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Abstract To evaluate the effectiveness of a 24-week nutritional supplementation program
involving whey protein intake after resistance exercise in treatment of sarcopenia and quality
of life (QOL) among older women with sarcopenia, we carried out a pilot study, randomized
controlled trial among elderly individuals with sarcopenia, aged 65-years or older, who were
allocated to three groups: exercise and whey protein supplementation (Ex+Whey) group, ex-
ercise (Ex) group, and whey protein supplementation (Whey) group. Sarcopenia was defined
using the Asian Working Group for sarcopenia 2014 criteria, as follows: low hand-grip strength
(<18.0 kg) or slow gait speed (<0.8m/sec), and low skeletal muscle mass index (SMI, <5.7kg/
m?). A 24-week program of resistance exercise, carried out twice per week, was combined with
whey protein supplementation, involving 11.0 g of protein and 2,300 mg of leucine. After the
24-week intervention period, the ExtWhey group (n=20) showed a decrease in sarcopenia,
lower SMI, lower grip strength, and increase in physical QOL score (sarcopenia; p=0.004, SMI
and grip strength; p=0.008, QOL; p=0.027). After the 24-week intervention period, the Whey
group (n=20) showed a decrease in sarcopenia and lower SMI (all p=0.017). The Ex-group
(n=19) did not show a decrease in sarcopenia, lower SMI, and lower grip strength. These re-
sults suggest that resistance exercise and whey protein intake in older women with sarcopenia,
on the multiple outcome measures such as improves lower SMI, lower grip strength, and physi-
cal QOL. However, there were no between-group differences in the change from the pre- to the
post-intervention period at 24 weeks in the lower SMI and lower grip strength. In this study, the
intervention effect of Ex+Whey could not be clearly shown in the outcome measures.
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TBETER I NIV aRZTHBENA KT A
2017 4FEERR® Tl Asian Working Group for Sarcopenia
(AWGS) Hi#ETH L aAR=ZTHE ALY —=2 7L, ¥
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P AACET AT Y ZA0RIHZ BIgT 2 &, W
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AWFZED BTV 3= 723249 2 SR % 5
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M e 1a% (Skeletal muscle mass index ; SMI) D&l
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Eid b LI L7z T, RWIGEITRSHE L FesE K
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ALLLDUT O 3 BEICEAEZIZE D £HT, 24 oM A%
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T ROAR 2 IR L7

4) f2RRIEQOL

fEFERSE QOL 1, HAL=VERIMK (Short form Health
servey, iHope, HU#F, HA) # W THAEMQOL % A 2
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FRRARNEN LWL ) HNEERAB L OFEFEEE~NDOAE
WRBCIRIL OB L) A2 BN L 72 RERE
BIE ORI, AT HAREMEER SR E HARN
OEFEIIERE (2015 4E /) ¥ 12 HEM L 72 8EHE Y 7
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FEHBIZHEB LUOBERE (kg 720 DAECE
IR (g/H) L HEAEDZ) OB )V F —HEL
w (g/H) & L7z HEFREEZSE (m) 2 2FL, 22
R UCHEN L. 2B, KW TIEN ARBIREOSE
Bl (n=69) ®BMIDMEHPIZ187-211TH Y,
e En (BMI<20 kg/m?) THh o727z, HIER
B4 BMI22.0125%E L7z, REREOFfiL Mini Nu-
tritional Assessment-Short Form (MNA®-SF, Nesle
Nutrition Institute) ' % Fv7z.
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N DKBEEE] Ly A5 vy ay [RERE] =5
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IV ATV ay (KRB, u—v4 7 (%%, Fhi
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HH: BAEEIORX 2y b, T AT 4273 F10
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AF 4w 7Ny F10[EIx 2€ > b, 13-1838H : HKE
1BREx 24y N, T3 AT 4 v /N F15HAIX 2+ v I,
19-2438H : HAEISEIX 3y b, TFAF 4 v 7N
Y P15 X 3ty ). EEFEERRHIZEM AL &0
T60-907MTHo7z. 2B, LIRS v AEHIEA
2EEM B LS EO2RHET L TIZHEEES L) KD
7o, AR REOAETEREY D LIZTII 2 =T 4 K
OWik COSHERIGE T 7213, FEETOFMAEEE 25
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FAEY—T Ly br b EICIRHIE Th L& igE
BRI L SN AER T 572, AR, xR
BT AT & AR HEIGE) (Fuke 7 o4 h# L
sLb—2ay) TBITEHMKEL . EEpHE L EHE)+
FUBEE I E OHBITL Y A ¥ ¥ AEB DAL O EE) &
7 IZEER L W & ERD 7.
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g NRE222g HRAIW240g vA 2300 mg =
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LTWAMRENGEINL I E2HEL, BHEDA
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TIREE S OHEATIHZY THH L 2B RROILIF 2 AL
CHE (72AEERE223 g/ 1) TlEn<, KHED
T2 AECEDPE ENTERRE OB E TR T 52 L
L7, ARBEZRTLMIE LT, H-AlEsE
WEEmdAH 1Bz oaf s &% 1200 mgll Lo
HEr3s2 W, LIYZY v ZEHIEVIEE L -
ANF—mr B ETHAEL, TANVF-EBIRE L
Sl TH A, EB)+ FLHHF LA % M 2 [0 o0 EBp#%
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THI0GLINIZEINT 2 £ 9 k7. FLIGHIGRBEAE L
2 n, B 3EEME S & 2 FERETE TSR
b EHkDTz.

3) MAHEGOREEEFE

S AR, aBRE R T AL ¥ — & % 30 kcal/kg
HiEfAE/ H UL, AR 1.2 g/kg HIEMRE/
HUEZEINTE 2 &) AFEHET- 723, EHD
D7 x—XTDORCTY Tlx, M ARTOBMIIF224+20
Tholzlzo, MATIIBEES- VDAL ELL
g/kgBIKE/HU EEBRTE S L) AFHEH 2T 72,
KD 7 2 — AN OENZHEIEBMIZME L, MNA-
SFIdREEOZ VO RENE (W45 5 #H - MNA-
SF9-111) 73 BIEGIN S W20, BEGREDH7ZH O
MIANF - LRIATCERTRE LEFEEIT)
Z XL/ Table LICEFEH SR L, Kifse
TIIHEEE O BIEAEZ D LIRS REIEELRE
L, 3RFEBEFZOLIIIF—HEITHARADEEER
F# 2015481 2 BF (122 AT B 13~20%, JEE 20~

Table 1.
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30%, RARAL50~65% & L7z, & HICKFRGRIEBRE
B2 LR AmEREEZER L (Table 1), fam~—
ATORFEMEAT) L2, WHRERE, £7 IV
SEOVER, REEHE SN -EREXToORFRME, [FHiE
BRRFRMEEFEL ZOLAFRE LT 72

EHRT AW THE SN T — ¥ OFEHLEIZIBM
SPSS Statistics 22 (HA7 4 - ¥ — - Z AR SH) %
L7, &TOMEEEB 2B W T, Shapiro-Wilk O 1E
HUEOWE X ATV, IEBGAE £ 72 IR B0 2 1ERE L
1otk BMETTEERPE Lo, B 2 0 B X
Il £ R TR L, FEIEB M 2 R -2 5
dufili (PUAREIX 2578 — % & A ), 7578— X 7 4 )L)
TR L7z, I ARTOBERE O SRR, SRR,
VaR=7Hh), SMIKTFHY, BIETHY, HiTH
FERTH 0, FHEEHI, ), SAERERE, QOL, .
AV F—BIE, BALCEERE, BRTROEM
D BRI D 722\ ¢ —#R5E £ 7212 Mann-Whitney O
UME, CREZHWZ. AATOEEF 72135LE - A

The detailed nutritional management regimen

I'. Recommendation of total energy and macronutrients intake amount in this study

Total energy fotl Total fat fotal
protein carbohydrate
(kcal/day) (kcal/day) | (kcal/day) | (kcal/day)

1450 55 37 225

1550 60 39 240

1650 65 43 250

1700 70 44 255

1750 75 46 260
II. Food group (g/day)

1450 1550 1650 1700 1750
(kcal/day) | (kcal/day) | (kcal/day) | (kcal/day) | (kcal/day)

Cereals (g/day) 270 285 300 300 300
Potatoes (g/day) 30 30 30 50 60
Fish and shellfish (g/day) 40 40 50 60 70
Meats (g/day) 40 45 55 60 70
Eggs (g/day) 40 40 40 40 40
Milk and dairy product (g/day) 150 180 180 180 180
Bean and soybean product o 60 20 20 %0
(g/day)
Vegetables (g/day) 300 300 300 300 320
Fruits (g/day) 50 60 60 70 80
Fat and oil (g/day) 10 10 13 13 13
Sugar and confectioneries 0 10 s s s
(g/day)




P ax= TR EFEZ AL CHE, EE) 211

1< EER O EBERIE Mann-Whitney @ UFE 2 W
7o, TRE)+ FIERE L ONEBIRE, FLEFOTENIZBIT 540
ABEOHF IV aR=THY), SMIKTHY, EHETHD,
BATHEMR TS 0, SARFHN, 571, Sk QOL,
BT AIF—BIE, B7ALCEBIEOZLZ M
T5720, RHEOH 5 r -1#5E F 7213 Wilcoxon DFF 51+
SERAIRE, CHEZH V. $72, ARIBRO 1%
FHAL B0, BREEEE, QOL, AV F—EIE, &
e AECEEBERE R GEBRE, FLIER, EB)+ 7LEH)
XEH (e AHLL o ARR) OB & EREOMEIL,
DR L DD A ICELE O HHT & V72 B RETH
W, BEEERE, QOL oZ b= (%A : [/r Atk -Ir A
RIl/J AHT x100) OREBEZO KL, FFIEH A D7
® Mann-Whitney ® U & FIva 7z, - ABOH IV T
=7®Y, SMIKTH Y, #BOKTHY, BATHERT
H ) OBEMILEIL P BEE V72, e ABROES) + FLiF
Hodvax=7Effas ) LR L OFRZEORE
W IEIEHR 545 O 728 Mann-Whitney @ U #iE & v 72,
%P, AEAKEIZS% (MHkRE) & L7,

s R

I A AP ISR ZE D & B L 7R GEBIRE © 4 4,
FUERE: 3 4, BB+ FUIERE: 3 4) 2 Ab L, BB 194,
FUIETE204, EB)+ FLIETE 20 24 2 A RICABIZERE B
Gt afTo 7z (Fig 1), BEHEHIEFig LWRLZ B
HHHIIES IO BRI T (n=3), @SR
72DBHARE (n=2), WBREDOWEIIE DRIz
ezMefi L7 (n=2), f&E (n=1), EHEEH O~
(n=1), Ak (n=1) TH-o7z. 20 bEREXOE
HRMEOBERED D HIEBNLEEIHE 6 %, FLEM L %, &
B+IERTHTH o7

I NBT O GRS % Table 2128 L7z, /o ARTO Sk
B S THEEREV I 2o 2. AR, xf
RBEORABENRFN LEEEDLH Y, AFH48HIDEH)
FEF 7213 AT EEN O E BRI ER 734 +
41%, FLEMIXT756+65%, EBH+FLIEFEIL746+64%
ThY, IHHMICHELRELZRDLRPo72. AR O
TEOSMIRIR ), MMM, SITHE, A QOLIZ

HELREZRO o7 72, AAROBIT ALY —
R AECEEBNE, BRITRICHEFELRZZROR
o7z,

HIIARZTRUOZZHMEROERER N ARIE T
ALLE, MTABOBRBILEE v ax=7 ROKBHE
FOEREE DN ATIHOTENILE R M AR O R IL
%% Table 3127 L7z

AT & I AR, EB+FLIER TV aR=T
H (p=0004) LSMIEKTHDH (p=0008), EIETH

D (p=0.008) BEEIZHA L, FLEHIE IVIR=T
HY (p=0017) £ESMIETH Y (p=0017) 25H EIZIK
PL7:.

ABOEB +ILEHEOT VLV aR=TH ) (FFAERD
Far=7HY13%, L 74) LEBEHOIL I
—ZT7HY FABOFNVAR=ZTHY 174, 2L 24)
R CHEEIE L2 2 A, WM THEE AR
D B AED S > 72 GEE)+ FLIER & EEEE © p=0.070).
F7, MABOER +FLFEHOBNKTHY (MAZRD
BHKTHY14%, 2L 6%) LABHOBENKTHD
(NABOBBDETH ) 194, 7 L 14%) % e CHEM
WLz 2n, MM TEEREYRO GEB+3FL
L FLIERE S p=0.037).

MARIRD BAHEHA, 557, BAH#EE, QOL, # I r)L¥—
BIE, ALK EENE#HALLER N ANKOY
KR, A7, B RRERE, QOL, #x AL F—HHGE,
7 AECEEE O % Table 412718 L7z,

I AT O BRGHI, #57), &fkHEE, QOL, x4
VF IR, B2 AL CEBIEOR GERR, FLIHH,
TEE) + FLIEEE) X B (A AHT St ATR) OKEAEM L E
RREHED B L DB D ICRLIE D FH & v TRE
L7&Zh, 871 LRI A B S HARH % 720
(1877 5 p=0.007, BT p=0.001), 1K£HE & SMI,
Bh, BMESD, ST AV —BIUE, B2AECE
BNEICAELRTREBOH7 (KE L SMI ; p=0.001,
B EEMERGT)  p=0002, #T R )L F — B &7z
AN ERBIE - p<0.001).

INETE A, TEEYEE, FLIERE, EEh+ FLEH
FICSMIEAE I L GEBYHE : p=0.024, FLIEHE L
TEE) + FLIEH 0 p=0.003), EEHHE & EB) + FLIEBELIR S
GEBE: © p=0015, :EB)+FLERE - p=0010) & BEMER
7 GEBYEE : p=0012, EH)+ FLIER © p=0001) 25H &
WZEIM L 72, Ao AHT & AR, BB+ FLIE T SR
B QOLASHEEIZHM L Tz (p=0027) 75, EEpEE -
FUEHEO RN QOL I A E R MINE ROk oz, —
FHT, frAHI & A AR, BRI TRENFEIC
TF LT (p=0.048).

NETE A, TEEYEE, FLIERE, EEh+ FLEH
IR AV F—HIE (FHILIIp<000]) LA
RN (FREZp<0.001) 2SAEISHEENL 7.

TARDEAEHR, B, BFHEE, QOLDE{LE %5
FIEEE AR RO S EFHN, 5570, S EFRE QOL @
ZALR O BRI ILE % Table 51278 L7z, B+ FLIEHIX
FUEREE LT B ARSI, % AEMIERTI, % AAATH
HEPHEEICEMETH 72 (% AET 1 p=0.007, % A
EH; 71 1 p=0002, % A BFTHE 1 p=0.045). B+ 5L
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Participants (n=367): 265 years older women,

in community center (n=304), day care center (n=63).

Diabetes and chronic kidney disease (n=18),
severe dementia (n=4), dysphagia (n=3),

articular disease (n=8).

Screened for sarcopenia by Asian Working Group for Sarcopenia 2014 criteria (n=334).

without sarcopenia (n=249)

Sarcopenia (n=85)

A detailed explanation of the intervention procedure was provided.

Rejection (with sarcopenia; n=16)

Participants: older women with sarcopenia (n=69)

Age and recruit center based stratified randomization

Fig. 1 Flow chart of study participants

Ex group: n=23 Whey group: n=23 Ex + Whey group: n=23
Neck pain (n=1), Hospitalization Lack motivation
lack motivation (n=1), fail to contact (n=1), changing
(n=2), fail to (n=1), could not residence (n=1),
contact (n=1). intake supplement could not intake

(n=1). supplement (n=1).
Analysis Analysis Analysis
n=19 n=20 n=20

Participants was older women with sarcopenia were randomly allocated to one of the three experimental groups:

completing the exercise intervention with whey prote
the exercise intervention (Ex group) and ingestion of

THRRIEERE & T, %BASMI, %AET), % AR
B, % ABATHRE AR RE RO R Moz T2,
FUHTHILEENRE & T AT, % AR 1 05F
HIRETH 572 (% A$ET) 1 p=0.006, % A AR ) -
p=0005). %AMKE, %ASMI, %ABITHE, %AFHK
B QOL TV N b BEM 2 2 O & po 72,

EBH+IBHONABRDOYINIANR_TERH V) EEREL
LB A, FVaRZTE2ER 72T % L EiE
L7 2p o 72 132 ORI B L L 728 2 A, 3
WaANRZT G LT A0E, ERFEE L FLE 2 AEL
HENOEFE (%) PHEICSETH Y (PgfE [25

in supplementation following (Ex+ Whey), completing only
the whey protein supplementation only (Whey group).

= F AN, TEN— vy A V] D ERa 1) 800 [70.3,
83.3] %, =72 L 729 [604, 83.3] %, EifdH ) 744 & 7
L 13X D HE p=0046) Jr AR TIREDFRT AT < BHEHL
BEVHBICEMETH o7z (Rl [25/8—1 % A )L,
58—t ¥ AV]  EgEH Y 125 [1.23,1.28] g/kg A
K8/ H, Eif7: L 120 [1.05, 1.28] g/kg HAZ KT,/ H, &
) 74 E % L13%4DOILEKDP=0037).

z =

CNFTFTIREESH I 72—XATDODRCTL LT,
AWGS2014 HH#eTH IV TR 7123524 L 7 W E B i
R RIZ24BMEICIESL LY Ay v AEE L FLEA



T aR=THE LA

<A,

LX)

Table 2. Physical characteristics of participants, pre-intervention
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P-value P-value
Whey group P-value Ex+Whey group
Ex group (n=19) Ex+Whey Ex+Whey
(n=20) ExvsWhey (n=20)

vsEx vsWhey
Age (years) 78.1+4.6 77.0+4.5 0.432 78.1£2.7 0.748 0.331
Body height (cm) 149.0(143.5,152.0) | 149.0(143.8,150.8) 0.672 151.5(144.0,153.3) 0.555 0.432
BMI (kg/m?) 19.6+£2.2 19.6+3.0 0.944 20.3+2.5 0.381 0.409
Total step (count/day) 4045(3029,5486) | 3962(2790,4649) 0.674 3828(3448,5053) 0.811 0.871
MNA-SF (score) 10.0(9.0,11.5) 11.0(9.0,11.3) 0.607 10.5(10.0,11.0) 0.288 0.782
Recruit from community/day Non

12/7 12/8 0.839 12/8 0.839
services center (n) analysis

Average +standard deviation, or median (interquartile range). The results of a non-paired t-test, x> test, or

Mann-Whitney U test showed no differences in the characteristics of the two groups pre-intervention.

24-week intervention period, for the three experimental groups (completing the exercise intervention with whey
protein supplementation following [Ex+whey], completing only the exercise intervention [Ex group] and inges-

tion of the whey protein supplementation only [Whey group]).

BMI, Body Mass Index; MNA-SF, Mini Nutritional Assessment-Short Form.

Table 3. Comparison of sarcopenia, low SMI, low grip strength, and slow gait speed, pre- and post-intervention, within- and

between—-group.

. (1=19) - (1=20) - (1=20) Ex vs Ex vs Whey vs
X group (n= ey group (n= x+Whey group (n=
£1oup v group v eroup Whey Ex+Whey | ExtWhey
Pre- Post-  P-value Pre- Post-  P-value Pre- Post-  P-value P-value P-value P-value
intervention vs within intervention vs within intervention vs within | vs between | vs between | vs between
Sarcopenia (n) 19 17 0.146 20 15 0.017 20 0.004 0.239 0.070 0.490
Low SMI (n) 19 17 0.146 20 15 0.017 20 0.008 0.239 0.132 0.723
Low grip strength
@ 19 16 0.071 19 19 1.000 20 0.008 0.267 0.292 0.037
n
Slow gait speed (n) 1 2 0.515 2 5 0.212 3 1.000 0.239 0.676 0.429

Number of sarcopenia, low SMI, low grip strength, slow gait speed. Within and between-group differences were evaluated using

a y? test; the P-value is shown.

24-week intervention period, for the three experimental groups (completing the exercise intervention with whey protein supple-
mentation following [Ex+whey], completing only the exercise intervention [Ex group] and ingestion of the whey protein supple-

mentation only [Whey group]).
SMI, Skeletal muscle mass index.
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Table 4. Comparison of physical characteristics and nutritional intake pre- and post-intervention

Ex group (n=19) Whey group (n=20) Ex+Whey group (n=20)
Pre- Post- P-value Post- P-value Pre- Post- P-value
vs Vs Vs
intervention within intervention within intervention within
Body weight (kg) 43.4(41.5,41.3)  44.5(41.3,46.5)  0.020 | 44.5(40.7,47.7) 45.2(41.7,48.0)  0.009 | 45.0(42.6,46.9)  45.5(43.0,48.2)  0.002
SMI (kg/m?) 5.23(4.81,5.51) 5.31(4.77,5.62)  0.024 | 5.43(4.99,5.59) 5.50(5.04,5.65)  0.003 | 5.39(5.06,5.58) 5.46(5.12,5.71)  0.003
Grip strength (kg) 16.1(14.5,17.1)  17.0(14.7,17.8)  0.015 | 15.9(15.0,16.8)  15.8(14.8,17.0) ~ 0.305 | 16.5(15.5,17.0)  17.4(15.4,18.0)  0.010
Knee extension strength (kg) 13.0+5.2 13.5+5.2 0.012 13.242.5 13.0£2.7 0.167 13.8+2.5 14.4£2.6 0.001
Gait speed (m/sec) 1.04+0.21 1.04+0.22 0.722 0.98+0.17 0.96+0.19 0.048 1.03+0.25 1.02+0.24 0.607
QOL (score) 44.0£2.3 44.442.4 0.324 41.7£3.9 41.7£3.8 0.996 42.6+3.8 44.3+3.3 0.027
Total energy intake/ target
28.4(27.3,31.0)  31.7(30.6,32.9)  <0.001 | 29.2(27.7,30.3)  31.3(30.3,32.0) <0.001 | 28.8(27.0,31.5)  31.0(30.2,32.5) <0.001
IBW (kcal/target BW kcal)
Total protein intake/ target
1.05(0.98,1.15) 1.22(1.19,1.27)  <0.001 | 1.02(0.91,1.11) 1.24(1.15,1.26) <0.001 | 1.07(0.99,1.18) 1.23(1.18,1.25)  <0.001
BW (g/ target BW kg)
Total protein intake/ actual
1.18(1.13,1.26) 1.37(1.28,1.43)  <0.001 | 1.19(0.98,1.29) 1.31(1.21,1.52)  <0.001 | 1.20(1.07,1.23)  1.30(1.27,1.39)  0.002
BW (g/ actual BW kg)

Average+standard deviation, or median (interquartile range). Between—group differences were Paired t-test and Wilcoxon signed

rank test.

24-week intervention period, for the three experimental groups (completing the exercise intervention with whey protein supple-
mentation following [Ex+whey], completing only the exercise intervention [Ex group] and ingestion of the whey protein only
[Whey group]). SMI, Skeletal muscle mass index; QOL, Quality of life; BW, the body weight

Table 5. Change in physical characteristics from baseline to the post of the 24-week intervention period

P-value P-value
P-value Ex+Whey group
Ex group (n=19) Whey group (n=20) Ex+Whey Ex+Whey
ExvsWhey (n=20)

vsEx vsWhey
%A body weight (kg) 1.65(-0.12,3.05) 1.47(0.30,2.27) 0.888 1.99(0.88,3.00) 0.704 0.344
%A SMI (kg/m?) 1.58(-0.61,2.77) 2.18(0.78,2.67) 0.518 2.48(0.26,4.11) 0.339 0.449
%A grip strength (kg) 3.57(1.74,6.42) -1.37(-3.18,1.42) 0.006 5.29(1.33,6.87) 0.663 0.007
%A knee extension strength (kg) 3.45(0.75,7.59) -2.54(-5.77,3.06) 0.005 4.48(-7.75,6.68) 0.663 0.002
%A gait speed (m/sec) 0.54(-1.09,2.38) -1.97(-3.48,0.66) 0.136 2.13(-2.88,4.00) 0.715 0.045
%A QOL (score) 1.54(-2.10,3.25) -1.52(-4.61,4.02) 0.563 4.20(-1.25,8.16) 0.181 0.123

Median (interquartile range). Between—group differences were evaluated using a Mann-Whitney U test: the P-value is shown.
24-week intervention period, for the three experimental groups (completing the exercise intervention with whey protein sup-
plementation following [Ex+whey], completing only the exercise intervention [Ex group] and ingestion of the whey protein

supplementation only [Whey group]).

Change (%A) in bodyweight, skeletal muscle mass index (SMI), grip strength, knee extension strength, gait speed, and
physical QOL (quality of life) from baseline to the end of the 24-week intervention period, for the three experimental groups
(completing the exercise intervention with whey protein supplementation following [Ex+ Whey], completing only the exercise
intervention [Ex group] and ingestion of the whey protein supplementation only [Whey group]).
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