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Abstract

Purpose To facilitate the measurement of quality of life in sarcopenia, we set out to reduce the number of items in the
previously validated Sarcopenia Quality of Life (SarQoL®) questionnaire, and to evaluate the clinimetric properties of this
new short form.

Methods The item reduction process was carried out in two phases. First, information was gathered through item-impact
scores from older people (n=1950), a Delphi method with sarcopenia experts, and previously published clinimetric data. In
the second phase, this information was presented to an expert panel that decided which of the items to include in the short
form. The newly created SFSarQoL was then administered to older, community-dwelling participants who previously par-
ticipated in the SarcoPhAge study. We examined discriminative power, internal consistency, construct validity, test—retest
reliability, structural validity and examined item parameters with a graded response model (IRT).

Results The questionnaire was reduced from 55 to 14 items, a 75% reduction. A total of 214 older, community-dwelling
people were recruited for the validation study. The clinimetric evaluation showed that the SF-SarQoL® can discriminate
on sarcopenia status [EWGSOP2 criteria; 34.52 (18.59-43.45) vs. 42.86 (26.56-63.69); p=0.043], is internally consist-
ent (¢a=0.915, =0.917) and reliable [ICC=0.912 (0.847-0.942)]. A unidimensional model was fitted (CFI=0.978;
TLI=0.975; RMSEA =0.108, 90% CI 0.094-0.123; SRMR =0.055) with no misfitting items and good response category
separation.

Conclusions A new, 14-item, short form version of the Sarcopenia Quality of Life questionnaire has been developed and
shows good clinimetric properties.
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Background

The process of ageing is associated with numerous physi-
ological changes. One of these changes is the age-related
decrease in muscle mass and function known as sarcopenia,
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Sarcopenia has been associated with increased mortal-
ity, functional decline, a higher rate of falls and a higher
incidence of hospitalization [4, 5]. In the last few years,
evidence has been accumulating on the adverse impact of
sarcopenia on quality of life [6, 7].

In 2015, Beaudart and colleagues presented the Sar-
copenia Quality of Life (SarQoL) questionnaire, an auto-
administered patient-reported outcome measure specifically
designed to measure quality of life in older, community-
dwelling people [8]. It is still currently the only instrument
measuring quality of life validated for sarcopenic sam-
ples and the only sarcopenia-specific QoL questionnaire
available.

The clinimetric properties of the SarQoL questionnaire
have been examined for 11 language-specific versions of
the questionnaire and has demonstrated strong measurement
properties [9-20]. The questionnaire has been extensively
translated, and is available in 30 languages from the website
www.sarqol.org.

The comprehensive nature of the SarQoL® question-
naire, which allows it to probe multiple facets of QoL in
sarcopenia, means a trade-off has been made between its
comprehensiveness and its response burden. Several factors
may contribute to the perception of burden on the part of the
respondent, such as the length of the questionnaire, the for-
matting, the instructions, the invasiveness of the questions
and the cognitive load the questions put on the respondent
[21]. While the developers estimated, based on the results
of a pre-test in the target population, that it would take most
patients about 10 min to complete the SarQoL®, in practice
a considerable number of respondents need more time than
this. Given that most clinical studies administer a number of
tests and questionnaires, and thus need to take into consid-
eration the response burden of each instrument so as not to
jeopardize the accuracy of the obtained data and the percent-
age of missing responses, a shorter version of the SarQoL®
questionnaire might prove valuable.

The first objective of this study was to extract a shorter
version out of the 55 items of the SarQoL® questionnaire
which safeguards the conceptual structure and the content
validity of the original instrument. The second objective was
to investigate the clinimetric properties of the newly devel-
oped short-form SarQoL.

Methods
Development phase
The SarQol questionnaire

The short form described in this article was developed from
the Sarcopenia Quality of Life (SarQoL) questionnaire.
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This auto-administered patient-reported outcome measure
was developed with the specific aim of evaluating quality of
life in sarcopenic, community-dwelling older people. The
SarQoL measures QoL through 55 items categorized into
seven domains of health-related dysfunction: physical and
mental health, locomotion, body composition, functional-
ity, activities of daily living, leisure activities, and fears [8].
The response options of the SarQoL questionnaire are a
mix of Likert scales (3, 4, or 5 levels) and multiple-answer
multiple-choice questions. The scoring algorithm calcu-
lates an overall QoL score which is scaled from 20 to 100
points (with complete data), and also provides seven domain
scores, scaled from O (worst QoL possible) to 100 (best QoL
possible) points. The scoring algorithm is not publicly avail-
able, but tools to calculate the scores are available by con-
tacting info@sarqol.org. The clinimetric properties of the
questionnaire have been evaluated in 11 different language-
specific versions, and considerable information is avail-
able for known-groups validity, construct validity, internal
consistency, floor and ceiling effects, test-retest reliability,
standard error of measurement, smallest detectable change,
and an evaluation of the responsiveness of the SarQoL has
also been carried out [9-20]. Based on these results, the
SarQoL is considered to be a valid, reliable and responsive
instrument. The SarQoL questionnaire itself and additional
information on the various publications are available from
www.sarqol.org.

Item selection process

The objectives of the item reduction process were to create
a significantly shorter version of the SarQoL questionnaire
that would represent as much of the conceptual model of the
Overall QoL score of the original questionnaire as possible,
and thus also be highly correlated with the same score.

The item selection process was carried out in two phases,
presented in Fig. 1. The first phase served to collect and col-
late as much information on the properties of the items and
domains in the SarQoL questionnaire. This phase started
off with the calculation of item-impact scores to determine
which items in the SarQoL questionnaire are the most rel-
evant and impactful for sarcopenic people. For this purpose,
we combined data collected in Brazil, the Czech Republic,
the UK, Belgium (two separate cohorts), Poland, Spain and
Switzerland. All data were collected in non-interventional
studies (transversal and cohort) from community-dwelling
older people (60 years and older) who were evaluated for
sarcopenia according to the EWGSOP criteria [22]. In total,
data from 1950 participants were included in this dataset, of
which 267 were diagnosed as sarcopenic. By calculating the
prevalence of an item occurring (those that experienced an
item divided by those that did not) and dividing this by the
mean impact, a ranking was established from most relevant
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Fig. 1 Development of the SF-
SarQoL
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and impactful to least [23]. The first phase of the item selec-
tion process continued with a 2-round modified Delphi
method, so that the patient’s perspective quantified by the
item-impact scores could be complemented with the opinion
of health care professionals and researchers. We targeted
researchers and clinicians involved in sarcopenia research
who had previous experience with the SarQoL question-
naire, through use, translation, validation or development,
and invited them to participate. The participants were pro-
vided with an Excel file wherein they were able to categorize
each of the 55 items as either “must absolutely be kept in a
short form” or “could be discarded”. Items were organized
and presented per domain. In the second round, the partici-
pants were once again asked to categorize the items in the

SarQoL questionnaire (keep or discard), but were now also
provided the item-impact scores as well as the percentage
of participants who agreed on whether to keep or discard an
item in the first round. Consensus at the end of the second
round was defined as 70% agreement. During both rounds,
participants were able to add comments on their choices.
The information from the Delphi method, the item-impact
scores, and the already published information concerning
the clinimetric properties of the SarQoL questionnaire was
summarized into a report at the end of the first stage.

In the second phase of the item reduction process the
report compiled at the end of phase one was presented to an
expert group consisting of researchers specialized in sarco-
penia and QoL, a clinical practitioner and a questionnaire
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methodologist (AG, CB, OB, ML, CM, SG). These dis-
cussed the available information and decided on the inclu-
sion or exclusion of a number of items. As recommended in
the guidelines formulated by Goetz et al., the expert group
was asked to consider content validity (i.e. the results from
the item-impact study and the Delphi method) as having
the most weight in the decision-making process, followed
by clinimetric properties and finally any additional analy-
ses (factor analysis, correlations, or subgroup analyses) that
were performed. To ensure an important reduction of the
length of the questionnaire, an arbitrary goal of at least a
65% reduction was chosen at the start of the selection pro-
cess, while maintaining the relative weight of the seven
domains in the SarQoL questionnaire.

Validation phase
Population and study design

For the validation of the SF-SarQoL, we contacted the 314
participants who had previously participated in the fourth
and/or fifth year of follow-up of the SarcoPhAge (Sarcopenia
and Physical impairment with advancing Age) study [24].
In short, this study recruited older, community-dwelling
volunteers from the Lie¢ge province of Belgium, and invited
them once a year for a battery of physical and other meas-
urements. Given that sarcopenia was the main focus of the
SarcoPhAge study, body composition, muscle strength and
physical performance were evaluated at each visit with dual-
energy X-ray absorptiometry, a hydraulic hand-dynamome-
ter and the Short Physical Performance Battery. Details on
the SarcoPhAge study design and results have been reported
previously [24, 25]

We provided the participants, through the postal service,
with study packets composed of the short form SarQoL ques-
tionnaire, the EQ-5D and EQ-VAS questionnaire which are
preference-based measures of health status, and the original
SarQoL questionnaire. The study packets were accompanied
by an explanatory letter and a pre-stamped envelope with
which to return the study documents [26]. The people who
consented to participate and sent back the completed ques-
tionnaires received a second packet by mail about 10 days
after the date on which they completed the first packet. The
second study packet consisted of the SF-SarQoL and a query
on whether their health had changed in the interval between
the two administrations of the SF-SarQoL. Demographic
and clinical data were obtained from the existing datasets
collected during the fourth or fifth year follow-up visits of
the SarcoPhAge study. Sarcopenia was diagnosed with the
revised consensus criteria from the EWGSOP2 (handgrip
strength below 27 kg for men or 16 kg for women, together
with low muscle mass defined as appendicular skeletal mus-
cle mass divided by height-squared (ASM/Ht?) < 7.0 kg/m?
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for men or<5.5 kg/m2 for women) [3]. The research proto-
col (no 2012/277) and its amendment (dated 19/12/2019)
were approved by the Ethics Committee of the University
Teaching Hospital of Liege.

Clinimetric properties from classical test theory

The clinimetric properties of the SF-SarQoL have been
examined with the following indicators from classical test
theory:

(1) TItem characteristics have been evaluated with percent-
age of missing responses. Floor and ceiling effects for
the overall QoL score of the SF-SarQoL were consid-
ered to be present if more than 15% of respondents
obtained the lowest (0 points) or highest (100 points)
score [27].

(2) Discriminative power (also known as known-groups
validity), which measures an instrument’s ability to dis-
tinguish among distinct groups, has been examined in
three separate comparisons: sarcopenic versus non-sar-
copenic, probably sarcopenic (low grip strength in the
EWGSOP?2 algorithm) versus probably non-sarcopenic
(normal grip strength), and at high risk of sarcopenia
(SARC-F score >4) versus at low risk of sarcopenia
[3, 28]. We expected to find significantly lower QoL
scores on the SF-SarQoL for sarcopenic participants,
those with low grip strength and those at high risk of
sarcopenia. Significant differences in QoL were estab-
lished with the Student ¢ test or the Mann—Whitney
U test, depending on normality of distribution of the
scores. Point biserial correlation coefficients (r) were
calculated to provide a measure of the strength of asso-
ciation between group status and QoL.

(3) Internal consistency was measured with both the Cron-
bach’s alpha value and the McDonald omega value.
We decided on this approach because the alpha value
allows comparison to previous validation studies,
while the omega value avoids some of the problems
associated with the alpha value and is considered to
be a more accurate reflection of internal consistency
[29]. For both indicators, values between 0.7 and 0.95
indicate that the items in the questionnaire are closely
interrelated and measure the same concept [27].

(4) Test—retest reliability has been quantified with the intra-
class correlation coefficient (ICC—two-way mixed
model and absolute agreement type) for the total score
of the SF-SarQoL, and with weighted kappa coef-
ficients (using quadratic weights) for the individual
items. An ICC value greater than 0.7 indicates accept-
able reliability [27]. For the weighted kappa coeffi-
cients, a value > 0.8 is almost-perfect agreement, > 0.6
and < 0.8 is substantial agreement, > 0.4 and < 0.6 is
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moderate agreement, > 0.2 and < 0.4 is fair agreement
and <0.2 is slight agreement [30]. Only those partici-
pants who participated in both administrations of the
SF-SarQoL, whose health did not change in the interval
period, and who completed the second questionnaire a
maximum of 3 weeks after the first, were eligible for
inclusion in this analysis. A Bland—Altman analysis
was also carried out to detect whether there was sys-
tematic bias in the test—retest data [31].

(5) The construct validity of the SF-SarQoL has been
investigated through three approaches. First, we evalu-
ated criterion validity, where the instrument scores
are compared to those of a gold standard. This was
measured with the ICC (two-way mixed model and
consistency type) between the overall QoL scores of
the short form and the original SarQoL questionnaire
[27]. Secondly, we tested hypotheses on the expected
correlation between the SF-SarQoL and the EQ-5D
and EQ-VAS questionnaires, assuming that we will
find strong correlations between them [27]. Lastly, we
evaluated the structural validity of the SF-SarQoL. We
hypothesized that the SF-SarQoL is unidimensional,
with all items loading on the latent construct of qual-
ity of life, and have carried out a confirmatory factor
analysis using the diagonally weighted least squares
estimator (WSLMYV) for ordinal data using the R pack-
age “Lavaan” (version 0.6-6). Model fit was evaluated
with the Chi-square test (p >0.05 indicates good fit),
the comparative fit index (CFI; good fit if >0.95), the
Tucker-Lewis index (TLI; good fit if >0.95), the root
mean square error of approximation (RMSEA; good
fit if <0.08) and the standardized root mean square
residual (SRMR; good fit if <0.08) [32, 33].

Clinimetric properties from modern measurement theory

Before constructing and testing an IRT model, it is important
to verify that the items meet the assumptions of unidimen-
sionality, local independence and monotonicity [34].

(1) Most IRT applications require a factor structure with a
single latent trait, hence the need to establish whether
the instrument in question is unidimensional. This was
established using the results of the CFA described in
the previous paragraph, supplemented with an explor-
atory factor analysis. Before launching the EFA, we
inspected the suitability of the data using Bartlett’s
test of sphericity and the Kaiser—Meyer—Olkin (KMO)
measure of sampling adequacy. The EFA was executed
on the polychoric correlation matrix with the WLSMV
estimator from the R package “Psych” (version
1.9.12.31). The number of factors present was evalu-

ated with parallel analysis (PA) and Velicer’s minimum
average partial (MAP) test [35].

(2) The second assumption, local independence, means that
there should be no correlation between two items after
the effect of the underlying trait is filtered out. In other
words, the item responses should be entirely a func-
tion of the underlying trait, and not (partly) dependent
on a second factor [34]. To determine this, we looked
at the residual correlation matrix from the previously
described single-factor CFA, and considered a value of
0.2 above the average residual correlation as the cut-off
for local independence [36].

(3) Lastly, the concept of monotonicity was examined. This
concept states that the probability of endorsing a higher
item response category should increase with increasing
levels of the underlying construct [34]. Monotonicity
was evaluated with Mokken scaling carried out with the
R package “Mokken” (version 3.0.2), using the scal-
ability coefficient H for each item and the questionnaire
in its entirety. The assumption of monotonicity was
confirmed if the item scalability coefficients were > 0.3
and the scalability coefficient H, for the entire question-
naire was > 0.5 [36].

After confirming unidimensionality, local independence
and monotonicity, a logistic Graded Response Model (GRM)
was fit to the data using the R package “mirt” (version
1.32.1). This model calculates both item thresholds (b) as
well as item slopes (a). For the purpose of this analysis, the
response options “I do not undertake these types of physical
activities” in item 2.1 and 2.2, “not applicable” in item 3.1
and 3.2, “I am unable to walk™ in item 4, and “I have never
participated in leisure activities” in item 8 were treated as
missing responses. The encoding of the responses on item
8 was also re-ordered, going from decreased participation
to increased participation. Item fit was examined with the
S — X? indicator, where p <0.001 indicates poor fit, and by
examining the category characteristic curves. For all items,
3 thresholds were estimated, except for item 8§, where only
two thresholds were estimated.

Statistical analysis

All analyses were executed with SPSS version 27.0.0, R ver-
sion 4.0.0. and JASP version 0.13.1.

In addition to the statistical manipulations described in
the preceding paragraphs, we also verified normality of dis-
tribution for quantitative variables with the Shapiro—Wilk
test, by comparing mean and median, and by evaluating the
histogram and Q-Q plot. Continuous variables following a
Gaussian distribution are reported as mean =+ standard devia-
tion, while skewed variables are reported as median (25th
percentile—75th percentile). Nominal variables are reported
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as absolute (n) and relative (%) frequencies. All comparisons
were considered significant at the 5% level (p <0.5).

Results
Development

Twenty experts participated in the first round of the modi-
fied Delphi method, and eighteen of them participated in
both rounds. The panel reached consensus on the inclusion
of 13 items and the exclusion of 23 items, with 19 items
not reaching the 70% agreement threshold for either option.
Together with the item-impact scores, calculated separately
for the sarcopenic (n=267) and non-sarcopenic (n=1584)
participants, and the clinimetric information already avail-
able from previous validation studies, these allowed the
expert panel to reach a final decision on the inclusion of 14
items from six domains (physical and mental health, loco-
motion, body composition, functionality, activities of daily
living, and leisure activities), which together constitute the
short-form SarQoL questionnaire. The expert panel made
the decision to deviate from the original conceptual model
by not including an item from domain seven (fears) because
the format of the question ( items are conditional upon the
previous question) and the response options (only a positive
answer is identified, a negative response or missing data can-
not be separated) rendered item-level analysis problematic.
The summarized results from the Delphi method, the item-
impact ranking and the final decisions of the expert panel
are shown in Table 1. The SF-SarQoL is available in online
supplementary 1 and from www.sarqol.org.

Clinimetric evaluation
Participants

A total of 214 older people participated in the validation
study for the SF-SarQoL. The median age of the participants
was 76 (73-81) years and 63.1% were women. We found
70 (32.7%) participants with probable sarcopenia (low grip
strength in the EWGSOP2 algorithm), of whom 21 (9.8%)
had confirmed sarcopenia. With the help of the SARC-F
questionnaire, we found 30 (14.0%) participants at high risk
of sarcopenia. The complete clinical and QoL characteristics
are reported in Table 2.

Relationship between short and long form scoring
algorithm

To ease interpretation of the QoL scores of the short form

questionnaire, it was decided to use a scale going from zero
to 100, a deviation from the 20—100 scale of the long form
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questionnaire. Within the scale, lower scores represent per-
sons whose quality of life is significantly impacted by sarco-
penia, and higher scores indicate people with better QoL and
a smaller impact of sarcopenia. Figure 2 shows the scatter
plot of the short and long form Overall QoL score. From
this figure, it can be observed that the short form scores
Overall QoL scores are roughly parallel but below the dotted
equivalence line, which represents perfect correspondence
between the 2 scores.

Clinimetric properties classical test theory

The per-item percentage of missing responses ranged
between 0 and 5.6%. Five (2.3%) participants scored zero
points on the Overall QoL score of the SF-SarQoL, and 1
(0.5%) person scored 100 points, indicating that there are
no floor or ceiling effects in this sample. We found excel-
lent discriminative power when comparing probably sarco-
penic versus probably not [32.74 (20.15-43.15) vs. 48.81
(28.57-70.24); p<0.001; r=— 0.342], sarcopenic versus not
sarcopenic [34.52 (18.59-43.45) vs. 42.86 (26.56-63.69);
p=0.043; r=— 0.144] and at high risk of sarcopenia ver-
sus low risk [17.86 (6.64-24.05) vs. 46.43 (30.95-65.48);
p<0.001; r=— 0.444]. Internal consistency among the
items was excellent with a Cronbach’s alpha of 0.915 (95%
CI =0.896-0.930) and a McDonalds’ omega value of 0.917
(95% CI = 0.897-0.933). Test-retest reliability was calcu-
lated among 133 participants. Within this sub-sample, we
found excellent test—retest reliability with an ICC of 0.912
(95% CI = 0.847-0.942) for the overall QoL score of the
SF-SarQoL. On an item level, we found moderate to almost-
perfect agreement between the first and second administra-
tion with weighted kappa coefficients, detailed in Table 3.

A Bland—-Altman analysis revealed the presence of a sys-
tematic bias of 4.11 (95% CI 2.51; 5.72) points, with higher
average scores for the retest scores (50.47 +24.82) compared
to the test scores (46.36 +23.30).

The criterion construct validity, measuring the strength of
relationship between the SarQoL overall QoL score and its
short form equivalent, was excellent with an ICC of 0.835
(95% CI = 0.789-0.871). It should be noted that the scor-
ing algorithm for the short form and the original SarQoL
questionnaire are not on the same metric, and are thus not
interchangeable. We also found strong correlations between
the SF-SarQoL overall score and the EQ-5D index score
(r=0.671; p<0.001) and the EQ-VAS (r=0.697; p <0.001).
A confirmatory factor analysis of a one-dimensional model
resulted in the following fit indices (y* =269.330, df =77,
p<0.001; CFI=0.978; TLI=0.975; RMSEA =0.108, 90%
CI = 0.094-0.123; SRMR =0.055). As the five items of
question 1 share a common stem, we hypothesized that they
would be highly correlated, with would lead to a deteriora-
tion of fit indices. To overcome this issue, an alternative
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Table 1 Development SF-SarQoL

Domain/item

Delphi method®

Item-impact ranking®®

Consensus
inclusion

Consensus
exclusion

Sarco-
penic
group

Non-
sarcopenic
group

Final decision

Physical and mental health
1.1 Loss of arm strength
1.2 Loss of leg strength
1.4 Loss of energy
2 Muscle pain
6 Feeling old
7 Feeling of muscle weakness
8 Feeling of being physically weak
16 Feeling of being frail
Locomotion
9.1 Limitation in walking time
9.2 Limitation in number of outings
9.3 Limitation in walking distance
9.4 Limitation in walking speed
9.5 Limitation in steps length
10.1 Feeling of fatigue when walking
10.2 Need of recovery time when walking
10.3 Difficulties to cross a road fast enough
10.4 Difficulties to walk on uneven ground
Body composition
1.3 Loss of muscle mass
13 Physical change
14 Weight change (loss or gain)
15 Upset with change
Functionality
1.5 Loss of physical capacity
1.6 Loss of flexibility
11 Balance problems
12 Falls occurrence
17.1 Climbing one flight of stairs
17.2 Climbing several flights of stairs
17.3 Climbing stairs without a banister
17.4 Crouching or kneeling
17.5 Stooping
17.6 To stand up from the floor without any support
17.7 Get up from a chair
17.8 To stand from a sitting position
18 Limitation of movement
20 Sexuality
Activities of daily living
17.11 Take public transportation
17.12 To get in/out a car
3.1 Difficulty during light physical effort
3.2 Fatigue during light physical effort
3.3 Pain during light physical effort
4.1 Difficulty during moderate physical effort
4.2 Fatigue during moderate physical effort
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Table 1 (continued)

Domain/item Delphi method® Item-impact ranking®™  Final decision
Consensus Consensus Sarco- Non-
inclusion  exclusion penic sarcopenic
group group
4.3 Pain during moderate physical effort X 7 5
5.1 Difficulty during intense physical effort X 10 2
5.2 Fatigue during intense physical effort X 9 1
5.3 Pain during intense physical effort X 11 4
17.9 Carrying heavy objects X 1 10 IN
17.10 Opening a bottle or a jar 8 11
17.13 Shopping X 15 15
17.14 Household tasks 13 13
Leisure activities
21 Change in physical activities X
22 Change in leisure activities 2 2 IN
Fears
19 Fear of getting hurt

Fear of not succeeding

Fear of being tired

Fear of falling

*Empty cells indicate that the 70% agreement threshold was not reached

®Because certain questions in the SarQoL questionnaire are conditional on other questions (i.e. “If yes on previous question, then ..

impact scores could not be calculated for items 7, 14, 15 and 19

‘Items are ranked from most impactful (1) to least impactful

model was tested, with the five items of question 1 loading
on a first latent variable, and the remaining questions on a
second latent variable (factor 1: items 1.1 to 1.5; factor 2:
items 2.1 to 8) and a correlated residual variance between
items 1.5 and 4. This model obtained adequate fit indices:
(¥*=161.847,df =75, p<0.001; CF1=0.990; TLI=0.988;
RMSEA =0.074, 90% CI = 0.058-0.089; SRMR =0.042).
The 2 latent variables in this model are highly correlated at
r=0.894. Standardized factor loadings for both models are
reported in Table 3.

Clinimetric properties modern measurement theory

Confirmatory factor analysis did not conclusively indicate
that the SF-SarQoL is unidimensional. Therefore, we inves-
tigated further with an exploratory factor analysis, which
was considered appropriate when the Bartlett’s test returned
a p value<0.001 and the KMO test a value of 0.87. Paral-
lel analysis identified a single factor in the data, as did the
Velicer’s MAP test, which achieved a minimum of 0.05 with
1 factor. There were no locally dependent items found, with
no residual correlations greater than the cut-off of 0.184 or
— 0.216 (average residual correlation=— 0.016). The mono-
tonicity assumption was confirmed when scalability coef-
ficients H; between 0.517 (“balance problems”) and 0.716
(“reduction physical capacity”) were found, alongside a
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), item-

Mokken scalability coefficient H for the entire short form
of 0.635.

After fitting the logistic Graded Response Model to the
data, we found no misfitting items, as evidenced by the
fact that no p values for the S — X? indicator were smaller
than 0.001. The item with the lowest discriminative abil-
ity was found to be “leisure activities” (a=1.518) and the
most discriminative item was “reduction of physical capac-
ity” (a=3.791). The item thresholds were spread out from
— 1.889 (“Carrying heavy objects”) to 1.756 (“Tired mod-
erate effort”). Detailed results on the model fit and item
parameters are reported in Table 4. The category character-
istics curves, a visual representation of the item parameters,
are shown in Fig. 3.

Discussion

This article describes the development of a 14-item short
form version of the SarQoL® questionnaire, and the subse-
quent examination of its clinimetric properties.

The item reduction process follows the guidelines for-
mulated by Goetz et al. by, among other things, prior-
itizing content validity over statistical properties [37].
The 2-phase process employed led to the inclusion of 14
items from six domains, preserving, as much as possible,
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Table 2: Characteristics of the

1 n (%) Median (P25-P75)
sample
Gender
Male 80 (36.9%)
Female 137 (63.1%)

Age (years)

76 (73-81)

Probable sarcopenia (with EWGSOP2)

Yes
No
Sarcopenia (with EWGSOP2)
Yes
No

At risk of sarcopenia (with SARC-F)

Yes
No
EQ-5D index score
EQ-VAS
SarQoL
Physical and mental health
Locomotion
Body composition
Functionality
Activities of daily living
Leisure activities
Fears
Overall QoL score

SF-SarQoL overall QoL score first administration
SF-SarQoL overall QoL score second administration

70 (32.7%)
143 (66.8%)

21 (9.8%)
193 (90.2%)

30 (14.0%)
184 (86.0%)
0.800 (0.747-0.827)
70 (60-80)

60.54 (48.87-73.30)
55.56 (41.67-75.70)
62.50 (48.96-70.83)
66.69 (55.36-82.28)
60.00 (48.21-76.67)
33.25 (33.25-66.50)
87.50 (75.00-100.00)
61.97 (51.57-75.64)
40.24 (23.81-62.64)
47.62 (31.55-70.24)

the conceptual structure of the original SarQoL® ques-
tionnaire in the short form. One domain (D7: fears) did
not contribute to the short form because, in the original
questionnaire, it is dependent on the response of a dif-
ferent item that is not a part of domain seven. This type
of conditional question (“If yes to the previous question,
then ...) combined with the fact that the response options
for the items in question 19 make it impossible to dis-
tinguish between missing data and negative responses,
made it inopportune in the eyes of the expert committee
to include this domain. On top of the problems caused by
its phrasing and response option, the participants in the
Delphi method did not reach consensus on its inclusion,
so these items and domain was not included in the short
form. The questionnaire was thus reduced from 55 to 14
items, a 75% reduction.

In contrast with the original questionnaire, the newly cre-
ated SF-SarQoL does not provide domain scores, but only
an Overall QoL score. This is a conscious choice because, in
our estimation, the original SarQoL® questionnaire is better
suited when researchers wish to look at QoL on a domain-
level. The SF-SarQoL is better suited to studies that use QoL
as a secondary outcome, or in association with a general

QoL instrument, and, in this vein, it privileges a single QoL
score.

The validation part of this study found good to excellent
results for discriminative power, construct validity, internal
consistency, test—retest reliability and an absence of floor
and ceiling effects. However, despite an ICC of 0.912 (95%
CI = 0.847-0.942) for the test-retest reliability, we did find
a systematic bias of 4.11 (95% CI = 2.51; 5.72) points. An
earlier analysis of the original SarQoL® questionnaire in
a sample of 274 sarcopenic participants demonstrated no
such bias [0.18 (— 0.26; 0.63) points], so this result was
unexpected [11]. It is unclear how this bias originated and
whether it is a feature of the questionnaire or a one-off event,
specific to this sample. It is possible that the higher QoL
scores recorded during the second administration of the SF-
SarQoL may be due to the packet length (19 pages for the
first packet versus 6 pages for the second packet), or due to
the information on sarcopenia received with the first packet,
and which was absent in the second packet. Future validation
studies should prioritize investigating test-retest reliability
and, hopefully, clarify this issue. Confirmatory factor analy-
sis did not conclusively confirm the unidimensional nature
of the SF-SarQoL, with a 2-factor model showing better
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100

80

60

40

Shortform Overall QoL score

20

Long form Overall QoL score

Legend: The dotted line provides a reference for equivalence between short and long form scores

(from 0:20 to 100:100). A linear fit line with 95% prediction interval is also provided (R*=0.816).

Fig.2 Relation between short form scores and the long form Overall QoL scores

fit than the unidimensional model. The graded response
model did not indicate any misfitting items. The item trace
lines show good separation between the different response
categories.

Overall, the SF-SarQoL displays adequate to good clini-
metric properties, allowing its use in research, clinical tri-
als and clinical practice. Potential users should consider
the objectives of their research when choosing between the
55-item or the 14-item SarQoL® questionnaire. If QoL is
a primary outcome, the original SarQoL® questionnaire
provides a superior level of detail and precision, as well
as scores for the seven QoL domains on top of the overall
QoL score. However, if QoL is not the main objective, and
response burden is a serious consideration, the SF-SarQoL
could be the more appropriate tool.

An important remark to make is that the scores on the
original SarQoL® questionnaire and the newly developed
SF-SarQoL are not interchangeable and should not be
compared head-to-head. During the discussions on the
scoring algorithm to be created for the short form SarQoL
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questionnaire, we examined the complexities of the origi-
nal scoring algorithm, and a choice was made to place the
SF-SarQoL on a 0-100 scale where the score range for the
original SarQoL® questionnaire is about 20—100 points.

This study has several strengths: we followed the guide-
lines by Goetz et al., prioritized content validity, admin-
istered the SF-SarQoL in an independent sample and per-
formed as complete a validation as possible with elements
from both classical test theory and modern measurement
theory.

However, this study also has some limitations: we did
not perform differential item functioning analysis because
of concerns about the sample size. We fully intend to rectify
this once we are able to assemble sufficient data, preferably
from multiple countries. We were unable to integrate the
domain “fears” into the short-form, so a certain amount of
content was lost during the item reduction process. Our sam-
ple size of 214 participants is sufficient for the performed
statistical manipulations, but does not permit subgroup
analyses. The members of the Delphi panel were selected
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Table 3 Test-retest reliability and construct validity

Concordance of items between test and retest (n=133)

Standardized factor loadings

Weighted kappa (95% CI)

1.1 Reduction strength arms
1.2 Reduction strength legs
1.3 Reduction muscle mass
1.4 Reduction physical capacity
1.5 Reduction length of walks
2.1 Difficulty moderate effort
2.2 Tired moderate effort

3.1 Get up from floor

3.2 Carrying heavy objects

4 Tired when walking

5 Feel weak

6 Balance problems

7 Limit movements

8 Leisure activities

0.794 (0.658-0.840)
0.735 (0.637-0.834)
0.682 (0.590-0.773)
0.613 (0.495-0.732)
0.750 (0.673-0.828)
0.691 (0.541-0.842)
0.646 (0.485-0.808)
0.683 (0.512-0.854)
0.546 (0.335-0.756)
0.798 (0.732-0.865)
0.791 (0.709-0.873)
0.867 (0.812-0.921)
0.728 (0.637-0.819)
0.406 (0.185-0.627)

Interpretation® Model 1 Model 2°
Factor 1 Factor 2

Substantial 0.695 0.725

Substantial 0.897 0.930

Substantial 0.806 0.827

Substantial 0.917 0.951

Substantial 0.867 0.873

Substantial 0.901 0.915
Substantial 0.856 0.864
Substantial 0.786 0.802
Moderate 0.821 0.833
Substantial 0.874 0.866
Substantial 0.877 0.900
Almost perfect 0.673 0.689
Substantial 0.850 0.868
Moderate 0.594 0.605

#Kappas interpreted according to Landis and Koch, where>0.8 is almost-perfect agreement,>0.6 and <0.8 is substantial agreement,>0.4
and < 0.6 is moderate agreement, > 0.2 and < 0.4 is fair agreement, and <0.2 is slight agreement

"Model 2 is a 2-factor model with correlated residual variance between items 1.5 and 4

Table 4 Graded response model

Item Monotonicity Model fit Item parameters
H; pvalue S—X* a b, b, by

1.1 Reduction strength arms 0.526 0.061 1.691 —1.519 0.277 1.579
1.2 Reduction strength legs 0.681 0.407 3515 —-0.618 0.314 1.388
1.3 Reduction muscle mass 0.590 0.460 2278 —1.140 0.292  1.499
1.4 Reduction physical capacity  0.716 0.365 3791 -1.012 0.494 1.594
1.5 Reduction length of walks 0.653 0.204 2940 —0.543 0415 1.461
2.1 Difficulty moderate effort 0.695 0.176 3592 —-0478 0.361 1.262
2.2 Tired moderate effort 0.651 0.072 2790 —-0.416 0.618 1.756
3.1 Get up from floor 0.591 0.001 2219 —1.002 0.193 1.378
3.2 Carrying heavy objects 0.653 0.497 2.544 —-1.889 -0.314 1.012
4 Tired when walking 0.645 0.068 3.176  —0.673 0.247 1.425
5 Feel weak 0.687 0.476 3386 —0.967 0.234 1.210
6 Balance problems 0.517 0.632 1.581 —1.362 0.022 1.298
7 Limit movements 0.697 0.269 2954 -1335 -0.110 0.709
8 Leisure activities 0.557 0.435 1.518 0.017 3229 NA

a5 — X statistic calculated on 160 complete observations

for their previous knowledge of the SarQoL® questionnaire,
and were not necessarily representative of the wider com-
munity of sarcopenia researchers and geriatricians. Due to
the transversal nature of the performed validation study, we
were unable to examine the responsiveness of the new SF-
SarQoL. Evaluating this property of the SF-SarQoL should
be a priority for future research.

In conclusion, this article presented the development pro-

cess and the validation of a 14-item short form version of
the SarQoL® questionnaire. In an independent sample, the
SF-SarQoL demonstrated adequate measurement proper-
ties to allow its use. While its responsiveness should still be
investigated, we fully recommend its use in situations where
the original 55-item SarQoL® questionnaire is deemed to be
too much of a burden on the respondents.
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Fig.3 Category characteristic curves of the 14 items analyzed in the SF-SarQoL
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