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pain, on worries as well as on day-to-day and leisure activities had considerably
high informational value. In the Wound-QoL-14, the item on social activities
showed DIFs regarding the country and age. The same applied for the Wound-
QoL-17, in which also the item on stairs showed DIFs regarding age. Our study
showed comparable results across both versions of the Wound-QoL. We estab-
lished a new scoring method, which could be applied in international research

projects. For clinical practice, the original scoring can be maintained.
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Key Messages

Impacts on patients’ quality of life can be assessed using the Wound-QoL-17
and the shortened Wound-QoL-14. These wound-specific questionnaires are
well-established and frequently used in research and clinical practice.

For international and cross-cultural comparisons, it is necessary to demon-
strate psychometric properties in an international study. Therefore, the aim
of this study was to test both questionnaires in a European sample using
item response theory.

Analyses show comparable results for both Wound-QoL-17 and Wound-
QoL-14.

For the first time, differences between subgroups were analysed using differ-
ential item functioning.

A new scoring method was established, which should be used in future
international research projects. For clinical research, the original scoring

1 | INTRODUCTION
Chronic wounds are ulcers that do not heal within
timely manner. Reasons for delayed healing may consist
of insufficient treatment of the wunderlying cause
(e.g., venous insufficiency) and/or impeding factors such
as oedema or necrosis." > Around 1.67 per 1000 people
are affected by chronic wounds.* Especially in ageing
societies as the European Union,’ chronic wounds are a
rising issue due to increased prevalence in people above
the age of 65 years.® For the individual patient, a chronic
wound is a burdensome condition, which can cause
physical strain, such as wound pain, odour and exudate,
and psychological burden, such as sleep disturbances,
anxiety and depression.” All of this can lead to restric-
tions in everyday activities® and social participation® as
well as to financial impairments.®

These impacts on physical, mental, social and every-
day life aspects are covered by the well-established mul-
tidimensional construct of health-related quality of life
(HRQoL). The evaluation of HRQoL during treatment
is crucial in both clinical trials as well as in routine
care.'” Regulatory authorities have established the

method can be maintained.

measurement of HRQoL as an endpoint in treatment
benefit assessment.'' In routine care, assessing HRQoL
enforces incorporating the patient's voice in treatment
decisions, setting priorities and monitoring changes
over time."?

HRQoL is a patient-reported outcome that is assessed
using standardized questionnaires. Such questionnaires
need to be tested for psychometric properties to prove
that they are valid and reliable. For assessing the psycho-
metric properties of a questionnaire, two different
approaches can be applied: classical test theory (CTT)
and item response theory (IRT). While CTT assumes that
the observed score of a test is composed of the true score
of a person and measurement errors, IRT models try to
plot observable item responses on an underlying con-
struct, the latent trait.'* Therefore, CTT analyses focus on
the average or sum scores and are therefore highly
dependent on the sample, while IRT analyses consider a
respondent’'s probability of choosing a distinct response
option and can be applied to any population.’* As in IRT
all items are calibrated on the underlying latent trait,"”
scores can be predicted even if responders do not com-
plete every single item.
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The Wound-QoL is a wound-specific HRQoL ques-
tionnaire frequently used in research and clinical prac-
tice. It has been developed in 2014 based on three longer
questionnaires® and encompasses 17 items (Wound-QoL-
17). The questionnaire has been translated into various
languages. The psychometric properties have mainly
been analysed using CTT (e.g.,"®°), showing that the
Wound-QoL is a well-accepted instrument with mainly
good psychometric properties. A recent study by Stiilpna-
gel and colleagues® analysed the Wound-QoL-17 using
both CTT and IRT shedding light on additional statistical
aspects. Thereupon, the authors revised the questionnaire
based on statistical information and clinical expertise. In
this revision, three items were deleted due to low dis-
crimination between response options, low information
value for the respective subscale or difficulties in clinical
practice and cross-cultural comparisons. Additionally,
slight changes in the scale construction have been estab-
lished as one item represents aspects of two different sub-
scales. This resulted in an additional short version
including 14 items (Wound-QoL-14). This study was the
first international study using IRT to analyse the Wound-
QoL properties including 1185 patients from six different
countries. However, the results were mainly influenced
by the US American population, which accounted for
more than half of the study sample, and no differences
between subgroups were studied.

The aim of the present study was to analyse psycho-
metric properties of both Wound-QoL-17 and Wound-
QoL-14 in a European sample, using IRT. This IRT
approach gives insights into patients’ response behaviour
individually and between subgroups, which shall contrib-
ute to the use of these instruments in international and
cross-cultural research and clinical practice.

2 | METHODS

This study was approved by the ethics committee of the
Medical Association of Hamburg (Ethikkommission der
Arztekammer Hamburg) in June 2019 (PV7029). In par-
ticipating countries, secondary ethics votes were obtained
from the local ethics committees. This article was drafted
according to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) statement
checklist for observational cross-sectional studies.

2.1 | Study design and participants

This was a European study aiming to recruit participants
in 10 European countries with 50 included patients per
country, which can be considered adequate for assessing

structural validity in the total sample according to the
COnsensus-based Standards for the selection of health
Measurement Instruments (COSMIN).** Prior to study
start, two project partners were not able to continue par-
ticipation in this project, which resulted in eight partici-
pating countries (Austria, Lithuania, Netherlands,
Poland, Slovakia, Spain, Switzerland, Ukraine). Patients
were included if they were at least 18 years of age, had a
chronic wound and were able to understand and com-
plete the questionnaire in the respective local language.
All participants gave written informed consent. The num-
ber of approached participants and the characteristics of
non-participants have not been assessed.

Patients were recruited during routine visits in ambu-
latory clinics between October 2020 and November 2021.
Both patients and treating clinicians completed a ques-
tionnaire. Patients provided information about sociode-
mographic characteristics (e.g., age, gender) and
completed the Wound-QoL-17. Clinicians reported
wound characteristics.

2.2 | Measures

Patients completed the Wound-QoL-17 as primary end-
point. From the Wound-QoL-17, the scales of the
Wound-QoL-14 can also be calculated. The questionnaire
contains 17 items with a 5-point Likert scale ranging
from 0 (not at all) to 4 (very much). If a minimum of 75%
of items are answered by the patient, a total score (arith-
metic mean) can be calculated from all items. In the
same way, three subscales (body: items 1-5; psyche: items
6-10; everyday life: items 11-16) can be calculated; item
17 is not included in a subscale. For the Wound-QoL-14,
the total score is the arithmetic mean of the 14 items
included (without items on knocking [item 10], stairs
[item 12] and finances [item 17]). The subscales can be
calculated similarly (body: items 1-4; psyche: items 6-9;
everyday life: items 11, 13-16), while the item on treat-
ment (item 5) is not included in any subscale.

Grouping variables for differential item functioning
(DIF) analysis were age (<70, >70), gender (male,
female), country (Austria, Lithuania, Netherlands,
Poland, Slovakia, Spain, Switzerland, Ukraine) and type
of wound (leg ulcer, diabetic foot ulcer, other).

2.3 | Statistical analysis

We used descriptive statistics for sociodemographic and
wound characteristics (absolute and relative frequencies
for categorical variables, mean and standard deviation for
continuous variables). Missing data were not imputed.
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Both Wound-QoL-17 and Wound-QoL-14 were ana-
lysed using IRT. Assumptions of IRT are unidimensional-
ity, local independence, monotonicity and item
invariance."® Unidimensionality and local independence
were analysed based on CTT: Unidimensionality was
tested using confirmatory factor analysis (CFA). Model fit
of the CFA was assessed using the Root Mean Square
Error of Approximation (RSMEA), the Standardized Root
Mean Square Residual (SRMR), the Comparative Fit
Index (CFI) and the Tucker-Lewis Index (TLI). We con-
sider an acceptable model fit of the CFA, when RMSEA
is below 0.08, SRMR is below 0.1, CFI is above 0.90%>%*
and TLI is above 0.90.* In the case that CFA model fit
was not acceptable, we considered inter-item correlations
for model improvement. Local independence was tested
by correlation of residuals between items, with r < 0.25
showing local independence.'* Monotonicity and item
invariance were tested within the IRT model: Monotonic-
ity means that individuals with higher trait level score
higher on the items; hence, smoothly increasing operat-
ing characteristics curve confirm monotonicity.'* Item
invariance means that items function comparably across
different populations, which was tested using DIF.

The IRT model chosen to analyse the data was an
unconstrained graded response model (GRM) as it was
assumed that all items have different discrimination
parameter and as the item responses of the Wound-QoL
can be considered ordinal.*®

We analysed the data, calculated on every dimension
separately, using item characteristic curves (ICC), item
information curves (IIC) and DIF analysis.

ICCs display a person's chance to tick one of the
response options for each item depending on the latent
trait level of the person (i.e., the underlying characteris-
tics, such as physical HRQoL). Steep ICC curves of each
response category are desirable as these display higher
discrimination between different latent trait levels. These
are displayed by high discrimination values and hierar-
chically ordered difficulty values.'* Discrimination values
reflect the ability to differentiate between individuals
(i.e., between people with low and high levels of HRQoL
impairments). A difficulty value (also called categorical
threshold) is the point where two adjacent categories cut
each other: Below this threshold, it is more likely that
respondents tick the lower response category; above this,
it is more likely that they tick the higher response cate-
gory. In the present study, in the case that ICCs of adja-
cent response options were not distinct enough
(e.g., overlapping peaks of two curves), we merged these
categories so that curves of response options are clearly
distinct. To compare scores of the original scoring (five
response options for each item) and the scoring with
merged response options, we computed (sub-)scale scores

according to both scoring options and plotted in scatter-
plots. For the merged scoring version, we used mean
scores of the merged response options (e.g., merged
response options 2 [‘moderately’] and 3 [‘quite a lot’]
were scored as 2.5; merged response options 1 [‘a little’],
2 [‘moderately’] and 3 [‘quite a lot’] were scored as 2).

The summed-up ICCs of all response categories of an
item display the IICs of this item. The higher the curves
of an item in the IIC, the more information this item pro-
vides in the respective dimension; flat curves provide low
informational value to the dimension.'*

The analysis of DIF was used to compare between
subgroups. In DIF analysis, the sample is divided into ref-
erence and focal groups to check whether response prob-
abilities depend solely on their latent trait level or also on
their membership to the respective subgroup.”’ >’ DIFs
can be either uniform (i.e., differences are the same
across all latent trait levels) or non-uniform
(i.e., differences vary across the latent trait bet).>° As
detection criterion for DIF, X? with a = 0.01 has been
used.?’

Data management and description of patient charac-
teristics were conducted using SPSS version 27.0 (IBM
Corp, Armonk, NY). For statistical analysis, R version
3.6.0 (R Foundation for Statistical Computing, Vienna,
Austria) was used. In R, the lavaan package was used for
the CFA,* the Itm package to conduct the GRM* and
the lordif package for the DIF analysis.>'

3 | RESULTS

3.1 | Patient characteristics

A total of 305 patients (Table 1) participated in the study
(mean age: 68.5 years, SD 13.9; 52.8% male). The most
frequent types of wounds were leg ulcers (49.2%), fol-
lowed by diabetic foot wulcers (23.9%) and other
ulcers (19.3%).

3.2 | Statistical assumptions

Bifactorial CFA was conducted according to the proposed
models of the Wound-QoL-17 and the Wound-QoL-14,
each showing three subdomains and one item loading
directly on the total score. As the models showed partly
acceptable and partly insufficient model fit parameters,
we additionally considered the strongest inter-item corre-
lations: We found that correlations between items
2 (odour) and 3 (exudate), items 11 (moving) and
12 (stairs), and items 14 (leisure activities) and 15 (social
activities) in the Wound-QoL-17 model and items
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FIGURE 1

response options.

2 (odour) and 3 (exudate), and items 14 (leisure activities)
and 15 (social activities) in the Wound-QoL-14 model
improved the model fit indices. These models showed
acceptable to  good  results (Wound-QoL-17:
RMSEA = 0.069, CFI = 0.951, TLI = 0.941,
SRMR = 0.051; Wound-QoL-14: RMSEA = 0.076,
CFI = 0.953, TLI =0.941, SRMR = 0.051). Unidimen-
sionality, local independence and monotonicity were
given.

3.3 | IRT analysis

The ICCs of the Wound-QoL-17 (Figure 1) were well-
ordered and sufficiently distinct across all five response
options for items 1 (pain), 4 (sleep), 5 (treatment),
8 (worries), 9 (worsening), 11 (moving), 13 (day-to-day
activities) and 15 (social activities). In the other items,
adjacent response categories were not sufficiently dis-
tinct. Namely, at least one response option was less likely
to be chosen than the others across the whole latent trait
(see Supplement 1). Therefore, response options ‘moder-
ately’ and ‘quite a lot” were merged in items 3 (exudate),
6 (unhappiness), 7 (frustration), 12 (stairs), 14 (leisure
activities) and 16 (dependence). In items 2 (odour) and
10 (knocking), response options ‘a little’, ‘moderately’
and ‘quite a lot” were merged. Item 17 (finances) did not
have an ICC as this item is not part of any dimension.

Item characteristic curves of the Wound-QoL-17 for all items in the subscales body, psyche and everyday life using merged

In the Wound-QoL-14 (Figure 2), the ICCs of all
items showed the same patterns as in the Wound-QoL-
17; while four items did not have any ICCs due to not
being assigned to any dimension (item 5 [treatment]) or
due to exclusion from the questionnaire (items 10 [knock-
ing], 12 [stairs] and 17 [finances]).

Discrimination values and difficulty values were cal-
culated for both Wound-QoL-17 and Wound-QoL-14 in
the newly established models with merged categories.
Results can be seen in Supplement 2.

For both Wound-QoL-17 and Wound-QoL-14, (sub-)
scale scores were calculated using the original scoring and
the scoring using merged response options and compared
using scatterplots (Figures 3 and 4). These scatterplots
showed comparable results using both scoring versions.

The IICs in the Wound-QoL-17 (Figure 5) show that
item 4 (sleep) had the highest informational value for the
body subscale, followed by item 1 (pain), items 2 (odour)
and 3 (exudate) provided only little information. In the
psyche subscale, item 8 (worries) had by far the highest
informational value, whereas item 10 (knocking) had
almost no informational value. In the everyday life sub-
scale, item 13 (day-top-day activities) had the highest
informational value; item 16 (dependence) had the lowest
informational value.

IIC results of the Wound-QoL-14 (Figure 6) were sim-
ilar to those of the Wound-QoL-17. Items 1 (pain) and
4 (sleep) had the highest informational value for the body
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response options.

subscale. Items 2 (odour) and 3 (exudate) gave only little
information to the score of the body subscale. In the psy-
che subscale, item 8 (worries) had by far the highest
informational value. In the everyday life subscale, items
13 (day-to-day activities) and 14 (leisure activities) had
both the highest informational value.

DIF analysis showed no DIFs in the body and psyche
subscales of the Wound-QoL-17. In the everyday life sub-
scale, item 15 (social activities) showed uniform DIFs
regarding the country and age, while item 12 (stairs)
showed non-uniform DIFs only regarding age. No DIFs
were detected regarding gender and type of wound.

In the Wound-QoL-14, only item 15 (social activities)
showed uniform DIFs regarding country and age.

4 | DISCUSSION

This study examined the psychometric properties of the
Wound-QoL-17 and the Wound-QoL-14 in a European
sample using IRT analysis. It showed comparable results
across both questionnaire versions and confirmed that
items excluded in the shortened version were those,
which posed issues in their statistical performance
according to IRT analyses. In this study, we established a

Item characteristic curves of the Wound-QoL-14 for all items in the subscales body, psyche and everyday life using merged

new scoring method for the questionnaires, namely
merging response categories for several items.
Unidimensionality of the single subscales of both
Wound-QoL versions was confirmed by the CFA. In con-
trast to the previous publication,”’ additional inter-item
correlations were included in model of the Wound-QoL.
Our results propose correlations within distinct subscales,
which are also contextually conclusive: Odour (item 2)
and exudate (item 3) are not necessarily present in all
patients experiencing physical strain, but both aspects
often co-exist. The ability to move about (item 11) and
the ability to climb stairs (item 12) are also closely linked
to each other and might be more related with each other
than with the other items of the everyday life subscale,
which are more activity-related. Similarly, the items on
leisure activities (item 14) and activities with others (item
15) are closely linked in terms of wording and content.
Similarly to the study by Stiilpnagel and colleagues,*
the ICCs in this study show good discrimination between
the response options for around half of the items. Items
with critical ICCs most often showed problems with the
middle category or with both the middle and the second
highest categories. In these items, a 5-point Likert scale
might be too graduated. Therefore, we merged adjacent
response options that showed insufficient discrimination.
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Wound-Qol-17 total score
according to merged scoring

1

Wound-Qol-17 total score according to original scoring

Wound-Qol-17 psyche score
according to merged scoring

1

Wound-Qol-17 psyche score according to original scoring

FIGURE 3

We propose to conduct this merging only in the process
of score computation but to keep the five response
options in the questionnaire. As one of the main aims of
the Wound-QoL development was to provide short and
easy-to-understand instruments, we assume that the uni-
formity of response options contribute to the acceptance
of this questionnaire.

The IICs show that, as in a previous study,*" the infor-
mative value of the items related to one subscale differed
widely: while there were one or two items with relatively
high informative value for each subscale, other items had
comparatively low informative value. Items on odour and
exudate had remarkably low values, which might indi-
cate that the character of the body scale is less reflective
(where all items are indicators of the same unidimen-
sional construct) but rather formative (where each item
represents a distinct aspect of a composite construct).>*
Another item with low informative values was item
10 (knocking), which was deleted in the shortened
Wound-QoL-14.

DIF analysis showed only few differences between
subgroups. Age-related DIFs in the Wound-QoL-17 might

Wound-Qol-17 body score
according to merged scoring

1 2

Wound-QoL-17 body score according to original scoring

Wound-QolL-17 everyday life score
according to merged scoring

1

Wound-Qol-17 everyday life score according to original scoring

Scatterplots comparing Wound-QoL-17 scales using original scoring and scoring using merged response options.

be explained by the fact that climbing stairs (item 12) and
activities with others (item 15) are more restricted in
older patients anyways regardless of the impact of the
wound. Possible reasons for country-related DIFs in item
15 on activities with others might be cultural differences
in the understanding of spending time together. DIFs
have been analysed for single items, which are embedded
in multi-item scales in the Wound-QoL. We assume these
DIFs to have marginal impact on the respective subscales
and the global scale, especially in the Wound-QoL-14 in
which one of these items has been removed. The aspects
covered in the items with DIF are meaningful to patients
with chronic wounds and therefore important in the con-
text of HRQoL. For such items with important content
for the construct but with subgroup differences, individ-
ual responses should be compared within the respective
group.®

This study confirms that with the development of the
Wound-QoL-14,*" items were deleted that posed some
issue in the light of IRT analysis. This applied especially
to item 10 (knocking) showing flat ICCs and low infor-
mative value in the IIC and to item 12 (stairs) showing
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Wound-Qol-14 psyche score according to original scoring
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according to merged scoring
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Wound-QolL-14 body score according to original scoring

1 2 3 4

Wound-QolL-14 everyday life score according to original scoring

Scatterplots comparing Wound-QoL-14 scales using original scoring and scoring using merged response options.
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difficulties with the middle and second highest response
options and age-related DIFs. Additionally, item 5 (treat-
ment) was excluded from the subscales, which had low
informative value for the body subscale.

This study has several strengths. First, it examines the
Wound-QoL questionnaires with IRT, which is a method
rarely used for the Wound-QoL and, hence, giving new
insights into its psychometrics. Existing studies were
either country-specific®® or highly influenced by the data
of one country accounting for more than half of the
patients in the data set.”’ This is the first European study
assessing the Wound-QoL characteristics including data
from eight countries. For the first time, it assesses DIF in
the Wound-QoL and shows only few differences regard-
ing age or country. Few country-specific differences sup-
port the use of the questionnaires in international studies
and clinical practice. We analysed the data for both
Wound-QoL-17 and Wound-QoL-14, which allowed for
detailed comparison between both questionnaire
versions.

Limitations of this study were the reduced number of
participating countries and participants compared with the
study protocol. This resulted in less evenly distributed par-
ticipants per country than expected and limits generaliz-
ability of the results; however, not a single country
accounted for more than a sixth of the total sample. In the
CFA, we adapted the pre-existing models by adding three
(Wound-QoL-17) and two (Wound-QoL-14) inter-item cor-
relations. Even though these correlations were added to
the original model, they are conclusive and justifiable in
terms of content. As IRT requires unidimensionality, in the

Item information curves of the subscales body, psyche and everyday life of the Wound-QoL-14.

multidimensional construct of HRQoL, only subscales can
be considered. Therefore, one item per Wound-QoL version
could not be tested in our analysis.

In conclusion, this study confirms the validity of both
the Wound-QoL-17 and the Wound-QoL-14 and shows
comparable results across both Wound-QoL versions. The
newly established scoring method for the questionnaires
could be applied in research projects and especially in
international studies. For clinical practice, the application
of the original scoring can be maintained as simplicity and
manageability of the scoring is crucial in routine practice
where time and resources are scarce. The scatterplots visu-
alizing the new and the original scoring algorithms support
the comparability of both scoring methods.
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