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ABSTRACT

To evaluate the effectiveness of a 24-week program of nutritional supplementation
using whey protein ingested after resistance exercise, on increasing muscle mass

and physical function among elderly with sarcopenia. We carried out a randomized
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controlled pilot trial, in elderly with sarcopenia, aged 65-years of age or older, allocated
to three groups of participants each: the exercise and whey protein supplementation
group, the exercise group, and the whey protein supplementation group. A stratified
randomization strategy was used for group allocation to achieve a comparable age and
sex distribution among the groups. Sarcopenia was defined using the Asian Working
Group for sarcopenia criteria, as follows: low hand grip strength or slow gait speed,
and low skeletal muscle mass index. A 24-week program of resistance exercise, carried
out twice per week, was combined with whey protein supplementation, containing
11.0g of protein and 2,300 mg of leucine. The nutrition intake for participants in all
three experimental groups was adjusted to a level of at least 30.0 kcal/ kg ideal body
weight/day of total energy intake, 1.2g/kg ideal body weight/day of protein intake, and
more during the intervention period. Between-group differences in the pre- to post-
intervention change in skeletal muscle mass and physical function were evaluated
using an analysis of variance. The pre- to post-intervention increase in the skeletal
muscle mass index was significantly higher for the three experimental groups (three
group: p<0.05). The pre- to post-intervention increase in the knee extension strength
was significantly higher for the exercise and whey protein supplementation group and
the exercise group, (exercise and whey protein group and exercise group: p<0.05).

However, We could not observed the increase in skeletal muscle mass index and
knee extension strength was significantly greater for the exercise and whey protein
supplementation group than for the exercise group. Whey protein supplementation,
ingested after resistance exercise, could not be additional effective for the treatment of

sarcopenia among elderly.
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Aged 65 years of age or older elderly with sarcopenia, from the Kita-harima
community in Hyogo, Japan: n=84

Exclusion: diabetes, chronic kidney disease,
severe dementia, dysphagia, musculoskeletal
diseases: n=30

A stratified randomization: n=54

) 4 \ 4

EX group

(n=13) (n=18)

WHEY group

P discontinued
(n=3)

\ 2

Analyzed: n=15

Analyzed: n=15

EX+WHEY
group (n=18)

discontinued discontinued
(n=3) (n=3)

Analyzed: n=15

1 Flow chart of study participants. We carried out a randomized controlled trial, with elderly with sarcopenia, aged 65-years
of age or older, allocated to three groups of participants each: the exercise and whey protein supplementation group (EX +
WHEY group) , the exercise only group (EX group) , and the whey protein supplementation only group (WHEY group)
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R E BT SE-8 % W T &K1 QOL B &
ORI QOL % 227 1) ¥ 77 (0 — 100 &) L 7=

FH Y N AKE— VR Vol 41



BRI QOL & AF MY QOL &/~ ABHAA AT & /v A
HTHOAR2 BIEL 7.

1. 3. 3 REEIURRLS LURERERE

KAEIURDUR A I =R IS TR AT & A A H
DEfE L7 3 HHOEFIZOWTHETIT- 7.
T/, BRARNEDN VI ) NREERANSB L OH
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ML 7z, FAATEHIIEEAE (kg) H) ORI
AIF—EIE (g H) &7AEEBE (o
H) L7z Fl#EAEIFE (m) #2%L, 22
FRUCHEM L. RERFENEOEL K
RN H A B AR 2 & HAR AN o AR EIE
# (2015 4EHD) 8 ICHELL 70 ERSE Y 7 b (T
7 RIVRETR BB L REIRE
@ &FAii {& Mini Nutritional Assessment-Short Form
(MNA®_SF) 9 % f > 72. MNA ®_SF o> 11 %%
A 11 BT 2 RO F 72T L L
MNA — SF 3/ AR BB 2S3 - L 72,

1. 3. 4 BHEHREE

SO VS S NGB
(CALORISM EZ-063 : # = # %18, HA&) %1

g7
AT D L) KD, 1 HOFEEETHEE
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R2ZL T Ay v AEED I EIZOWTIRL
o, VYRS VAL VA Y v AL L
DAY v AEE) + FLIET AL BB FE T
%Lk EESOHRTIHIE Y 2 5EL L
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Magister Corporation, Chattanooga, USA) % Fi
HL7ZLY Ay v 2EB L L7z BB 3R
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B, LIRSy AEBIGERRES Lt
LEMLCHYED 2KEMATE CICHEEED LK
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1. 5 HABELAEKBYTY A2 b
B AECEY 7Y 2 v b (HINEX® )

Intervention period: 24 weeks >

A 24-week program of low or moderate intensity resistance exercise, carried out twice per week

Rate of perceived exertion: fairly light ~ somewhat hard,
10-15 reps X 2 sets

Movement of the lower body

Movement of the upper body

Bodyweight
resisted exercise

Elastic band

exercise

2 The detailed exercise regimen
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% 1 The detailed nutritional management regimen

Estimated energy intake requirement (kcal/day)

Total energy intake

Total fat intake

Total carbohydrate intake Total carbohydrate intake

(kcal/day) (g/day) (g/day) (g/day)
1. 1450 59 37 225
. 1550 60 39 240
. 1650 65 43 250
v. 1700 70 44 255
V. 1750 75 46 260
VI. 1850 80 46 280
Food group (g/day)
1450 1550 1650 1700 1750 1850
kcal/day kcal/day kcal/day kcal/day kcal/day  kcal/day

Cereals (g/day) 270 285 300 300 300 300
Potatoes (g/day) 30 30 30 50 60 80
Fish and shellfish (g/day) 40 40 50 60 70 80
Meats (g/day) 40 45 55 60 70 80
Eggs (g/day) 40 40 40 40 40 40
Milk and dairy product (g/day) 150 180 180 180 180 200
Bean and soybean product (g/day) 50 60 70 70 80 80
Vegetables (g/day) 300 300 300 300 320 320
Fruits (g/day) 50 60 60 70 80 80
Fat and oil (g/day) 10 10 13 13 13 13
Sugar and confectioneries (g/day) 10 10 15 15 15 15
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WHEY and EX+WHEY group:
Intake of whey protein supplement

Breakfast

o —
Lunch

Dinner I

=

EX and EX+WHEY group:
Perform of resistance exercise
(2 hours before dinner)

3 Exercise and nutritional management.

1. 7 &t
RIFZECTH SN T — F OFEHLEIL IBM
SPSS Statistics26 (HA7 1 - € — - T aHA&
) EMEA L7z AAARIOFER, AE, SMI, &
T, WARIER ), AATHEEE, Bk QOL, At
1 QOL, #&TL A ¥ —m E#ERE, K7z AE
H&E HEHEfRKE, MNA-SFB LU, fr Ao
Ho B o & BE I 22 0 i 13 — S L i 43 O T &
7z, ARE, SMI, 187), BEMERT), A7
FE, S1KH QOL, F5fiiy QOL, L ¥ —&
EHEARE, AT CHE AR EO N AT
BOZHHNEZD LEBIIHIEDH 5 - BEx Fv
720 WAFBEDI I TR TSRO B O HE
& 2 BRIV A ARIBROKE, SMI, #
T3, WP, RATHEE, BRR QOL, Kt
19 QOL DZALA (% A) D&M 2= BT
JED % W—ICR BB 2 e B, F

KL 5% (MfIFGE) & L7,
2. # R

S AHAHIR, AREIC 3 A AR R EE o 72
OFBEFER L2, TOMR, KREIFROSHR R IZ
VYRS v AEENHE 15 % (GElp 777645, &
PEDE 4 H86.7%, BMI 208+35kg /m?), FLis
To A EIBEUE 15 4 (FFln 772252 1%, Wk
DEEH86.7%, BMI 202+38kg /m?), L I A
& v AGEE) + P 7 AT CEIEBIUE 154 (i
77739 7%, WHEOEEDY86.7%, BMI20.6+29
kg/m?) t7o7 (F1).

2. 1 GFEHE CREBIUKRAONT AR &
T A 24 BB D&

R 212G B)E & REEAURIL O AT &

AHOREZ/RL72. AR ORI ANV F—=2

% 2 Comparison of physical activity and nutritional intake pre- and during the intervention

EX group (n=15)

WHEY group (n=15) EX+WHEY group (n=15)

Pre 24 weeks p value Pre 24 weeks p value Pre 24 weeks p value
Age (years) 777+64 772%52 77.7+39
Steps counts (step) 4,328 2,140 4,543+2,038 4,721 2,004
MNA-SF (score) 10713 104=19 109+13
MNA-SF <11 score (%) 66.7 60 - 60

Energy intake (kcal/kgIBW)
Protein intake/IBW (g/kgIBW) 1.06£0.10 1.20+0.11 *
Energy intake <30.0 kcal/kg IBW (%) 53.3 26.7

Protein intake <1.20 g/kg IBW (%) 86.7 333

20530 316*28 **

206+12 314+12 ** 206+31 31.0%24 **
1.07+0.13 1.20=0.09* 1.10£0.13 1.21%0.05*
66.7 133 ** 53.3 133
86.7 40 * 733 40

Mean value + standard deviation. Ex, resistance exercise group; WHEY, whey protein supplementation group; EX+WHEY, resistance exercise
and whey protein supplementation group; MNA-SF, mini nutritional assessment-short form; IBW, ideal body weight. Pre vs During-intervention :

paired t-test ; *p<0.05, **p<0.01
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% 3 Comparison of physical activity and nutritional intake pre- and during the intervention

EX group (n=15)

WHEY group (n=15) EX+WHEY group (n=15)

Pre 24 weeks p value

Pre 24 weeks pvalue Pre 24 weeks p value

Prevalence of sarcopenia (%) 100 73.3

Body weight (kg) 465110 471+11.2
SMI (kg/m2)
Grip strength (kgf) 168+35 172+33

Knee extension strength (kgf/kg CBW)0.30 £0.12 031 £0.12 *

Gait speed (m/sec)
Physical OQL (score)
Mental QOL (score)

102029 1.02+0.33
436*24 448=23
478*25 46128

531105 541<1.14 *

100 80 100 73.3
41790 422+85 * 45675 463 *75 *
539+0.69 546063 * 543+0.70 554 £0.69 *
171+29  169+29 171+32 175 31
0.34£0.08 0.32=0.07 * 029 0.06 0.30 =0.06 *
100022 098 £0.26 1.03+0.30 1.02 £0.28
406 4.1 403 £40 428 £4.1 445 +36
48532 46341 ** 48551 484 +44

Mean value = standard deviation. Ex, resistance exercise group; WHEY, whey protein supplementation group; EX+WHEY, resistance exercise
and whey protein supplementation group; SMI, skeletal muscle mass index; CBW, current body weight; QOL, quality of life. Pre vs Post-

intervention : paired chi-squared test or t-test : *p<0.05, **p<0.01

THERE LR AT HER RERE, MNA-
SFICHMET RO R D572 AR ORI
HMZEE RO R o7z, AR, 3FILICHRT A
WV — REHEARE L AR AT R IERERE
EEEICHIML 722 GHLIRf VY —&
TR p<0.01, 7 AL HEEIERE
p<0.05), HZALRICHMEZ RO L -7z,

2. 2 W& BRHERE, @BRREIE QOL DT A
AT E T ABRDLEE

R2I1IHA L G AFERE, B QOL @ i
AT E N AGOHEZR L. A AR ORE,
SMI, By, MEMRG ), SRATHEEE, B Ry
QOL, Ftify QOL ICHEMZE A BD Lh o7z, I
Az, VIRE P ABEFEE LY AY V) +
AELAZSEBERBECIS AT 44 (267%)
PN A= T Z L, FLE72 A BB
1554 3% (200%) YV aR=T % EHiF
L7228, v aR= 7RI B =% 7
Doz, (LY AY v AEEEEL SMI O
N2%, BHOBEEN 2% THoT2. LIAY Y
AGEE) + LI 72 AE < BRI L SMI o i 28
4%, BHOBEMNPIHTH 72 FiELZAEFEL
BB SMI OEMEA 3B TH o7z it AL,
LY AL v AEBEEIL SMI & MR 2 E &
[ZHEN L (SMI & R ) © p<0.05), FLik 72
PNECEBIEEE LY A8 v ZGER) + 5L 72 AL

EARRUEEIZARE & SMI, B 5 0 A% hn L
7o (FUE7ZAECEBIEEE LY A Y v AEH) +
FLIE 72 AT RIBHERIL IO fR T, SMI, R
71 1 p<0.05). SMI & JBAd 50 ) D22 AL 2 12 HE
E=EROL o7 (H4).

a%ASMI W% AKnee extension strength
15 ok Ii
[ ] |
10
5
0 | |
-5
-10
Ex group WHEY group  EX+WHEY group
-15

X4 Mean (+SD) change in skeletal muscle mass index
(SMI) and knee extension strength from baseline to the
end of the 24-week intervention period, for the three
experimental groups (Completing the exercise intervention
with supplementation following resistance exercise group
[EX], whey protein supplementation group [WHEY], and
resistance exercise and whey protein supplementation
group [EX+WHEY]) .Between-group differences were
evaluated using a non-paired t-test. Vs EX group; **p<0.01,
vs EX + WHEY group; T 7 p<0.01

I NBEDFLIE 72 A < BRI #5111 QOL
PAHEIET L TWw (p<0.05).
3. E =

AWFEOBWIZL YA Y v AEE)E %284
%G 7z AE B OPERA A DS AR B AR BECL
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HNZG 2 DR ' WAL AL B AR T X A
Oy MNYICHIEET A2 ETH D, St Atk LIYR
& v ATREFERRE, LG AT CREBREE, LY
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& AR AT N A BN L 7248, B KR QOL
LR QOL OANZES dro/z. —, L
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AR, LIRS AEEIHLL I AY VA&
B+ FLE - AE CEBIGEE 15 41 4 44 (26.7%)
BV aR= 7 EwHL, FLE72 A CEBEUE
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L7275 A ABDH I a7 355 | D T Tk
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AT 2 FE - AL CEOBEFAA AR
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B ISR O E E 5720 112 2T L LR
DR AR D72 AT B O R 2% BT
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W7 I/ WMo1o>THruA Ty BELEEN
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BEREEL LTHIFs R WY oy
mTORC ¥ 7" F VfE & % i L £ ¥, mRNA @
HFGRET 2/ LTz AE BRI ERIC BRI L C
V12 415.17.18)  The Buropean Society for Clinical
Nutrition and Metabolism © 3 X ¥, PROT-AGE
study ? O RIEIC L HUE, BREOHAEE
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O SMI MRS I OBALFIZL VA Y v AE
BOHMA AR L KNERICEEThH o7z (LY
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IS AR A 72 AL EOBERBR RO R
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ZHO 1 DOIEARWZE T L 7-7LiE 7 A<
BTN A MIEENLAEL BN LR
ZLTHD. BreenL 5DOL Y 2—19 2L,
W7z AEC AR EED A2 L ENCEIT 572 A
ECEHEIZ 20g BELETHL ERLTEY, &
HOONTATIIETIE 1 Md 72 ) o7 AE B
Ex 23z L LTWw5, RIFZEONRE LT IEY
WHEILTW2 72 AECEEDP DR WERTSH
D, 1EBH7720 D7 AL E % 20g ULEBIUT %
CEIIREEEZ, AECENOEEN AL
HEZAECET 7)) 2 v e IR L7z HEH o
T a0u4 2 Y UNOVERT I ) BEP V=
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R D 2 DD AHT & A AR O T AL F—
RIZAEEEREDS AR L, ERREOE T /2
ARG L T 2 HERENEEIN TN LI LT
HB. AWFETIENMABIBER O AL F— - §i8
BHCR AT L 728 2ABEMICEILTWS
Ha 7z A R 1.0g/kg HE MK T R O W Bl
WLV ALY v ZAEHIET 46.7%, FLEZAECE
BIHEL LAY v ZEE) + I 72 AE BRI
BT 40.0% (238072 F 72, S NHI O IRAE
EHALZET A, RREOREW 2L HE
(MNA-SF < 11 ii) O#HERFED, LIAY LA
TEBIEET 66.7%, FLIEZAECEEBEREEE LY X
Y v AEB) + FLE 72 AE BRI T 60.0% (2
A7z ZFOD ARG R ERER T T
T&5 &) AEEHZIT, ZO/BEMAFOR
IANF—mBLURAIECEEBNEE b ICH
BICHINL, LYY v AEBEEE, i AEL
BN, VYRS v AER) + AL AL B
WHEE DI/ ABO SMI YA E MLz, L
L, MGRFHEREY TR TE TV RV
HOBR SN, BT AL ¥ —EIE S 30kcal/ kg
R TR OWEBRE IV VA Y » AEBEET
26.7%, FLEIZAEHEBIEELE LY A Y v 2K
B+ FLiE 72 AE CEBIUET 133% 12780, &
SIZH7 A BRI 1.2g/ kghE e A0 O WEBRE
ZL YRS v AEEEE T 33.3%, FLiEAIECH
B LY RS v AEB) + FLiE 72 AT < -TEHL
TET40.0% ICF8D 2. MIAINF—DBAET D
CETHIT AT D TIE L, #7z AT IR
WEIEICTE INZNI ETL YA VA
RO AL CEOBRGE B S, B
RO 72 AL ERRBEDD L o722 N
M EN5E, o TRUIFE TN AR ORI AL
F— Rz AT B O GHEE BRI T
R L TWARWHEBRESHR SN2 EPERTL
DAY v AR EROITE T AL B OPHRIRA
BoNL o I REEAVRIZS LA,

REFFED N AR, FLE 72 AV BRI O
SMIIZAHZIZHIN L T/, BEMER ) & A
A QOL VA I F LTz, —/TLY RS
VABENEE LAY v AESR)+ FLEZAECE
B ORMEFH AR ML By, &F
RO B A TR e 3, B8 A%
B AND Z L THABEMERD D LAHS
Ll ol EEEIIHA L LB T Ol %
TRESREREE O ) 2 2 %50 2 WHEA D ) 2020
U DR TIERICB W CGEEREO N AL
ERDLTHA).

KIFFETIE WL ORI D 5. RO
12HIE, F ¥ INH A XREHISHEL W
ZETHAH INFETOERITMETIEY VIR=
THEZHWE LV Y AY v AR & FLiEz A
E - OB AT 2 BATIIZED 2 728
A0y MiFZEE L TEERIICER L7228, ¥ 7
WA AR L CHREET 2 LD 5. F 72,
BAFEDA AHT O BMI D3N3 ARDF 12 5-
2 HEEIZOWTHL IR R0 7z, RS
D 2OHIE, BHAESLHOBINIAE S My A
F~—7 (MFIGF-1 7 V7 3 V%) %t
EHETETVRWI ETH S, KiFEOWERE
1& BMI 78 18.5 i F 72 13238 % 520 A fEFI A
%<, MG LE R MEREZ RN TET, #
72 AE B RRR OB B3 5 3 e A oS
TE Lol WAL 3DORIZHEHEE LR
WHDOEARBERA Y =52 AFEICTEML 722
EThHDH. MAEERES FHIiT 2 ke LT
DXA BT 5N 50 %) RO %
EL %) TEREBELARETHLI LT A v
N, —ERBEL EOEME R E T B E-
FRALFHIE Tl DXA &2 S22 1ITIEBR A
AoND.
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fER L R ) [ BURE S BN L 72728,
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T 5 HIE AL EOBERMNAZIT o 1205 R
71, QOL DHEZ HEFEMRE NS 2IZT ST
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DYHENRTH -7z, RFZECILED) & HLiFE2A
W CEBIE G L2y o= 7Rk i
VT AHIEPNTELmro7z.

B

ARWFFE% HO B I2H 7Y BIEBIRE ) £ L7z
FARFL&ET Y ¥ b AR = BHARET 02 5
AL BT ET

X #

1) Mori H., Tokuda Y., Differences and overlap
between sarcopenia and physical frailty in older
community-dwelling Japanese., Asia Pac. J. Clin.
Nurr., 28: 157-165(2019)

2) Anker S.D., Morley J.E., von Haehling S., Welcome
to the ICD-10 code for sarcopenia., J. Cachexia
Sarcopenia Muscle., 7: 512-514(2016)

3) Chen LK., Liu LK., Woo J. et al., Sarcopenia in
Asia: consensus report of the Asian Working Group
for Sarcopenia., J. Am. Med. Dir. Assoc., 15: 95-101
(2014)

4) Arai H., Wakabayashi H., Yoshimura Y. et al.,
Chapter 4 Treatment of sarcopenia., Geriatr.
Gerontol. Int., 18 Suppl 1:28-44(2018)

5) JEESEIE. PR 2848 B RA TG SR A OB
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/
k-tyosal6/dl/16.pdf

6) Deutz N.E., Bauer J. M., Barazzoni R. et al., Protein
intake and exercise for optimal muscle function with
aging: recommendations from the ESPEN Expert
Group., Clin. Nutr., Dec;33(6) :929-936(2014)

7) Bauer J., Biolo G., Cederholm T. et al., Evidence-
based recommendations for optimal dietary protein
intake in older people: a position paper from the
PROT-AGE Study Group., J. Am. Med. Dir. Assoc.,
14: 542-559(2013)

7 b AR—= U Vol. 41

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

JRES . HARNO EFHEICEE (20154 K
https://www.mhlw.go.jp/file/04-Houdouhappyou-
10904750-Kenkoukyoku-Gantaisakukenkouzoushin
ka/0000041955.pdf

Rubenstein L.Z., Harker J.O., Salva A. et al.,
Screening for undernutrition in geriatric practice:
developing the Short-Form Mini Nutritional
Assessment (MNA-SF). J. Geront. A Biol. Sci. Med.
Sci., 56: M366-72(2001)

Mori H., Tokuda Y., Effect of whey protein
supplementation after resistance exercise on the
muscle mass and physical function of healthy older
women: A randomized controlled trial., Geriatr.
Gerontol. Int., 18: 1398-1404 (2018)

Kramer LF., Verdijk L.B., Hamer H.M. et al., Impact
of the macronutrient composition of a nutritional
supplement on muscle protein synthesis rates in
older men: a randomized, double blind, controlled
trial., J. Clin. Endocrinol. Metab., 100: 4124-4132
(2015)

Shad B.J., Thompson J.L., Breen L., Does the
muscle protein synthetic response to exercise
and amino acid-based nutrition diminish with
advancing age? A systematic review., Am. J. Physiol.
Endocrinol. Metab., 311: ES03-E817(2014)

Jordan L.Y., Melanson E.L., Melby C.L., Hickey
M.S., Miller B.F., Nitrogen balance in older
individuals in energy balance depends on timing of
protein intake., J. Gerontol. A Biol. Sci. Med. Sci., 65:
1068-1076(2010)

Paddon-Jones D., Short K.R., Campbell W.W.,
Volpi E., Wolfe R.R., Role of dietary protein in
the sarcopenia of aging., Am. J. Clin. Nutr., 87:
1562515665 (2008)

Paddon-Jones D., Rasmussen B.B., Dietary protein
recommendations and the prevention of sarcopenia.,
Curr. Opin. Clin. Nutr. Metab. Care, 12: 86-90(2009)
Paddon-Jones D., Van L.J., Nutritional approaches
to treating sarcopenia. In: Cruz-Jentoft AJ, Morley
JE, eds. Sarcopenia. Chichester: Wiley-Blackwell,
275-295(2012)

Katsanos C.S., Kobayashi H., Sheffield-Moore
M., Aarsland A., Wolfe R.R., A high proportion of
leucine is required for optimal stimulation of the rate
of muscle protein synthesis by essential amino acids
in the elderly., Am. J. Physiol. Endocrinol. Metab.,
291: E381-E387(2006)



18) Dillon E.L., Sheffield-Moore M., Paddon-Jones D. et

19)

20)

al., Amino acid supplementation increases lean body
mass, basal muscle protein synthesis, and insulin-
like growth factor-I expression in older women., J.
Clin. Endocrinol. Metab., 94: 1630-1637 (2009)
Breen L., Phillips S.M., Skeletal muscle protein
metabolism in the elderly: interventions to
counteract the 'anabolic resistance' of ageing., Nutr.
Metab., 8:68(2011)

Manini T.M., Clark B.C., Dynapenia and aging: an
update., J. Gerontol. A Biol. Sci. Med. Sci.,. 67:28-40

21)

22)

(2012)

Manini T.M., Visser M., Won- Park S., et al.,
Knee extension strength cutpoints for maintaining
mobility., J. Am. Geriatr. Soc., 55: 451— 457 (2007)
Ling C.H., de Craen A.J., Slagboom P.E. et al.,
Accuracy of direct segmental multi-frequency
bioimpedance analysis in the assessment of total
body and segmental body composition in middle-
aged adult population., Clin. Nutr., 30: 610-615
(2011)

FH Y N AKE— VR Vol 41



