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Abstract

Background The strength, assistance walking, rise from a chair, climb stairs, and falls (SARC-F) questionnaire is a
well-established instrument for screening of sarcopenia and sarcopenia-related functional impairments. As it is based
on self-reporting, its use precludes patients who are unable to answer the questionnaire as a consequence of severe
acute diseases or cognitive impairment. Therefore, we aimed to validate a proxy-reported version of the SARC-F for
both ad-hoc as well as retrospective screening for severe sarcopenia-related functional impairments.
Methods Patients aged ≥60 years completed the SARC-F and performed the short physical performance battery
(SPPB) at baseline (T1). Proxies in Cohort A gave a simultaneous assessment of the patients’ functional status with
the proxy-reported SARC-F at T1 and again, retrospectively, after 3 months (T2). Proxies in Cohort B only completed
the SARC-F retrospectively at T2.
The questionnaires’ performances were assessed through sensitivity/specificity analyses and receiver operating charac-
teristic (ROC) curves. For non-inferiority analyses, results of both the patient-reported and proxy-reported SARC-F
were correlated with the SPPB total score as well as the results of the chair-rise test subcategory; the respective
correlation coefficients were tested against each other.
Results One hundred and four patients and 135 proxies participated. Using a SPPB score < 9 points as the reference
standard, the proxy-reported SARC-F identified patients at high risk for sarcopenia-related functional impairment with
a sensitivity of 0.81 (ad-hoc), 0.88 (retrospective Cohort A), and 0.87 (retrospective Cohort B) as well as a specificity of
0.89 (ad-hoc), 0.78 (retrospective Cohort A), and 0.64 (retrospective Cohort B). Areas under the ROC curves
were ≥ 0.9 for the ad-hoc proxy-reported SARC-F and the retrospective proxy-reported SARC-F in both cohorts. The
proxy-reported SARC-F showed a non-inferior correlation with the SPPB compared with the patient-reported SARC-F
for ad-hoc (P = <0.001) as well as retrospective screening for severe sarcopenia-related functional impairment in
both Cohorts A (P = 0.007) and B (P = 0.026).
Conclusions Proxy-reported SARC-F is a valid instrument for both ad-hoc as well as retrospective screening for
sarcopenia-related functional impairment and could become the standard tool for evaluating this risk in older adults
with severe acute disease, for example, in patients with quickly evolving haematological conditions.

Keywords Sarcopenia; Sarcopenia-related functional impairments; Patient-reported outcome; Proxy-reported outcome; Premorbid
condition; SARC-F
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Introduction

Sarcopenia is a progressive loss of muscle mass and
function that is related to ageing.1 It leads to functional
impairment,2,3 increased risk of falls and fractures,4–7 loss of
independence,8,9 and an increased overall mortality.10–13 Ap-
proximately 5–13% of adults aged 60–70 years are affected,
increasing to 11–50% for those aged ≥80 years.14 Thus, it
constitutes a major public health issue.15–18 Several adverse
outcomes are associated with sarcopenia, such as an in-
creased rate of post-operative complications after gastroin-
testinal surgery,19 and a worse recovery during
rehabilitation20 and strokes.20,21 Therefore, the diagnosis
and implementation of sarcopenia into treatment plans gain
more interest in a broad variety of medical specialties.

Several different definitions of sarcopenia have been prop-
agated. We refer to the revised definition of the European
Working Group on Sarcopenia in Older People,1 where a diag-
nosis of probable sarcopenia is given in case of reduced mus-
cle strength and further confirmed by the finding of reduced
muscle quantity or quality.1 To assess the severity of sarcope-
nia, testing physical performance is advised, for example,
with the ‘short physical performance battery’ (SPPB).1 SPPB
test scores of<9 indicate a high risk for severe sarcopenia-re-
lated functional impairments.1 For sarcopenia screening, the
revised definition of the European Working Group on Sarco-
penia in Older People recommends the use of the strength,
assistance walking, rise from a chair, climb stairs, and falls
(SARC-F) questionnaire.1

The SARC-F questionnaire contains five self-reported items
evaluating the hallmarks of sarcopenia, that is, functional def-
icits and falls.22 Each item has a possible score of 0 to 2 points,
with higher scores suggesting a higher risk of sarcopenia.22 A
total score of >3 is regarded as a positive screening result.22

Higher SARC-F scores have been shown to correlate with a
slower chair rise, lower gait speed, overall lower SPPB scores,
as well as adverse outcomes related to sarcopenia.22 The
SARC-F has a low-to-moderate sensitivity but high
specificity,23,24 thus providing a well-suited screening test to
identify individuals who are not at high risk of
sarcopenia-related negative outcomes. Its validation in many
different languages eases its use in clinical practice.23,25–30

So far, the SARC-F questionnaire has only been validated
for self-reporting. A person’s self-reporting can be inaccurate
due to cognitive impairment,31 a non-objective perception of
one’s own functional capacities,32 or even negation of func-
tional decline. Furthermore, self-reporting is impossible in
patients unable to answer questions due to an acute medical
condition or altered consciousness.33 As treatment decisions

and modifications might benefit from knowledge about the
presence of sarcopenia and sarcopenia-related functional
impairments as part of a geriatric assessment,34–37 proxy-
reported information could be valuable to allow for
patient-centred treatment strategies. If the illness has rapidly
evolved within a few weeks, information on the patient’s
premorbid functional impairments might be crucial to differ-
entiate between disease-related and premorbid conditions.
The latter could reflect the patient’s limited intrinsic physical
resilience and guide the physicians towards adapted treat-
ment intensities, such as an adjusted chemotherapy or radio-
therapy regimen for the treatment of cancer. In contrast, the
misperception of a disease-related deterioration as an intrin-
sic condition could potentially preclude the patient from a cu-
rative approach.

To our knowledge, no screening tool for sarcopenia-
related functional impairments has been validated for the
use of proxy-reported information so far. To close this gap,
we aimed to validate a proxy-reported version of the
SARC-F questionnaire for the evaluation of both a patient’s
current as well as retrospective, premorbid status.

Methods

A proxy-reported version of the original SARC-F questionnaire
was developed substituting ‘you’ with the respective pa-
tient’s name within the questionnaire. For retrospective eval-
uation, verbs were transformed from present into past tense.
No further modifications were made.

Study population

The study population included patients aged ≥60 years and
their proxies. Patients undergoing an in-house geriatric reha-
bilitation for diverse medical conditions at Agaplesion
Bethanien Hospital (Heidelberg, Germany; Centre 1) as well
as patients under surveillance for a rheumatological or haema-
tological disease at the Heidelberg University Hospital outpa-
tient clinic (Centre 2) were recruited. We selected these
diverse centres with the clear intention of recruiting a repre-
sentative sample of older adults with different levels of func-
tional impairments in the hospital setting. Although patient
characteristics within Cohorts A and Bwere further subdivided
into Centres 1 and 2 to provide the detailed composition of
these cohorts (e.g. Table 1), patients from Centres 1 and 2
did not represent independent groups and were not statisti-
cally separately analysed. Patients were excluded if they were
unable to designate at least one close contact person (proxy),
suffered from an acutemedical condition that precluded them
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from performing the SPPB or were unable to give informed
consent (due to an at least moderate cognitive impairment
or an acute alteration of consciousness).

The patient’s designated proxies (caregivers, partners, chil-
dren, siblings, grandchildren, neighbours, and friends) were
also invited to participate. They were eligible if they were
aged ≥18 years and had been in weekly contact with the pa-
tient during the past 6 months. Alternatively, contact on a
weekly basis at least via telephone and with also meeting
the patient in person at least twice during the past 6 months
was accepted. Up to three proxies per patient were included.
We classified proxies as main proxy (partner; if no partner
was available, the proxy who was claimed as closest contact
person by the patient) and additional proxies. We did not
stratify patient and proxy recruitment according to gender
to avoid any bias that could modify the choice of proxies as
the person who knows the patient best. The trial flowchart
is depicted in Figure 1.

Data collection and trial measurements

Patients and their respective proxies were recruited into two
different cohorts in chronological order (Cohorts A and B). In

both cohorts, the participating patients completed the self-
reported SARC-F questionnaire and the SPPB once at baseline
(T1). Proxies in Cohort A completed the proxy-reported SARC-
F questionnaire twice, first at T1 (simultaneously to the pa-
tients’ self-report) and then again after 3 months (T2). At
T2, the proxies were asked to retrospectively evaluate the pa-
tients’ functional status at T1. Proxies in Cohort B were not
questioned at T1, but called for the first time at T2 to com-
plete the proxy-reported SARC-F only retrospectively (i.e.
evaluating the respective patient’s functional status at T1).
The Cohort B was established to examine a potential recall
bias as proxies could potentially recall their first assessment
of SARC-F questionnaire at T1 rather than assessing the
premorbid condition of the patient when asked to assess
the SARC-F retrospectively at T2. The presence of a recall bias
would potentially limit the validity of a retrospective assess-
ment. Study procedures are outlined in Figure 1.

All patients and proxies were fluent in German; nonethe-
less, they were offered to answer the SARC-F questionnaire
in their respective mother tongue, which was preferred by
three patients (once in Spanish and twice in Turkish).

The SPPB was performed as outlined elsewhere.38 In brief,
all patients carried out a balance test, performing a stand in
side-by-side-position, semi-tandem, and full-tandem for 10 s

Table 1 General patient and proxy characteristics

Characteristics

Cohort A Cohort B

C1 C2 Total C1 C2 Total

Patients
Patients (n) 15 49 64 9 31 40

Age [years] (mean ± SD)
81.9 ± 8

(range 63–95)
76.6 ± 5.4
(range 64–90)

77.9 ± 6.5
(range 63–95)

83.6 ± 7.1
(range 72–93)

79.3 ± 5.1
(range 70–91)

80.2 ± 5.8
(range 70–93)

Sex (%)
Female 73.3 40.8 48.4 55.6 38.7 42.5

SARC-F > 3 points (%) 73.3 26.5 37.5 77.8 16.1 30.0
SPPB < 9 points (%) 93.3 24.5 40.6 88.9 22.6 37.5
Gait speed < 0.8 m/s (%) 80.0 28.6 40.6 88.9 16.1 32.5
Number of participating proxies
1 80% 65.3% 68.8% 88.9% 80.7% 82.5%
2 20% 26.5% 25% 11.1% 19.4% 17.5%
3 0% 8.2% 6.2% 0% 0% 0%

Proxies

Age [years] (mean ± SD)
66.1 ± 13.4

(range 46–89)
67.3 ± 12.8
(range 34–87)

67 ± 12.8
(range 34–89)

59 ± 16.8
(range 25–82)

65.3 ± 13.4
(range 38–83)

63.9 ± 14.2
(range 25–83)

Sex (%)
Female 66.7 69.4 68.8 66.7 83.9 80

Relation to patient
Partner 26.7 59.2 51.6 22.2 61.3 52.5
Daughter 40.0 10.2 17.2 33.3 25.8 27.5
Son 13.3 18.4 17.2 22.2 9.7 12.5
Siblings 6.7 0 1.6 0 0 0
Brother-/sister-in-law 0 2.0 1.6 0 0 0
Niece/nephew 0 4.1 3.1 0 0 0
Friend 13.3 6.1 7.8 0 3.2 2.5
Grandchild 0 0 0 11.1 0 2.5
Professional caregiver 0 0 0 11.1 0 2.5

Geographical distance to patients
Same address 33.3 69.4 60.9 11.1 67.7 55
Different town 66.7 30.6 39.1 55.6 22.6 30

C1, Centre 1 (Agaplesion Bethanien Hospital Heidelberg, geriatric hospital); C2, Centre 2 (University Hospital Heidelberg, rheumatology
and haematology outpatient services).
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each. Thereafter, they were asked to walk a distance of 4 m in
their usual gait speed twice; the faster walk was selected for
analysis. Walking aids were allowed if used in daily routine.
Finally, the patients performed the chair-rise test, getting up
from a chair five times as quickly as possible without using
the upper extremities or other assistance. The respective re-
sults of the three tests were each transformed into a score
ranking from 0 to 4 points and summarized to yield an overall
SPPB score ranking from 0 to 12 points, with higher scores in-
dicating better performance.

Statistical analyses

Descriptive statistics were reported in absolute numbers and
percentages for categorical variables. Possible differences in
patient and proxy characteristics between the two study
groups were assessed by Fisher’s exact and Kruskal–Wallis
test. All SARC-F scores were dichotomized into ≤3 (probably
not at risk for sarcopenia-related functional impairments)
and >3 points (positive screening for severe
sarcopenia-related functional impairments). The SPPB score
was dichotomized into ≥9 and <9 points.1 The results of
the chair-rise test were converted into chair rises per minute
(CRPM) from the absolute time needed for five chair rises to
allow for a natural numerical representation of a chair-rise

test in cases where patients were not able to stand up five
times in a row. If a patient was unable to perform this test,
the result was set as infinite. Thereby, the introduction of ar-
tificial numbers for analysis was avoided.

The SARC-F questionnaire was primarily established to
screen for persons who are at risk for sarcopenia-related poor
functional outcomes.22 Thus, defining a SPPB score <9 points
as the cut-off value for patients at high risk for severe
sarcopenia-related functional impairments, we assessed the
diagnostic values [sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV), and positive
and negative likelihood ratios (PLR, NLR)] of the
patient-reported and the different proxy-reported SARC-F
screening modalities. We used receiver operating characteris-
tic (ROC) curves to compare the overall accuracy of the
patient-reported and proxy-reported SARC-F variants. The
areas under the ROC curve (AUCs) were calculated. Compar-
isons between the AUC of the different SARC-F screening mo-
dalities were performed using the DeLong test.39

To assess the agreement between patient-reported and
proxy-reported SARC-F results, Cohen’s kappa was calculated
and rated according to the strength of agreement.40,41

The results of the patient-reported and the different
proxy-reported SARC-F versions were each correlated with
the patient’s SPPB scores and with their CRPM results. The
latter were specifically analysed because SARC-F items mainly

Figure 1 Trial procedures and recruitment flow chart. Patients performed SPPB and answered SARC-F questionnaire on Day 0 (=T1). Proxies in Cohort
A answered SARC-F questionnaire on Day 0 and again retrospectively after 3 months (=T2). Proxies in Cohort B answered the questionnaire only once
after 3 months (=T2) to test for a possible recall effect.

Validation of proxy-reported SARC-F 267

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 264–275
DOI: 10.1002/jcsm.12871



focus on lower extremity strength, and may therefore be well
reflected by the chair-rise test component of the SPPB.1

The resulting correlation coefficients were then tested
against each other in pairwise comparisons for non-
inferiority of proxy-reported in comparison with
patient-reported SARC-F results to an alpha level of 0.05 with
a non-inferiority margin of δ0 = 0.2.42 Additionally, the 95%
confidence intervals of the differences between these pairs
of correlation coefficients were calculated. In an exploratory
analysis, the obtained correlation coefficients were also
tested against each other for superiority to an alpha level of
0.05.

Unless stated otherwise, the presented analyses were all
performed for the group of the main proxies only. No com-
posite score of different proxies was generated.

To compare the proxy-reported SARC-F results obtained
from the different proxy subgroups (main proxies, additional
proxies, and proxies with a residential distance), correlations
of the retrospective proxy-reported SARC-F results with the
CRPM were calculated. The 95% confidence intervals of the
differences between the respective correlation coefficients
were provided. No formal non-inferiority/superiority testing
was performed due to the small sample sizes of the different
proxy subgroups.

The sample size for the Cohort A was based on the feasibil-
ity to complete recruitment within less than 6 months; how-
ever, to ensure proper powering of the study, comprehensive
sample size calculations based on different scenarios
were conducted. The sample size of the Cohort B was calcu-
lated based on the correlation coefficients of the
patient-reported SARC-F results with the CRPM of the first
47 patients in Cohort A, aiming at a significance level of
ɑ = 0.2 to achieve an empirical power of 88% for non-
inferiority.

All analyses were performed using the programming lan-
guage ‘R’, ‘cocor’ for calculation of correlation coefficients,
and ‘pROC’ for generation of ROC curves and AUC
calculations.

Results

Study population

One hundred and eleven patients and 137 proxies were en-
rolled in this study; the final study population comprised
104 patients and 135 proxies (Figure 1). Of these, 64 patients
and their corresponding proxies (64 main and 24 additional
proxies) were included in Cohort A between September
2018 and January 2019. Fifteen of the patients were undergo-
ing geriatric in-patient rehabilitation (Centre 1), and 49 were
community-dwelling older adults having a scheduled outpa-
tient visit at the rheumatology or haematology outpatient

service (Centre 2). A further 40 patients and their proxies
(40 main and 7 additional proxies) were assigned to Cohort
B (9 at Centre 1 and 31 at Centre 2) between November
2018 and May 2019. In general, compliance of participants
was excellent, with only two drop-outs due to incomplete
proxy responses to the proxy-reported SARC-F.

Characteristics of the patients and proxies from the two
cohorts are shown in Table 1 and did not reveal any signifi-
cant major differences (data not shown). Patients and proxies
were almost exclusively Caucasian, with only one Afro-Amer-
ican, one Hispanic, and a limited number of Turkish dyads. Of
note, patients from Centres 1 and 2 represented different
groups with regard to their functional status, as 93.3% of
the patients from Centre 1 compared with only 24.5% of
the patients from Centre 2 achieved a SPPB score <9 points
and were therefore regarded as having a high risk for
sarcopenia-related severe functional impairments. Moreover,
the median age at Centre 1 was 81.9 years (range: 63–
95 years) in comparison with a median age of 76.6 years
(range: 64–90 years) at Centre 2.

In Cohort A, 37.5% of patients had a positive screening re-
sult for severe sarcopenia-related functional impairments ac-
cording to their patient-reported SARC-F score (>3 points),
and 40.6% scored <9 points on the SPPB. At T1, 40.6% of
all proxies in Cohort A answered the SARC-F questionnaire
with the result of a positive screening, and at T2, 50% of prox-
ies evaluated the respective patient as scoring positive (>3
points).

In Cohort B, 30% of patients scored positive for high risk of
severe sarcopenia-related functional impairments on the
patient-reported SARC-F (>3 points), and 37.5% had a SPPB
score <9 points. Fifty-five per cent of all proxies in Cohort
B evaluated the respective patient as scoring positive (>3
points) for high risk of severe sarcopenia-related functional
impairment at T1 when answering the SARC-F questionnaire
at T2.

Performance of the patient-reported and proxy-
reported SARC-F for ad-hoc sarcopenia screening

The sensitivity, specificity, PPV, NPV, PLR, and NLR of the
patient-reported SARC-F in both cohorts and of the ad-hoc
proxy-reported SARC-F in Cohort A are summarized in Table
2. The sensitivity of the different proxy-reported SARC-F mo-
dalities was constantly above 0.81, the NPV above 0.86. Over-
all, sensitivity, specificity, PPV, and NPV were in the range of a
suitable screening test.43

In addition, ROC curves for the different SARC-F screening
modalities and a SPPB score < 9 points were generated
(Figure 2). The AUCs were consistently high, in the
range > 0.8. The comparison of the ROC curves revealed
no significant differences between the patient-reported and
proxy-reported SARC-F versions (Figure 2F).
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Of note, the sensitivity and the PPV were markedly de-
creased for the ad-hoc patient-reported SARC-F in Cohort B
when compared with those in Cohort A (Table 2). Moreover,
the AUC for the ad-hoc patient-reported SARC-F in Cohort B
was reduced to 0.82 in comparison with 0.92 in Cohort A
(Figure 2), although no significant difference was demon-
strated (P = 0.195). No obvious reasons for these differences
could be identified.

In contrast to the originally proposed SARC-F cut-off of >3
points to define a positive screening result,22 we observed
the highest sum of sensitivity and specificity at a higher
threshold of>4 points for ROC curves of all patient and proxy
subgroups with the exception of the ad-hoc proxy-reported
SARC-F in Cohort A (Figure 2). That indicates that the most
suitable cut-off for a positive result on the SARC-F for severe
impairment would be >4 points for our data.

To assess the interrater reliability between patient and
proxy ratings, Cohen’s kappa was calculated for agreement
between patient-reported and proxy-reported ad-hoc SARC-
F > 3 points. Agreement was demonstrated to be substantial
[κ = 0.79; CI (0.64, 0.95)].

Correlations of the ad-hoc proxy-reported SARC-F results
with the SPPB as well as those of the patient-reported
SARC-F with the SPPB in both cohorts were moderate
(Table 3). When tested against each other, non-inferiority of
the ad-hoc proxy-reported SARC-F/dichotomized SPPB corre-
lation coefficient compared with the patient-reported SARC-
F/dichotomized SPPB correlation coefficient could be demon-
strated (Table 3). The same was shown for correlations of the
ad-hoc proxy-reported and patient-reported SARC-F results
with the CRPM and revealed non-inferiority of the ad-hoc
proxy-reported SARC-F (Table 3).

Additional testing for a potential superiority of the ad-hoc
proxy-reported SARC-F/CRPM correlation coefficient com-
pared with the patient-reported SARC-F/CRPM correlation
coefficient was negative [P = 0.05; 95% CI for the difference
of the correlation coefficients r1 � r2: (�0.033, 0.376)].

In summary, ad-hoc proxy-reported SARC-F was shown to
be non-inferior to the patient-reported evaluation.

Performance of the retrospective proxy-reported
SARC-F and evaluation of a recall effect

The sensitivity, specificity, PPV, NPV, PLR, and NLR of retro-
spective proxy-reported SARC-F in Cohort A are summarized
in Table 2. The sensitivity was 0.88 [95% CI (0.70, 0.98)], spec-
ificity 0.78 [95% CI (0.61, 0.90)], PPV 0.74 [95% CI (0.55,
0.88)], and NPV 0.9 [95% CI (0.74, 0.98)]; thus, performance
was comparable with that of the ad-hoc proxy-reported
SARC-F.

Again, ROC curves for the different SARC-F screening mo-
dalities and a SPPB score < 9 points were generated (FigureTa
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Figure 2 Receiver operating characteristic (ROC) curves. ROC curves were calculated defining a ‘short physical performance battery’ (SPPB) score <9
points as having a high risk of severe sarcopenia-related functional impairment for (A) ad-hoc patient-reported SARC-F (Cohort A), (B) ad-hoc proxy-
reported SARC-F (Cohort A), (C) retrospective proxy-reported SARC-F (Cohort A), (D) ad-hoc patient-reported SARC-F (Cohort B), and (E) retrospective
proxy-reported SARC-F (Cohort B). (F) P values for DeLong test comparing areas under the curves (AUC) for the different ROC curves are shown, re-
vealing no significant differences.

Table 3 Summary of non-inferiority analyses

CC SARC-F >
3/SPPB < 9 P value

95% CI
(r1 � r2)

CC SARC-F >
3/chair rise P value

95% CI
(r1 � r2)

Ad-hoc patient-reported SARC-F
(Cohort A) (r1)

0.63 0 [�0.3311, 0.0865] �0.59 0 [�0.0325, 0.3534]

Ad-hoc proxy-reported SARC-F
(Cohort A) (r2)

0.70 �0.66

Ad-hoc patient-reported SARC-F
(Cohort A) (r1)

0.63 0.0065 [�0.3014, 0.2306] �0.59 0.0011 [�0.1385, 0.3894]

Retrospective proxy-reported
SARC-F (Cohort A) (r2)

0.65 �0.67

Ad-hoc patient-reported SARC-F
(Cohort B) (r1)

0.39 0.026 [�0.4774, 0.2313] �0.6 0.268 [�0.5274, 0.2117]

Retrospective proxy-reported
SARC-F (Cohort B) (r2)

0.49 �0.49

Ad-hoc patient-reported SARC-F
(Cohort A) (r1)

0.63 0.0001 [�0.0555, 0.5651] �0.59 0.0925 [�0.2756, 0.2603]

Ad-hoc patient-reported SARC-F
(Cohort B) (r2)

0.39 �0.6

Retrospective proxy-reported
SARC-F (Cohort A) (r1)

0.65 0.0003 [�0.1058, 0.4652] �0.67 0.4476 [�0.482, 0.0851]

Retrospective proxy-reported
SARC-F (Cohort B) (r2)

0.49 �0.49

CC, correlation coefficient; r1, correlation coefficient 1; r2, correlation coefficient 2.
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2) and revealed an AUC of 0.92 (Figure 2F) for retrospective
proxy-reported SARC-F in Cohort A.

In Cohort B, in which proxies were only asked once after
3 months to answer the proxy-reported SARC-F questionnaire
to exclude a recall bias, measures for sensitivity and NPV
were within the same range as those of Cohort A (Table 2);
the specificity and PPV were reduced (Table 2) due to a
higher rate of false positive measurements in Cohort B.
Regarding ROC curves, the AUC of retrospective proxy-
reported SARC-F in Cohort B was as high as 0.90 (refer to
Figure 2).

In addition, Cohen’s kappa was calculated for agreement
between ad-hoc patient-reported SARC-F > 3 points and ret-
rospective proxy-reported SARC-F > 3 points. Agreement was
demonstrated to be substantial [κ = 0.61; CI (0.42, 0.81)] in
Cohort A and moderate in Cohort B [κ = 0.42; CI (0.15, 0.69)].

In Cohort A, the retrospective proxy-reported SARC-F/di-
chotomized SPPB correlation was non-inferior to the pa-
tient-reported SARC-F/dichotomized SPPB correlation (Table
3). Similar results were obtained for the correlations of
SARC-F with CRPM (Table 3).

In line, non-inferiority could be demonstrated for the ret-
rospective proxy-reported SARC-F/dichotomized SPPB corre-
lation in comparison with the patient-reported SARC-F/
dichotomized SPPB in Cohort B (Table 3). In contrast,
non-inferiority testing of the retrospective proxy-reported
SARC-F/CRPM correlation versus the patient-reported SARC-
F/CRPM correlation failed in Cohort B (Table 3). Further anal-
yses of Cohort B revealed that the correlations differed
mostly in the subgroup of proxies whose patients were
treated at the outpatient rheumatology service (subgroup
at Centre 2; Supporting Information, Table S1). No obvious
reasons for this difference could be found.

Proxy-reported SARC-F: main proxies in comparison
with additional proxies

As stated above, the previous analyses were all performed
within the group of main proxies. For 16 and 4 patients,
one or two additional proxies were enclosed, respectively.
In total, 51.9% of all proxies were partners, and the major-

ity of the remaining proxies were the patients’ children
(Table 1). Only 41.4% of all proxies lived in a different
town. The 95% confidence intervals for the differences be-
tween the correlation coefficients of the retrospective
proxy-reported SARC-F and the CRPM of the respective
subgroups are shown in Table 4. The correlation coeffi-
cients for the groups with a less close relationship (in com-
parison with partners) or having a different address/living
in a different town (compared with sharing the same ad-
dress with the patient) showed a trend towards higher cor-
relation coefficients.

Because the subgroups were too small to formally analyse
interrater reliability, we assessed the subgroup of 16 patients
with two available proxies. In these, only 3/16 proxies
[18.75%; 95% CI (0.04, 0.46)] answered discordantly to an ex-
tent that resulted in a positive versus a negative screening re-
sult (score of ≤3 vs. >3 points).

Discussion

In the health care of older adults, complementing or
substituting the patient’s self-report with the appraisal of a
close contact person or caregiver is an occasionally used prac-
tice. This applies particularly to cases in which the use of
patient-reported outcomes or functional tests is not feasible
due to acute medical conditions or dementia. Especially with
regard to the stratification of treatment intensity, assessment
of severe sarcopenia-related functional impairments gives
valuable information on the patient’s fitness and therefore
on resilience factors for treatment tolerability and rehabilita-
tion potential. In our study, we evaluated the validity of the
SARC-F questionnaire for proxy-reported ad-hoc and retro-
spective screening for severe sarcopenia-related functional
impairments. To our knowledge, this is the first
study examining the validity of a screening questionnaire
for sarcopenia-related functional impairments as a
proxy-assisted tool.

Evaluation of a patient’s current functional status with the
proxy-reported SARC-F was demonstrated to be non-inferior
to the patients’ self-reporting and showed promising validity
when compared with functional tests indicating a high risk of

Table 4 Evaluation of different proxy characteristics

Proxy subgroup Correlation coefficienta 95% Confidence interval (r1 � r2)

Relationship
Partner (n = 31; r1) versus �0.6 [�0.1822, 0.435]
Remaining relationship groups (n = 31; r2) �0.715

Postcode
Same town (n = 47; r1) versus �0.657 [�0.3431, 0.3361]
Different town (n = 15; r2) �0.724

Address
Identical address (n = 37; r1) �0.63 [�0.1877, 0.3935]
Different address (n = 25; r2) �0.741

aCorrelation coefficients between retrospective proxy-reported SARC-F and chair rises per minute (CRPM).
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severe sarcopenia-related functional deficits (i.e. SPPB). Thus,
we suggest its use as a screening tool for severe
sarcopenia-related functional deficits in cases where
self-reporting is not feasible.

The retrospective evaluation with the proxy-reported
SARC-F also showed promising results with robust identifica-
tion rates of patients at high risk for severe
sarcopenia-related functional deficits. Although
non-inferiority could not be demonstrated for the proxy-re-
ported SARC-F/CRPM correlation compared with the pa-
tient-reported SARC-F/CRPM correlation in Cohort B, the
respective correlation with the overall SPPB score proved to
be non-inferior in both cohorts. Considering the latter find-
ings as well as the analysis of the ROC curves and the moder-
ate interrater reliability between patient and proxy ratings,
the results of the retrospective proxy-reported SARC-F
screening in Cohort A are unlikely to be severely compro-
mised by a recall effect. Moreover, the high NPVs suggest
that the retrospective screening is particularly suitable to ex-
clude individuals who have not been at high risk for severe
sarcopenia-related functional deficits.

Although evaluation of premorbid function is not always
useful, it can be beneficial if an acute medical condition is
thought to cause a severe temporary impairment rather than
representing the patient’s intrinsic condition. In this case, an
assessment of the premorbid function can provide such infor-
mation. Under this assumption, retrospective proxy-reported
SARC-F screening can be used to guide therapy decisions if
discrimination between disease-related functional decline
and premorbid impairment is crucial. To further depict such
a case, the rapid onset of acute myeloid leukaemia can serve
as an example. Even in a previously fit and healthy older
adult, the onset of acute myeloid leukaemia can lead to a
rapid deterioration of the functional abilities that is mainly
disease-related and does not represent the underlying physi-
cal resilience of the patient. Treatment options range
between intensive chemotherapies eventually followed by
an allogeneic stem-cell transplantation aiming at cure of the
disease and better-tolerated palliative treatments. The choice
of therapy path is crucial to avoid the high probability of
treatment-related morbidity and mortality in case of a frail
patient receiving an intensive treatment and undertreatment
in a patient with disease-related functional impairments and
high potential for physical resilience receiving a palliative
treatment option.

The patient’s self-perception of functional capacities can
differ significantly from functional testing results,44,45 with
underestimation46 and overestimation 32,46,47 of abilities. This
perception of one’s own, but also of others’ (functional) abil-
ities is a multifaceted process, influenced by many aspects,
such as socio-economic factors and gender.48–51 Functional
decline might not be perceived as such if deficits are well
compensated by the social environment, assistive devices,
and adaptation of lifestyle to deficits. Thus, the

self-reported functional status might be overrated. On the
other hand, psychological factors, such as social isolation, or
depression, can lead to ‘feeling’ physically impaired although
being objectively functional. In these cases, proxy-reported
functional assessments can provide important hints. On the
other hand, proxy perception can also be affected by
experiencing a high psychological and socio-economic burden
as a caregiver.52 Accordingly, proxy ratings might variably be
superior or inferior to an objective test result or the patient’s
own perspective.53,54 Our study was not sufficiently powered
to assess in detail the superiority of the main proxy-reported
SARC-F compared with patient-reported SARC-F results. Still,
we observed a trend towards higher correlation coefficients
within the proxy groups with a less close relationship to the
patients (in comparison with partners). This probably indi-
cates that the actual residential distance and a personal rela-
tionship outside the partnership are not disadvantageous for
the validity of the obtained results, although this conclusion
is limited by the small sample sizes, broad confidence inter-
vals, and the exploratory nature of the analyses. Based on
these findings, to contact also more distant proxies in cases
where the patient cannot be assessed personally seems legit-
imate. Whether these proxies might respond even more ob-
jectively than the patients themselves or close proxies
needs to be confirmed in a larger data set and could have im-
portant implications for day-to-day clinical decision-making.

In general, the specificity of the patient-reported SARC-F in
this study was within the reported range from several other
published SARC-F validation studies.23,24,26,27,30 Compared
with other pivotal trials, in which sensitivity values of <60%
were described,23,26,27,29,30 the sensitivity in our study was
unexpectedly high. However, most of these other trials used
different functional parameters for comparison, such as gait
speed, grip strength, or composite scores of muscle strength
and functional measures. The chair-rise test included in the
SPPB employed in our trial is a very sensitive measure of
functional deficits, possibly explaining the high sensitivity
found in the present study. In addition, the prevalence of
(sarcopenia-related) functional impairments was higher in
our study than in the others, further explaining the higher
sensitivity. In line, detection of severe impairments could be
more obvious and therefore easier to rate for proxies than
less severe impairments, which could additionally explain
the higher sensitivity.

Limitations

The present study has several limitations. First, the sample
size was only moderate in comparison with the pivotal
SARC-F validation trial.22 In contrast to the initial large
population-based study22 that aimed mainly at assessing
the questionnaire’s construct validity, we intended to validate
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a proxy-reported version for the hospital setting. These differ-
ent purposes explain the different sample sizes. Moreover,
validity of the presented results can be claimed because sta-
tistical significance was achieved. In addition, stronger effects
are required to reach statistical significance in smaller cohorts
in comparison with larger trial populations. The latter further
underlines the validity of our findings. Second, the mean pa-
tient age was nearly 80 years. Whether the proxy ratings in
younger patient populations are equally valid was not deter-
mined. Third, patients with acute severe diseases were ex-
cluded in this trial because neither a functional reference
nor a patient-reported SARC-F score would have been avail-
able as comparator for the proxy-rated scores. It cannot be
excluded that the acute distress of such a situation could po-
tentially bias the validity of the proxy-rating. Fourth, the pa-
tient cohorts were very heterogeneous as we recruited
participants from two distinct inpatient and outpatient set-
tings with the intention to include patients with and without
sarcopenia-related severe functional deficits. Fifth, the group
of proxies showed a clear female dominance, mostly
reflecting the higher life expectancy of women and complex
social patterns. A formal comparison of proxy validity with re-
gard to gender was not performed. Finally, our participants
were almost exclusively Caucasian. Because the SARC-F ques-
tionnaire is already validated in many ethnicities and
languages,22,25–27 we did not further focus on these aspects.
Even more important than different ethnicities might be a
culturally dominated difference of family structures with
the lack of large families living with several generations in
close proximity in our study. We cannot speculate on the im-
pact of these different social structures on proxy validity as
our trial was not powered to compare the validity of different
proxy subgroups and these large families are scarce in
Germany. These limitations should be taken into account
when the proxy-reported SARC-F is used, and more research
is required to assess the impact of different proxy subgroups
and characteristics.

Conclusions

Under consideration of the above discussed limitations, we
suggest using the proxy-reported SARC-F for the screening
of a patient’s current functional status in case an older pa-
tient is incapable of self-assessment. Thus, the proxy-re-
ported SARC-F is the first instrument available for screening

of severe sarcopenia-related functional impairment during
acute medical emergencies and for patients with severe cog-
nitive impairment. Adequate treatment of severe subacute
diseases requires information on the patient’s premorbid
functional status to estimate resilience. Retrospective evalua-
tion with the proxy-reported SARC-F could be used in this
context to identify older patients without previous severe
sarcopenia-related functional impairments.
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