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Structural validation and dyadic child–parent 
measurement invariance of the celiac disease quality 
of life questionnaire
Sonya Meyera,b and Maor Shanic   

Background

Health-related quality of life (HRQOL) represents a mul-
tidimensional subjective perspective in health care that 
evaluates physical, psychological, social and cognitive 
components through changing dimensions of time and 
age [1–3]. Children’s HRQOL is an important measure in 
chronic health conditions, and maintaining good HRQOL 
is an overall goal of health interventions [4,5]. In the past, 
determining HRQOL among children with chronic con-
ditions mainly relied on information parents provided 
concerning their children’s physical, rather than social or 
emotional, aspects [6]. Nowadays, parent-proxy report 
measures are standard for pediatric psychosocial assess-
ment [7]. Often, both parent- and self-reports are used 
in research of children. However, children’s perspectives 
differ from those of adults (including their parents), and 
inconsistencies commonly arise across these reports [8,9].

Celiac disease is a chronic immune-mediated enter-
opathy caused by ingesting gluten. Maintaining a strict, 

lifelong gluten-free diet currently is the only available 
treatment for celiac disease [10]. Outcome measures of 
HRQOL in celiac disease are complex and multidimen-
sional, and various methodological differences hinder 
definitive conclusions and produce conflicting results [11]. 
Diverse HRQOL results have been found among children 
diagnosed with celiac disease. Some determined no dif-
ferences compared to healthy controls; others reported 
reduced quality of life compared to healthy peers but bet-
ter quality of life compared to children with other chronic 
conditions [12–14]. Comparing perspectives in children 
with celiac disease revealed that parents reported lower 
perceptions of quality of life on parent-proxy reports than 
did their children on self-reports [15]. Thus, obtaining all 
HRQOL perspectives is important to view the complete 
picture of life with celiac disease and help medical pro-
fessionals understand these perspectives [1,16]. However, 
comparing parent-reports to their children’s HRQOL 
self-reports can be meaningful only when both the parent 
and child understand the examined quality of life domain 
the same way, and neither are substantially influenced by 
cognitive and motivational biases [17,18]. In other words, 
when we use the same measure for parents and children, 
we must ensure both understand each item similarly, and 
the same items are equally salient in determining the con-
structs of interests.

One disease-specific pediatric HRQOL tool in research 
and practice is the celiac disease DUX (CDDUX). The 
CDDUX is comprised of a self-report and proxy-parent 
report form [15,19,20]. Despite its increasing use, to our 
knowledge, no acceptable statistical analysis procedures to 
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Objective The celiac disease quality of life questionnaire (CDDUX) is used widely in numerous languages worldwide. 
However, it's structural and construct validity and child–parent invariance had not been thoroughly examined. The objective 
of this study was to examine the psychometric properties of the 12-item CDDUX and the extent to which it meets the 
acceptable requirements of reliability and structural and convergent validity, as well as its child–parent invariance.
Methods In this cross-sectional study, 126 dyads of children aged 8–18 years and their parents completed the Hebrew 
version self-report and parent-proxy report CDDUX. Recently developed methods to examine psychometric properties and to 
measure invariance of dyadic samples were used while properly accounting for nonindependence in measurement patterns.
Results A three-factor structure, each with sufficient internal consistency, is confirmed for both children and parents. 
Removing a single indicator of the diet subscale resulted in full configural (χ2(181) = 202.277, P > 0.05, RMSEA = 0.026) and 
metric (χ2(189) = 209.543, P > 0.05, RMSEA = 0.043) invariance of the measure between children and parents. However, 
this occurred only in partial-scalar (χ2(198) = 229.813, P > 0.05, RMSEA = 0.031) and uniqueness invariance, which is 
nevertheless sufficient for meaningful comparison between the groups.
Conclusion Overall, with minor modifications, the Hebrew version of the CDDUX was found to be a valid measure of 
children’s celiac-related quality of life when measured across children’s self-reports and parent-proxy reports. The CDDUX 
provides meaningful measurement and allows child–parent comparison. Eur J Gastroenterol Hepatol XXX: 00–00
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validate its dimensional structure (i.e., the extent to which 
the structure of the items and their relatedness to latent 
factors fit the original and theoretically proposed facto-
rial structure) or its invariance across groups and between 
children and parents has been published. Therefore, the 
purpose of this study was to examine the CDDUX psy-
chometric properties and the extent to which it meets 
acceptable reliability and structural and convergent valid-
ity requirements.

Specifically, we first examined the CDDUX structural 
validity in the Israeli-Hebrew context (i.e., the extent to 
which its factor structure among children and parents 
overlaps with the previous and the theoretically motivated 
three-factor structure [19]) using a confirmatory modeling 
approach. Next, we examined the CDDUX measurement 
invariance across self- and parent-reports to establish 
its convergent validity. We utilized recently developed 
techniques to model dyadic data and their equivalence 
across time and groups (dyadic measurement invariance; 
e.g., [21–25]). These techniques allow us to statistically 
account for dependencies within dyads while retaining the 
power of dependent-group data analysis [21].

Methods

Participants

Inclusion criteria were children aged 8–18 years, celiac 
disease diagnosis confirmed by a physician no less than 
6 months before the study, and Hebrew-language profi-
ciency. Children diagnosed with physical or neurological 
disabilities were excluded. The final sample was 126 chil-
dren (M = 12.33 years, SD = 2.85) and their parents. The 
sample included 82 girls and 44 boys, all diagnosed with 
celiac disease by biopsy (89.7%) or blood tests (10.3%). 
The majority were diagnosed before the age of 11 years 
(88.9%), and 67.5% were diagnosed more than 3 years 
before the study. According to parent reports, 97.6% of 
the participants ‘always’ adhered to a gluten-free diet; 
only three adhered to the diet ‘often’. The children stud-
ied in grades 2–12 (M = 6.56, SD = 2.95) in mainstream 
schools. The majority (69%) lived in urban surroundings; 
the rest lived in the countryside or small communities. The 
mothers (M = 45 years, SD = 4.79) had an average 16.33 
school years (SD = 2.75), and family income was mostly 
high (63.5%) or average (25.7%).

Procedure

The study was approved by the University of Haifa, 
Faculty of Social Welfare & Health Sciences Research 
Ethics Committee (approval number 026/15). The study 
was performed in accordance with the ethical standards as 
set forth in the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards.

Participants were recruited via the Israel Celiac 
Association, local online celiac disease support groups, 
and social media. Parents who responded were contacted 
via email and prescreened for eligibility. Eligible children 
and parents each signed informed consent forms and 
completed online questionnaires. Children completed 
the CDDUX self-report form, and parents completed the 
proxy form and a demographic and health questionnaire. 
Parents and children received separate links to the relevant 

online questionnaires and were instructed to complete the 
questionnaires independently.

Measures

Demographic and health data for children and parents 
were collected using an online questionnaire completed by 
the parent.

Disease-specific HRQOL questionnaire for children 
with celiac disease [19]. The CDDUX is a self-report 
HRQOL questionnaire for children with celiac disease 
aged 8–18 years that provides information about chil-
dren’s perceptions of their condition. The CDDUX is 
accompanied by a parent-proxy version. Its 12 questions 
are rated on a 5-point Likert scale with picture questions. 
Higher scores describe the perception of better HRQOL. 
The results comprise a total score and three scale scores 
(1) diet—how the child feels about lifelong dietary adher-
ence, (2) communication—how the child feels when 
speaking about celiac disease and (3) having celiac dis-
ease—the child’s feelings when offered or thinking about 
food containing gluten. In this study, the Hebrew version 
(translated to and back-translation from Hebrew) was 
used [26]. The CDDUX authors granted permission for its 
use in the present study [19].

Data analysis

All analyses were conducted using SPSS AMOS version 
21.0 and IBM SPSS Statistics version 25.0. There were 
no missing data. First, we examined descriptive values, 
including means, standard deviations, skewness and kur-
tosis of all items. Second, the initial factor structure of 
the CDDUX was examined using principal component 
analysis (PCA) with a maximum-likelihood estimation 
approach, varimax rotation and Kaiser normalization. 
We set the item-loadings cut-off value to 0.50 to ensure 
sufficiently high loadings in later validation stages 
[27]. Reliabilities of latent factors were obtained using 
Cronbach’s alpha indices.

Third, we conducted multiple confirmatory factor 
analyses (CFA) using maximum-likelihood estimation 
with robust standard errors, initially aiming to test two 
a priori alternative models: a single-factor model and a 
theory-driven three-factor model. Model fit was improved 
by allowing a minimal number of item errors to covary, 
as long as they were on the same factor and the items 
were similar in phrasing or meaning (as recommended by 
[28,29]). The most satisfactory model for both children 
and parents served as a baseline model for equivalence 
testing.

Reliability was assessed using composite reliability, 
with composite reliability >0.70 indicating sufficient reli-
ability. Convergent validity was examined using the aver-
age variance extracted (AVE), where values above 0.50 
and larger than the factor’s correlations with other factors 
confirmed convergence. Discriminant validity was con-
firmed when the maximum shared variance (MSV) and 
the average shared squared variance (ASV) were lower 
than the AVE for all constructs [27].

Fourth, we used recently recommended techniques to 
test dependent-group invariance in a dyadic structure. 
This involves modeling observed and latent factors in 
both groups in a single structure while accounting for the 
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interrelationship between dyad members by adding covar-
iances between cross-group latent factors and pairs of 
item errors [22,24]. We followed the recommended invar-
iance-testing sequential order, comparing increasingly 
constrained models: configural (no equality constrains), 
metric (equal factor loadings) and scalar invariance (equal 
intercepts) [30,31]. Although not prerequisite to compar-
ing distributions between groups, uniqueness (residual) 
invariance also was examined by placing constrains on 
item residual variances. Failing to achieve full invariance 
in any stage leads to examining partial invariance, deemed 
acceptable when at least two loadings or intercepts within 
each latent factor demonstrates equivalence [32].

In all CFA and measurement invariance tests, the 
goodness of fit was evaluated following the guidelines 
in [33]. In addition to the chi-square test as an overall 
model-fit index, we used two incremental-fit indices: the 
comparative fit index (CFI) and the Tucker–Lewis index 
(TLI); two absolute-fit indices—the root-mean-square 
error of approximation (RMSEA) with 90% confidence 
interval and the standardized root-mean-square residual 
(SRMR)—and the Akaike information criterion (AIC) as 
a predictive-fit indicator. We applied acceptable cut-off 
points to determine a good model fit (CFI and TLI ≥ 0.95, 
RMSEA and SRMR ≤ 0.06) [34].

In validating child–parent invariance, nested mod-
els were compared using the chi-square difference test. 
However, because the chi-square test may obscure non-
substantive discrepancies [35], we also inferred equal fit 
when the absolute difference in CFI was less than 0.01. 
Nonnested models were tentatively compared using AIC, 
with smaller values indicating more accurate models [36].

Finally, if at least partial-scalar invariance was estab-
lished, then the resulting model served as a baseline to 
compare latent mean differences by fixing children’s 
(the reference group) factor means to zero and freely 
estimating them among parents. The significance of the 
mean difference for each factor was assessed through the 
composite reliability value, and the magnitude of the dif-
ference was evaluated using Cohen’s measure of sample 
effect sizes.

Results

Psychometric properties

Tables  1 and 2 present descriptive parameters for each 
item among children and parents with factor loadings 
obtained from the PCA. Skewness of item-score distribu-
tions in absolute values ranged between 0.04 and 0.73 
among children and between 0.03 and 0.67 among par-
ents. Absolute kurtosis values ranged between 0.09 and 
1.02 among children and 0.03 and 0.83 among parents. 
These values did not indicate any violation from the 
assumption of normality; therefore, maximum-likelihood 
estimation could be used further [37].

The varimax rotated PCA solution in each group 
indicated a three-factor solution overlapping the three 
CDDUX subscales that explained more than 57% of the 
variance. The exception was item 4 from the diet subscale, 
which among children had high loadings on the having 
celiac disease factor and, among parents, had no suffi-
ciently high loadings on any factor. Consequently, in the 
CFA, we examined whether removing item 4 improved 
the factorial structure. Scale reliability indices were high 
for the diet and communication subscales (α ≥ 0.89) and 
satisfactory for the having celiac disease subscale (children 
α = 0.65; parents α = 0.75).

Confirmatory factor analysis and validity

Fit indices obtained from multiple single-group CFA for 
children and parents are presented in Table 3. The results 
indicated that neither M1 (in which all items loaded on 
a single unidimensional latent factor) nor M2 (in which 
all CDDUX items loaded on the three theoretically pro-
posed latent factors) fit the data adequately according to 
the model-fit indices among children or parents. As the 
exploratory analysis and modification indices indicated, 
dropping item 4 from the diet subscale resulted in a suf-
ficiently fitting model (M3A). Further inspection of the 
modification indices showed that a minor respecification, 
that is, allowing errors for items 11 and 12 (referring to 
dietary limitations) to correlate (M3B) could significantly 

Table 1. Descriptive statistics and principal component analysis results for the children’s self-report CDDUX

Item M SD Skewness Kurtosis

Factor loadingsa

Diet
Having celiac  

disease Communication

1. When I think of food containing gluten, I feel… 55.12 19.33 −0.04 0.18 – 0.43 –
2. When at school I am given food containing gluten, I find it… 44.19 20.38 0.48 −0.17 – 0.72 –
3. Talking about celiac disease with others my age, I find… 73.14 22.52 −0.59 −0.22 – – .80
4. Not being able to eat just everything I want, I feel… 42.56 19.78 0.73 0.19 – 0.63 –
5. When someone offers me food that I can’t have, I feel… 50.70 20.68 0.39 −0.18 – .77 –
6. When I have to explain to others what celiac disease is, I feel… 71.40 21.31 −0.54 −0.09 – – 0.81
7. Talking about celiac disease, I find… 72.33 21.23 −0.49 −0.13 – – 0.81
8. Having to follow a lifelong diet, I find… 60.47 25.95 −0.09 −1.02 0.71 – –
9. Having to pay attention to what I eat, I find… 63.72 21.73 −0.18 −0.38 0.62 – –
10. Having celiac disease is… 59.30 25.12 −0.11 −0.90 0.75 – –
11. Not being able to eat all the things other people eat, I find… 46.28 21.14 −0.67 −0.03 0.58 0.50 –
12. Following a diet for my celiac disease is… 59.42 22.73 −0.09 −0.61 0.76 – –
Eigenvalue – – – – 2.89 2.28 2.37
% Variance explained – – – – 24.09 19.03 19.73
Cronbach’s alphab – – – – 0.89 0.75 0.90

N = 172. Factor loadings of 0.40 and above are presented; range: 20–100; cumulative variance explained (%) = 62.86; Kaiser–Meyer–Olkin test = 0.90.
CDDUX, celiac disease quality of life questionnaire.
aRotated factor solution (maximum likelihood with varimax rotation).
bItem 4 was excluded from the diet subscale.



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

4  European Journal of Gastroenterology & Hepatology xxx 2021 • Volume XXX • Number XXX

improve the model fit among both children (r  =  0.60, 
P < 0.001, model comparison: ∆χ2(1) = 6.993, P = 0.008, 
∆CFI = 0.006) and parents (r = 0.53, P < 0.001, model 
comparison: ∆χ2(1) = 15.192, P < 0.001, ∆CFI = 0.015). 
Consequently, M3B was used as a baseline model in the 
following dyadic measurement invariance tests.

Results of the validity assessment (Table 4) showed suf-
ficiently high reliabilities and AVE for all factors, except 
for having celiac disease among parents, which demon-
strated slightly lower composite reliability and AVE values 
than required (>0.70 and >0.50, respectively). Moreover, 
for this factor, the AVE was slightly smaller than the MSV, 
pointing out possible discriminant validity issues. The 
composite reliability and AVE values, in this case, were 
not improved to the typically acceptable threshold when 
removing observed items [38].

Table 2. Descriptive statistics and principal component analysis results for the parent-proxy CDDUX

Item M SD Skewness Kurtosis

Factor loadingsa

Diet
Having celiac  

disease Communication

1. When my child thinks of food containing gluten, 
he/she feel…

49.07 16.66 0.03 0.37 – 0.52 –

2. When at school my child is given food containing 
gluten, he/she finds it…

42.44 18.25 0.64 0.37 – 0.65 –

3. Talking about celiac disease with others his/her 
age, my child finds…

71.16 19.13 −0.27 −0.17 – – 0.71

4. Not being able to eat just everything he/she  
wants, my child feels…

40.70 17.02 0.45 −0.46 – 0.40 –

5. When someone offers my child food that he/she 
can’t have, he/she feels…

45.47 15.91 0.03 −0.20 – 0.61 –

6. When my child has to explain to others what  
celiac disease is, he/she feels…

71.51 17.30 −0.26 −0.05 – – 0.94

7. Talking about celiac disease my child finds… 70.12 19.41 −0.54 0.20 – – 0.85
8. Having to follow a lifelong diet, my child finds… 52.44 19.97 0.10 −0.57 0.75 – –
9. Having to pay attention to what he/she eats, my 

child finds…
60.23 19.34 −0.06 −0.03 0.72 – –

10. Having celiac disease is… 49.42 19.52 0.35 −0.30 0.72 – –
11. Not being able to eat all the things other people 

eat, my child finds…
43.84 16.38 0.67 0.83 0.64 – –

12. Following a diet for his/her celiac disease is… 56.16 19.02 0.11 −0.16 0.75 – –
Eigenvalue – – – – 2.88 1.62 2.38
% variance explained – – – – 23.98 13.47 19.79
Cronbach alphab – – – – 0.89 0.65 0.89

N = 172. Factor loadings of 0.40 and above are presented; range: 20–100; cumulative variance explained (%) = 57.24.86; Kaiser–Meyer–Olkin test = 0.86.
CDDUX, celiac disease quality of life questionnaire.
aRotated factor solution (maximum likelihood with varimax rotation).
bItem 4 was excluded from the diet subscale.

Table 3. Single-group confirmatory factor analysis for children and parents CDDUX with model fit comparisons

Model χ2 df CFI TLI RMSEA (90% CI) SRMR AIC

Children’s CDDUX
 M1 one factor (unidimensional) 340.573*** 54 0.749 0.693 0.176 (0.159, 0.194) 0.103 388.573
 M2 CDDUX theoretical (three factors) 108.862** 51 0.949 0.934 0.081 (0.060, 0.303) 0.063 162.862
 M3A CDDUX revised (exc. item 4) 56.225 41 0.985 0.980 0.047 (0.000, 0.075) 0.048 106.225
 M3B CDDUX revised and modified 49.232 40 0.991 0.988 0.037 (0.000, 0.068) 0.046 101.232
Parents’ CDDUX
 M1 one factor (unidimensional) 367.353*** 54 0.676 0.605 0.184 (0.167, 0.277) 0.120 415.353
 M2 CDDUX theoretical (three factors) 85.452** 51 0.964 0.954 0.063 (0.038, 0.086) 0.057 139.452
 M3A CDDUX revised (exc. item 4) 60.736* 41 0.979 0.971 0.053 (0.020, 0.080) 0.047 110.736
 M3B CDDUX revised and modified 45.544 40 0.994 0.992 0.028 (0.000, 0.062) 0.046 97.544

CDDUX revised = excluding item 4; CDDUX revised and modified = excluding item 4, including covariance between errors of items 11 and 12.
AIC, Akaike information criterion; CDDUX, celiac disease quality of life questionnaire; CFI, comparative fit index; CI, confidence interval; RMSEA, root-mean-
square error of approximation; SRMR, standardized root-mean-square residual; TLI, Tucker–Lewis index.
*P < 0.05.
**P < 0.01.
***P < 0.001.

Table 4. Convergent and discriminant validity assessment in the 
revised and modified CDDUX model among children and parents

Latent construct
Composite 
reliability AVE MSV ASV

Children’s CDDUX
 Having celiac disease 0.756 0.512 0.460 0.336
 Diet 0.897 0.636 0.460 0.426
 Communication 0.899 0.747 0.393 0.302
Parents’ CDDUX
 Having celiac disease 0.653 0.388 0.408 0.236
 Diet 0.895 0.631 0.408 0.303
 Communication 0.896 0.744 0.199 0.131

Model specifications are for the revised and modified model (excluding item 
4, including a covariate between items 11 and 12).
ASV, average shared squared variance; AVE, average variance extracted; 
CDDUX, celiac disease quality of life questionnaire; MSV, maximum shared 
variance.



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

www.eurojgh.com  5Dyadic child–parent validation of the CDDUX Meyer et al.

Accounting for nonindependence and measurement 
invariance

A configural-invariance model for child–parent dyads was 
specified and estimated. The model used the previously 
obtained baseline model (M3B) and included 22 observed 
variables (i.e., 11 items per group) and six latent factors 
(representing the three subscales in each group).

To determine the extent to which we should account 
for nonindependence, we first examined bivariate corre-
lations between pairs of identical items for children and 
parents. All correlations were significant (P  < 0.05) and 
ranged between r = 0.18 for item 5 and r = 0.52 for item 
12. Already, this supported the need to account for inter-
dependencies in the invariance testing. We then tested 

whether including freely estimated correlated error terms 
between common items for children and parents (e.g., cor-
relating the error term of item 1 for children with the error 
term of item 1 for parents), as well as covariances between 
all cross-group latent factors, improved the model fit. We 
found that including these interrelationships significantly 
improved the fit of the configural model (comparison indi-
ces: ∆χ2(20) = 130.752, P < 0.001, ∆CFI = 0.053). Hence, 
we retained these covariance and uniqueness interdepend-
encies in subsequent invariance analyses.

The configural model (MI1, depicted in Fig. 1) showed 
an excellent model fit according to all indices (Table 5). 
Due to small deviation from multivariate normality (mul-
tivariate kurtosis = 61.62, z = 12.43), we also examined 

Fig. 1. Full dependent-group configural invariance model for children and parent CDDUX. N = 172. χ2(df = 2) = 202.277, P = 0.133, RSMEA = 0.026, 
CFI = 0.990. Latent factors (circles) beginning with P belong to parents and beginning with C to children. Observed variables (rectangles) numbers repre-
sent CDDUX item numbers. Coefficients are standardized. The model includes covariances between pairs of item errors (left side) and between all latent 
variables (right side) in order to account for nonindependence in the data. CDDUX, celiac disease quality of life questionnaire.
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the Bollen–Stine bootstrap P value, which at P = 0.58 fur-
ther confirmed the model was correct. According to a chi-
square difference test and CFI change between MI1 and 
MI2, full-metric invariance also was achieved, suggest-
ing that cross-group factor loadings were proportionally 
equivalent. However, the full-scalar invariance (MI3a) was 
not supported (the chi-square change from MI2 was sig-
nificant, P < 0.001, and the change in CFI was larger than 
0.01). Consequently, partial invariance was attempted 
by examining modification indices, which suggested une-
qual intercepts for items 8 and 10 (diet subscale). In both 
items, the intercept was higher among children (difference 
of 0.401 and 0.494, respectively). Relaxing the intercepts 
of these two items resulted in sufficient invariance on the 
scalar level (MI3b).

In the test for uniqueness invariance (MI4a), only 
residual variances for items found to be scalarly invariant 
were constrained to be equal between children and par-
ents (that is, the error terms of items 8 and 10 were freely 
estimated in both groups). We compared each item’s resid-
ual variance across children and parents and found the 
variance was larger for children than for parents on item 
6 (difference = 0.236) and item 11 (difference = 0.168). 
Relaxing the constrains on the residuals of these two 
items (MI4b) resulted in statistically insignificant chi-
square and CFI differences (compared to MI4a), support-
ing partial-uniqueness invariance of the CDDUX between 
children and parents. Furthermore, MI4b demonstrated 
the best fit according to fit indices, which strengthened 
the overall partial and sufficient invariance of the revised 
Hebrew-version CDDUX between parents and children 
on all acceptable measurement invariance levels.

Structural invariance

Finally, the partial-scalar invariance model (MI3b) was 
used to compare latent means between children and 

parents (Table  6). The results indicated that parents 
had higher mean scores on diet (estimated mean differ-
ence: −0.165, SE = 0.072, composite reliability = −2.297, 
P = 0.022) and on having celiac disease (estimated mean 
difference: −0.237, SE  =  0.072, composite reliabil-
ity  =  −3.274, P  =  0.001), with rather small effect sizes 
(d  =  0.18 and d  =  0.34, respectively). No differences 
were found for communication (estimated mean differ-
ence: −0.067, SE = 0.074, composite reliability = −0.905, 
P = 0.365). These findings are similar to those obtained 
by paired t tests for unweighted average scores across the 
CDDUX subscales.

Discussion

The CDDUX often is used to assess the quality of life of 
children with celiac disease in a dyadic nature, considering 
both the child’s self-report and the parent-proxy report 
of its constructs. In this paper, we demonstrated how the 
assumption that children and parents similarly under-
stood and conceptualized the CDDUX HRQOL state-
ments, which stands behind conventional comparisons 
of scores between children’s and parents’ ratings, can be 
estimated statistically through measurement invariance or 
equivalence tests. Accordingly, it is necessary to measure 
the dyadic to avoid biased parameter estimates and errors 
[24]. Establishing equivalence of the CDDUX implies 
absent or minimal cross-generation biases in measure-
ments and that the psychometric properties though which 
the observed and latent variables relate to each other are 
similar between children and parents.

In the group-specific analysis, the CDDUX demon-
strated satisfying indices for convergent and discriminant 
validity across the three subscales, with two exceptions. 
First, item 4 in the diet subscale had cross- (children) 
or low (parents) factor loading, and its inclusion in the 

Table 5. Parent-child dyadic measurement invariance tests for the Hebrew-version CDDUX

Invariance model χ2 df CFI TLI RMSEA (90% CI) SRMR AIC

Comparisons 
between nested 

models. ∆χ2 (∆df) P value ∆CFI Invariant?

MI1 configural 202.277 181 0.990 0.987 0.026 (0.000, 0.044( 0.047 390.277 – – – – Full
MI2 metric 209.543 189 0.990 0.988 0.025 (0.000, 0.043) 0.046 381.543 M1-M2 7.266 (8) 0.508 0.000 Full
MI3a full-scalar 256.421 200 0.973 0.969 0.041 (0.024, 0.055) 0.046 406.421 M3a-M2 46.878 <0.001 0.019 No
MI3b partial-scalar  

(items 8 and 10 not  
constrained)

229.813 198 0.985 0.985 0.031 (0.000, 0.047) 0.046 383.813 M3b-M2 20.270 0.016 0.005 Partial

MI4a full-uniqueness,  
partial-scalar

267.798 207 0.971 0.971 0.041 (0.025, 0.055) 0.048 403.798 M4a-M3b 37.986 <0.001 0.014 No

MI4b partial-uniqueness  
(items 6 and 11 not  
constrained)

236.689 205 0.985 0.985 0.030 (0.000, 0.046) 0.047 376.689 M4b-M3b 6.877 0.442 0.003 Partial

AIC = Akaike information criterion; CDDUX, celiac disease quality of life questionnaire; CI, confidence interval.

Table 6. Comparison between paired child- and parent-reported CDDUX subscales and intergroup correlations

CDDUX subscales

Children Parents

t(171) P value Child–parent correlation (r)M SD M SD

Dieta 56.473 18.807 53.411 15.564 2.33 0.02 0.51*
Having celiac disease 50.078 16.401 45.659 13.038 3.44 0.001 0.36*
Communication 72.287 19.776 70.930 16.859 −0.96 0.337 0.50*

Scores are unweighted averages converted to 20–100 to facilitate comparison with previous studies.
CDDUX, celiac disease quality of life questionnaire.
aExcluding items 4, 8 and 10.
*P < 0.001.
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confirmatory models resulted in unsatisfying fit indices. 
Thus, we excluded this item from the core of our analyses. 
When examining the content and context of item 4 (‘Not 
being able to eat just everything I want . . .’), it seems that 
of all the CDDUX items, this statement conferred the least 
celiac disease–specific meaning. Possibly, this influenced its 
suitability to the models.

Second, indicators for having celiac disease among 
parents fell below the acceptable threshold for construct 
validity in a confirmatory analysis. This can indicate that 
its items do not explain well the latent factor of having 
celiac disease. Interestingly, previous reports of reliability 
indices also showed lower consistency of items for hav-
ing celiac disease compared to the other subscales [19,39]. 
Possibly, this shortcoming reflects the concept of self-re-
porting one’s chronic health condition and its subjective 
meaning to each individual [3]. Although parents are con-
sidered reliable informants in pediatric assessments [7], 
they nevertheless may find it difficult to assess their child’s 
personal feelings on having celiac disease, as opposed to 
feelings related to talking about the disease (communica-
tion) or to the restricted diet (diet), which may be more 
visible to parents managing their child’s condition.

From a statistical perspective, it has been suggested 
that AVE can be lower than 0.50 when composite reli-
ability values are higher than 0.60 [40]. This held in all 
constructs in the CDDUX model for children and par-
ents. Moreover, all factor loadings of having celiac dis-
ease items for parents were above 0.50 and significant, 
and its associated AVE (0.388) was not much higher than 
the AVS value (0.236), suggesting that convergent and 
discriminant validity can be established. Considering the 
convention that AVE values slightly below 0.50 can be dis-
regarded somewhat in exploratory and initial studies [38], 
these results emphasize the need to further investigate the 
CDDUX psychometric properties in other contexts and its 
equivalence both between parents and children and across 
socio-cultural contexts and languages.

The test of child–parent invariance satisfied the need 
for full configural and metric equivalence, suggesting that 
the CDDUX conceptual framework is the same for chil-
dren and parents and that its items are roughly equally 
salient for children and parents within subscales. That is, 
children and parents share an understanding of the three 
subscales of the CDDUX.

However, on the scalar level, only partial analysis was 
established. Failing to achieve full scalar-level invariance 
suggests that children and parents do not fully understand 
and conceptualize the CDDUX similarly. Specifically, the 
analysis indicated that two diet subscale items (items 8 and 
10) had invariant intercepts, and these items’ means were 
higher in children than in parents. Both item 8 (‘Having 
to follow a lifelong diet . . .’) and item 10 (‘Having celiac 
disease is . . .’) refer to long-term implications of celiac dis-
ease. Perhaps the gap in perspectives specifically in these 
items reflects the children’s and parents’ different cogni-
tive-development levels. The age range of participants in 
this study includes the transition stage from childhood 
to adolescence, a time when adolescents become more 
interested in the future, and the cognitive ability to make 
decisions while considering the future increases [41]. 
Consequently, we cannot rule out that perceptive dif-
ferences between children and parents or measurement 

biases affect the factor means when these two items are 
included as observed indicators of the diet latent factor. 
Therefore, we excluded them from our analysis of differ-
ences in mean scores. Nevertheless, it is important to stress 
that nine items (three from each subscale) demonstrated 
acceptable invariance at the configural, metric and scalar 
levels, prompting meaningful mean comparison according 
to acceptable practices [32]. Accordingly, based on our 
analysis, we conclude that an alternative but sufficiently 
valid nine-item measure of the CDDUX can achieve 
full-scalar invariance and be used as a highly valid tool 
to both assess the HRQOL of children with celiac disease 
and substantively compare child and parent ratings.

Moreover, only partial-uniqueness invariance was 
achieved, with unequal residuals for items 6 and 11 from 
the communication and the diet subscales, respectively. 
The larger residual variances for children compared 
to their parents suggests these items might have higher 
unexplained errors among children or are not as strong 
indicators of the child’s quality of life in terms of diet 
and communication for children as they are for parents. 
Regardless, it is important to emphasize that strict forms 
of invariance are very difficult to obtain when measuring 
psychological constructs [31,32]. Furthermore, invariance 
at this level is required only when specific item scores are 
compared across groups [30,32]. Because such high invar-
iance levels were tenable for seven CDDUX items, specific 
item comparison is indeed possible for the majority of 
items and across the three CDDUX subscales.

Achieving partial-scalar invariance enabled us to exam-
ine structural means and compare the mean level of each 
latent factor between children and parents. Parents, on 
average, evaluated their children’s quality of life more neg-
atively than did the children themselves on the diet and 
having celiac disease subscales. These results correspond 
to findings that parents of children with chronic health 
conditions tend to report lower HRQOL than do their 
children [42,43]. Moreover, the results align with findings 
of the CDDUX across cultures and languages, specify-
ing lower parent-reported HRQOL [15]. However, these 
effects were rather small in magnitude.

Although differences between latent means were small, 
group scores were not interchangeable between child and 
parent reports, as indicated by low-to-moderate same-fac-
tor correlations. Evidently, parents’ scores explain no 
more than 25% of their children’s scores on the CDDUX. 
This, in a sense, rules out the possibility to substitute child 
self-reports with parent-proxy reports.

Limitations and future directions

Due to the cross-sectional design, the resultant conven-
ience sample was composed largely of participants who 
are members of the Israel Celiac Association or active on 
various social media platforms. Thus, the results do not 
necessarily represent all Israeli–Hebrew speaking chil-
dren with celiac disease and their parents in Israel. The 
results of our measurement invariance test and the sug-
gestion to drop or modify specific items can be valid only 
for the specific socio-cultural context in which the study 
was conducted (Hebrew speakers in Israel) and are not 
necessarily valid for other cultural settings. The extent to 
which we should prompt researchers and practitioners to 
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drop noninvariant items when comparing children’s and 
parents’ ratings should be conditioned on future studies 
that examine the CDDUX invariance not only within its 
primary dyadic structure of children and their parents but 
also in larger samples across different groups, languages 
and countries (i.e., cross-cultural invariance) and desira-
bly, across time (i.e., longitudinal invariance).

Moreover, although an important advantage of the 
CDDUX is its short length, additional dimensions of 
HRQOL, such as future orientation of life with celiac dis-
ease, especially among adolescents who are in the midst of 
the critical developmental stage toward adulthood.

Conclusion

To our knowledge, this is the first attempt to validate the 
CDDUX factorial structure and establish its equivalence 
across children and parents using confirmatory methods. 
Moreover, our novel approach to invariance testing con-
sidered the detected interdependencies between children 
and parents by modeling dyads—rather than individual 
respondents—as the analysis unit. This approach enabled 
more accurate invariance estimation than would the more 
conventional multigroup method [21,24]. Overall, with 
minor modifications, the Hebrew version of the CDDUX 
was found to be a valid measure of children’s HRQOL 
when measured across children’s self-reports and parents’ 
proxy reports, allowing meaningful comparison between 
the distributions. Further examinations of the CDDUX 
measurement invariance can be useful for modifying the 
CDDUX to obtain a highly valid measure that allows 
reaching child–parent agreement and additional inter-
group comparisons. Therefore, the CDDUX questionnaire 
can been used as a valid tool by health care providers 
to gain a better understanding of the children’s percep-
tions and to adopt suitable interventions to improve their 
HRQOL when needed.
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