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Can bone mass measured via bioelectrical
impedance analysis be used to diagnose

sarcopenia?

Naohiro Konoshita,'? Hidenori Onishi,>* Yasutaka Mizukami,>* Ryouko lkeda,®* Tokuharu Tanaka,?
Hiromasa Tsubouchi,® Takahiro Kishimoto,” Hiroyuki Hayashi,?® and Osamu Yamamura?

'Eiheiji Town Home Visit Care Clinic, 38-45 Matsuokakenjoujima, Yoshida-gun, Eiheiji-cho, Fukui 910-1142, Japan
’Department of Family Medicine, University of Fukui Hospital, 23-3 Matsuokashimoaizuki, Yoshida-gun, Eiheiji-cho, Fukui 910-1104, Japan
3Department of Community Medicine, Faculty of Medical Sciences, University of Fukui, 23-3 Matsuokashimoaizuki, Yoshida-gun, Eiheiji-cho, Fukui 910-1193,

Japan

“Department of Rehabilitation, Fukui Kosei Hospital, 1-6-1 Shimorokujo-cho, Fukui 918-8135, Japan

*Department of Health and Nutrition, Faculty of Human Life Studies, Jin-ai University, 3-1-1 Ode-cho, Echizen City, Fukui 915-0015, Japan

5Department of Radiotechnology, Fukui Ken Saiseikai Hospital, 7-1 Funabashi, Wadanaka-cho, Fukui 918-8503, Japan

’Department of Radiology and ®Department of Emergency, University of Fukui Hospital, 23-3 Matsuokashimoaizuki, Yoshida-gun, Eiheiji-cho, Fukui 910-1193,

Japan

(Received 25 September, 2023; Accepted 9 October, 2023; Released online in J-STAGE as advance publication 17 October, 2023)

The simplification of diagnostic criteria is critical to promoting
interventions for sarcopenia. This study aimed to evaluate the
relationship between sarcopenia and bone mass [measured by
bioelectrical impedance analysis (BIA)], as well as to identify new
indicators associated with this disease. Basic interviews and
measurement of physical function were performed on 474
community-dwelling older adults (aged 77.1 + 7.6 years), including
older adult patients with sarcopenia, in Wakasa Town, Fukui
Prefecture. The findings led to 363, 71, and 40 participants being
classified as ‘normal’, ‘pre-sarcopenia’, and ‘having sarcopenia’,
respectively. An Ordinal Logistic Regression Analysis showed that
age, bone mass phase angle (lower limb), Fat-free Mass Index,
and leg muscle score were aggravating factors for sarcopenia
in both men and women. A receiver operating characteristic
analysis of bone mass and sarcopenia status showed that the area
under the curve and cut-off value, as well as its sensitivity and
specificity, in men were 0.915 [95% confidence interval (Cl):
0.853-0.977], 2.2 kg, 81%, and 87%, respectively, and 0.913 (95%
Cl: 0.858-0.968), 1.6 kg, 91%, and 88%, respectively, in women.
This study revealed that the BIA method of measuring bone mass
has excellent accuracy in detecting sarcopenia in both males
and females.
Key Words: risk factors, sarcopenia, bone mass, cutoff value,
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arcopenia is a condition in which muscle mass and strength

decrease excessive loss of both muscle mass and strength
in comparison to a specific body state or condition and are
associated with increased adverse outcomes such as falls, func-
tional declines, frailty, and death.()

To clarify the prevalence, associated factors, and mortality
of sarcopenia in Japan, a follow-up study conducted on 1,851
community-dwelling older adults (mean age, 72 years) under-
going health checkups for an average of 5.8 years (up to 9.5
years) has been previously reported.?’ According to these
follow-up surveys, the prevalence of sarcopenia is about 20% for
both men and women aged 75-79 years, about 30% for men over
80 years, and about 50% for women over 80 years. Moreover,
once sarcopenia manifests, the risk of death and the need for
long-term care nearly doubles.® As the population of older adults
in present Japan increases, it is not uncommon for community-
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dwelling older adults to exhibit either a decline in skeletal muscle
mass and subsequent decline in muscle strength or a decline in
physical function.

While detecting pre-sarcopenia, the precursor to sarcopenia,
may aid in the early detection of sarcopenia before its onset,
simplifying the diagnostic criteria is critical in the early preven-
tion and treatment of sarcopenia. To date, the phase angle has
been reported to be useful as a marker for diagnosing sarcopenia
by bioelectrical impedance analysis (BIA).® Fat-free mass index
(FFMI) has also been reported to be a possible substitute marker
for skeletal muscle mass index (SMI) in low muscle mass
screening in sarcopenia.®

Recent findings indicate that using a body composition
analyzer with the BIA method is beneficial in screening for
sarcopenia as it is less labor intensive and would contribute
to sarcopenia prevention and awareness-raising activities. A
syndrome known as “osteo-sarcopenia”, in which osteoporosis
and sarcopenia coexist, has recently been gaining attention.®)
Since skeletal muscle mass and bone mass have been reported
to be positively correlated,® bone mass measured by the BIA
method may serve as an auxiliary marker in diagnosing
sarcopenia. In this case, a body composition analyzer that uses
the BIA method is a relatively easy technique for the simulta-
neous assessment of bone mass and SMI in community-dwelling
older adults.

The study aimed to evaluate the relationship between sarcopenia
and indicators such as bone mass (measured by BIA) and to
identify new factors related to sarcopenia. Our secondary aim
was to determine the cut-off value of bone mass to detect
sarcopenia.

Materials and Methods

Subjects. A total of 1,088 participants were selected from
June 2019 to November 2021 in Wakasa Town, Mikatakaminaka
District, Fukui Prefecture, who responded to the public call for a
health checkup for older adults. Of the 633 individuals who
underwent a health check for the first time, 68 individuals who
were cardiac pacemaker users and/or had missing body composi-
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tion analyzer data and 91 individuals with osteoporosis were
excluded. Finally, a total of 474 (171 males and 303 females, mean
age 77.1 + 7.6 years) participants were included in the analysis.

Ethics approval. This study was conducted with the approval
of the University of Fukui Medical Research Ethics Review
Committee (Approval No.: 20190014). All researchers involved
in this study complied with Ethical Guidelines for Medical and
Biological Research Involving Human Subjects (MEXT/MHLW/
METI Notification No. 1 of March 23, 2021).

Methods. After obtaining written consent from all older
adults who responded to the public call, a basic interview was
conducted. Additionally, physical function (walking speed, grip
strength, and height) and anthropometric (body weight, muscle
mass, bone mass, body fat mass, visceral fat rating, basal
metabolic rate, total body water mass, phase angle, and leg
muscle score) measurements were taken using a body composi-
tion analyzer in the order of explanation of the results. In the
basic interview, age, sex, medical history (diabetes, hypertension,
heart disease, and dyslipidemia), and lifestyle (smoking status
and drinking status) were confirmed. For the measurement of
walking speed, the subject was instructed to start walking at
normal walking speed, and the time up to when the subject
passed 5 m without slowing down was measured. Walking speed
was then calculated from there. Grip strength was measured on
the left and right sides and the maximum value was used. The
standard grip strength values were 28.0 kg for men and 18.0 kg
for women. Measurements were performed using body composi-
tion analyzers (MC-780A-N and MC-780A; TANITA Co., Ltd.,
Tokyo, Japan). For taking the measurements using the body
composition analyzers, the height and age of the subject are
inputted into the device to prepare it. After preparing the device,
the subject was instructed to stand barefooted on its electrodes
and hold the electrode with his/her bare hands to collect data
regarding body composition. The measurement time of the body
composition analyzer is about 15s, which can be measured
without burden even for older adults. The body composition
analyzer measured muscle mass, fat mass, and body water
content from a precise analysis of the internal and external fluids
of cells using three multi-frequency measurements (5 kHz,
50 kHz, and 250 kHz) and reactance analysis, which is the
electrical information obtained from the cell membrane.

Body mass index (BMI) is an index obtained by dividing body
weight by the square of height (m). Appendicular skeletal muscle
mass (ASM) is an index of the sum of the muscle mass of limbs.
SMI is an index obtained by dividing appendicular skeletal
muscle mass by the square of height (m). Bone mass (or bone
mineral content) is a statistically estimated index based on the
correlation with tissues other than fat (lean mass). It is also
highly correlated with figures obtained from dual-energy X-ray
absorptiometry (DXA). Percent body fat is an index expressed as
the percentage of body fat in body weight. Visceral fat level is an
index that statistically judges the risk of visceral fat accumulation
by TANITA Inc.’s own analysis that is based on the CT scan data
of male and female subjects. Body water percent is an index
expressed as the percentage of body water mass in the body
weight. Phase Angle is the angle calculated based on impedance
and resistance where the magnitude of the phase shift (reactance)
created in the myocyte when a weak current passes through the
myocyte and impedance derived from the value of resistance,
which is the resistive component are used. The average value of
the left and right feet was used to determine the phase angle. Leg
Muscle Score is the measure of leg muscle mass as a percentage
of body weight. FFMI was calculated from weight, percent body
fat, and height. The judgment of sarcopenia was based on the
AWGS2019 criteria.” The state in which only the SMI was
deteriorating was referred to as pre-sarcopenia. SMI and a state
of reduced muscle strength and/or physical ability were referred
to as sarcopenia.
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Statistical analysis. All statistical data were analyzed using
the EZR ver. 1.54 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan).®) Age, height, walking speed,
maximum grip strength, body weight, BMI, muscle mass, SMI,
ASM, body fat mass, percent body fat, visceral fat rating, Basal
Metabolic Rate (BMR), total body water mass, body water
percent, bone mass, phase angle of lower limb, leg muscle score
are expressed as mean + SD. The nominal variables are presented
as the number of cases and frequency (%) for each item. A
comparison of two groups of nominal variables was performed
using the Chi-square test, and that of three groups was performed
using Fisher’s exact test. The Mann—Whitney U test was used for
two-group comparisons of continuous variables and the Kruskal—
Wallis test was used for three-group comparisons. In addition, to
avoid the problem of multiple comparisons, corrections were
made using the Bonferroni method.

A multiple logistic regression analysis (Ordinal Logistic
Regression Analysis) was performed on (in the order) no
sarcopenia, pre-sarcopenia, and sarcopenia as the dependent
variables; and age, sex, estimated bone mass, fat mass, phase
angle, and leg points as the independent variables to analyze the
sarcopenia exacerbation predictors.

The estimated bone mass, phase angle, FFMI, and leg point
cutoff values in the presence or absence of sarcopenia were
confirmed by receiver operating characteristic (ROC) analysis.
In any case, p<0.05 was considered statistically significant.

Results

Background of subjects. Among the 474 older adult patients
(171 males and 303 females) included in the study, 363, 71, and
40 participants were classified as ‘Normal’, ‘Pre-sarcopenia’, and
‘Sarcopenia’. Table 1 shows a two-group comparison of men and
women and a three-group comparison of Normal/Pre-sarcopenia/
Sarcopenia.

Significant differences were observed between the two groups,
namely, men and women regarding smoking, drinking, diabetes,
heart disease, height, walking speed, maximum grip strength,
weight, BMI, muscle mass, SMI, ASM, FFMI, body fat, percent
body fat, visceral fat rating, BMR, total body water mass, body
water percent, body water mass, bone mass, phase angle of
lower limb, and leg muscle score (Table 1).

Significant differences were observed between the three
groups regarding age, height, walking speed, maximum grip
strength, weight, BMI, muscle mass, SMI, ALM, fat mass,
percent body fat, basal metabolic rate, body water mass, bone
mass, phase difference (lower limb), and leg point (Table 1).

Background and sarcopenia exacerbation predictors in
men. Significant differences were observed between the three
groups regarding age, drinking, height, walking speed, maximum
grip strength, weight, BMI, muscle mass, SMI, ASM, fat mass,
visceral fat rating, BMR, body water mass, bone mass, phase
angle (lower limb), and leg point (Table 1). Sarcopenia exacerba-
tion predictors were found to be age [Odds ratio (OR): 1.12, 95%
confidence interval (CI): 1.020-1.250], FFMI (OR: 0.11, 95%
CI: 0.044-0.238), bone mass (OR: 0.02, 95% CI: 0.0008—0.565),
phase angle of lower limb (OR: 0.17, 95% CI: 0.051-0.530),
leg muscle score (OR: 0.83, 95% CI: 0.749-0.913) by multiple
logistic regression analysis (Ordinal Logistic Regression
Analysis) (Table 2).

Background and sarcopenia exacerbation predictors in
women. Significant differences were observed between the
three groups regarding age, height, walking speed, maximum
grip strength, weight, BMI, muscle mass, SMI, ASM, FFMI, fat
mass, percent body fat, BMR, body water mass, bone mass,
phase angle (lower limb), and leg point (Table 3). Sarcopenia
exacerbation predictors were found to be age (OR: 1.0, 95% CI:
1.010-1.160), FEMI (OR: 0.17, 95% CI: 0.090-0.310), bone

J. Clin. Biochem. Nutr. | March 2024 | vol. 74 | no. 2 | 155
©2024 JCBN



‘(Quawisn(pe |uoIdjuog Yum awiy e 1e sdnoub omy 4o suosiiedwod ajdiznwy) 1591 19exa s,Jaysi4 ‘(Uolk
394103 A}INUIUOd sajeA Bulpn|dpul) 1591 X s9|gelIeA [eUIWON “(Rudwisn(pe [uoLiajuog Yim awil e e sdnob omy jo suosiiedwod ajdiynw) 1533 sijjeAn—|exsnIY ‘15931 /) ASULYAN-UUE|A S3|gelIeA SnoN
-UIIUOD "XdPUl SSeW 234438} ‘|N44 ‘9181 dIjogeIaw |eseq "YIAIg Xapul Ssew 3dsnw [e1d]3s ‘|INS ‘ssew [e3a]ays Jejndipuadde ‘NSY Xapul ssew Apoq ‘JIAIg (3UN JO %) S3sed Jo JaquinN ‘gs F Uedn

©2024 JCBN

1000°0> 1000°0> 1000°0> 80 L'8FV'LL TLFL'S8 L'6FL°L8 100°0> 8'6FL'[8 L'LFVv8 €6+F998 (autod) 81005 3snw B
1000°0> 1000°0> 1000°0> [4%0] LO0FTE LOF LY 60FEY 100°0> 60ZF0Y LOFSY 60FCY () quut| Jamo Jo 3j6ue aseyqd
1000°0> z100 1000°0> 1000°0> voF9lL vo¥F6l 0¥ 100°0> €0¥F8L T0FST 7oF LT (63) ssew suog
£80°0 €10 SL0 l L9FCLS 1’9 F8'€S TSF0ES 100°0> LY F6°LS 9F8YS SSF6CS (%) % J91em Apog
1000°0> 5200 1000°0> 1000°0> 8EFVET 9'EFG'ST 7'SF96C 100°0> L'EF¥'ST IV F8EE V'S F '8¢ (63) ssew ua1em Apoq |ejoL
1000°0> 1’0 1000°0> 1000°0> 0°0SL #5916 9071l ¥ 8966 6'C0C F LSOEL'L 100°0> S'L0L FCVL6 €Yl F1'L6T'L S'E0ZF1'T60°L (1e2¥) ying
010 670 L 110 L'y ¥S'8 SEFVL SYFL8 100°0> 9CF19 sex/lel 8V *4'8 (19n9]) Bunel ey [e4ddsIA
51000 €€0°0 L 71000 00l Ft'8¢ 8L FLET 08%9°/C 100°0> 9L F6'6C 99%6'LC 78F0°LC (%) % 1e4 Apog
1000°0> LT0 110 1000°0> 09F Vel LYFVLL 8'S¥9'Gl ¥790°0 8'sF TGl 8SFLVL 8'SF8Vl (63) ssew ey Apog
1000°0> l 1000°0> 1000°0> L'LF0S1 CLFESL 9'LFL9l 100°0> L'LF¥'SL 7'LF08L L'LFE9L (w/B3) 144
1000°0> 5000 1000°0> 1000°0> 6'CFETL L'TF8EL 0OvF0LL 100°0> €T+8€l or'EF1°0C L'yF 19l (63) NSV
1000°0> 8L'0 1000°0> 1000°0> 8'0F9'S 9'0¥F8'S 60F0L 100°0> 2L0¥F2T9 L6'0F¥S'L 0LFL9 (w/B3) 1INS
1000°0> z1L00 1000°0> 100°0> L'9F€LE 9SFVVE LLF€8E 100°0> S EFVCE SSFISY 9LFLLE (63)) ssew spsNIAl
1000°0> weo 11000°0 1000°0> TEFVLC 6'CF5°0C 0'EFEET S000°0> TEFET 6CFEEC ceFLee (cw/6) INg
1000°0> l 1000°0> 1000°0> 86FELY 6'LFQLY €01l F299 100°0> 8'LFV6Y 86FCT9 90l FTVYS (6) wyb1am Apog
J9sAjeue uonsodwod Apog
1000°0> 1000°0> 1000°0> LEO 1’ F1°0C L9F8LC 68 F9'6C 100°0> €9F8EC S LF99€E L'8FS°8C (63) yrbuans dub wnwixepy
1000°0> 1000°0> 1000°0> l €0F0°L r0F9lL 7oFGql 900°0 EVOF Sl 0¥ LSL voFgl (s/w) paads Bunjjepn
€2000°0 SL0°0 910000 906°0 8'0L F9'LYL 9'8F TESL 7’6 F8VSL 100°0> S9F 98yl L9F eIl 96 F0VSL (wd) 3ybiaH
uoipuny [edisAyd pue Aindwodouyiuy
— — — — — — — €10 (6°2) vz (r'6) 9L (r'8) ov (%) u "euadodies
— — — — — — — z18°0 (Sv1) vt (8'51) LT (051) 1L (%) u "eluadodies-aid
8250 l L 60 (89) 2z (59v) €€ (r'€S) v6l 960°0 (5°'6%) 0SL (6°LS) 66 (529) 617 (%) u 'uoisusniadAH
6L0°0 110 €0 99°'0 (002) 8 (8'0v) 62 (L'gg) ozl 860°0 (0°9€) 601 (1'82) 8v (L€g) LSL (%) u "erwapidijsiq
1620 l L 870 (SL1) L sz 9l (z'sl) ss L€0°0 (S€L) Ly (9'12) L€ (S91) 8L (%) u ‘ssessip delp.ied
12L0 l L l (el s (58)9 (L'el) vy 9t0°0 (Z'6) 82 (8's1) LT (9'11) sS (%) u ‘'snjjsw sa1aqgeid
aseas|p bulAjiepun
9z1L0 l €20 180 (0'02) 8 (8'92) 61 (¢ve) vl 100°0> (zel) ov 6179) LLL (6'1€) LSL (%) u ‘loyodje Bujuug
8970 L¥0 SL0 l 0) o (02)s (89) 1z 100°0> (o) z (ovl) vz (59) 9z (%) u ‘Bunjows
91159417
LSL°0 l L l vz/9lL y/LT SET/8TL — — - €0¢/LLL (Seway/ajew) xas
1000°0> 1000°0> 1000°0> ¥900°0 87 ¥ €98 9'9¥G'8L €LF8SL 809°0 L'LFTLL VLFLIL 9LFLLL (s1eak) aby
oneng  oniead  enjead  enjead (re)ov=u (osu)i=u (992) €9e =u anjend gog=u LL=u vy =u
dsAq dsae qsne setuadodies qeluadodies-aud e|eWION dlewsa4 ETEIN |exoL

doi: 10.3164/jcbn.23-88

eruadodues bulpiebas uosiiedwod $92URJRJ4IP JOpuUab Jo uosuedwod

syuedpdilied ay) Jo punoubyoeg | 9|qeL

156



‘(luswisnfpe tuouisjuog yium awiy e e sdnoub omy Jo suosi
-1edwod 9|di3jnwy) 1591 10eXd 5,J9Ysl4 :S3|elIeA [BUIWON "(Juswisn(pe luoiajuog Yiim awil e e sdnoib omy jo suostiedwod ajdizjnw) 1593 SijjeAA—|BSNIY :S9|gRIIBA SNONUIIUO)D ‘|BAIDIUI 9DUSPILUOD
‘ID Xapul ssew 334)-1e4 ‘|44 ‘91ed dljogelsw |eseq ‘YINg XSpul ssew 3dsnw |B13[Ys ‘|INIS ‘ssew |e31a[ays Jejndipuadde ‘|ASY xapul ssew Apoq ‘|G ((3Un JO 9,) S9sed JO JaquinN ‘gsS F Uedn

©2024 JCBN

100°0> €16'0-6¥L°0 €870 100°0> 6€0°0 100°0> £95°0 L'8Fv'LL 6LF1€8 1'L¥6°68 L'LF7P8 (3utod) 81035 3psnw 637
€000 0€5°0-150°0 L1°0 100°0> 1000 100°0> 900 LOFVE 90FEY LOFLY LOFS Y (o) quui| J1amoy 4o 3|Bue aseyd
%200 G95°0-8000°0 200 100°0> L0°0 100°0> 100°0> 70%F0¢C 1'0FTT 70%9¢C T0FST (63)) ssew suog
— — — S09°0 L L L 7’8 F L'ES 78 F €SS 'S F6YS T9F8YS (%) % J21em Apog
— — — 100°0> 9800 100°0> 100°0> €EFLIT €TFE6T SEFIGE 9y FQEE (6) ssew s23em Apoq |eyol
— — — 100°0> L 2000 100°0> 7’621 F9°80L°L 6°€0L FovL'L 9'LEL FPIE'L €9l F 1°L6T'L (1e23) ¥INg
— — — 100°0> L 802°0 100°0> LY FTLL zEFYOL TEFVEL SEFLTL (jan3]) buned 1ey [eJadsIA
— — — o L L 120 8'8F0°CC 08%9%6l 8SF¥TT 997F6'LC (%) % 1e4 Apog
— — — 2000 L 4740 €000 6SF6LL L'SFOLL S'SFOSL 8SF LYl (63) ssew ey Apog
100°0> 8€Z°0-v¥0°0 Lo 100°0> LE0 100°0> 100°0> €LF6SL 60F59l 0'1L¥98lL 7'1F08lL (cw/6) N4
— — — 100°0> SS0°0 100°0> 100°0> L'zFest 9'LF691L 9CFSIT Or'EF1°02 (63) NSV
— — — 100°0> 1200 100°0> 100°0> SS0FSL9 8€0FES9 S90FE6L L6'0F¥S 'L (cw/B3) INS
— — — 100°0> ¥L0°0 100°0> 100°0> vy FELE L'EF90p TYFLLY SSFOGH (B3) ssew apsnin
— — — 100°0> L 100°0> 100°0> ¥'ZF90¢ 97F80C STFLT 6CFEET (cw/B3) 1INE
— — — 100°0> L 100°0> 100°0> 06F€LS V'LF6ES €8 F €S9 86F 779 (6)) 1ybram Apog
J9sAjeue uonisodwod Apog
— — — 100°0> 100°0> 100°0> S00°0 0EF LT 0 F LVE 6'9F9'8€ S'LF99€ (63) yrbuans dub wnuwixe
— — — 100°0> 5000 100°0> L woFTLL WwoFToL 6€0F€9°L WOFLSL (s/w) paads Buijjep
— — — 100°0> 96€°0 100°0> %00 0'LFTLSL L'9F £ 091 T9FEP9L L9F L'E9L (w2) 3yb1aH
uoipuny [edisAyd pue Answodouyiuy
— — — LE]0 L L L (0°09) 8 (€'69) 91 (9'89) £ (6'LS) 66 (%) u "uoisuariadAy
— — — 1780 L L L 052 ¥ (€€6) 6 (€°L2) s€ (1'82) 8¢ (%) u "ewapidiisig
— — — 6EV°0 L L 60 (052 ¥ (962) 8 (5'61) ST (912) L€ (%) u ‘aseasip ceipJed
— — — LSS0 L 180 L (052 ¥ 8vL) ¥ (8vl) 6l (8's1) L2 (%) u 'snjjaw se1aqelq
aseasip bulhjuepun
— — — ¥€0°0 L ¥1°0 (€4} (8€v) L 615) vl (€°0£) 06 (619 LLL (%) u ‘loyodje Bunjuug
— — — G8L°0 [ad} 6€°0 L (000 (s8L)s 8vl)6l 0v1L) vT (%) u ‘Bupjows
9|A1say1
S20°0 0S2'1-020°L Tl 100°0> 1500 100°0> 100°0> €EFBY8 7’9 F €08 0LFOSL vLFLIL (s1eak) aby
aniend IS onersppo enend T e O iy ST oL

(siskjeuy uolssaibay d11s1607 |eulpiQ)
sisAjeue uoissaibau dn3sibo| ajdn N

sishjeue ajeliealun

usw ul s10121paid uolrequadexs eluadodies pue punoibypeg

"z 3981

J. Clin. Biochem. Nutr. | March 2024 | vol. 74 | no. 2 | 157

N. Konoshita et al.



‘(luswisnfpe tuouisjuog yium awiy e e sdnoub omy Jo suosi
-1edwod 9|di3jnwy) 1591 10eXd 5,J9Ysl4 :S3|elIeA [BUIWON "(Juswisn(pe luoiajuog Yiim awil e e sdnoib omy jo suostiedwod ajdizjnw) 1593 SijjeAA—|BSNIY :S9|gRIIBA SNONUIIUO)D ‘|BAIDIUI 9DUSPILUOD
‘ID Xapul ssew 334)-1e4 ‘|44 ‘91ed dljogelsw |eseq ‘YINg XSpul ssew 3dsnw |B13[Ys ‘|INIS ‘ssew |e31a[ays Jejndipuadde ‘|ASY xapul ssew Apoq ‘|G ((3Un JO 9,) S9sed JO JaquinN ‘gsS F Uedn

©2024 JCBN

doi: 10.3164/jcbn.23-88

100°0> S¥6°0-2¥8°0 680 100°0> 100°0> 100°0> L E8FVLL €9F7L8 66 ¥ 8'88 86FLL8 (3utod) 21035 3psnw 637
L¥0°0 €96°0-6€C°0 870 100°0> 100°0> 100°0> L0 90F0€ 90F6'E 60F LY 60CF0V (o) quui| J1amoy yo 3|Bue aseyd
£00°0 ¥€5°0-81L0°0 1’0 100°0> 100°0> 100°0> 100°0> Co0FEL C0¥F9L C0F6°L €0¥81 (63)) ssew suog
— — — 800 S60°0 6€€°0 i ZA740] S F00S TV F6CS LYF6°LS LVF6°LS (%) % J21em Apog
— — — 100°0> 9000 100°0> 100°0> €CFEIT 6L FL€C L'TFET L'EF VST (63) ssew sa3em Apoq |eyol
— — — €000 Sle’0 LzLo 1100 S'10lL ¥9°9G98 L'9L* L'TC6 0'L6 F6'S00'L S'LOL FTVL6 (1e23) ¥ing
— — — LLTO €0 L 190 6'CFL9 81LFGS L'TF19 9CF19 (19A3]) Buired yey |eIdSIA
— — — 1000 100 6180 100°0> V'8 F4°CE 99F1'9C S'LFE0E 9L F6'6C (%) % 1e4 Apog
— — — 100°0> LZ’0 290 100°0> 09+FSPlL ov+FLLL 6'SF6'Gl 89F TGl (63) ssew ey Apog
100°0> 0LE°0-060°0 LL0 100°0> L 100°0> 100°0> LLFYyL LO0FIVL €6'0F LGl L'LF¥G6L (cw/6) 1N
— — — 100°0> €C0 100°0> 100°0> 8'LFE0L SLFGLL 6'LF8VL £CFgEL (63) WSV
— — — 100°0> [4l0] 100°0> 100°0> L9°0F8L'S Yo Fer'S 85°0 F 6¥°9 7L0F2T9 (;w/B3) INS
— — — 100°0> 100°0> 100°0> 100°0> 8CFELL 9CF90€ L'EFTEE SEFVCE (63) ssew apsnin
— — — 100°0> €10 8L0 100°0> SEFGIC 0'eEFz0C 0eFLTe ceEFET (cw/B3) 1INE
— — — 100°0> L 100°0> 100°0> L'LFTEY V'SFOVY SLFLLS 8 LFV6l (6)) 1ybram Apog
J9sAjeue uonisodwod Apog
— — — 100°0> 100°0> 100°0> 680°0 vy FYLL 9EFGEL TSFIVL €S FQE (63)) y1buans dub wnwixe
— — — 100°0> 100°0> 100°0> 760 8L'0 980 LEOF8SL roFerl EVOFSYL (s/w) paads Buijjep
— — — 100°0> 100°0> 100°0> L ILFCLIYL €9F58YlL 1'9FS'6PL S9F 98yl (wd) ybiaH
uolpuny esisAyd pue Answodouyiuy
— — — 6£2°0 Lv'0 L 990 (€'89) vl (9'8¢) LL (9°09) 6L1 (S°6v7) 051 (%) u 'uoisuariadAy
— — — 8500 6500 1120 L2760 (VAI9R 7 (5'sb) 0T (z'9¢) <8 (09€) 601 (%) u "ewapidiisig
— — — 65°0 L L L (szL) € (z8L)8 (8'z1L) o€ (S°EL) Ly (%) u ‘aseasip delp.ied
— — — wo L L 80 v L (S¥) T (9'0l) S¢ (z'6) 8¢ (%) u ‘snyjjsw se1aqeiq
aseasip bulhluepun
— — — €0 L S9°0 L (v) L Wi s (S'vlL) ve (zeL) ov (%) u ‘loyodje Bunjuug
— — — L L L L (000 (000 (6'0)C (VA)k4 (%) u "Bunjows
9|A1say1
1200 09L'L-0L0°L l 100°0> 100°0> 100°0> 980 TSFLLS8 S9FVLL VLFTIL LLFTLL (s1eak) aby
amend PR onersppoemend TRRT T ST e e o et

(siskjeuy uolissaibay d11s1607

sishjeue ajeliealun

|euipJQ) sisAjeue uoissaibau dnnsibo| ajdinA

usWoM Ul s10p1paid uonequadexs eluadodies pue punoibpeg "€ 3|qel

158



Cut-off value of bone mass

Cut-off value of the phase angle (lower limb)

Male Female Male Female
1.0 1.0 1.0 1.0
0.8 0s 1.600 08 08 3.600
. 2.200 . (0.803, 0.917) . .81 (0.706, 0.917
F (0.877, 0.812) f f Fy
> 0.6 2 0.6 2 0.6 > 0.6 1
- ) o )
2 2 2 2
g 0.4 5 0.4 $ 0.4 S 0.41
0 0] 0 wn
0.2 0.2 0.2 0.2
AUC=0.915 (95% CI: 0.853-0.977) AUC=0.913 (95% CI: 0.858-0.968) AUC=0.878 (95% CI: 0.795-0.962) AUC=0.855 (95% CI: 0.772-0.937)
0.0 Cut-off value=2.2 (Sen: 81%, Spe: 87%) 0.0 Cut-off value=1.6 (Sen: 91%, Spe: 88%) 0.0 Cut-off value=4.0 (Sen: 81%, Spe: 79%) 0.0 1 Cut-off value=3.6 (Sen: 91%, Spe: 70%)
1.0 0.8 0.6 0.4 0.2 0.0 1.0 0.8 0.6 0.4 0.2 0.0 1.0 0.8 0.6 0.4 0.2 0.0 1.0 0.8 0.6 0.4 0.2 0.0
Specificity Specificity Specificity Specificity
Cut-off value of FFMI Cut-off value of leg muscle score
Male Female Male Female
1.0 1.0 1.0 1.0
17.216
0.8 (0.813, 0.938) . 0.8 0.8 0.8 1
> ay g > 82.000
o = 14.808 = 2
> 06 2 0.6 (0.771, 0,708) = 0.6 76.000 > 0.6 (0.756, 0.750)
S k= = s
‘@ %) & (0.877, 0.625) =
c 0.4 GC) 0.4 5 0.4 GC) 0.4
% n n n
0.2 0.2 0.2 0.2
AUC=0.916 (95% CI: 0.856-0.976) AUC=0.787 (95% CI: 0.689-0.885) AUC=0.795 (95% CI: 0.669-0.921) AUC=0.83 (95% CI: 0.751-0.908)
0.0 Cut-off value=17.2 (Sen: 93%, Spe: 81%) 0.0 Cut-off value=14.8 (Sen: 70%, Spe: 77%) 0.0 Cut-off value=76 (Sen: 62%, Spe: 87%) 0.0 {//Cut-off value=82 (Sen: 75%, Spe: 75%)
1.0 0.8 0.6 0.4 0.2 0.0 1.0 0.8 0.6 0.4 0.2 0.0 1.0 0.8 0.6 0.4 0.2 0.0 1.0 0.8 0.6 0.4 0.2 0.0
Specificity Specificity Specificity Specificity
Fig. 1. Estimated bone mass, phase angle, fat-free mass index (FFMI), and leg point cut-off values in the presence and absence of sarcopenia:

receiver operating characteristic curve analysis. AUC, area under curve; Sen, Sensitivity; Spe, Specificity.

mass (OR: 0.10, 95% CI: 0.0018-0.534), phase angle of lower
limb (OR: 0.48, 95% CI: 0.239-0.963), leg muscle score (OR:
0.89, 95% CI: 0.842-0.945) by multiple logistic regression
analysis (Ordinal Logistic Regression Analysis) (Table 3).

Cut-off of bone mass in the presence or absence of
sarcopenia. A ROC analysis of bone mass and status of
sarcopenia showed that in males, the area under the curve (AUC)
was 0.915 (95% CI: 0.853-0.977), and the cut-off value was
2.2 kg with a sensitivity of 81% and specificity of 87%; and in
females, AUC was 0.913 (95% CI: 0.858-0.968), the cut-off
value 1.6 kg with a sensitivity of 91% and specificity of 88%
(Fig. 1).

Phase angle cut-off in the presence or absence of
sarcopenia. An ROC analysis of phase angle and status of
sarcopenia showed that in males, the AUC was 0.878 (95% CI:
0.795-0.962), and the cut-off value was 4.0 with a sensitivity of
81% and specificity of 79%; and in females, AUC was 0.855
(95% CI: 0.772-0.937), the cut-off value 3.6 with a sensitivity of
91% and specificity of 70% (Fig. 1).

FFMI cut-off in the presence or absence of sarcopenia. A
ROC analysis of FFMI and status of sarcopenia showed that in
males, the AUC was 0.916 (95% CI: 0.856-0.976), and the cut-
off value was 17.2 with a sensitivity of 93% and specificity of
81%; and in females, AUC was 0.787 (95% CI: 0.689-0.885),
the cut-off value 14.8 with a sensitivity of 70% and specificity of
77% (Fig. 1).

Leg muscle score cut-off in the presence or absence of
sarcopenia. A ROC analysis of leg muscle score and status of
sarcopenia showed that in males, the AUC was 0.0795 (95% CI:
0.669-0.921), and the cut-off value was 76 with a sensitivity of
62% and specificity of 87%; and in females, AUC was 0.83
(95% CI: 0.751-0.908), the cut-off value 82 with a sensitivity of
75% and specificity of 75% (Fig. 1).

N. Konoshita et al.

Discussion

This study reveals that the Bone Mass index measured using
BIA can be an independent and useful indicator of sarcopenia. In
addition, this study showed that age, bone mass, phase angle
(lower limb), FFMI, and leg muscle score are factors that aggra-
vate sarcopenia in both men and women. In addition, an ROC
analysis revealed that bone mass showed good accuracy in the
prediction of sarcopenia in both sexes, while at the same time
showing the best cut-off value.

Age, phase angle, and FFMI have also been previously
reported to be associated with sarcopenia.!** The study also
found that the Sarcopenia group was relatively older than the
healthy (Normal) group, as well as that the phase angle and
FFMI were lower in the Sarcopenia group than in the healthy
(Normal) group. These results, including those of multivariate
analyses, are consistent with previous studies. One of the main
features of sarcopenia is age-related loss of muscle mass. In addi-
tion, the decrease in skeletal muscle mass in older adults is also
associated with functional impairment and physical disability.(""
Early detection and intervention are critical in preventing muscle
mass loss in old age. As for the characteristics of muscle mass
due to aging in Japan, age-related changes in muscle mass differ
depending on the body part, with the largest rate of decrease in
the lower limbs, followed by the whole body, upper limbs, and
trunk.'® Therefore, to capture sarcopenia, it is necessary to
capture the changes in lower limb muscle mass at an early stage.
The leg muscle score compares the ratio of leg muscle mass to
body weight with the ideal value and displays the current ratio as
a score. This score has been previously reported as a useful indi-
cator for preventing sarcopenia.!'® Although it is supported even
by the results of this study and existing literature, reports of
studies on its association with sarcopenia are few, with some
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even showing a strong negative correlation, and therefore further
examination is also needed.

Studies using DXA suggest a negative association of bone
mineral density with sarcopenia.¥ It has also been reported that
the dynamic balance between “muscle—bone—lipid” may be asso-
ciated with the pathogenesis of bone loss.!® Our study reveals
that the progression from a healthy condition to pre-sarcopenia in
older adults results in a lower limb fat index (LFI), which is a
novel fat index."® Conversely, LFI became higher in the process
of progression from pre-sarcopenia to sarcopenia, revealing that
sarcopenia progression is associated with fat.'> This suggests
that fat infiltration into muscles may capture the mechanism
that causes muscle inflammation.!> Additionally, this study
discovered that the use of body composition analyzers employing
the BIA method showed a significant difference in bone mass
between the healthy (Normal), Pre-sarcopenia, and Sarcopenia
groups in the overall examination and that each group can be
separated. In the multivariate analysis, bone mass was shown to
be a good indicator as a factor of aggravation for identifying
sarcopenia in both men and women. Bone and skeletal muscle
are integrated organs, and muscles have been demonstrated to
provide a mechanical load to bones, thereby acting as the primary
regulator of bone metabolism.!® Additionally, myokines, which
are muscle-secreted endocrine factors, may affect bone home-
ostasis.!” There is a possibility that myokines may have had
some role in the skeletal muscle mass loss associated with
pre-sarcopenia. The additional decline in physical function
and muscle strength associated with sarcopenia could also be
associated with the effect of mechanical load provided by the
muscular system.

In this study, ROC analysis was also performed for bone mass,
phase angle (lower limb), FFMI, and leg muscle score to deter-
mine sarcopenia. It showed that each index had a good AUC of
0.7 or higher. Since differences in physical characteristics have
been confirmed in the comparison of men and women, ROC
analysis was also conducted separately for each sex. Bone mass
was observed to be a very good indicator for predicting
sarcopenia as it had an AUC of 0.9 or higher for both men and
women. It has been suggested that the use of PhA in the diag-
nosis of sarcopenia requires establishing cut-off values for age
groups as well as sex.®) Since there is also an age-related
phenomenon in terms of bone mass, further longitudinal studies
are needed to assess the effect of cut-off values and changes over
time in each age group. The highest AUC for FFMI were 0.916
and 0.787 in males and females, respectively. FFMI allegedly
provides anthropometric information, regardless of height.(®
However, since men and women in this study showed significant
differences in muscle mass and percent body fat and FFMI is
calculated using percent body fat, it is assumed that the system
has failed in identifying sarcopenia in women with low muscle
mass and high percent body fat.

There are some limitations to this study. First, since this was a
cross-sectional study, a causal relationship cannot be inferred.
Second, our data is limited to older adults living in a limited
geographic area, which may limit generalization. Therefore, to
enable the generalization of our findings, we aim to conduct a
similar study on older adults living in different geographical
regions in the future. Third, bone mass determined by the BIA
method is a value statistically estimated based on its correlation
with lean mass (tissue other than fat) and may depend on certain
assumptions. Therefore, in the future, we aim to conduct studies
to make comparisons with the DXA method, which is the gold
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standard. Fourth, bone loss in sarcopenia and the characteristics
or bio-metabolic mechanisms of other participants are currently
unknown and require further investigation in future studies.

Conclusion

This study reveals that age, bone mass, phase angle (lower
limb), FFMI, and leg muscle score are factors involved in
sarcopenia progression in both men and women. Furthermore,
this study demonstrated that the measurement of bone mass by
the BIA method has excellent accuracy in detecting sarcopenia in
both males and females. The cut-off value of bone mass to
predict sarcopenia was 2.2 kg for older adult men and 1.6 kg for
older adult women. Our findings may help simplify the diagnosis
of sarcopenia.
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