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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/m?). 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 supporting myself with my arms’
(Strength) and ‘I feel that my arms and legs are thinner than they were in the past’ (Thin)). The AUC was 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 walking speed to detect sarcopenia is limited in clinical

strength and physical function”, is globally regarded as a major settings in terms of devices, places and skilled human resources.

problem in an ageing society. Sarcopenia is significantly associated
with all-cause mortality among community-dwelling older peo-
ple®. 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® and
decline in physical activity caused by pain®.

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

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®™ and has been validated in patients with associated
diseases as well as in the general population®®. 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%'?’, Diagnostic

Abbreviations: AWGS, Asian Working Group for Sarcopenia; EWGSOP2, European Working Group on Sarcopenia in Older People 2; IWGS, International
Working Group on Sarcopenia; SARC-F, Strength, Assistance in walking, Rise from a chair, Climb stairs, and Falls; SPSS-OK, Screening for People Suffering

Sarcopenia in Orthopedic cohort of Kobe study.
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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 the Declaration of Helsinki. 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

Item pooling
Questionnaire preparation

Pilot study

Translation into English
Back-translation into Japanese

Item selection
Scoring

Internal validation

Fig. 1. The process from development to validation of the diagnostic tool.

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 steps were supervised
by a psychologist and an internist (T. W. and N. K.) who have
experience with development and psychometric testing of ques-
tionnaire scales'?,

Definition and measurement of the reference standard

We applied the definition of the Asian Working Group for
Sarcopenia (AWGS) 201992 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

Specialist opinion
Semi-structured interview

Survey on a small number of patients

Survey on a small number of patients

Survey on a large number of patients
Automated stepwise selection approach

Calculate an optimism-corrected estimate of performance
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Table 1. Diagnostic criteria for sarcopenia

AWGS2019(12)

EWGSOP2?"

IWGS@?)

ASMI < 7-0 kg/m? for men

ASMI < 5.4 kg/m? for women

Grip strength < 28 kg for men

Grip strength < 18 kg for women
Gait speed < 1-0 m/s for both sexes

(1) Low muscle mass*
(2) Low muscle strength
(3) Low physical performance

(1) + ((2) or (3)) for sarcopenia

ASMI < 7.0 kg/m? for men

ASMI < 5.5 kg/m? for women

Grip strength < 27 kg for men

Grip strength < 16 kg for women
Gait speed < 0-8 m/s for both sexes

(1) + (2) for sarcopenia
(1) + (2) + (3) for severe sarcopenia

ASMI < 7-23 kg/m? for men
ASMI < 5-67 kg/m? for women

Gait speed < 1-0 m/s for both
sexes
(1) + (8) 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.

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, 80years or older), underweight defined by BMI of
<18-5 kg/m*'¥ 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 m?,
calculated using age, serum creatinine level and sex as
follows"?: estimated glomerular filtration rate = 194 X serum
creatinine™ % x age™*?7 x 0.739 (if female). Diabetes was
defined as a glycosylated Hb value >6-5 %

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 (<185 or >18-5 kg/mz) 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'”. We used regression coeffi-
cients of selected variables after backward elimination to
construct our U-TEST score-based diagnostic support tool!719,
For each selected variable, we divided its regression coefficient
by the minimum regression coefficient among them and
rounded the answer to an integer value™®. 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!'”. 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 regression model 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)??. 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)?Y and by the
International Working Group on Sarcopenia (IWGS)??. We
compared the AUC of the model using U-TEST with that using
SARC-F for sarcopenia defined by EWGSOP2 and IWGS criteria,
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1445 patients underwent first surgery

Excluded patients with implanted

artificial material (n 6)

1439 Patients were included in
development of U-TEST

Missing data at least one of 17

Index test complete n 1343

- Handgrip strength missing (n2)

Reference standard complete n 1334
(study participants)

Fig. 2. Study flow chart.

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 (2 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 diagnosed with 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 T 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.

questions (n 96)

No reference standard (n 9)
* Muscle mass missing (n 5)

* Gait speed missing (n4)

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
761 (95% CI 64-7, 84-7)%, specificity 63-6 (95% CI 609,
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
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Table 2. Baseline characteristics of study participants
(Mean values and standard deviations; numbers and percentages)
Non-sarcopenia
Total (n 1334) (n 1269) Sarcopenia (n 65)
n % n % n % Missing

Age (years)

Mean 69-5 69-2 75-4

SD 93 92 80
Female 974 73.0 918 72-3 56 862
BMI (kg/m?)

Mean 24.7 25.0 20-2

SD 39 38 1.8
Surgical joint

Knee 716 53.7 683 53-8 33 50-8

Hip 341 256 326 257 15 231

Spine 277 208 260 205 17 26-2
Knee disease

Osteoarthritis 691 518 659 51.9 32 49-2

Necrosis 124 93 120 95 4 62

Others 1 0-1 1 0-1 0
Hip disease

Osteoarthritis 327 252 314 253 13 21-3

Necrosis 20 1.5 18 1.5 2 33

Others 4 0-3 3 0-2 1 1-6
Spinal disease

Spinal stenosis 261 823 244 819 17 89-5

Spondylolisthesis 137 46-4 126 45.7 11 579

Others 48 13-4 47 13-8 1 59
Diabetes 116 8.8 109 8.7 7 10-8 9
Cancer 115 87 110 88 5 77 16
Chronic lung disease 10 08 8 0-6 2 31 18
Heart disease 55 4.2 49 39 6 92 16
Stroke 28 21 28 22 0 0 17
Chronic kidney disease 301 226 285 225 16 246 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 % ClI Regression coefficient Assigned scoret
Q13 =yest 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/m? 15.03 5.64, 40-04 <0-001 271 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/m?). The significance level for elimination from

the model was P> 0-05.

1 The assigned scores were derived by the following process: first, all coefficients were divided by the smallest value of the coefficients in the model
(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: ‘| can’t stand up from a chair without supporting myself with my arms.’.

§ Q14: ‘| feel that my arms and legs are thinner than they were in the past.’.

questions and two simple clinical variables (older age and under-
weight defined by BMD. 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!”’
believe that our new tool can replace SARC-F to screen
sarcopenia in these patients.

, we

Of the two original questions selected, Q13 ‘T 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/m?) 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
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Fig. 3. Prevalence of sarcopenia by U-TEST score.

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

Cut-off Sensitivity (%) Specificity (%) LR+ LR-
>3 761 63-6 21 0-4
>4 58-2 81.7 32 0-5
>5 38-8 91-1 4.4 07
>6 254 969 83 0-8
>7 13-4 99-5 29-3 0-9

LR+, positive likelihood ratio; LR—, negative likelihood ratio.

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 sarcopenia with 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*72, A study in Indonesia evaluated
performance when the thigh circumference was added to
SARC-CalF, and specificity was again shown to be improved®®.
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?”. 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®®.
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®3%,
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®?>31-3%  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">?". 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 body mea-
surements because we did not measure the calf circumference.
Fourth, we lack external validation data. Therefore, although the
optimism inherent in backward wvariable 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.

ssaud Aisianun abplquied Aq auluo paysiiand 901000125t L L£000S/210L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114521000106

o

British Journal of Nutrition

U-TEST for sarcopenia in orthopaedic patients

1-00

0-75

0-50

Sensitivity

0-25 -

0-00 -

1329

0-25

T
0-50

T 1
0-75 1-00

1- Specificity

Fig. 4. Comparison of receiver operating characteristics (ROC) curves between U-TEST and SARC-F (Strength, Assistance in walking, Rise from a chair, Climb stairs,

and Falls). (-=-), ROC curve for U-TEST; (-e-), ROC curve for SARC-F.

Acknowledgements

The authors warmly thank the following research assistants and
medical staff members for their assistance in collecting the clini-
cal information used in this study: Takehiro Kaga, Tomohiro
Oka, Yoriko Tamura, Hiroshi Nishi, Yuichi Isaji, Yutaka Sato,
Tomohiro Takagi, Kaho Shibata, Maho Wakai, Chisato
Shindoh, Kenta Hirose, Takuma Ota, Tatsuya Arita, Yuuki
Ikawa, Tsuyoshi Fukui, Riuji Nakagawa, Taisuke Hayashida,
Shuto Fujii, Keisuke Yoneya, Kazuaki Mori (Anshin Hospital,
Kobe), Ayaka Higuchi (Kansai University), Asako Tamura,
Yuka Masuda (St. Marianna Medical University), Lisa
Shimokawa and Miyuki Sato (Fukushima Medical University
Hospital, Fukushima-city, Fukushima).

This study was supported by a Japan Society for the
Promotion of Science (JSPS) KAKENHI grant (no.
JP15K16518). The JSPS had no role in this study apart from
funding.

Formulating the research question and designing the study:
T. K, N. K. and T. W. Acquisition of data: W. O., T. K. and
T. W. Analysis and interpretation of data: T. K. and N. K.
Drafting of the manuscript: T. K. Critical revision of the
manuscript for important intellectual content: N. K., O. W., T.
W. and K. M.

The authors declare that they have no conflicts of interest.

Supplementary material

To view supplementary material for this article, please visit
https://doi.org/10.1017/S0007114521000106

References

1. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. (2010) Sarcopenia:
European consensus on definition and diagnosis. Age Ageing
39, 412-423.

2. Liu P, Hao Q, Hai S, et al. (2017) Sarcopenia as a predictor of
all-cause mortality among community-dwelling older people:

10.

11.

12.

13.

14.

a systematic review and meta-analysis. Maturitas 103,
16-22.

Notarnicola A, Moretti L, Tafuri S, et al. (2011) Postoperative
pain monitor after total knee replacement. Musculoskelet
Surg 95, 19-24.

Scott D, Blizzard L, Fell ], et al. (2012) Prospective study of self-
reported pain, radiographic osteoarthritis, sarcopenia progres-
sion, and falls risk in community-dwelling older adults. Arthritis
Care Res 64, 30-37.

Malmstrom TK & Morley JE (2013) SARC-F: a simple question-
naire to rapidly diagnose sarcopenia. J Am Med Dir Assoc 14,
531-532.

Ida S, Murata K, Nakadachi D, et al. (2017) Development of
a Japanese version of the SARC-F for diabetic patients:
an examination of reliability and validity. Aging Clin Exp Res
29, 935-942.

Ida S, Kaneko R & Murata K (2018) SARC-F for screening of
sarcopenia among older adults: a meta-analysis of screening
test accuracy. ] Am Med Dir Assoc 19, 685-689.

Ida S, Kojima Y, Hamaoka S, et al. (2019) Validity of Japanese
version of SARC-F questionnaire in patients with chronic liver
disease. J Gastroenterol Hepatol 34, 947-953.

Li M, Kong Y, Chen H, et al. (2019) Accuracy and prognostic
ability of the SARC-F questionnaire and Ishii’s score in the
screening of sarcopenia in geriatric inpatients. Braz ]| Med
Biol Res 52, ¢8204.

Kurita N, Wakita T, Kamitani T, et al. (2019) SARC-F validation
and SARC-F+EBM derivation in musculoskeletal disease: the
SPSS-OK Study. J Nutr Health Aging 23, 732-738.

Fukuhara S, Kurita N, Wakita T, et al. (2019) A scale for meas-
uring Health-Related Hope: its development and psychometric
testing. Ann Clin Epidemiol 1, 102-119.

Chen L-K, Woo J, Assantachai P, et al. (2020) Asian Working
Group for Sarcopenia: 2019 Consensus Update on Sarcopenia
Diagnosis and Treatment. J Am Med Dir Assoc 21, 300-307.¢2.
World Health Organization (2004) Obesity: preventing and
managing the global epidemic. Report of a WHO
Consultation (WHO Technical Report Series 894). http://
www.who.int/entity/nutrition/publications/obesity/ WHO_TRS_
894/en/index.html (accessed November 2020).

Imai E, Horio M, Nitta K, et al. (2007) Modification of the
Modification of Diet in Renal Disease (MDRD) Study
Equation for Japan. Am J Kidney Dis 50, 927-937.

ssaud Aisianun abplquied Aq auluo paysiiand 901000125t L L£000S/210L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114521000106
http://www.who.int/entity/nutrition/publications/obesity/WHO_TRS_894/en/index.html
http://www.who.int/entity/nutrition/publications/obesity/WHO_TRS_894/en/index.html
http://www.who.int/entity/nutrition/publications/obesity/WHO_TRS_894/en/index.html
https://doi.org/10.1017/S0007114521000106

o

British Journal of Nutrition

1330

15.

16.

17.

18.

20.

21.

22.

23.

T. Kamitani et al.

Ito C, Maeda R, Ishida S, et al. (2000) Correlation among fasting
plasma glucose, two-hour plasma glucose levels in OGTT and
HbAlc. Diabetes Res Clin Pract 50, 225-230.

Bonnett L], Snell KIE, Collins GS, et al. (2019) Guide to present-
ing clinical prediction models for use in clinical settings. BMJ
365, 1737.

Moons KGM, Harrell FE & Steyerberg EW (2002) Should scoring
rules be based on odds ratios or regression coefficients? J Clin
Epidemiol 55, 1054-1055.

Steyerberg  EW (2019) Presentation formats. In Clinical
Prediction Models: A Practical Approach to Development,
Validation, and Updating, 2nd ed., pp. 345-363. New York:
Springer International Publishing.

Moons KGM, Altman DG, Reitsma JB, et al. (2015) Transparent
Reporting of a multivariable prediction model for Indivi-
dual Prognosis Or Diagnosis (TRIPOD): explanation and
elaboration. Ann Intern Med 162, W1.

DeLong ER, Delong DM & Clarke-Pearson DL (1988)
Comparing the areas under two or more correlated receiver
operating characteristic curves: a nonparametric approach.
Biometrics 44, 837-845.

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. (2019) Sarcopenia:
revised European consensus on definition and diagnosis.
Age Ageing 48, 16-31.

Fielding RA, Vellas B, Evans WJ, et al. (2011) Sarcopenia:
an undiagnosed condition in older adults. Current consensus
definition: prevalence, etiology, and consequences. Inter-
national Working Group on Sarcopenia. / Am Med Dir Assoc
12, 249-256.

Yang M, Hu X, Xie L, et al. (2018) Screening sarcopenia in com-
munity-dwelling older adults: SARC-F vs SARC-F Combined
With Calf Circumference (SARC-CalF). J Am Med Dir Assoc
19, 277.e1-277.€8.

24.

25.

20.

27.

28.

29.

30.

31.

32.

33.

Bahat G, Oren MM, Yilmaz O, et al. (2018) Comparing SARC-F
with SARC-CalF to screen sarcopenia in community living older
adults. J Nutr Health Aging 22, 1034-1038.

MoY, Dong X & Wang X-H (2020) Screening accuracy of SARC-
F combined with calf circumference for sarcopenia in older
adults: a diagnostic meta-analysis. J Am Med Dir Assoc 21,
288-289.

Mienche M, Setiati S, Setyohadi B, et al. (2019) Diagnostic
performance of calf circumference, thigh circumference,
and SARC-F questionnaire to identify sarcopenia in elderly
compared to asian working group for sarcopenia’s diagnostic
standard. Acta Medica Indones 51, 117-127.

Rossi AP, Micciolo R, Rubele S, et al. (2017) Assessing the
risk of sarcopenia in the elderly: The Mini Sarcopenia Risk
Assessment (MSRA) questionnaire. / Nutr Health Aging 21,
743-749.

Yang M, Hu X, Xie L, et a/. (2019) Comparing mini sarcopenia risk
assessment with SARC-F for screening sarcopenia in community-
dwelling older adults. J Am Med Dir Assoc 20, 53-57.

Davidson M (2002) The interpretation of diagnostic tests: a
primer for physiotherapists. Aust J Physiother 48, 227-232.
Deeks JJ & Altman DG (2004) Diagnostic tests 4: likelihood
ratios. BMJ 329, 168-169.

Dam T-T, Peters KW, Fragala M, et al. (2014) An evidence-
based comparison of operational criteria for the presence of
sarcopenia. | Gerontol A Biol Sci Med Sci 69, 584—590.
Motley JE, Abbatecola AM, Argiles JM, et al. (2011) Sarcopenia
with limited mobility: an international consensus. J Am Med Dir
Assoc 12, 403-409.

Nishikawa H, Shiraki M, Hiramatsu A, et al. (2016) Japan Society of
Hepatology guidelines for sarcopenia in liver disease (1st edition):
recommendation from the working group for creation of sarcope-
nia assessment criteria. Hepatol Res 46, 951-963.

ssaud Aisianun abplquied Aq auluo paysiiand 901000125t L L£000S/210L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114521000106

	U-TEST, a simple decision support tool for the diagnosis of sarcopenia in orthopaedic patients: the Screening for People Suffering Sarcopenia in Orthopedic cohort of Kobe study (SPSS-OK)
	Methods
	Item pooling and questionnaire preparation for the index test
	Definition and measurement of the reference standard
	Measurement of other variables
	Statistical analysis
	Development of the diagnostic support tool
	Internal validation of diagnostic support tool
	Test of diagnostic performance

	Results
	Development and internal validation of the diagnostic support tool
	Test of diagnostic performance
	Comparison of discriminative ability of U-TEST with SARC-F
	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

	Discussion
	Acknowledgements
	Supplementary material
	References


