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Abstract

Purpose We aimed to investigate measurement invariance (MI) in the European Organisation for research and treatment of
cancer quality of life questionnaire core 30 (EORTC QLQ-C30) in a heterogeneous sample of patients with cancer.
Methods Data from 12 studies within the PROFILES registry were used for secondary analyses (n=7007). We tested MI
by successive restrictions on thresholds, loadings, and intercepts across subgroups based on primary cancer sites, age, sex,
time since diagnosis, and life stage, using multigroup confirmatory factor analysis (MGCFA) for ordered categorical meas-
ures. We also evaluated the impact of potentially miss-specified parameter equality across groups on latent factor means by
releasing threshold and loading equality constraints for each item at a time.

Results Results showed that the highest level of MI (invariance of thresholds, loadings, and intercepts) was found across
groups based on time since diagnosis and life stage and to a lesser extent across groups based on sex, age, and primary tumor
site. On item level, however, changes in the item’s associated factor means were relatively small and in most cases canceled
each other out to some extent.

Conclusions Given only a few instances of non-invariance in our study, there is reason to be confident that valid conclusions
can be drawn from between-group comparisons of QLQ-C30 latent means as operationalized in our study. Nonetheless,
further research into MI between other subgroups for the QLQ-C30 (i.e., treatment effects and ethnicity) is warranted. We
stress the importance of including MI evaluations in the development and validation of measurement instruments.

Keywords Measurement invariance - Quality of life - Medical oncology - Palliative care - Validation studies - Patient-
reported outcomes

Introduction

An important measurement property of a questionnaire is
< Janneke van Roij measurement invariance (MI), which states that the rela-

j.vanroij@iknl.nl tionship between the items of a questionnaire and the latent
construct that is measured is stable and independent of
group membership or the measurement occasion [1]. If the
assumption of MI is violated, observed differences between
groups are not true differences in the construct of interest
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studies have examined the MI of the EORTC QLQ-C30 con-
cerning change over time, and clinical and patient character-
istics. A small qualitative study in a heterogeneous cancer
sample showed different cognitive processes underlying QoL
appraisal before and after radiotherapy in patients with can-
cer [4]. In prostate cancer patients, the physical function-
ing and role functioning subscales of the QLQ-C30 gained
importance over time for representing the QoL construct.
The same study showed that a change in internal standards
(a form of response shift) made patients perceive their emo-
tional and cognitive functioning more positive at follow-
up [5]. In a larger study (n>30000) with a multicultural
heterogeneous cancer sample, however, researchers found
little measurement bias in the QLQ-C30 across time points
of assessment (baseline, on-treatment, and off-treatment),
regardless of treatment status [6].

Concerning other clinical and patient characteristics, one
study showed measurement bias for age and previous treat-
ment in the QLQ-C30, but not for sex and treatment prefer-
ence [7]. However, the sample size of this study was rather
small, considering the statistical approach used. In contrast,
the QLQ-C30 was found to be MI for age, sex, and type
of surgery (i.e., robot- or not robot-assisted) in lung cancer
patients [8], and for primary cancer sites in a large heteroge-
neous cancer sample (n=1906) [9]. Two other studies found
that the QLQ-C30 was mostly MI across ethnic groups [10],
languages [11], countries [12].

The QLQ-C30 is designed to measure QoL in heterogene-
ous cancer populations, which could lead to measurement
non-invariance and biased group comparisons. Because the
literature on MI of this questionnaire is limited, we investi-
gate the MI of the QLQ-C30 in a large Dutch patient sample
with different primary cancer sites. Additionally, potential
measurement bias concerning age, sex, time since diagnosis,
and life stage (i.e., cancer survivors versus patients in their
last year of life) is evaluated.

Methods
Data source

Data from the PROFILES ‘(Patient-Reported Outcomes Fol-
lowing Initial treatment and Long term Evaluation of Sur-
vivorship)’ registry were used for secondary analyses. The
PROFILES registry (www.profilesregistry.nl) is an ongo-
ing collection of patient-reported outcomes from studies
on various cancer types, within the sampling frame of the
Netherlands Cancer Registry (NCR), and can be linked with
clinical data of all individuals newly diagnosed with cancer
in the Netherlands (see [13] for a detailed description of the
data collection for the PROFILES registry).

@ Springer
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Fig.1 Measurement model of European Organisation for research
and treatment of cancer quality of life questionnaire core 30 (EORTC
QLQ-C30)

Study population

The current analysis is based on data from 12 studies from
the PROFILES registry, including 7460 patients, of whom
approximately 300 patients are in their last year of life (i.e.,
patients with cancer who died within one year after com-
pleting the questionnaire). Patients were included in studies
between May 2009 and October 2015. Study samples varied
by size, inclusion criteria, and primary cancer site. Partici-
pants were included if they were older than 18 years and
excluded if they were not able to complete a Dutch question-
naire (i.e., cognitive impairment, non-native speaker, too ill
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to participate). Ethical approval was obtained for all studies
separately from a local certified medical ethics committee.

Socio-demographic and clinical data were obtained
from the NCR. Socio-demographic variables included age,
sex, educational level, and relationship status. Age groups
(18-44, 45-65,> 65 years old) were created based on a
minimum number of patients of 400 in each age category.
Clinical data included comorbidity, primary cancer site, and
date of primary diagnosis. Comorbidity at time of survey
was classified according to the adapted Self-administered
Comorbidity Questionnaire (SCQ) [14] and categorized
into no physical comorbidities, one or > 1 physical comor-
bidities. Primary cancer site was classified according to the
third International Classification of Diseases for Oncol-
ogy (ICDO-3) [15]. Primary cancer sites included in this
study are colorectal cancer, prostate cancer, ovarian cancer,
endometrial cancer, melanoma, thyroid cancer, Hodgkin
lymphoma, non-Hodgkin lymphoma, multiple myeloma,
chronic lymphocytic leukemia, and basal cell/squamous cell
carcinoma. Dates of death of patients were obtained from
the Dutch municipal personal records database and were last
verified on February 1st, 2017.

The EORTC QLQ-C30

The 30-item EORTC QLQ-C30 is a disease-specific measure
that assesses multiple QoL domains in patients with cancer.
There are five functioning scales that measure physical, role,
emotional, cognitive, and social functioning. Three symptom
scales measure fatigue, pain, and nausea/vomiting. One scale
assesses global health and QoL. The questionnaire includes
six single items assessing cancer-related problems (i.e.,
dyspnea, sleep problems, appetite loss, constipation, diar-
rhea, and financial difficulties). Responses range on a four-
point scale from 1 ‘Not at all’ to 4 ‘Very much’, except for
the global QoL scale items, which have a 7-point response
format from 1 “Very poor’ to 7 ‘Excellent’. For the func-
tioning and global QoL scale, a higher score indicates bet-
ter health. For symptoms scales, a higher score indicates a
higher level of symptom burden [3].

Statistical analysis

Scores on the QLQ-C30 were calculated according to pub-
lished scoring algorithms. As our data was not missing
completely at random (as indicated by Little’s MCAR test),
associations between socio-demographic variables and miss-
ingness in our data were explored. Higher educated patients
were relatively less likely to generate missing data compared
to patients with lower levels of education. Patients with a
partner were for some indicators less likely, and patients
in their last year of life were more likely to generate miss-
ing data. In logistic regressions for missingness on the

indicators, the dependent variables (missing or not for each
item) were in almost all instances highly skewed and the
large sample size made these findings only indicative. Fol-
lowing EORTC guidelines, missing values were replaced by
the average score of the completed items in the same scale
for each individual, provided that at least 50% of the items
in that scale had been completed [16]. Of the total of 7460
cases in our sample, 6636 were initially complete (89%);
after imputation according to the EORTQ guidelines, we
had 7007 (94%) complete cases. A p-value <0.05 was set to
be statistically significant for all analyses.

Single-group confirmatory factor analysis with ordered
categorical indicators was used first to evaluate the appropri-
ateness of the original QLQ-C30 model in the separate sub-
populations of the grouping variables: primary cancer sites,
age, sex, time since diagnosis, and life stage. This analysis
was followed by multigroup confirmatory factor analysis
(MGCFA) with ordered categorical measures to evaluate
MI of the original measurement model of the QLQ-C30
across the various grouping variables. For model identifica-
tion purposes we only included scales of the QLQ-C30 with
at least two indicators (Fig. 1). All analysis were done using
the lavaan package in R [17] and the measEq.syntax func-
tion within the semTools package [18]. Because nearly all
indicators in this study were ordered categorical, we tested
the multiple-groups invariance of constructs following the
model identification approach of Wu and Estabrook [19]
and as laid out in detailed guidelines by Svetina, Rutkowski,
and Rutkowski [20]. Specifically, we used the diagonally
weighted least squares estimator (DWLS) with the mean-
and variance adjustment procedure [21] and with the delta
parametrization [22]. To assess the degree to which the
independence-of-observations assumption may have been
violated, we estimated Intraclass correlation Coefficients
(ICCs) with multilevel mixed-effects ordered logistic models
for each ordinal indicator and ‘study’ as the cluster variable.
The clustering effects were very small, with the average ICC
across all indicators being 0.04 (SD =0.02). For all SEM
models, we used pairwise deletion of missing values.

MI was explored through a sequence of steps appro-
priate for latent variable models with ordered categorical
indicators [19], starting with a successive implementa-
tion of restrictions on the model parameters: configural
model, in this model all parameters are freely estimated to
test if the same pattern of loadings can be applied in each
group. Model with equal thresholds: suggesting similar
observed proportions for each response category, implied
by thresholds in the latent distribution. Model with equal
thresholds and equal loadings, indicating same mean-
ing of latent construct; We estimated models in which
thresholds and factor loadings were constrained to be
equal across groups, but the item intercepts were allowed
to differ between groups. Model with equal thresholds,

@ Springer



892

Quality of Life Research (2022) 31:889-901

factor loadings, and intercepts, indicating same meaning
and scale of the construct. We estimated models in which
the thresholds and factor loadings are constrained to be
equal and the levels of the underlying items (intercepts)
are equal in both groups; the groups are comparable on
their subscale scores.

The Satorra—Bentler scaled (mean-adjusted) Chi-square
was calculated for each model. This is the standard (normal-
theory) Chi-square statistic divided by a scaling correction
to better approximate a Chi-square under non-normality. MI
models were compared using a Chi-square difference test for
the Satorra—Bentler scaled Chi-square. A significant Chi-
square difference (Ay?) test would indicate worse fit of the
more constrained model compared to the less constrained
model [23]. We also reported the root mean square error of
approximation (RMSEA), where values < 0.06 indicate good
fit, and < 0.08 acceptable), the comparative fit index (CFI),
and the Tucker-Lewis index (TLI), for both values > 0.95
indicate good fit [2, 24]. Because these goodness-of-fit sta-
tistics are derived from the models using the Chi-squared
test, they too are scaled and become robust to non-normality
[25].

As Chi-square tests are sensitive to large sample sizes, we
evaluated the impact of potentially miss-specified parameter
equality across groups on latent factor means by releasing
threshold and loading equality constraints for each item at
a time, with intercept and residual variance fixed to 0 and
1, respectively [26]. We tested the partial invariant mod-
els (depending on the groups compared) against the model
with equal intercepts using scaled x 2 difference tests and we
reported the changes in the deviations between-group-spe-
cific latent variable means (reference group vs. Comparison
groups). A change in latent factor estimates < 0.2 indicated
that the impact of parameter equality across groups on latent
factor means was small, and changes of 0.40 and 0.70 indi-
cated medium, respectively large effects [27].

Results

In total, 7007 patients with cancer were included in the
analysis, of which 266 patients were in their last year of life
(Table 1). Patients in the total sample were often male (58%)
and were on average 66 years old (SD=12). The majority
of the patients (69%) were diagnosed with a primary tumor
less than five years ago and 68% had physical comorbidities.
Patients in their last year of life were on average older (71,
SD =9) and more often had physical comorbidities (75%)
compared to patients in the total sample. Ovarian cancer and
multiple myeloma was relatively more prevalent in patients
in their last year of life (11 and 12% respectively) compared
to the total sample (5 and 4% respectively).

@ Springer

Primary cancer site-related MI

As we found negative error variances for multiple items
across primary cancer sites, we decided to compare sites
with positive error variances patterns in the items and to
exclude the related construct that contained an item with a
negative error variance from the group comparison. If nec-
essary, we also collapsed response categories when there
were zero observations in one of the categories of an ordi-
nal indicator. For the comparison of colorectal and Hodgkin
lymphoma, response categories of items PF5 (Help eating,
dressing, washing, using the toilet) and NA15 (Vomiting)
were recoded to three. Due to negative error variances the
Pain construct was excluded from the model in the com-
parison of multiple myeloma and basal cell/squamous cell
carcinoma, and the Nausea construct was omitted in the
comparison of prostate cancer, thyroid cancer, non-Hodgkin
lymphoma, and chronic lymphocytic leukemia. In the lat-
ter comparison, the response categories of item PF4 were
collapsed to three. We decided to exclude the primary can-
cer sites ovarian, uterine, and melanoma cancer from our
analysis, as we found negative error variances on multiple
constructs.

Fit indices showed good fit (CFI and TLI> 0.95 and
RMSEA <0.06) for the measurement model in the sepa-
rate primary cancer sites (Table 2). All invariance mod-
els (Table 3) fitted the data well (CFI and TLI> 0.95 and
RMSEA < 0.06). Colorectal cancer, ovarian cancer, and
Hodgkin lymphoma reached the highest level of MI (Ay?
p>0.05), indicating invariance of the thresholds, factor
loadings, and intercepts. In the comparison of multiple
myeloma with basal cell/squamous cell carcinoma, and in
the comparison of prostate cancer with thyroid cancer, Non-
Hodgkin lymphoma, and chronic lymphocytic leukemia Chi-
square difference tests were significant between the model
with equal thresholds and the model with equal loadings
(Ay? p <0.05) indicating invariance of thresholds.

Releasing parameters equality constraints per item across
primary cancer sites chronic lymphocytic leukemia, Non-
Hodgkin lymphoma, and thyroid cancer, with reference
group prostate cancer, gave us 22 models which we tested
against the model with equal intercepts. We found only four
out of 22 significant Ay* tests (Supplement 1). Also, the
changes in the item’s associated factor means were relatively
small, and changed only in five cases by >0.2. The change in
factor means was associated with item SF27 in both chronic
lymphocytic leukemia (0.24) and thyroid cancer (0.27), with
item CF25 in both Non-Hodgkin lymphoma (0.21) and thy-
roid cancer (0.24), and with item CF20 in thyroid cancer
(0.20). In some cases, the changes introduced by releas-
ing item parameters partly canceled each other out on the
domain level, and test scores are likely to be less biased than
initially inferred [28].
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Table 1 Socio-demographics and clinical characteristics study population

Total sample Cancer survivors Patients with cancer in

(n=7007) (n=6741) their last year of life*
n) % (n) % (n=266)
n) %
Sex
Male 58 (4082) 58 (3925) 59 (157)
Age
Mean (sd), range 66 (12), 18-97 66 (12), 18-97 71 (9), 40-96
1844 years 6 (405) 6 (403) 1(2)
45-65 years 36 (2516) 36 (2444) 27 (72)
> 65 years 58 (4064) 58 (3872) 72 (192)
Relationship status
Partner 78 (5414) 78 (5228) 71 (186)
No partner 22 (1526) 22 (1450) 29 (76)
Education
Lower education or less 16 (1141) 16 (1092) 19 (49)
Secondary education (high school, vocational) 62 (4261) 62 (4098) 63 (163)
University, higher (vocational) education 22 (1519) 22 (1471) 18 (48)
Primary cancer site
Colorectal cancer 35 (2444) 35 (2,349) 36 (95)
Prostate cancer 16 (1104) 16 (1,076) 11 (28)
Non-Hodgkin lymphoma 15 (1073) 15 (1,027) 17 (46)
Basal cell/squamous cell carcinoma 9 (657) 10 (649) 3(8)
Ovarian cancer 5(342) 5(@311) 12 (31)
Thyroid cancer 4 (297) 4 (290) 12)
Chronic lymphocytic leukemia 4.(277) 4 (262) 6 (15)
Multiple myeloma 3(242) 3 (208) 13 (34)
Melanoma 3(225) 3(223) 1(2)
Endometrial cancer 2(142) 2 (139) 1(3)
Hodgkin lymphoma 3(209) 3(207) 1(2)
Time since diagnosis
Mean (sd), range 4 (3), 0-21 4(3),0-21 3(3),0-19
0-2 years 27 (1873) 26 (1785) 33 (88)
3-5 years 42 (2957) 42 (2831) 47 (126)
> 5 years 31 (2177) 32 (2125) 20 (52)
Physical comorbidities
Yes 68 (4774) 68 (4574) 75 (200)
No 32 (2233) 32 (2167) 25 (66)

Missings <3% are not shown, physical comorbidities are self-reported physical comorbid conditions present in the last 12 months, e.g., heart
condition, stroke, high blood pressure, asthma, chronic bronchitis, COPD, diabetes, ulcer, kidney disease, liver disease, anemia or other blood

condition, thyroid disease, arthritis, backache, or rheumatism

sd Standard deviation

*Patients with cancer who died within one year after completing the questionnaire

When releasing item parameter equality constraints for
colorectal cancer, with reference group Hodgkin lymphoma,
results showed no significant y” tests between models (Sup-
plement 1). Also, the changes in the item’s associated factor
means were relatively small and changed only in two models
by >0.2. The change in the item’s associated factor means
were associated with items CF25 (0.42) and NA14 (0.56),

and canceled each other out to a certain extent on the domain
level [28].

Releasing item parameters’ equality constraints for mul-
tiple myeloma, with reference group basal cell/squamous
cell carcinoma showed significant y? tests between models
in six out of 22 cases (Supplement 1). The changes in the
item’s associated factor means were relatively small and
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Table 3 Fit indices and results of chi-squared difference tests of multiple-group models for testing configural invariance and successive invari-
ance of thresholds, loadings and intercepts of EORTC QLQ-C30 scales

Scaled > df  p-value Scaled RMSEA Scaled CFI Scaled TLI Scaled y? difference test
Standard y*> 4 difference df difference p-value

Grouping variable: primary cancer site
Colorectal cancer (n=2444) and Hodgkin lymphoma (rn=209)

Configural 1283.946 432 <0.001 0.038 0.992 0.989 993.25 - - -
Equal thresholds 1282.974 452  <0.001 0.036 0.992 0.990 1000.75 19.076 20 0.517
Equal loadings  1249.969 467 <0.001 0.035 0.992 0.991 1012.9 15.429 15 0.421
Equal intercepts  1201.123 482  <0.001 0.033 0.993 0.992 141.90 17.683 15 0.280
Multiple myeloma (n=242) and basal cell/squamous cell carcinoma (n=657)
Configural 660.078 362 <0.001 0.042 0.992 0.99 397.00 - - -
Equal thresholds  677.068 382  <0.001 0.040 0.992 0.99 402.24 13.957 20 0.833
Equal loadings 702.565 396 <0.001 0.040 0.992 0.99 427.20 30.763 14 0.006
Equal intercepts ~ 747.542 410 <0.001 0.042 0.991 0.99 488.6 44.033 14 <0.001
Prostate cancer (n=1104), thyroid cancer (n=297), non-Hodgkin lymphoma (n=1073), and chronic lymphocytic leukemia (n=277)
Configural 1615.123 724  <0.001 0.041 0.994 0.992 932.95 - - -
Equal thresholds 1658.294 781  <0.001 0.039 0.994 0.992 949.87 50.886 57 0.702
Equal loadings  1715.653 823  <0.001 0.039 0.994 0.993 1007.77 60.539 42 0.032
Equal intercepts  1675.691 865  <0.001 0.036 0.994 0.994 1090.1 50.592 42 0.171

Grouping variable: sex
Male (n=4082) and female (n=2925)

Configural 3771.668 432  <0.001 0.046 0.990 0.987 2110.9 - - -
Equal thresholds  3830.818 454  <0.001 0.045 0.990 0.988 2118.7 18.813 22 0.657
Equal loadings ~ 3830.739 469  <0.001 0.044 0.990 0.988 2149.1 39.097 15 0.001
Equal intercepts  3804.084 484  <0.001 0.043 0.990 0.989 2340.4 116.95 15 <0.001

Grouping variable: age
18—44 years (n=405), 45-65 years (n=2516), and > 65 years (n =4064)

Configural 3096.996 543  <0.001 0.044 0.989 0.986 1837.9 - - -
Equal thresholds 3161.510 583  <0.001 0.042 0.989 0.987 1865.1 47.507 40 0.193
Equal loadings ~ 3188.809 611  <0.001 0.041 0.989 0.988 1960.4 54.828 28 0.002
Equal intercepts  3258.656 639  <0.001 0.041 0.989 0.988 2182.4 79.250 28 <0.001

Grouping variable: time since diagnosis
0-2 years (n=1873), 3-5 years (n=2957), and > 5 years (n=2177)

Configural 3857.685 543  <0.001 0.050 0.987 0.983 2099.4 - - -

Equal thresholds  3950.677 583  <0.001 0.048 0.986 0.984 2124.3 51.048 40 0.113
Equal loadings ~ 3892.166 611  <0.001 0.047 0.987 0.985 2149.1 30.7 28 0.331
Equal intercepts  3736.463 639  <0.001 0.044 0.987 0.986 2199.1 44.105 28 0.027

Grouping variable: life stage
Cancer survivors (n=6741) and patients with cancer in their last year of life (n =266)*

Configural 3102.375 298  <0.001 0.050 0.987 0.983 1781.3 - - -

Equal thresholds 3130.363 316  <0.001 0.049 0.987 0.984 1795.1 21.164 18 0.271
Equal loadings ~ 3041.190 329  <0.001 0.047 0.987 0.984 1806.9 13.639 13 0.400
Equal intercepts  3015.308 342  <0.001 0.046 0.988 0.986 1842.1 21.217 13 0.069

Scaled )(2 and Scaled ){2 difference test with Satorra (2000) scaling correction. Scaled RMSEA, CFI, and TLI with Satorra (2000) scaling correc-
tion. The “Standard y*” column contains standard test statistics, not the robust test that should be reported per model. A robust difference test is a
function of two standard (not robust) statistics

EORTC QLQ-C30 European Organisation for research and treatment of cancer quality of life questionnaire core 30, > Chi-square, df degrees of
freedom, RMSEA root mean square error of approximation, CFI comparative fit index, TLI tucker lewis index, EORTC European Organisation
for research and treatment of cancer

*Patients with cancer who died within one year after completing the questionnaire

@ Springer
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changed only in one model by > 0.2. The change in the
item’s associated factor means were associated with item
NA14 (0.23).

Sex-related Ml

The separate CFA models showed good fit (CFI and
TLI>0.95, and RMSEA < 0.06; Table 2). When testing for
MI, all models appeared to fit well (CFI and TLI> 0.95,
RMSEA <0.06) despite significant Chi-square difference
tests (for equal loadings (Ay? p=0.001) and equal intercepts
(Ay* p<0.001), Table 3). Overall, results indicate invariance
of thresholds.

Releasing item parameters’ equality constraints across
sex groups showed significant y? tests between models in
15 out of 24 cases (Supplement 1). However, the changes in
the item’s associated factor means were relatively small and
changed only in two models. The change in factor means
were associated with item CF25 (0.26), and item NA14
(0.22). Only for the cognitive functioning did the changes in
the item’s associated factor means by releasing item param-
eters partly canceled each other out, indicating less bias than
initially inferred [28].

Age-related MI

In the analysis for groups based on age (18—44, 45-65,
and > 65 years), negative error variances for item NA 14 were
found and the scale Nausea/vomiting was omitted from the
analysis. The separate CFA’s for the different age groups all
showed good fit (CFI and TLI> 0.95 and RMSEA < 0.06,
Table 2). The fit indices indicated that models with the suc-
cessive constraining of threshold, loading, and intercept
parameters fit the data well (Table 3; CFI and TLI> 0.95 and
RMSEA < 0.06) despite significant Chi-square difference
tests for the two most constrained models (Ay* p=0.002
and Ay’ p <0.001, respectively). Overall, results indicate
invariance of thresholds.

When releasing item parameters’ equality constraints
across age groups we found significant y? test’s between
models in 10 out of 22 cases (Supplement 1). However, the
changes in the item’s associated factor means were small to
medium and changed only in two models for the age group
18—44 years and one model for the age group 45-65 years
by >0.2. In both age groups the change in the item’s associ-
ated factor means were associated with item CF25 (0.42 and
0.27 respectively), and in the age group 18—44 years also
with item CF20 (0.39). In these cases, the changes intro-
duced by releasing item parameters partly canceled each
other out on the domain level, and test scores are likely to
be less biased than initially inferred [28].

@ Springer

Time since diagnosis-related Mi

In the analysis of groups based on time since diagnosis
(0-2, 2-5, and > 5 years), negative error variances for item
NA14 were found and the scale Nausea was again omit-
ted from analysis. The separate CFA models fitted the data
well (Table 2; CFI and TLI> 0.95, RMSEA < 0.06) and Chi-
square difference tests were only significant for the most
constrained model (A)(2 p=0.027) (Table 3). Overall, results
indicate invariance of thresholds, loadings, and intercepts
across groups based on time since diagnosis. When releasing
item parameters’ equality constraints we found one signifi-
cant y? test out of 22 cases (Supplement 1), and changes in
the item’s associated factor means were relatively small and
all<0.2.

Life stage-related MI

In the analysis of groups based on life stage (i.e., cancer
survivors and cancer patients in their last year of life) nega-
tive error variances for item NA14 and item CF20 were
found and the scales Nausea and Cognitive functioning were
excluded from further analysis. The separate CFA models
showed a good fit (CFI and TLI> 0.95 and RMSEA <0.06,
Table 2). Chi-square difference tests were not significant
(Ay? p>0.05) (Table 3). Overall, results indicate invariance
of thresholds, loadings, and intercepts across groups based
on life stage. When releasing item parameters’ equality con-
straints results showed no significant y? test’s and changes
in the item’s associated factor means were relatively small
and all <0.2 (Supplement 1).

Discussion

As MI is necessary for valid evaluation of inter-individual
differences in QoL, we tested several levels of MI of the
QLQ-C30 Global QoL, functional, and multi-item symptom
scales for different grouping variables using state-of-the-art
multiple-group Structural Equation Modeling techniques
that explicitly takes into account the ordinal measurement
level of the QoL indicators. We found that the model struc-
ture fits the data well across groups, and we found empirical
evidence for valid between-group comparison of QLQ-C30
latent means in subpopulations based on time since diagno-
sis and life stage as operationalized in our study. However,
when imposing equality constraints on thresholds, loadings,
and intercepts, across groups based on age, sex, and primary
cancer sites results showed significantly worse fit for the
model with equal loadings and the model with equal inter-
cepts. Because there is some doubt in the appropriateness
of comparing models based on goodness-of-fit indices when
using DWLS for ordinal indicators [29], we also analyzed



Quality of Life Research (2022) 31:889-901

899

the impact of releasing thresholds and loadings for one item
at a time. We found that only a few item’s associated factor
means were influenced and that effect sizes were relatively
small and in most cases canceled each other out.

This is in line with Costa et al. [9] who found little bias
in the comparison of patients with various primary cancers.
While a previous study by Marzorati et al. [8] found MI with
regard to sex, we only found marginal differences on item
level. Also, findings from a study by King-Kallimanis et al.
[7] and Marzorati et al. [8] indicated some measurement
bias based on age; however, in those studies and in our study
effect sizes of the changes in the item’s associated factor
means were small to medium. Other studies found measure-
ment bias with regard to change over time (patients pre- and
post-cancer treatment) [4, 5], while we, with regard to time
since diagnosis, and Scott et al. 2009 [6] with regard to dis-
ease trajectory, did not. This discrepancy could be attributed
to the heterogeneous cancer sample in the latter two stud-
ies, and to the operationalization of measurement occasion
(i.e., within-group comparisons [7] versus between-group
comparisons at various time intervals (the current study and
Scott et al. 2009 [6]).

Considering the relevance of determining MI in order to
legitimately compare subgroups, research into MI of ques-
tionnaires is important because both clinical and scientific
decisions are based on between-group comparisons of QoL
scores. QoL and other types of patient-reported outcomes
are now increasingly recognized as important outcomes in
cancer research, where they complement the more tradi-
tional outcomes such as overall survival [30]. Standardized
questionnaires with adequate psychometric properties are
also vital for daily clinical practice, as patient-reported out-
comes are increasingly used to anticipate more adequately
the changing problems and needs of patients [31, 32], which
in turn has the potential to improve clinical outcomes (e.g.,
fewer emergency-room visits, fewer hospitalizations, a
longer duration of palliative chemotherapy, and superior
quality-adjusted survival) [31].

There are some limitations of our analyses that deserve
attention. Firstly, to our knowledge, MI in the QLQ-C30
between the stages of life has not been examined previ-
ously. Our results indicate that there is no measurement
bias between patients in their last year of life and cancer
survivors. However, our group of patients in their last year
of life was relatively small for the analysis conducted. Fur-
ther analysis on this specific patient population is therefore
warranted. Secondly, information about cause of death in
the subgroup of patients at the end of life and to what extent
these patients anticipated their death was not available in our
study. It can be hypothesized that knowing that one will die
in the near future may have an effect on self-reported QoL.
Thirdly, our sample sizes for some of the primary cancer
sites were also small. Although there is no clear guidance

on sample size requirements for MGCFA with ordinal items,
one of the primary cancer site groups included in the analy-
sis barely exceeded 200. Fourth, we were not able to evaluate
MI across all primary cancer types, and due to negative error
variances, we had to exclude the scales Nausea and/or Pain
in some of our group comparisons. We think this is because
of the acuteness of symptoms like nausea/vomiting or pain,
which, compared to cancer patients on active treatment, are
hardly experienced in our sample that largely consisted of
cancer survivors. Latest development within the EORTC
Quality of Life Group has therefore been to develop a can-
cer survivorship assessment strategy [33]. Fifth, we were not
able to control for cluster effects in our analysis because the
software we used currently does not provide cluster-robust
SEs/tests for ordinal data. While the intraclass correlations
due to study differences between indicators of latent vari-
ables were small (<4%), the design effect of clustering is
presumably larger and leading to biased standard errors and
Chi-squared tests, so the results of our study should be inter-
preted with care. Treating the data as continuous and using
the MLR estimator while controlling for cluster effects is an
alternative approach but unfortunately, we were not able to
reach valid model solutions when using this approach. We
note that in general, arriving at valid model estimates was
challenging for the data at hand, which is presumably the
result of seeking to estimate complex models with many
constructs, which are each based on a limited number and
highly skewed ordinal indicators and with considerably
varying cluster sizes. Lastly, concerning the treatment of
missing data, we have followed current EORTC guidelines.
This means that our missing data approach is not a state-of-
the-art method to deal with missing data. Other approaches
such as Full Information Maximum Likelihood (FIML) or
Multiple Imputation methods may be more appropriate and
the comparison of results based on the EORTC guidelines
to those acquired by different state-of-the-art imputation
methods should definitely receive attention in future studies.

The strength of our study is that it is one of the largest
studies into MI of the QLQ-C30, and we used a relatively
large population-based sample of patients with cancer. This
allowed for an extensive analysis of essential MI levels for
group comparison on various patient characteristics. Our
findings contribute to the methodological quality of research
practices in general which have the potential to improve clin-
ical and scientific decisions making. Our study also raises
awareness about measurement bias, as this is often over-
looked in the validation phase of questionnaire development
[34].

In conclusion, our results show empirical evidence for
the valid between-group comparison of QLQ-C30 latent
means across groups of time since diagnosis and life stage.
We could not confirm the highest level of MI across groups
based on age, sex, and primary cancer sites. But given the
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few instances of non-invariance between these grouping var-
iables, there is reason to be confident that valid conclusions
can be drawn from between-group comparisons of QLQ-C30
latent means based on these characteristics. Nonetheless,
future research should evaluate the potential confounding
effect of variables such as treatment, age, and sex. We stress
the importance of including MI evaluation in the develop-
ment and validation of instruments measuring QoL in het-
erogeneous populations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11136-021-02961-8.
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