influencing the different performance of Q12 
across countries. In the case of Q13, a question asking for 
satisfaction with intimate relationships, the presence of 
missing values, which could not be missing at random, can 
be related to potential DIF found across countries. Although 
the percentage of missing values in Q13 was not too high in 
any of the three countries, there were more people in Spain 
(8.3%) that did not respond to this item, as described in the 
previous study by Caballero et al. [12]. Further research 
could explore potential cultural differences that might make 
this a sensitive question. Since Q13 adds valuable informa-
tion different to other questions, the possibility of dropping 
it was not considered in the present study.

A potential problem which can be found when dealing 
with QOL questionnaires is the presence of causal indica-
tors instead of effect indicators. Causal indicators may cause 
reduction in QOL for those subjects experiencing them, but 
the reverse relationship need not apply. Since factor analysis 
is based upon analyzing the correlation matrix and assuming 
all items to be effect indicators, procedures based on factor 
analysis could be largely irrelevant as a method of scale vali-
dation for those QOL instruments that contain causal indica-
tors [22]. Another consequence of causal relationships that 

we can exploit is that inter-item correlations do not reflect 
the latent variable. Thus, in many situations, causal variables 
will give rise to seemingly unexplainable factor structures 
[21].

The method developed by Fayers et al. [20] has been 
employed in the present manuscript in order to identify 
potential causal indicators. Although the results of the 
procedure and the moderate to strong item-test correlation 
coefficients could suggest that the WHOQOL-AGE items 
are effect indicators, the findings should be interpreted with 
caution, since there is no statistical test associated to the 
method and the judgment becomes a very subjective one 
in interpreting the pattern of responding [39]. Additionally, 
although low correlations of an indicator with the remaining 
items could suggest that an item might be a causal indica-
tor, we cannot discard that items with a high correlation 
with the remaining ones would still be a causal indicator. 
It is also hard to establish a direction of causality based on 
cross-sectional data. For example, one could argue that hav-
ing high QOL is not causing you to have enough money to 
meet your needs. Although we agree that this is arguable, 
one could also think that having high QOL does not cause 
you to have more money but it can cause you to perceive the 
money in a different way.

One of the main strengths of the present study is that 
samples from Finland, Poland, and Spain were used, rep-
resenting several geographic regions in Europe (Northern, 
Eastern, and Southern Europe) [40] and different social wel-
fare systems [41]. A second strength is that the measurement 

Table 6   Standardized loadings 
for the configural model and the 
strict invariance model, in the 
three countries

The differences in factor loadings across countries for the strict invariance model are due to the variability 
in the latent factors. According to the bifactor structure, item loadings on the general factor and in both 
specific factors are shown for the two models
F Finland, P Poland, S Spain

Configural general Configural specific Strict general Strict specific

F P S F P S F P S F P S

Q1 0.632 0.525 0.580 0.000 0.080 0.044 0.508 0.594 0.579 0.000 0.000 0.000
Q2 0.513 0.706 0.661 0.021 0.024 0.000 0.588 0.673 0.658 0.000 0.000 0.000
Q3 0.703 0.811 0.819 0.000 0.000 0.000 0.722 0.794 0.782 0.000 0.000 0.000
Q4 0.672 0.731 0.722 0.342 0.427 0.449 0.680 0.751 0.732 0.408 0.383 0.409
Q5 0.738 0.824 0.831 0.047 0.117 0.041 0.776 0.839 0.829 0.007 0.006 0.007
Q6 0.483 0.649 0.624 0.352 0.541 0.577 0.599 0.676 0.655 0.444 0.426 0.452
Q7 0.396 0.491 0.427 0.312 0.356 0.400 0.396 0.471 0.453 0.373 0.377 0.398
Q8 0.548 0.569 0.629 0.452 0.440 0.369 0.534 0.615 0.594 0.406 0.397 0.420
Q9 0.690 0.698 0.671 0.141 0.296 0.331 0.634 0.696 0.672 0.196 0.293 0.338
Q10 0.529 0.634 0.638 0.370 0.332 0.342 0.573 0.639 0.614 0.202 0.306 0.353
Q11 0.583 0.658 0.591 0.387 0.484 0.519 0.604 0.641 0.606 0.311 0.449 0.508
Q12 0.395 0.458 0.314 0.343 0.416 0.540 0.362 0.407 0.381 0.297 0.454 0.509
Q13 0.391 0.429 0.466 0.177 0.267 0.403 0.403 0.464 0.441 0.219 0.343 0.391
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invariance tested in the present study provided evidence for 
using the WHOQOL-AGE to compare QOL scores across 
countries. Moreover, the proposed bifactor model has shown 
satisfactory goodness-of-fit indices in the three considered 
countries, supporting the idea of a general factor of QOL 
with two underlying specific factors.

One of the results of our analysis is that measurement 
invariance was not met without freeing some parameters to 
be estimated independently among the three samples. After 
two items were unconstrained (Q12 and Q13), partial sca-
lar invariance was met and the next model could be tested. 
Moreover, it was common in previous applied research test-
ing multi-group invariance to free some parameters in order 
to reach the measurement invariance models [42, 43]. It is 
also important to note that configural and metric invariance 
were met without freeing any parameters. Another potential 
challenge of the present research deals with using methods 
for continuous data with categorical items. Methods for 
continuous data (such as MLR) often display greater power 
to detect scalar non-invariance, but lower power to iden-
tify metric non-invariance when compared to methods for 
categorical data (such as WLSMV) [44]. Additionally, pre-
vious authors have shown that categorical estimators have 
two limitations when applied to testing invariance: (a) the 
use of “latent response variates” as intermediate variables 
operating between the ordered categorical indicators and 
the factors raise some complexities [45]; (b) for categorical 
estimators, robust population-corrected statistics (i.e., CFI) 
usually computed by traditional SEM software (e.g., Mplus) 

might be problematic since these are highly dependent on 
the distribution of thresholds [46].

Finally, some lines of future research can be proposed 
related to this study. Since the WHOQOL-AGE is an instru-
ment specifically designed for aging population, other 
measurement invariance models can be proposed to assess 
whether there are differences in scores between the old and 
the oldest old populations. Moreover, differences based on 
gender could be explored. Although the WHOQOL-AGE 
is a recently developed instrument, some studies have just 
used this instrument to assess determinants of QOL [47–49], 
while other studies [50, 51] have mentioned the psychomet-
ric characteristics found in Caballero et al. [12]. The present 
study is the first measurement invariance analysis conducted 
for the WHOQOL-AGE.

To summarize, the WHOQOL-AGE questionnaire has 
shown a partial measurement invariance across Finland, 
Poland, and Spain. The instrument can be used in these 
countries to assess QOL because the difference between 
scores in the three countries might be attributable to actual 
differences in quality of life rather than other characteristics 
of the scale (e.g., item comprehension or familiarity with 
item response formats).

Appendix

See Table 7.

Table 7   The WHOQOL-AGE 
questionnaire

All the response options use a five-point rating scale, ranging from very bad to very good for Q1, from very 
dissatisfied to very satisfied for Q2–Q8, from not at all to completely for Q9–Q12, and from not at all to an 
extreme amount for Q13

Q1. How would you rate your quality of life?
Q2. How satisfied are you with your hearing, vision, or other senses overall?
Q3. How satisfied are you with your health?
Q4. How satisfied are you with yourself?
Q5. How satisfied are you with your ability to perform your daily living activities?
Q6. How satisfied are you with your personal relationships?
Q7. How satisfied are you with the conditions of your living place (your home)?
Q8. How satisfied are you with the way you use your time?
Q9. Do you have enough energy for everyday life?
Q10. How much control do you have over the things you like to do?
Q11. To what extent are you satisfied with your opportunities to continue achieving in life?
Q12. Do you have enough money to meet your needs?
Q13. How satisfied are you with your intimate relationships in your life?
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