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Background: BODY-Q) is a rigorously developed patientreported outcome measure
designed to measure outcomes of weight loss and body contouring patients. To allow
interpretation and comparison of BODY-Q) scores across studies, normative BODY-Q
values were generated from the general population. The aim of this study was to
examine the psychometric properties of BODY-Q in the normative population.
Methods: Data were collected using two crowdsourcing platforms (Prolific and Amazon
Mechanical Turk) in 12 European and North American countries. Rasch measure-
ment theory (RMT) was used to examine reliability and validity of BODY-Q scales.
Results: RMT analysis supported the psychometric properties of BODY-Q) in the nor-
mative sample with ordered thresholds in all items and nonsignificant chi-square
values for 167 of 176 items. Reliability was high with person separation index of
greater than or equal to 0.70 in 20 of 22 scales and Cronbach alpha values of greater
than or equal to 0.90 in 17 of 22 scales. Mean scale scores measuring appearance,
health-related quality of life, and eating-related concerns scales varied as predicted
across subgroups with higher scores reported by participants who were more satis-
fied with their weight. Analysis to explore differential item functioning by sample
(normative versus field-test) flagged some potential issues, but subsequent compari-
son of adjusted and unadjusted person estimates provided evidence that the scoring
algorithm worked equivalently for the normative sample as in the field-test samples.
Conclusions: The BODY-Q) scales showed acceptable reliability and validity in the nor-
mative sample. The normative values can be used as reference in research and clini-
cal practice in combination with local estimates for parallel analysis and comparison.
(Plast Reconstr Surg Glob Open 2023; 11:¢5401; doi: 10.1097/GOX.0000000000005401;
Published online 16 November 2023.)

INTRODUCTION
Obesity is an increasing public health concern that
has reached epidemic proportions. The World Health
Organization has acknowledged obesity as the largest
global chronic health problem in adults." Given the ris-
ing obesity trends, there has been an exponential growth
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in the demand for obesity treatments, including diet and
lifestyle changes, pharmacological therapy, and surgical
procedures to manage the obesity-related comorbidities,
reduce the risk of preterm death and improve quality of
life and well-being.? However, irrespective of the choice
of weight loss therapy, massive weight loss usually leads to
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differing amounts of excess skin where subsequent body
contouring surgery (BC) may be needed.”' To determine
the comparative effectiveness of different weight loss
treatments and to understand the impact of weight loss
and/or subsequent BC on patients’ lives, rigorous patient-
reported outcome measures are needed.”

In 2016, the BODY-Q), a patient-reported outcomes
measure (PROM) for weight loss and BC, was devel-
oped and field-tested in the United States, Canada, and
the United Kingdom.® The BODY-Q is composed of a
set of independently functioning scales that measure
four domains: appearance, health-related quality of life
(HRQL), eating-related concerns, and experience of
care (Fig. 1).” Adding to its modular design, additional
scales (ie, cellulite, stretch marks, chest, expectations,
work life) and the eating-related concerns domain (ie,
eating-related distress, eating-related symptoms, and
eating behavior) have been developed and validated.*"*
The BODY-Q) is increasingly used worldwide and has a
growing number of translations."”'® Recent literature
showed that the BODY-Q) stood out as the PROM with
the highest level of validation evidence for use in weight
loss and BC patients.'”"? Recently, our team published
general population normative values from 12 European
and North American countries to enable interpretation
of the BODY-Q scores for clinical research and care.”
Scores from the general population enables a better
understanding of HRQL of obesity and change through
the weight loss trajectory.”” The current article supple-
ments the normative values by providing the psychomet-
ric validation information for the normative BODY-Q
sample. Psychometric validation is crucial to ensure
that the scores obtained from the general population
are reliable, valid, consistent over time and across dif-
ferent groups, and accurately reflect the construct being
measured.”*"** It is essential to ensure that the scores
used are accurate and meaningful for research or clini-
cal purposes.®®* The aims of this study were to examine
the psychometric properties of the BODY-Q) scales in the
general population sample, including differential item
functioning (DIF) that compares the normative study
sample with the original field-test samples, and to deter-
mine support for a common scoring algorithm for inter-
national use.

METHODS

Normative Data

We previously published normative scores from the gen-
eral population to interpret the BODY-Q from a sample of
4051 participants from 12 European and North American
countries (Belgium, Canada, Denmark, England, Finland,
France, Germany, Italy, the Netherlands, Poland, Sweden,
and United States).” Participants (18 years or older)
were recruited through the crowdsourcing platforms
Prolific (www.prolific.co)* and Amazon Mechanical Turk
(MTurk) (www.MTurk.com).” Participants were provided
an information letter describing the study, and invited to
complete the BODY-Q) scales in their respective language
through a URL link provided within Prolific and MTurk.
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Takeaways

Question: The aim of this study was to examine the psy-
chometric properties of the BODY-Q in the normative
population.

Findings: The Rasch measurement theory analysis sup-
ported the psychometric properties of the BODY-Q in the
normative sample. The BODY-Q) scales showed high reli-
ability and validity in the normative sample.

Meaning: The normative values serve as reference points
in both research and clinical practice, allowing for com-
parison of patients’ BODY-Q) scores with those of the gen-
eral population, aiding in the interpretation of patients’
scores.

The normative scores for 22 scales from three domains
(appearance, HRQL, and eating-related concerns) are
published elsewhere.”

Analysis

Data were analyzed using SPSS Software (IBM Corp.;
IBM SPSS Statistics for Mac, version 28.0, Armonk N.Y.).
The psychometric properties of the international norma-
tive BODY-Q) data were analyzed using the Rasch measure-
ment theory (RMT) analysis approach using RUMM2030
software (RUMM version 2030, RUMM Laboratory Pty
Ltd., Duncraig, Western Australia). In this approach, the
analyses assess differences between observed and predicted
responses to the items to determine if data from a sample
fit the Rasch model."” Data that fit the Rasch model gen-
erate reliable and valid measurements. We repeated the
set of RMT analyses that were performed in the original
BODY-Q) development and psychometric validation publi-
cation for the different scales to compare the findings of
the normative population with the original sample.**'*%

The RMT analyses involved the following statistical
and graphical tests:

1. Category threshold order: for each scale, the thresh-
olds between item response options (eg, definitely
disagree to definitely agree) were examined. A scale’s
response categories should be scored with successive
integers.

2. Reliability: two reliability coefficients were examined,
ie, person separation index (PSI) and Cronbach
alpha. PSI measures the error associated with the
measurement of people in a sample. Cronbach alpha
measures how closely a set of items in a scale are
related. According to COSMIN criteria, acceptable
PSI and Cronbach alpha values should be 0.70 or
more.”

Disclosure statements are at the end of this article,
following the correspondence information.

Related Digital Media are available in the full-text
version of the article on www.PRSGlobalOpen.com.
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Fig. 1. BODY-Q Framework.’

3. Item fit statistics: three indicators of item fit to the

Rasch model were examined to determine whether
the items that form a scale worked together to map
out a clinically important construct in the form of
a hierarchy: (1) log residuals (item-person interac-
tion),* chi-squared values (item-trait interaction), and
(3) item characteristic curves. Fit residuals should be
between -2.5 and +2.5, and chi-square values should
be nonsignificant after Bonferroni adjustment.

. Targeting: the person and item locations were exam-
ined to determine the extent to which the items that
form a scale measured the construct that was expe-
rienced by the population. The percentage score on
the scale was computed.

. Dependency: the residual correlations between items
were examined. Correlation between pairs of items
should ideally be less than 0.30. High residual corre-
lations can artificially inflate scale reliability. If values

were 0.30 or more, a subtest analysis was performed to
investigate the impact on the PSI.

. Stability: DIF was tested to determine if the items that

form a scale worked the same across subgroups within
the sample. To examine DIF by sample, the BODY-Q
dataset from the original field-test samples was used
to compare with the normative sample. We also exam-
ined DIF within the normative sample for the fol-
lowing participant characteristics: age group (17-29,
30-39, 40-49, 50 or more years), gender (man and
woman), continent (North America and Europe),
and language (English and non-English). Chi-square
values significant after Bonferroni adjustment were
used to identify items with potential DIF. To deter-
mine if DIF influenced the scoring, Pearson correla-
tions were used to examine the extent to which the
unadjusted person locations (estimates) correlated
with the new adjusted (split) person location.



7. Correlation to original scoring: To examine if the
original BODY-Q scoring key could be used for the
normative data, we correlated the logit scores for
each scale’s set of items for the normative sample and
the original study sample. (See figure, Supplemental
Digital Content 1, which displays field-test samples
used for the Rasch measurement theory analysis.
http:/ /links.lww.com/PRSGO /C860.)

The Rasch logit scores were transformed to scores of
0-100 using the BODY-Q conversion table.” These scores
were used to conduct the following tests of construct
validity: First, correlations between the scales measuring
similar, related but dissimilar, and unrelated constructs
were investigated. According to the COSMIN guide-
lines for construct validity, correlations should be 0.50
or more for similar constructs, 0.30-0.50 for related but
dissimilar constructs, and less than 0.30 for unrelated
constructs.”” Second, participants reported how satisfied
they were with their current weight with the following
response options: (1) extremely dissatisfied, (2) very
dissatisfied, (3) somewhat dissatisfied, (4) somewhat
satisfied, (5) very satisfied, and (6) extremely satisfied.
Data were recorded info four groups for the analysis:
(1) extremely and very dissatisfied, (2) somewhat dis-
satisfied, (3) somewhat satisfied, and (4) extremely and
very satisfied. For each scale, the BODY-Q scores of the
participants were reported as mean Rasch scores + SD.
We hypothesized that the BODY-Q appearance, HRQL,
and eating-related concern scale scores would be incre-
mentally lower with greater dissatisfaction with current
weight. We also hypothesized that the BODY-Q scores
for the appearance distress scale would be incrementally
higher (more distress) for those who report greater dis-
satisfaction with their current weight.

RESULTS

A total of 4051 participants from the general popu-
lation completed the BODY-Q) in their respective lan-
guages. The sample included 2052 North Americans
and 1999 Europeans with a mean age of 36 (+14.7 SD)
and mean body mass index of 26.4kg per m? (6.7 SD).
Participant characteristics are outlined in Supplemental
Digital Content 2, and Supplemental Digital Content 3
summarizes the mean scores for the normative partici-
pants as whole and by continent (ie, North Americans and
Europeans).” (See figure, Supplemental Digital Content
2, which displays the participant characteristics.”’ http://
links.lww.com/PRSGO/C861.) (See figure, Supplemental
Digital Content 3, which displays the normative scores.”
http://links.Iww.com/PRSGO/C862.)

For the RMT analysis, all 176 items in the 22 scales had
ordered thresholds, indicating that respondents could
appropriately discriminate amongst response options.
The item fit statistics provided evidence of validity for
167 of 176 items with nonsignificant chi-square P values
after Bonferroni adjustment. Item fit was outside the cri-
teria of -2.5 to +2.5 for 98 of 176 items; of these, only nine
items had a significant chi-square P value. (See figure,
Supplemental Digital Content 4, which displays item fit
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statistics and differential item functioning. http://links.
Iww.com/PRSGO/C863.)

At the scale level, the proportion of participants to score
within the measurement (ie, targeting) ranged from 58.6%
(stretch marks) to 99.4% (eating behavior). Reliability was
high with PSI and Cronbach alpha with/without extremes
of 0.70 or more for 20 of 22 scales, with the majority of
values more than 0.80. Residuals in one or two item pairs
in eight scales were correlated above 0.30. The subtest per-
formed to examine the impact of correlations on the PSI
values represented a maximum drop of reliability of 0.05
(eating behavior). Data fit the Rasch model for 12 scales
(nonsignificant P values). The remaining scales showed
some misfit to the Rasch model (Table 1).

The DIF from the original study sample for the develop-
ment and validation of each scale was compared with the
normative study sample. See Supplemental Digital Content
1 (http://links.lww.com/PRSGO/C860) or the included
original field-test samples. DIF was detected for 31 of 176
items in the sample analysis. In the normative sample, DIF
was detected for three of 176 items for age group, eight of
176 items for gender, nine of 176 items for ethnicity, one
of 176 items for continent, and seven of 176 items for lan-
guage (Supplemental Digital Content 3, http://links.lww.
com/PRSGO/C862). Pearson correlations between per-
son locations for items before and after splitting the items
for DIF showed a negligible impact on scoring (all correla-
tions >0.995). The findings confirm that the original scor-
ing key can be used in the normative sample.

For construct validity, both hypotheses were fully or
partially supported. The majority of correlations between
scales were in concordance with the COSMIN criteria for
construct validity (ie, 0.50 or more for similar constructs,
0.30-0.50 for related but dissimilar constructs, and less
than 0.30 for unrelated constructs; Table 2).?” The BODY-Q
scores were higher for participants who reported higher
levels of satisfaction with their current weight in 21 of 22
scales; however, for the cellulite scale, participants scored
higher in the “somewhat satisfied” group compared with
“extremely to very satisfied.” In the appearance distress
scale, as hypothesized, participants scored incrementally
higher (more distress) with greater dissatisfaction with
their current weight (Fig. 2).

DISCUSSION

The BODY-Q) is a reliable and valid PROM for weight
loss and/or BC patients that has been increasingly used
to evaluate treatment outcomes worldwide.' "’ Recently,
we published the general population normative scores for
interpreting the BODY-Q.* In this study, the psychometric
properties of the BODY-Q) were investigated in the norma-
tive population, to evaluate how data fit the Rasch model
and to assess the evidence to support the use of a common
scoring algorithm for international use.

Overall, this study provides broad support that the
BODY-Q) scales were acceptable, reliable, and valid for the
international normative sample of the general popula-
tion. The psychometric properties showed that the scales
were appropriately targeted to the general population,
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Fig. 2. How participants reported their BODY-Q scores based on their satisfaction
levels with their current weight for the following BODY-Q domains: A, appearance;
B, health-related quality of life; C, eating-related concerns.



who differed by age, gender, continent, and language. All
items had ordered thresholds and high reliability, with
Cronbach alpha values for all scales of 0.80 or more and
PSI values of 0.70 or more for all but two scales (Physical
Function and Eating Symptoms). The Cronbach alphas
were 0.85 or more for these two scales, providing evidence
of reliability.

Both hypotheses of construct validity were fully or par-
tially supported with the majority of correlations between
scales meeting COSMIN criteria for construct validity (ie,
>0.50 for similar constructs, 0.30 to 0.50 for related but dis-
similar constructs, and <0.30 for unrelated constructs.?’)
Higher BODY-Q scores were detected with higher levels
of satisfaction and lower appearance distress for 21 of
22 scales. The only exception was in the cellulite scale,
where patients scored higher when “a little bothered”
compared with “not at all bothered.” However, the sam-
ple size was small in the cellulite group (n = 466), which
might explain why this scale only partially supported the
expected hypothesis, and participants had to have cellu-
lite to answer this scale.””

Within the RMT, we observed some degree of misfit
on item and scale level. For the item fit statistics, item fit
was outside the criteria of -2.5 to +2.5 for 98 of 176 items;
of these, only nine items had a significant chi-square P
value after Bonferroni adjustment. Additionally, in eight
of nine items with significant chi-square (except the arm
item), all the items occupied the end of the Rasch ruler.
This solely indicated that the observed response to these
items did not fit the Rasch model perfectly. The abdomen,
nipples, physical function, appearance distress, and eat-
ing behavior scales showed more item misfit. This might
be due to the heterogeneity between the original field-
test sample and the normative sample.*'"'* The field-
test samples included participants who were more likely
woman with a higher body mass index than the norma-
tive sample. Importantly, the field-test sample was clinical
and included people seeking weight loss treatments and
treatment to improve appearance of various body parts
such as their abdomen, thighs, and upper arms.**'#* As
the two samples differ, we would not expect to achieve the
same results, and misfit of data to the Rasch model might
be due to patients scoring differently than the normative
population on these specific scales. DIF was significant for
31 items spread over 13 scales. In 11 of 13 scales, there
was DIF in less than 30% of the items. However, DIF had
a negligible impact on scores after splitting for DIF with
Pearson correlations more than 0.995 for all scales with
DIF. Based on our findings, we recommend the use of the
tables presented in this study and the use of the original
scoring key in the normative population.”

Prior outcome studies that used the BODY-Q to mea-
sure changes in HRQL and satisfaction with appearance in
weight loss and BC patients demonstrated improvements
in mean BODY-Q scores after weight loss.*** Additionally,
patients who underwent subsequent BC after weight loss
scored higher compared with those who did not.'>**
However, a limitation in these studies was the inability
to juxtapose patients’ scores with reference values from
the general population. Hence, there has been a crucial
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need for a reference point for weight loss and BC patients
for each scale used in the BODY-Q to enable accurate
comparison with the general population. The previously
published normative study aided in enhancing the inter-
pretation of BODY-Q) data to understand the actual impact
of weight loss and BC on different areas of patient’s lives.*
This study is a key supplement when generating BODY-Q
normative scores, as it explores the psychometric proper-
ties of the BODY-Q in the general population to assure
the validity and reliability of the reference scores. The
insights derived from this study have significant potential
to improve patient treatment, follow-ups, and clinical deci-
sions. It enables healthcare providers to better understand
patients’ progress and state of recovery in relation to the
general population, thereby allowing for more compre-
hensive, empathetic, and effective patient management.
Future research, clinical care, and healthcare policy could
potentially benefit from these findings.

The strengths of our study were the large interna-
tional sample of 4051 participants. Furthermore, using
the online crowdsourcing databases Prolific and MTurk
has been shown to be a valid and reliable method for
recruitment of research participants, facilitating cross-
cultural and international research with low costs.”>* Our
study had some limitations. Recruitment of the norma-
tive sample via the crowdsourcing platforms is a poten-
tial limitation, as it is unknown whether the sample is a
representative sample of the general population of the
included countries. Furthermore, online surveys do not
reach participants who do not have internet access or a
reliable device to access the internet, have low levels of
digital literacy, or have other physical or cognitive limi-
tations that prevent participants in online research. The
majority of the participants were White (87.9%), whereas
only 12.1% identified themselves as another ethnicity. The
racial homogeneity should therefore be considered with
caution when interpreting the normative results, as it lim-
its applicability. Finally, participants were paid to partici-
pate, which may have impacted incentives of participation
in this study and their responses to the questions. Some
psychometric properties (eg, responsiveness and test-
retest reliability) could not be evaluated in this study due
to the cross-sectional nature of data collection, and hence,
should be the focus of future studies.

CONCLUSIONS

The RMT analysis provided broad support of the reli-
ability and validity of the normative values of the BODY-Q
scales with high PSI and Cronbach alpha and evidence of
construct validity. This study confirms that the interna-
tional normative sample can be used as reference values
for the general population for interpreting clinical and
research data in research.
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