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ABSTRACT

Background: The Sarcopenia and Quality of Life (SarQoL) questionnaire is recognized as the only disease-specific patient-
reported outcome measure (PROM) for assessing sarcopenia-related HRQoL. This systematic review and meta-analysis aimed
to provide a quantitative summary of all evidence reported on the reliability, validity, responsiveness and floor/ceiling effects of
SarQoL in older adults.

Methods: Following PRISMA-COSMIN guidelines, a systematic search for studies evaluating the psychometric properties of
SarQoL (i.e., reliability, validity, responsiveness and floor and ceiling effects) in older people was conducted on MEDLINE (via
OVID), PsycINFO, Scopus and EMBASE. Studies published between 2013 and November 2024 using a consensual definition of
sarcopenia were included. Study selection and data extraction were made by two independent reviewers. A random-effects model
meta-analysis was applied. PROSPERO registration: CRD42024546880.

Results: From 411 studies identified by the search strategy, 25 fulfilled the inclusion criteria, including 4585 community-
dwelling individuals, of which 1311 were diagnosed as sarcopenic. SarQoL demonstrated high reliability (pooled Cronbach'’s
alpha values consistently exceeding 0.80) and excellent test-retest reliability (pooled ICC=0.98). Construct validity was
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confirmed with strong convergent correlations (pooled r> 0.54) with related dimensions of generic SF-36 and EQ-5D and weaker
divergent correlations (pooled r<0.47). Responsiveness, evaluated in two studies using different methodologies, supported the
ability of SarQoL to detect meaningful changes in HRQoL. The certainty of evidence was rated as high for reliability, validity

and responsiveness.

Conclusion: This meta-analysis consolidates a decade of evidence and confirms the strong psychometric properties of SarQoL,

with a high level of evidence.

1 | Introduction

Sarcopenia is a common geriatric condition characterized by
a loss of muscle mass and strength, the severity of which is
reflected by poor physical performance [1]. A recent meta-
analysis estimated the prevalence of sarcopenia to be between
10% and 16% among older adults, recognizing this condition
as a major public health concern [2]. Indeed, numerous stud-
ies have highlighted the detrimental impact of sarcopenia on
falls, fractures, hospitalization, mortality and health-related
quality of life (HRQoL) [2]. Beyond its well-documented phys-
ical and functional consequences, sarcopenia has also been
associated with a significant decline in health-related qual-
ity of life (HRQoL), notably through its impact on autonomy,
mobility and overall functioning [3]. In this regard, recent
international recommendations, including those of the work-
ing group of the Global Leadership Initiative in Sarcopenia
(GLIS), underscore the importance of considering HRQoL as
a key outcome in both clinical assessment and research proto-
cols targeting sarcopenia [4].

HRQoL, defined by the World Health Organization (WHO) as
the way individuals view themselves, their place in life, their
cultural and value systems and how these align with their as-
pirations, concerns, perspectives and personal standards [5],
is considered a complex and multidimensional concept that
can be challenging to define and measure accurately [6]. In
this context, patient-reported outcome measures (PROMs)
are valuable tools to capture the subjective aspects of health,
especially in the context of specific diseases [7]. Until 2013,
only generic tools were available to assess HRQoL in individ-
uals with sarcopenia. To address this gap, the Sarcopenia and
Quality of Life (SarQoL) questionnaire was developed to pro-
vide a disease-specific measure of HRQoL [8].

This validated questionnaire consists of 22 questions across
seven dimensions that capture critical aspects of life affected
by sarcopenia, including physical and mental health, locomo-
tion, body composition, functionality, activities of daily living,
leisure activities and fears. It provides a composite score out
of 100, providing a comprehensive and holistic reflection of
HRQoL [9].

Since its development, SarQoL has gained widespread recog-
nition as the only disease-specific tool for assessing HRQoL
in sarcopenia, with translations available in more than 30 lan-
guages worldwide (available at: https://sarqol.org/en/sarqol_
form). A recent meta-analysis has highlighted the superior dis-
criminatory power of SarQoL to assess HRQoL in sarcopenic
individuals compared to generic tools such as SF-36 or EQ-5D

questionnaires, underscoring its relevance in clinical and re-
search settings for the sarcopenic population [3].

Given the increasing use of the SarQoL questionnaire in both
research and clinical settings, it is essential to ensure that its
psychometric properties, including its reliability, validity and
responsiveness, are rigorously evaluated in order to confirm its
relevance for measuring QoL in older adults with sarcopenia.
While many individual studies have reported on these proper-
ties, pooling the available evidence within a single statistical
model allows for a more comprehensive understanding of the
overall performance of the instrument.

PROMs, such as SarQoL, require robust psychometric eval-
uation to ensure that they accurately reflect HRQoL in peo-
ple with sarcopenia. According to COSMIN guidance, these
evaluations encompass key psychometric properties, such as
reliability, validity and responsiveness [10]. While numerous
individual studies have reported strong evidence supporting
these properties since the initial validation of SarQoL [9], the
absence of a comprehensive quantitative synthesis limits the
ability to confirm these findings across different populations
and settings. Although a recent review of the literature on the
psychometric properties of SarQoL provided valuable insights
[11], it did not include a meta-analysis to quantitatively synthe-
size the findings. In addition, since the publication of this re-
view, new evidence on the psychometric properties of SarQoL
has emerged, such as a recent publication reporting the con-
tent validity of the SarQoL questionnaire that has been pub-
lished [12]. This evolving body of research provides a robust
basis for the first meta-analytic approach to consolidate the
existing evidence on the psychometric properties of SarQoL,
using a COSMIN-based categorization of these properties and
incorporating the most recent level of evidence available in the
field. This enables a more comprehensive and generalizable
assessment of the reliability, validity and responsiveness of
SarQoL in older adults.

2 | Methods
2.1 | Study Selection

A protocol has been developed and registered on PROSPERO
(CRD42024546880). The objective of this systematic review and
meta-analysis was to provide a comprehensive synthesis of the
psychometric properties of the SarQoL questionnaire, including
its reliability, construct and content validity, responsiveness and
the presence of floor or ceiling effects. Specifically, the present
study aimed to summarize the available evidence quantitatively,
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using meta-analytical methods, assess its methodological qual-
ity and apply the GRADE approach to evaluate the certainty of
the evidence. The 2024 updated PRISMA-COSMIN for Outcome
Measurement Instruments was followed for all steps of this re-
search [13]. The completed relevant checklist can be found in
Appendix S1.

2.2 | Search Strategy and Selection Criteria

Systematic searches on MEDLINE (via OVID platform),
PsycINFO, Scopus and EMBASE databases were conducted on
1 March 2024 to identify studies reporting on the psychometric
properties of SarQoL, with an update performed in December
2024. The search strategy (Appendix S2) aimed to identify orig-
inal studies published in English between November 2013 (i.e.,
the date of SarQoL development) and December 2024. In addi-
tion, manual searches of the references of relevant papers were
undertaken to identify potential additional references. As the re-
search team included experts in the field of sarcopenia and the
development of SarQoL, we used their expertise to minimize the
risk of missing relevant studies.

References from both electronic and manual searches have
been imported into Covidence software [14]. Two independent
reviewers have assessed the eligibility of all identified articles
based on the defined inclusion criteria listed in Table 1. The
screening was first based on the title and abstract, followed by
a second screening based on the full text. A third reviewer was
consulted in case of disagreement. Each screening step has been
reported and presented in a PRISMA flowchart.

Data from relevant studies have been extracted by two reviewers
and recorded in an Excel spreadsheet. The following informa-
tion has been extracted in a standardized form: article informa-
tion (e.g., author names, correspondence email, study title, year
of publication, continent, country), population characteristics
(e.g., age, gender, sarcopenia diagnosis), outcomes (reliability,
validity and responsiveness and floor/ceiling effect), funding
and conflicts of interest.

2.3 | Quality Appraisal

The quality of the studies was assessed using the COSMIN risk
of bias checklist. This tool rates each measurement property
from very good to inadequate according to predefined criteria
and the presence of methodological flaws. Two reviewers inde-
pendently assessed the risk of bias (RoB) for each psychometric
property of each study using the COSMIN recommendations
[7]. Disagreements were resolved by consensus or by a third
reviewer.

2.4 | Psychometric Properties

According to the COSMIN taxonomy, SarQoL has been assessed
according to three quality domains (i.e., reliability, validity
and responsiveness), each including one or more measurement
properties [15].

TABLE1 | Inclusion criteria.

Participants Sarcopenic individuals aged 60years
or older (mean or median age of the
sample) living in the community or in
assisted living facilities are eligible for
inclusion.

Sarcopenia
definition

The diagnosis of sarcopenia should
include at least two biomarkers: lean
mass or muscle mass in combination
with either muscle strength or physical
function using a consensual definition
of sarcopenia (e.g., EWGSOP1,
EWGSOP2, AWGS, etc.).

Outcome Only studies reporting the following

properties of SarQoL were included:

Reliability:

« Internal validity measured by

Cronbach's/Omega’s alpha

Test-retest reliability measured by

Intraclass Correlation Coefficients

(ICC)

« Measurement error measured by the
standard error of measurement (SEM)

Validity:

« Convergent/divergent validity

measured by Spearman’s/Pearson's

correlations

Content validity through

relevance, comprehensiveness and

comprehensibility

Responsiveness:

« By distribution or anchor-based
methods

Floor and ceiling effects.

Observational studies (i.e., cross-
sectional or longitudinal) providing
original data.

English [13]

Study design

Language

2.4.1 | Reliability

Reliability corresponds to the extent to which the patient's score
has not changed during a specified period of time under the
same test administration conditions [15].

The reliability of SarQoL was assessed using three different
measurement properties: internal consistency, test-retest reli-
ability and measurement error.

Internal consistency, which is an estimate of item homogeneity,
is measured using the Cronbach alpha coefficient, and a value
greater than 0.7 is recommended to be considered adequate [16].
In addition, the impact of each domain on reliability can be
tested by correlating each domain score with the global SarQoL
score using Spearman or Pearson correlation. A correlation
above 0.81 is considered excellent, between 0.61 and 0.80 as very
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good, between 0.41 and 0.60 as good, between 0.21 and 0.4 as
acceptable and, finally, less than 0.20 as insufficient [17].

Test-retest reliability corresponds to the correlation of the ques-
tionnaire scores when it is administered over a period of time
measured by an intraclass coefficient correlation (ICC) between
the scores (global and for each domain). An ICC greater than 0.7
is recommended to be considered adequate reliability [18].

Finally, measurement error, defined as the variation in the patient's
score due to systematic and random error rather than changes in
the construct being measured, is reported using standard error of
measurement (SEM) or smallest detectable change (SDC) [15].

2.4.2 | Validity

Validity is defined as the extent to which a questionnaire mea-
sures the construct it is intended to measure. Two measurement
properties were used to assess the validity of SarQoL: construct
validity and content validity [15].

Based on COSMIN recommendations, the construct valid-
ity of SarQoL was assessed using a priori hypotheses re-
garding two other generic questionnaires sometimes used to
measure HRQoL: the Short-Form-36 (SF-36) and the EuroQoL
5-Dimension (EQ-5D) questionnaires [19, 20]. Convergent and
divergent validity were assessed between SarQoL dimensions
and corresponding dimensions using Spearman or Pearson cor-
relations to determine the effectiveness of SarQoL in accurately
measuring the intended construct [15].

Content validity refers to the extent to which the content of an
instrument accurately reflects the construct being measured.
According to the COSMIN methodology, three aspects should
be examined to assess the content validity in patients and ex-
perts: relevance, comprehensiveness and comprehensibility [21].

2.4.3 | Responsiveness

Responsiveness is the ability of a PROMs to capture change, to
detect clinically important changes in the measured construct
over time, including small changes, and can be compared for
longitudinal validity [18]. Responsiveness can be measured
using several methods, such as the effect size (ES) of a receiver
operator characteristic (ROC) curve [22].

In addition to reliability, validity and responsiveness, we have
also considered floor and ceiling effects as quality criteria for
SarQoL. However, they are not considered psychometric proper-
ties in the COSMIN taxonomy. Floor or ceiling effects are pres-
ent when more than 15% of respondents score at the lowest or
highest possible level [18].

2.4.4 | Certainty Assessment

The certainty of the evidence for reliability, validity and
responsiveness was assessed using the modified GRADE

(Grading of Recommendations, Assessment, Development
and Evaluation) approach [23]. This approach enables the
quality of evidence for each property to be graded, starting
at a high level of certainty and potentially downgraded to
moderate, low or very low certainty based on four factors: (1)
risk of bias (reflected in the quality appraisal according to the
COSMIN criteria), (2) inconsistency (substantial unexplained
heterogeneity with 12> 50%), (3) imprecision (sample size of
the pooled estimate < 100) and (4) indirectness (evidence from
populations, interventions or outcomes that differ from those
relevant to this review) [23].

2.5 | Data Analysis

A meta-analysis was conducted to assess the psychometric
properties of reliability, validity and responsiveness in stud-
ies using SarQoL, and a random effects model was applied
given the expected heterogeneity between the studies (e.g.,
diagnosis of sarcopenia, characteristics of the population). A
two-sided p-value of 0.05 or less was considered statistically
significant for all findings, except for heterogeneity, which
was considered significant if the p-value was less than 0.1 [3].
R version 4.4.0 was used for all statistical analyses with the
packages meta and tidyverse [24, 25]. Psychometric proper-
ties, which were reported in only one study, were reported in
narrative form.

For the purpose of this study, the internal consistency results of
one study, expressed as below a certain level, were considered
as the level defined to be calculated in the meta-analysis (e.g.,
r<0.81 was considered as r=0.81). In addition, when results
were reported for the total population of a study first and the
sarcopenic population specifically, then, the latter was consid-
ered before the total population.

To pool the estimates of the intraclass correlation coeffi-
cient (ICC), Cronbach's alpha and the correlation coefficients
for reliability and construct validity, we applied Fisher's Z-
transformation, using an approximate variance determined by
the sample size (z=0.5XIn((1 +r)/(1 —r)); Var(z) =1/(N - 3)).

Heterogeneity was assessed using Cochran's Q test and Tau2
was used to measure between-study variance. The I? statistic
was used to quantify heterogeneity, with values of 25%, 50%
and 75% representing low, moderate and substantial hetero-
geneity, respectively [26]. In case of significant heterogeneity,
subgroup analyses were performed according to sarcopenia
diagnosis, age of participants (> 75years or <75years), conti-
nent, study population (total or sarcopenic population), RoB
assessment, type of correlation (Spearman'’s or Pearson's) and
in the specific case of test-retest reliability, stability of health
status and time interval between the two administrations of
the questionnaire. In addition, leave-one-out analyses were
performed to assess the robustness of the results by removing
one study at a time [27]. Asymmetry for publication bias was
assessed using funnel plots and Egger's regression asymmetry
test [28]. In case of publication bias, the Trim and Fill method
was applied to evaluate the influence of potential missing
studies on the pooled effect size [29].
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Identification of studies via databases and registers

\: Identification of studies via other methods

Records identified from:
Websites (n = 0)
Organisations (n =0 )
Citation searching (n = 0)
etc.

Reports sought for retrieval Reports not retrieved
(n=0) (n=0)

v

l

)

Records identified from:
Databases (n = 411) ?;?;ﬁz rgmoved peioe
Embase (n=172) - D rg- ds od
Medline (n=113) " up 'f;;e FECONGS Faman
Scopus (n=115) (n=189)
PsychINFO (n=11)

Records screened »| Records excluded

(n=222) (n=175)

Reports sought for retrieval | Reports not retrieved

= (n=47) "l (n=0)
Reports assessed for eligibility
(n=47) —®| Reports excluded:
Wrong outcomes (n =6)

Wong language (n = 3)
Wrong study design (n = 13)

v

Studies included in review

Reports assessed for eligibility
(n=0)

Reports excluded:
(n=0)

(n=25) <

FIGURE1 | Flowchart of the identification and selection of studies.

3 | Results
3.1 | Study Selection

The systematic electronic searches identified 411 potentially eligi-
ble studies. After removing duplicates, 222 references were initially
screened for titles and abstracts, and 47 of these were screened
based on their full text. Finally, 25 references met our inclusion
criteria and were included in this systematic review (Figure 1).

3.2 | Study Characteristics

The articles included were published between 2017 and 2024,
and the data were combined from 4585 patients, of which 1311
were sarcopenic. Most studies were conducted in Europe (64%)
and used the EWGSOP criteria to diagnose sarcopenia (76%).
The characteristics of all included studies are reported in Table 2.

3.3 | Quality Appraisal

The assessment of the quality of the psychometric proper-
ties obtained from the 25 included studies is presented in the
Supporting Information (Table S1). Among the 22 studies that
assessed ‘internal consistency’ and ‘hypothesis testing for con-
struct validity’, all were rated as very good for these properties
according to the COSMIN criteria [9, 30-43, 45-51]. The qual-
ity of test-retest reliability varied between doubtful [31, 35-39],
adequate [51] and very good [9, 30, 32-34, 40, 42-47, 49| and
the quality of the content validity was rated as inadequate in

one study [47] and very good in the second [52] assessing this
property.

3.4 | Reliability
3.4.1 | Internal Consistency-Cronbach Alpha

A total of 22 studies assessed the internal consistency of SarQoL
global score [9, 30-43, 45-51]. As shown in Figure 2, the pooled
Cronbach's alpha was estimated at 0.90 (95% CI: 0.88; 0.92),
demonstrating high reliability despite substantial heterogeneity
(I=92%, Q-test p-value <0.01).

As shown in Table 3, the number of studies assessing each SarQoL
dimension ranged from 7 to 11, representing 773-1610 patients.
For these individual dimensions, Cronbach's alpha ranged from
0.89 (95% CI: 0.85; 0.92) for dimension 2 ‘locomotion’ and di-
mension 4 ‘functionality’ to 0.82 (95% CI: 0.67; 0.90) for dimen-
sion 3 ‘body composition’, indicating high internal consistency.
Significant heterogeneity was observed across all dimensions,
with I? values ranging from 79% to 97% (Q-test p-values <0.01).

Subgroup analyses (Table S2) showed that the geographic area
where the study was performed influenced the internal consis-
tency of the SarQoL global score. More specifically, in Asian
countries, the pooled Cronbach's alpha of the global score was
0.87 (95% CI: 0.86; 0.89, I?=0%) compared with 0.90 (95% CI:
0.88; 0.93, I’=90%) in European countries (difference between
subgroups p<0.01). Subgroup analyses based on population
type (total population versus sarcopenic population) and RoB
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FIGURE2 | Forest plot of the internal consistency measured with Cronbach's alpha (global SarQoL score).
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TABLE 3 | Meta-analysis-internal consistency-Cronbach's alpha (random effect model).

No. of studies No. of patients Cronbach’s a (95% CI) P p for heterogeneity
Dimension 1 9 1213 0.85(0.80; 0.89) 86% <0.0001
Dimension 2 9 1017 0.89 (0.85; 0.92) 89% <0.0001
Dimension 3 8 917 0.82 (0.67; 0.90) 97% <0.0001
Dimension 4 8 917 0.89 (0.85; 0.92) 79% <0.0001
Dimension 5 9 1214 0.87(0.83; 0.90) 86% <0.0001
Dimension 6 11 1610 0.85(0.75; 0.91) 97% <0.0001
Dimension 7 7 773 0.85(0.73; 0.92) 95% <0.0001

Note: Dimension 1: physical and mental health; dimension 2: locomotion; dimension 3: body composition; dimension 4: functionality; dimension 5: activities of daily
living; dimension 6: leisure activities; dimension 7: fears.

Abbreviation: CI: confidence interval.

assessment were not performed, as only one study reported
Cronbach's alpha specifically in sarcopenic patients [31] and be-
cause the quality assessment of internal consistency was rated
as ‘very good’ in all included studies.

The leave-one-out analysis did not identify any individual study
as having a significant impact on the estimated effect size, and
examination of the funnel plots and the results of Egger's tests
did not reflect potential publication bias.
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3.4.2 | Internal Consistency-Correlation Between Each
Dimension and the SarQoL Global Score

A total of 21 studies assessed the correlation between the dif-
ferent dimensions and the global score of SarQoL [9, 30-39, 41-
43, 45-50, 53], including between 3837 and 3907 patients. The
pooled correlations, reported in Table 4, ranged from 0.47 (95%
CI: 0.41; 0.54) for dimension 6 ‘leisure activities’ to 0.91 (95% CI:
0.89; 0.923) for dimension 4 ‘functionality’.

The models were associated with significant heterogeneity
across all dimensions, with I? values ranging from 78% to 96%
(Q-test p-values <0.0001). No significant differences were ob-
served in the subgroup analyses (Table S3). The leave-one-out
analysis did not identify any individual study as having a sig-
nificant impact on the estimated effect size, and examination
of the funnel plots and the results of Egger's tests did not reflect
potential publication bias for all dimensions.

3.4.3 | Test-Retest Reliability
Test-retest reliability, measured using the intraclass coefficient

(ICC), was assessed in 17 studies for the global score, dimen-
sion 1 ‘physical and mental health’ and dimension 6 ‘leisure

activities’, regrouping between 1087 and 1095 patients, and in 16
studies for the other dimensions, regrouping 1017 patients. The
interval between the two test administrations was 3days in 1
study, 2weeks in 13 studies and not reported in 3 studies.

The pooled ICC was 0.98 (95% CI: 0.96; 0.99) for the global score,
0.94 (95% CI: 0.90; 0.97) for dimension 1 ‘physical and mental
health’, 0.96 (95% CI: 0.93; 0.98) for dimension 2 ‘locomotion’, 0.93
(95% CI: 0.86; 0.97) for dimension 3 ‘body composition’, 0.97 (95%
CI: 0.94; 0.98) for dimension 4 ‘functionality’, 0.96 (95% CI: 0.93;
0.97) for dimension 5 ‘activities of daily living’, 1 (95% CI: 1.00;
1.00) for dimensions 6 ‘leisure activities’ and 7 ‘fears’ (Table 5).

Subgroup analyses (Table S4) did not show a significant differ-
ence for the global SarQoL score. The leave-one-out analysis did
not identify any individual study as having a significant impact
on the estimated effect size, and the examination of the funnel
plots and the results of Egger's tests did not reflect potential publi-
cation bias for the global score and all the dimensions of SarQoL.

3.4.4 | Measurement Error

Geerinck et al. reported the measurement error of SarQoL using
the data from nine different cohorts, including 278 sarcopenic

TABLE 4 | Meta-analysis-internal consistency-correlation between each dimension and SarQoL global score (random effect model).

No. of studies No. of patients Correlation (95% CI) P p for heterogeneity
Dimension 1 20 3837 0.84(0.82;0.86) 78% <0.0001
Dimension 2 20 3837 0.86 (0.83;0.89) 96% <0.0001
Dimension 3 20 3837 0.69 (0.63;0.73) 88% <0.0001
Dimension 4 21 3907 0.91 (0.89;0.93) 87% <0.0001
Dimension 5 20 3837 0.90 (0.87;0.92) 90% <0.0001
Dimension 6 20 3837 0.47 (0.41;0.54) 83% <0.0001
Dimension 7 21 3907 0.58 (0.51;0.63) 84% <0.0001

Note: Dimension 1: physical and mental health; dimension 2: locomotion; dimension 3: body composition; dimension 4: functionality; dimension 5: activities of daily

living; dimension 6: leisure activities; dimension 7: fears.
Abbreviation: CI: confidence interval.

TABLE 5 | Meta-analysis-internal consistency-test-retest reliability (random effect model).

No. of studies No. of patients ICC (95% CI) P p for heterogeneity
Global score 17 1087 0.98 (0.96;0.98) 93% <0.0001
Dimension 1 17 1095 0.94 (0.90;0.97) 96% <0.0001
Dimension 2 16 1017 0.96 (0.93;0.98) 95% <0.0001
Dimension 3 16 1017 0.93(0.86;0.97) 97% <0.0001
Dimension 4 16 1017 0.97 (0.94;0.98) 93% <0.0001
Dimension 5 16 1017 0.96 (0.93;0.97) 94% <0.0001
Dimension 6 17 1095 1 (1.00;1.00) 88% <0.0001
Dimension 7 16 1017 1 (1.00;1.00) 93% <0.0001

Note: Dimension 1: physical and mental health; dimension 2: locomotion; dimension 3: body composition; dimension 4: functionality; dimension 5: activities of daily

living; dimension 6: leisure activities; dimension 7: fears.
Abbreviations: CI: confidence interval, ICC: intraclass coefficient.
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participants. First, they reported an SEM of 2.65 points, reflect-
ing that there is 68% confidence that the true score of a sarcope-
nic patient is between —2.65 and +2.65 (out of 100) of the total
SarQoL score obtained.

Secondly, by assessing the SDC, they highlighted that an in-
dividual change of at least 7.35 points out of 100 of the global
SarQoL score needs to be observed to reflect that a true change
has indeed occurred.

3.5 | Validity
3.5.1 | Construct Validity

3.5.1.1 | Convergent Validity. Seventeen studies [9,
30-38, 40, 41, 45, 47, 48, 50] assessed the convergent valid-
ity of the SarQoL global score with at least one domain
of the SF-36 questionnaire. Six hypotheses were devel-
oped regarding the dimensions of the SF-36 and confirmed
the convergent validity with the SarQoL global score: bodily
pain (k=13, r=0.53 [95% CI: 0.45; 0.61]), physical function-
ing (k=16, r=0.79 [95% CI: 0.72; 0.83]), limitation physical
problem (k=15, r=0.60 [95% CI: 0.53; 0.66]), general health
(k=15, r=0.58 [95% CI: 0.53; 0.63]), vitality (k=17, r=0.62
[95% CI: 0.53; 0.69]) and physical component score (k=3,
r=0.75[95% CI: 0.50; 0.89]) (Table 6).

High level of heterogeneity was found across these six dimen-
sions (I between 46% and 93%).

Subgroup analyses (Table S5) showed that population type in-
fluenced the SarQoL global score for the SF-36 ‘bodily pain’
dimension and age category for the SF-36 ‘role physical’ dimen-
sion. The leave-one-out analysis did not identify any individual
study substantially impacting the effect size. However, the omis-
sion of the study of Yoo et al. [36] contributed more to reducing
heterogeneity. In fact, omitting this study reduced the I? for the
dimension of ‘bodily pain’ from 75% to 28% and for the dimen-
sion ‘role physical’ from 79% to 56%. Examination of the funnel
plot and the results of Egger's test for the ‘bodily pain’ dimension
(p=0.001) suggested potential publication bias. The Trim and
Fill method was applied and identified 7 potential missing stud-
ies, which adjusted the pooled correlation to 0.64 (95% CI: 0.55;
0.72) instead of 0.54 (95% CI: 0.45; 0.61).

In addition, three other dimensions of the SF-36 questionnaire
were assessed quantitatively but not included in a meta-analysis
due to insufficient studies (k=1). Yu et al. have reported positive
correlations between SarQoL and ‘emotional role functioning’
(r=0.45 [95% CI: 0.21; 0.64]) and ‘mental health’ (r=0.62 [95%
CI: 0.42; 0.76]) [31], and Konstantynowicz et al. reported a very
good correlation of SarQoL with the ‘mental component score’
(r=0.62 [p<0.001]) [42].

Five dimensions of the EQ-5D questionnaire were explored
to test hypotheses of convergent validity and pooled in meta-
analyses showing positive and negative correlations with the
global SarQoL score: utility score (k=13, r=0.61 [95% CI:
0.53; 0.68]), mobility (k=18, r=—-0.53 [95% CI: —0.67; —0.36]),
usual activity (k=18, r=-0.51 [95% CI: —0.65; —0.32]), visual

analogic scale (k=6, r=0.58 [95% CI: 0.41; 0.71]) and self-care
(k=2, r=0.04 [95% CI: —0.88; 0.89]) (Table 6). Significant
heterogeneity was observed for these dimensions (Table 6).
Subgroup analyses (Table S5) did not detect significant differ-
ences between subgroups, except for the continent of the study
for the EQ-5D ‘usual activity’ dimension, where the pooled cor-
relation was higher for studies conducted in Asia and Europe
(—0.48 [95% CI: —0.74; —0.08], —0.49 [95% CIL: —0.68; —0.25],
respectively) compared to the study conducted in America
(=0.72 [95% CI: —0.68; —0.65]). The leave-one-out analysis did
not identify any individual study having a significant impact
on the effect size.

In addition to these findings, Yoo et al. have reported ‘good” and
‘very good’ correlations between the ‘pain and discomfort” and
‘anxiety and depression’ EQ-5D dimensions and the SarQoL
global score. Erdogan et al. have also reported a negative cor-
relation between the ‘self-care’ dimension of the EQ-5D and the
SarQoL global score (r=—-0.59, p-value <0.001).

3.5.1.2 | Divergent Validity. Four dimensions of the SF-36
were explored to test the hypotheses of divergent validity
and showed good correlations with the SarQoL global score
(Table 6): mental health (k=11, r=0.43 [95% CI: 0.21; 0.60]),
social functioning (k=10, r=0.41 [95% CI: 0.24; 0.55]), limita-
tion of emotional problems (k=11, r=0.40 [95% CI: 0.31; 0.48])
and mental component score (k=2, r=0.30 [95% CI: 0.16; 0.42]).
In addition, a good correlation of the SarQoL global score with
the dimension of ‘limitation physical problem’ was reported by
Tsekoura et al. (r=0.41, p<0.001) [30].

Finally, three dimensions of the EQ-5D questionnaire were ex-
plored to test the hypotheses of divergent validity and showed
a negative correlation with the total score of SarQoL: self-care
(k=13, r=-0.43 [95% CI: —0.58; —0.25]), pain/discomfort
(k=15,r=-0.30[95% CI: —0.47; —0.11]) and anxiety/depression
(k=15, r=—0.22 [95% CI: —0.33; —0.10]).

Significant heterogeneity was observed for all SF-36 and EQ-
5D dimensions, except for the mental component score (I>=0%,
p=0.83). Subgroup analyses (Table S5) showed a significant
difference for the EQ-5D ‘mental health’ dimension based on
the continent of study (subgroup difference tests, p=0.04).
A higher correlation was observed for studies conducted in
Europe (r=0.55 [95% CI: 0.33; 0.72]) compared to studies con-
ducted in Asia (r=0.16 [95% CI: —0.17; 0.46]). The leave-one-
out analysis showed that no study had a substantial impact on
the overall effect sizes for divergent validity. In addition, exam-
ination of the funnel plots and Egger's tests showed no publi-
cation bias for the SF-36 and EQ-5D dimensions examined for
divergent validity.

3.5.2 | Content Validity

Two studies have reported on the content validity of SarQoL
[47, 52]. Mahmoodi et al. focused on the measured content
validity of the tool based on expert opinion only and reported
acceptable and appropriate content validity. However, the qual-
ity assessment of this study was rated as inadequate accord-
ing to the COSMIN criteria due to the lack of assessment of
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TABLE 6 | Meta-analysis-validity—convergent/divergent validity.

No. of studies  No. of patients Correlation (95% CI) g p for heterogeneity
Convergent validity

SF-36
Bodily pain 13 1320 0.53(0.45;0.61) 75% <0.01
Physical functioning 16 2373 0.79 (0.72; 0.83) 89% <0.01
Limitation physical 15 2085 0.60 (0.53; 0.66) 78% <0.01
problem
General health 15 1676 0.58 (0.53; 0.63) 46% 0.02
Vitality 17 2434 0.62 (0.53; 0.69) 87% <0.01
Physical component 3 294 0.75 (0.50; 0.89) 93% <0.01
score
Limitation emotional 1 58 0.45(0.21; 0.63) — —
problem?
Mental health? 1 58 0.62 (0.43; 0.46) — —
Mental component 1 106 0.62 (NR) — —
score?

EQ-5D
Utility score 13 2356 0.61 (0.53; 0.68) 79% <0.01
Mobility 18 1939 —0.53 (-0.67; —0.36) 90% <0.01
Usual activity 18 1939 —0.51 (=0.65; —0.32) 91% <0.01
VAS 6 405 0.58 (0.41; 0.71) 79% <0.01
Pain/discomfort? 1 58 —0.47 (=0.65; —0.24) — —
Self-care 2 79 0.04 (—0.88; 0.89) 96% <0.01
Anxiety/depression® 1 58 —0.62 (=0.76; —0.43) — —

Divergent validity

SF-36
Mental health 11 1687 0.43 (0.21; 0.60) 94% <0.01
Social functioning 10 625 0.41 (0.24; 0.55) 79% <0.01
Limitation emotional 11 1324 0.40 (0.31; 0.48) 57% 0.009
problem
Mental component 2 188 0.30 (0.16; 0.42) 0% 0.83
score
Limitation physical 1 50 0.41 (0.18-0.63) — —
problem?

EQ-5D
Self-care 13 2016 —0.43 (—0.58; —0.25) 92% <0.01
Pain/discomfort 15 1644 —0.30(-=0.47; —0.11) 90% <0.01
Anxiety/depression 15 2046 —0.22 (-0.33; —0.10) 78% <0.01

Abbreviations: CI: confidence interval; EQ-5D: EuroQol 5-dimension; NR: not reported; SF-36: 36-Item Short Form Survey; VAS: visual analogic scale.
2No meta-analysis was performed because of the insufficient number of studies.

comprehensiveness, comprehensibility and patient assessment. comprehensiveness and comprehensibility of SarQoL. The
In contrast, Demonceau et al. assessed content validity with pa- quality of this study was rated as very good according to the
tient and expert perspectives and found an adequate relevance, COSMIN criteria.
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3.6 | Responsiveness

Two studies have assessed the responsiveness of SarQoL. The
first, conducted by Geerinck et al. in 42 sarcopenic patients,
showed good responsiveness to the questionnaire, with over
75% of hypotheses confirmed. The magnitude of change, ex-
pressed as the standardized mean difference, was significantly
higher for the SarQoL total score than for the SF-36 and EQ-5D
[54]. In a second study, Witham et al. assessed responsiveness
in 147 participants with probable sarcopenia. They reported a
weak correlation between SarQoL scores at baseline and after
6months of follow-up (r=0.27, p=0.03). This study also high-
lighted that SarQoL is more sensitive to improvements than to
deteriorations, with sample sizes of 25-100 needed to detect
clinically significant changes of 0.074 points [43].

3.7 | Floor and Ceiling Effect

Floor and ceiling effects were assessed in 20 studies [9, 30-34,
36, 37, 39-42, 45-50] and none of these effects were observed.

3.8 | Certainty of Evidence

Using the GRADE assessment, the certainty of evidence for reli-
ability, validity and responsiveness was rated as high. Although
substantial heterogeneity was observed for some psychometric
properties, all effect estimates fell within the same interpretative
range and pointed in the same direction. According to GRADE
guidance, such variability, in the absence of opposing results or
clinically divergent conclusions, does not justify downgrading
for inconsistency. The observed heterogeneity is likely due to
contextual differences (e.g., population or questionnaire appli-
cation) rather than contradictory findings, as supported by the
consistent direction of results across all studies [55].

4 | Discussion

This systematic review and meta-analysis aimed to report the
psychometric properties of SarQoL, including reliability, valid-
ity, responsiveness and the presence of floor and ceiling effects.
A total of 25 published studies were included, providing a com-
prehensive synthesis of its performance across different popula-
tions and settings.

The strong reliability of SarQoL was first demonstrated by ro-
bust internal consistency measured by Cronbach's alpha and
Spearman's/Pearson’s correlations. The pooled Cronbach's
alpha values, which assess item homogeneity, were consistently
above 0.80 for the global and dimension scores, exceeding the
threshold of 0.70 to be considered adequate [16]. Subgroup anal-
yses suggested that the SarQoL questionnaire may be slightly
more tailored to European populations, as reflected by the
higher pooled Cronbach's alpha observed in studies conducted
in Europe. However, the excellent internal consistency (and
absence of heterogeneity, probably due to a lower number of
studies included in the model) demonstrated in the Asian conti-
nent also highlights the robust adaptability of the questionnaire
across different cultural and geographical contexts, further

supporting its applicability in international settings. Then, the
correlations between the SarQoL global score and the individ-
ual dimensions (ranging from 0.48 to 0.91) further validated the
consistency of the questionnaire. In addition, the test-retest re-
liability, reflected by the excellent ICC obtained of 0.98 for the
global SarQoL score, underlined the ability of the questionnaire
to provide stable results over time. Finally, the measurement
error, reported in a single multicentre study [44], suggests that
SarQoL is a reliable instrument. Indeed, this study highlighted
that observed scores deviating from 2.65 points from the the-
oretical ‘true score’ and a smallest detectable change of 7.35
points were identified as the minimum change required to re-
flect a true difference in HRQoL in sarcopenic individuals.
The authors have concluded that SarQoL has equivalent, if not
superior, reliability to the SF-36 questionnaire. Although only
one study was included for this property, it consisted of 9 mul-
ticentre studies with a large and heterogeneous sample, giving
good representativeness of measurement error, and we consider
this sufficient to strengthen the other evidence for considering
the reliability of SarQoL to be adequate.

The validity of SarQoL was first assessed using construct valid-
ity. Strong convergent correlations (r>0.51) were observed with
the SarQoL global score and related dimensions of the SF-36
and EQ-5D questionnaires, in addition to weaker correlations
between the global SarQoL score and unrelated dimensions
(r<0.43) of the SF-36 and EQ-5D questionnaires, reflecting di-
vergent validity. Interestingly, subgroup analyses for convergent
validity showed significant differences for some dimensions,
particularly according to type of population and age category.
These differences were reflected in slightly lower correlations
for individuals diagnosed with sarcopenia compared to the
total population (individuals with and without sarcopenia) and
higher correlations for people older than 75 years compared with
those younger than 75years. These differences may reflect that
HRQoL in individuals with sarcopenia is perceived primarily
in relation to physical and functional limitations, reducing the
overlap between SarQoL and the more general SF-36 question-
naire. On the other hand, they may also be due to the fact that
older people experience more severe sarcopenia and more se-
vere effects of sarcopenia, which are more in line with SarQoL
and strengthen the correlations, while younger people, in better
overall health, perceive less impact of sarcopenia on HRQoL,
leading to weaker correlations [56]. Some other dimensions
were investigated but not pooled in meta-analysis because they
were reported in only one study. These dimensions are difficult
to interpret because, for example, they relate to convergent va-
lidity, although most studies used the same dimensions to as-
sess divergent validity. In addition, one study reported that no
correlation was found between SarQoL and some SF-36 and
EQ-5D dimensions, such as ‘bodily pain’, ‘vitality’ and EQ-VAS.
This finding can be partly explained by the small sample size
(n=39) in this study [34]. Finally, an examination of the funnel
plot and the results of Egger's test for the ‘bodily pain’ dimension
(p=0.001) suggested potential publication bias. This dimension
of the SF-36 questionnaire may be subject to publication bias
because pain is often not considered as specific to sarcopenia
compared with more specific dimensions related to functional-
ity or mobility [57]. Variability in pain perception, comorbidi-
ties and population differences can also influence the results.
However, the Trim and Fill method showed the inclusion of
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potentially missing studies, but did not significantly change the
pooled estimate initially obtained and, therefore, did not affect
the robustness of our results. Secondly, the validity of SarQoL
was assessed through content validity. Since the creation of
SarQoL, new guidelines for adequate content validity have been
published, requiring an updated assessment [21]. In this con-
text, two recent studies have specifically investigated this psy-
chometric property. The study by Mahmoodi et al. concluded
that the content validity of the questionnaire was adequate, but
this study did not follow the updated COSMIN methodology,
and we therefore rated the quality of this study as inadequate.
Conversely, Demonceau et al. assessed the content validity and
concluded that the questionnaire had adequate content validity
with patients and experts. We rated this study as very good qual-
ity, as it met all the updated COSMIN criteria.

Although the responsiveness of SarQoL was only assessed in
two studies, the results support an adequate level of responsive-
ness of which we are confident, particularly as the studies used
two different methodological approaches. Nevertheless, it would
be valuable for future research to further explore and strengthen
the evidence for this psychometric property, especially in inter-
ventional studies. Moreover, the clinically relevant responsive-
ness threshold of SarQoL remains to be defined.

Finally, our analysis revealed the absence of floor and ceiling
effects, indicating that SarQoL provides an adequate range of re-
sponse options. This is an important finding, as it demonstrated
the ability of the questionnaire to differentiate well between
individuals with different levels of HRQoL. The absence of ex-
treme values also improves its sensitivity and confirms the abil-
ity of SarQoL to accurately reflect the comprehensive spectrum
of sarcopenia-related HRQoL [21].

According to the GRADE approach, the certainty of evidence for
reliability, validity and responsiveness was rated as ‘high.’ This
high level of confidence is mainly justified by the fact that the
unexplained heterogeneity does not affect the overall estimates
or the direction of the results. In addition, the consistency of the
findings across studies supports the robustness of the evidence,
making a conservative approach to downgrading unnecessary
in this context.

4.1 | Strengths and Limitations

The key strength of this meta-analysis lies in the fact that it is the
first time that a quantitative approach has been used to assess
the SarQoL psychometric properties, including a large sample
of data from diverse geographic and cultural contexts, which
underscores the wide applicability of SarQoL. Furthermore, by
adhering to the COSMIN guidelines, this study ensures method-
ological rigor in evaluating the reliability, validity and respon-
siveness of SarQoL. Finally, the use of a meta-analytic approach,
including subgroup and sensitive analyses, reinforces the ro-
bustness of our findings.

However, this meta-analysis is not without limitations. First, a
large heterogeneity was observed across the various analyses, the
causes of which remain largely unexplained. This could indicate
inherent variations between the population or the application of

the questionnaire. It is, however, important to consider that the
statistical test I> may be subject to bias in small meta-analyses,
particularly with higher values when using a random effects
model [58]. In addition, for some properties, such as internal
consistency, although large heterogeneity was found, it could be
argued that this does not affect the robustness of the results, as
Cronbach's alpha remains above the recommended threshold
with an extremely precise confidence interval. The observed het-
erogeneity can largely be attributed to the high precision of the
studies, as the narrow 95% confidence intervals limit the chances
of overlap. However, despite this heterogeneity, all results point in
the same direction, demonstrating the consistency of the findings
and strengthening the overall validity of the conclusions.

The majority of the included studies focus on community-dwelling
older adults with limited information on other specific patient set-
tings. Further studies in different healthcare contexts, especially
among individuals with severe sarcopenia or comorbidities, would
help to strengthen our findings in these specific contexts, where
the impact of sarcopenia on HRQoL may differ significantly.

Since multimorbidity is common in older individuals, another
limitation of this study, also reported by Martinez-Fernandez
et al., is the potential impact of comorbidities on the patients’
conditions and, more specifically, their functional capacity,
which could influence their answers to the questionnaire [2, 11].
While these factors may affect the absolute scores obtained,
they are not expected to impact the measurement properties of
the questionnaire itself. This review focused on the evaluation
of these properties, rather than on the interpretation of SarQoL
scores as clinical outcomes.

5 | Conclusion

The SarQoL questionnaire is the only disease-specific PROM
designed to assess HRQoL in people with sarcopenia. This
meta-analysis consolidates a decade of evidence and confirms
the strong psychometric properties of SarQoL. The reliability,
validity and responsiveness of SarQoL, supported by a high level
of certainty according to the GRADE approach, reflect robust
evidence. Furthermore, the absence of floor and ceiling effects
underscores the ability of the questionnaire to capture a wide
range of HRQoL variation, reinforcing its clinical utility.
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