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Abstract
We aimed to develop and validate a new simple decision support tool (U-TEST) for diagnosis of sarcopenia in orthopaedic patients. We created
seventeen candidate original questions to detect sarcopenia in orthopaedic patients with sarcopenia through expert opinions and a semi-
structured interview. To derive a decision support tool, a logistic regression model with backward elimination was applied to select variables
from the seventeen questions, age and underweight (BMI< 18·5 kg/m2). Sarcopenia was defined by Asian Working Group for Sarcopenia 2019
criteria. After assigning a score to each selected variable, the sum of scores was calculated. We evaluated the diagnostic performance of the new
tool using a logistic regression model. A bootstrap technique was used for internal validation. Among a total of 1334 orthopaedic patients,
sixty-five (4·9 %) patients were diagnosed with sarcopenia. We succeeded in developing a ‘U-TEST’with scores ranging from 0 to 11 consisting
of values for BMI (Underweight), age (Elderly) and two original questions (‘I can’t stand up from a chair without supportingmyself withmy arms’
(Strength) and ‘I feel that my arms and legs are thinner than theywere in the past’ (Thin)). The AUCwas 0·77 (95 %CI 0·71, 0·83).With the optimal
cut-off set at 3 or greater based on Youden’s index, the sensitivity and the specificity were 76·1 and 63·6 %, respectively. In orthopaedic patients,
our U-TEST scoring with two questions and two simple clinical variables can help to screen for sarcopenia.
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Sarcopenia, defined as age-related decline in muscle mass, muscle
strength and physical function(1), is globally regarded as a major
problem in an ageing society. Sarcopenia is significantly associated
with all-cause mortality among community-dwelling older peo-
ple(2). In orthopaedic patients, sarcopenia has also drawn attention
because sarcopenic patients are more likely to experience acceler-
ated loss of muscle mass due to the effect of cytokines(3) and
decline in physical activity caused by pain(4).

Despite the well-known significance of sarcopenia, the avail-
ability of measurements of muscle mass, muscle strength and

walking speed to detect sarcopenia is limited in clinical
settings in terms of devices, places and skilled human resources.
To palliate this shortage, the SARC-F (Strength, Assistance in
walking, Rise from a chair, Climb stairs, and Falls) questionnaire
was developed as a simple tool to diagnose sarcopenia rapidly
and simply(5) and has been validated in patients with associated
diseases as well as in the general population(6–9). On the other
hand, in our previous study, the diagnostic performance of
SARC-F in musculoskeletal disease was shown to be low, having
a sensitivity of 41·7 % and a specificity of 68·5 %(10). Diagnostic
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performance depends on the setting where diagnostic tools are
used; to develop a new diagnostic tool that consists of a few sim-
ple questions and easily available information will help to detect
sarcopenia more efficiently than with SARC-F among orthopae-
dic patients.

We conducted a large single-centre cross-sectional study to
develop and validate a new simple diagnostic tool, ‘U-TEST,’
for sarcopenia in orthopaedic patients.

Methods

This was a large single-centre cross-sectional study, named
‘Screening for People Suffering Sarcopenia in Orthopedic cohort
of Kobe study’ (SPSS-OK). The present study followed the guide-
lines laid down in theDeclaration ofHelsinki. The study protocol
was approved by the local institutional review board (no. 57,
26 January 2017) and the Research Ethics Community of
Fukushima Medical University (no. 2850, 28 September 2016),
and informed consent was obtained from all patients included
in this study. The hospital involved in SPSS-OK, a single-spe-
cialty surgical hospital that operated intensively on patients with
degenerative diseases, was located in the central part of Kobe
City. From August 2016 to January 2020, we recruited patients
who were scheduled to undergo total knee or hip arthroplasty
or spinal surgery at the time of their visit for preoperative
evaluation. Eligible were only those patients who would
undergo their first surgery because the implanted artificial
materials might potentially interfere with measurement by
bioelectrical impedance analysis after surgery. Patients who
had neuromuscular disease were also excluded.

Item pooling and questionnaire preparation
for the index test

The process from development to validation of the diagnostic
tool is shown in Fig. 1. As the first step, four physical and

occupational therapists (T. K. and others) individually listed
items asking the occupations or activities of daily living which
they considered difficult for patients with sarcopenia. As the sec-
ond step, we conducted a semi-structured interview with four
knee osteoarthritis patients with sarcopenia to investigate
whether additional important items had been overlooked. We
selected seventeen candidate items for the development of
the index test. All items were converted to questions with two
responses (yes or no) to answer (in Japanese). We then con-
ducted a pilot study to evaluate whether or not the contents
of questions were easy to understand and appropriate. Each
question was translated into English and then back-translated
into Japanese to confirm the conceptual equivalence of the
English version. Questions prepared for the index test are shown
in online Supplementary Table 1. All these stepswere supervised
by a psychologist and an internist (T. W. and N. K.) who have
experience with development and psychometric testing of ques-
tionnaire scales(11).

Definition and measurement of the reference standard

We applied the definition of the Asian Working Group for
Sarcopenia (AWGS) 2019(12) as our reference standard for diag-
nosis of sarcopenia. AWGS2019 criteria use a combination of low
skeletal mass index, and either low handgrip strength or low gait
speed. The detailed diagnostic criteria of AWGS2019 are shown
in Table 1. We measured appendicular skeletal muscle mass
using bioelectrical impedance analysis (MC-780 A; TANITA
Co. Ltd). The appendicular skeletal muscle mass index was
obtained by dividing appendicular skeletal muscle mass by
height squared. Handgrip strength was measured twice for
both hands using a grip strength dynamometer (GRIP-D
T.K.K. 5401; Takei Scientific Instruments Co. Ltd). For gait
speed, the walking time was measured twice on a 10 m straight
walkway. Extra 2·5 m walkways for acceleration and deceler-
ation were also constructed. For handgrip strength and gait

Fig. 1. The process from development to validation of the diagnostic tool.
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speed, averaged values were used. All measurements were
made by well-trained physical therapists during the pre-
surgery visit.

Measurement of other variables

We also included easily available information such as age (≤69,
70–79, 80 years or older), underweight defined by BMI of
<18·5 kg/m2(13) as candidates for the index test. In addition, data
on baseline characteristics were collected as follows: sex, loca-
tion of surgery (knee, hip or spine) and underlying orthopaedic
diseases, and co-morbidities (cancer, chronic lung disease, heart
disease, stroke and chronic kidney disease). Heart disease was
defined as a history of myocardial infarction, congestive heart
failure or angina. Chronic kidney disease was defined as an
estimated glomerular filtration rate≤ 60 ml/min per 1·73 m2,
calculated using age, serum creatinine level and sex as
follows(14): estimated glomerular filtration rate= 194 × serum
creatinine–1·094 × age–0·287 × 0·739 (if female). Diabetes was
defined as a glycosylated Hb value ≥6·5 %(15).

Statistical analysis

We conducted a complete case analysis. For the descriptive
analysis, the characteristics of study participants were
presented as means and standard deviations for continuous
variables and as numbers and proportions for categorical
variables.

Development of the diagnostic support tool

For derivation of the diagnostic support tool for sarcopenia, a
logistic regression model with backward elimination was
applied. The initial model included presence of sarcopenia
defined by AWGS2019 criteria as the dependent variable and
the seventeen (dichotomous) original items, age (≤69, 70–79,
80 years or older) and BMI (<18·5 or ≥18·5 kg/m2) as indepen-
dent variables. The criterion for elimination from the model was
a P value> 0·05. Because a tool using a points score system is
easy to understand and use clinically, we developed a score-
based diagnostic support tool(16). We used regression coeffi-
cients of selected variables after backward elimination to
construct our U-TEST score-based diagnostic support tool(17,18).
For each selected variable, we divided its regression coefficient
by the minimum regression coefficient among them and
rounded the answer to an integer value(18). Next, we used the

total score of those integer values to create a score chart for
use as the diagnostic support tool.

Internal validation of diagnostic support tool

To adjust for optimism following backward selection, we esti-
mated the model’s optimism-corrected performance in accor-
dance with the procedure recommended in the Transparent
Reporting of a multivariable prediction model for Individual
Prognosis Or Diagnosis Statement(19). Performance was esti-
mated from the AUC of the logistic regression model.
Optimism was quantified as the average of differences in AUC
of a single logistic regression model fitted for both the boot-
strapped resampling data and the original data. The model to
be fitted for both data sets consisted of automatically selected
variables using backward elimination from the resampling data.
Bootstrapping was repeated 200 times. The optimism-corrected
performance was calculated by subtracting the effect of opti-
mism from the AUC for the originally selected model.

Test of diagnostic performance

First, we described the prevalence of sarcopenia defined by
AWGS2019 criteria according to four categories determined
in the order of the total score of the developed support tool
(0–2, 3–4, 5–6, 7–11). Second, a logistic regressionmodel includ-
ing the total score as an independent variable and sarcopenia
based on AWGS2019 criteria as a dependent variable was
applied to calculate the values for sensitivity, specificity, and
positive and negative likelihood ratio using each cut-off. We esti-
mated the optimal cut-off point for the total score at which the
sum of sensitivity and specificity becomes maximum based on
Youden’s index. Third, the discriminative ability of our devel-
oped model was compared with SARC-F using the DeLong test,
which measures equality of the AUC-ROC (receiver operating
characteristics)(20). Finally, to examine whether U-TEST is still
more sensitive than SARC-F to predict sarcopenia even when
a different definition of sarcopenia is used, we fitted separate
logistic regression models including the dependent variables
defined as sarcopenia by the European Working Group on
Sarcopenia in Older People 2 (EWGSOP2)(21) and by the
International Working Group on Sarcopenia (IWGS)(22). We
compared the AUC of the model using U-TEST with that using
SARC-F for sarcopenia defined by EWGSOP2 and IWGS criteria,

Table 1. Diagnostic criteria for sarcopenia

AWGS2019(12) EWGSOP2(21) IWGS(22)

(1) Low muscle mass* ASMI < 7·0 kg/m2 for men
ASMI < 5·4 kg/m2 for women

ASMI< 7·0 kg/m2 for men
ASMI< 5·5 kg/m2 for women

ASMI< 7·23 kg/m2 for men
ASMI< 5·67 kg/m2 for women

(2) Low muscle strength Grip strength< 28 kg for men
Grip strength< 18 kg for women

Grip strength < 27 kg for men
Grip strength < 16 kg for women

(3) Low physical performance Gait speed< 1·0m/s for both sexes Gait speed< 0·8m/s for both sexes Gait speed< 1·0m/s for both
sexes

(1) þ ((2) or (3)) for sarcopenia (1) þ (2) for sarcopenia
(1) þ (2) þ (3) for severe sarcopenia

(1) þ (3) for sarcopenia

AWGS, Asian Working Group for Sarcopenia; EWGSOP2, European Working Group on Sarcopenia in Older People 2; IWGS, International Working Group on Sarcopenia; ASMI,
appendicular skeletal mass index.
* Measured by bioimpedance analysis.
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separately. The detailed diagnostic criteria of EWGSOP2 and
IWGS are shown in Table 1.

All statistical analyses were done using Stata version 16.1
(Stata Corp.). All tests were two-sided, and P< 0·05 was consid-
ered statistically significant.

Since we used registry data (i.e. the SPSS-OK) for the present
study, we did not have a pre-determined sample size.

Results

Among 1439 study participants, the 1334 without missing index
test or reference standard data were enrolled in the statistical
analysis (Fig. 2). Few data were missing on the index test
(n 96) or the reference standard (n 9). Table 2 shows the
characteristics of study participants grouped by the presence
or absence of sarcopenia diagnosed by the AWGS2019 criteria.
Their mean age was 69·5 years; 73 % were female. Among them,
sixty-five (4·9 %) patients were diagnosedwith sarcopenia by the
AWGS2019 criteria.

Development and internal validation of the diagnostic
support tool

From the result of a logistic regression model with backward
elimination, BMI (Underweight), age (Elderly) variables and
two questions (Q13 ‘I can’t stand up from a chair without sup-
porting myself with my arms’ (Strength) and Q14 ‘I feel that
my arms and legs are thinner than they were in the past’
(Thin)) were selected. The optimism-corrected AUC for the origi-
nally selected model was 0·76 (95 % CI 0·69, 0·82). The regres-
sion coefficients and the assigned scores for each variable are
shown in Table 3. The assigned scores of each variable were
calculated by dividing its regression coefficient by that of Q13,
which was the smallest, and rounded up to the nearest integer.
The outcome of our development efforts was the ‘U-TEST’
whose total score ranges from 0 to 11.

Test of diagnostic performance

Fig. 3 shows the prevalence of sarcopenia by AWGS2019 criteria
according to U-TEST score categories. The prevalence varied
from 1·9 % with scores of 0–2 to 50·0 % with scores of 7–11.
Table 3 shows sensitivity, specificity, and positive and negative
likelihood ratio at different cut-offs. Based on the Youden’s
index, the optimal cut-off point was found to be 3 (sensitivity
76·1 (95 % CI 64·7, 84·7) %, specificity 63·6 (95 % CI 60·9,
66·1) %). On the other hand, with a cut-off of 7 or greater, a
greater positive likelihood ratio of 29·3 (95 % CI 10·7, 79·9)
was obtained (sensitivity 13·4 (95 % CI 6·3, 24·0) %, specificity
99·5 (95 % CI 99·0, 99·8) %).

Comparison of discriminative ability of U-TEST with SARC-F

Fig. 4 shows the receiver operating characteristics curve of
U-TEST and SARC-F to identify sarcopenia. The AUC of
U-TEST and SARC-F were 0·77 (95 % CI 0·71, 0·83) and 0·57
(95 % CI 0·50, 0·64), respectively, and the difference between
them was statistically significant (P< 0·001).

Discriminative ability of U-TEST for sarcopenia defined by
European Working Group on Sarcopenia in Older People
2 and International Working Group on Sarcopenia criteria

The prevalence of sarcopenia by EWGSOP2 and IWGS was
3·7 % (50/1334) and 3·2 % (43/1334), respectively. The AUC of
U-TEST for sarcopenia defined by EWGSOP2 and IWGS criteria
were 0·80 (95 % CI 0·69, 0·91) and 0·73 (95 % CI 0·65, 0·82),
respectively. Both AUC were greater than those of SARC-F
(0·57 (95 % CI 0·43, 0·72) for EWGSOP2 and 0·61 (95 % CI
0·52, 0·69) for IWGS).

Discussion

We developed a new diagnostic tool for sarcopenia in patients
with orthopaedic disease (U-TEST) that consists of only two

Fig. 2. Study flow chart.
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questions and two simple clinical variables (older age and under-
weight defined by BMI). We found that its diagnostic perfor-
mance was high enough for clinical use, and acceptable even
for diagnosing sarcopenia by the EWGSOP2 and IWGS defini-
tions broadly used worldwide. Given the inadequacy of perfor-
mance of SARC-F in patients with orthopaedic disease(10), we
believe that our new tool can replace SARC-F to screen
sarcopenia in these patients.

Of the two original questions selected, Q13 ‘I can’t stand up
from a chair without supporting myself with my arms’ can be
useful as a substitute for measurements of handgrip strength
and gait speed. Similarly, Q14 ‘I feel that my arms and legs
are thinner than they were in the past’ and underweight
(BMI< 18·5 kg/m2) can detect a decline in muscle mass, which
means these questions can work as an alternative to bioelectrical
impedance analysis. Taking these facts into consideration, the

Table 2. Baseline characteristics of study participants
(Mean values and standard deviations; numbers and percentages)

Total (n 1334)
Non-sarcopenia

(n 1269) Sarcopenia (n 65)

Missingn % n % n %

Age (years)
Mean 69·5 69·2 75·4
SD 9·3 9·2 8·0

Female 974 73·0 918 72·3 56 86·2
BMI (kg/m2)
Mean 24·7 25·0 20·2
SD 3·9 3·8 1·8

Surgical joint
Knee 716 53·7 683 53·8 33 50·8
Hip 341 25·6 326 25·7 15 23·1
Spine 277 20·8 260 20·5 17 26·2

Knee disease
Osteoarthritis 691 51·8 659 51·9 32 49·2
Necrosis 124 9·3 120 9·5 4 6·2
Others 1 0·1 1 0·1 0

Hip disease
Osteoarthritis 327 25·2 314 25·3 13 21·3
Necrosis 20 1·5 18 1·5 2 3·3
Others 4 0·3 3 0·2 1 1·6

Spinal disease
Spinal stenosis 261 82·3 244 81·9 17 89·5
Spondylolisthesis 137 46·4 126 45·7 11 57·9
Others 48 13·4 47 13·8 1 5·9

Diabetes 116 8·8 109 8·7 7 10·8 9
Cancer 115 8·7 110 8·8 5 7·7 16
Chronic lung disease 10 0·8 8 0·6 2 3·1 18
Heart disease 55 4·2 49 3·9 6 9·2 16
Stroke 28 2·1 28 2·2 0 0 17
Chronic kidney disease 301 22·6 285 22·5 16 24·6 3

Table 3. Point estimates for significant variables associated with sarcopenia and their assigned scores from a logistic
regression with backward elimination model*
(Odds ratios and 95 % confidence intervals)

OR 95% CI P Regression coefficient Assigned score†

Q13= yes‡ 1·84 1·04, 3·25 0·037 0·61 1
Q14= yes§ 2·01 1·16, 3·49 0·012 0·70 1
Age= 70–79 years 2·92 1·45, 5·93 0·003 1·07 2
Age≥ 80 years 7·54 3·53, 16·12 <0·001 2·02 4
BMI< 18·5 kg/m2 15·03 5·64, 40·04 <0·001 2·71 5

AUC 0·78

* The dependent variable was sarcopenia as defined by Asian Working Group for Sarcopenia 2019 criteria, and independent variables were sev-
enteen original questions, age (≤69 (reference), 70–79,≥80 years) and underweight (BMI< 18·5 kg/m2). The significance level for elimination from
the model was P≥ 0·05.

† The assigned scores were derived by the following process: first, all coefficients were divided by the smallest value of the coefficients in themodel
(i.e. 0·61). Next, the divided numbers were rounded to integer values (e.g. assigned score for ‘age= 70–79 years’= 1·07/0·61= 1·754 ≃ 2).

‡Q13: ‘I can’t stand up from a chair without supporting myself with my arms.’.
§ Q14: ‘I feel that my arms and legs are thinner than they were in the past.’.

U-TEST for sarcopenia in orthopaedic patients 1327

https://doi.org/10.1017/S0007114521000106  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521000106


combined use of the selected variables is sufficiently clinically
valid to screen sarcopenia with high discriminative ability,
considering the operationalisation in AWGS2019 criteria of sar-
copenia based on low muscle mass and low muscle strength or
physical function.

Several previous studies have developed simple methods to
diagnose sarcopeniawith excellent performance. Typically, they
attempt to improve SARC-F by adding body measurements to
questions. SARC-CalF, developed in Brazil, adds calf circumfer-
ence to SARC-F and is reported especially to improve sensitivity
compared with SARC-F(23–25). A study in Indonesia evaluated
performance when the thigh circumference was added to
SARC-CalF, and specificity was again shown to be improved(26).
Compared with these methods, our U-TEST seems to have com-
parable detectabilities with fewer simple questions, combined
with routine measurements (BMI and age) that are acceptable
in clinical practice. A research group in Italy also developed a
sarcopenia risk assessment tool for community-dwelling elderly
that consists of only five (or seven) questions without any body
measurement(27). These tools can replace SARC-F for screening
sarcopenia because their high sensitivity and low negative
likelihood ratio are much better than those of SARC-F(28).
Considering the high values of specificity and positive likelihood
ratio (>10) when the cut-off is set at 7 or greater, our tool is
also expected to be a useful option especially when confirming
the diagnosis of orthopaedic patients with sarcopenia(29,30).
Conversely, in this case (when the cut-off is set at 7 or greater),

it is not useful for screening for sarcopenia because of its low
sensitivity and negative likelihood ratio.

Our study has several limitations. First, the measurement
of muscle mass was conducted via bioelectrical impedance
analysis, whereas the use of dual-energy X-ray absorptiometry
or computed tomography is widely recommended in the
application of most criteria(21,22,31–33). However, EWGSOP2
and AWGS2019 also recommend use of bioelectrical impedance
analysis and suggest a cut-off for appendicular skeletal muscle
mass in the case of bioelectrical impedance analysis(12,21). We
believe that bioelectrical impedance analysis is a better option
with respect to feasibility in the clinical setting. Second, the gen-
eralisability of our results for orthopaedic patients could be lim-
ited because this is a single-centre study. In future studies,
external validation should also be evaluated. Third, we were
unable to compare the AUC of the U-TEST to that of SARC-
CalF, which includes the calf circumstance among the bodymea-
surements because we did not measure the calf circumference.
Fourth, we lack external validation data. Therefore, although the
optimism inherent in backward variable elimination was
addressed by internal validation, we should interpret carefully
the results of U-TEST’s diagnostic performance, which might
be overly optimistic. Finally, the unexpectedly low prevalence
of sarcopenia in orthopaedic patients may be due to selection
bias. Patients with orthopaedic disease who are physically com-
promised to the extent that surgical intervention is not indicated
for the disease are more likely to have sarcopenia. However,
such patients were unlikely to be included in the current study,
which was conducted at a single-specialty (degenerative joint
disease) surgical hospital.

In conclusion, we developed a new diagnostic tool (U-TEST)
for sarcopenia in orthopaedic patients and conducted its internal
validation. Two simple questions combined with such easily
available clinical information as age and BMI are sufficient to
screen sarcopenia easily without consuming time and man-
power. Considering the importance of sarcopenia in orthopaedic
patients, U-TEST is a useful measure that facilitates screening for
sarcopenia among these patients.

Table 4. Diagnostic performance of U-TEST using different cut-offs

Cut-off Sensitivity (%) Specificity (%) LRþ LR−

≥3 76·1 63·6 2·1 0·4
≥4 58·2 81·7 3·2 0·5
≥5 38·8 91·1 4·4 0·7
≥6 25·4 96·9 8·3 0·8
≥7 13·4 99·5 29·3 0·9

LRþ, positive likelihood ratio; LR−, negative likelihood ratio.

Fig. 3. Prevalence of sarcopenia by U-TEST score.
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