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ABSTRACT The possible risk of malnutrition in patients with central nerve system injuries (CNSIs)
compromises the prognosis of rehabilitation; such patients may have sequelae such as limb hemiple-
gia, cognitive dysfunction, and chewing and swallowing dysfunction after emergent resuscitation. Ef-
fects of a whey protein-enriched formula in increasing the muscle mass and functional performance
were examined in this study. CNSI inpatients in a rehabilitation department received five doses/day
of a whey protein-enriched formula in addition to regular formula and an oral diet while undergoing
swallowing training. The target total calories was 30 kcal/kg body weight (BW)/day, total protein was
1.4 g/kg BW/day, and the study period was 28 days. The nutritional intake was carefully recorded.
Data from the start and end of study were analyzed with paired t-test. Fifty CNSI patients were en-
rolled. The average age was 64.6+15.02 (mean+SD) years. The total score of the Mini Nutrition As-
sessment (MNA) increased from 18.6+£3.78 to 21.4+2.93 (p<0.001), the arm circumference changed
from 26.5+3.01 to 27.0£3.07 cm (p=0.009), the calf circumference increased from 31.3%+3.23 to
31.6£3.08 cm (p=0.015), the muscle mass changed from 42.0+7.40 to 42.7+7.05 kg (p=0.029), the
bone mass increased from 2.37+£0.37 to 2.41+0.34 kg (p=0.042), and functional independence measure
(FIM) score, which indicated improved rehabilitation exercise performance, changed from 42.9+13.6 to
49.7+£16.07 (p<0.001). The effects of high protein combined with the whey protein supplementary nu-
trition intervention formula on the nutritional status, muscle mass, and function of CNSI patients were
promising.
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Table 1. Demographics of the rehabilitation patient (N=50) "2

HHIE] T

P (FEAEE)

Fiiv Age, year

P51 Male n (%)

B 5 Height, cm

APBehEE Weight, kg

Al BMI

{EFE K8, day

R RFAIGEEH, day

FEHER R ERFL, month

B, n (%) gt I 14 R

FES I P4 P
BIGIEISEES TBI

{mE, n (%) A B0 v
A 1
st

1 KB ERE L Br. stage, n (%) I

v
\
VI
MK4E(LE 2EH
22l A FPG, mg/dL 70-100
HLE&RT CRE, mg/dL 0.6-1.3
EXLAEREE R eGFR, mL/min/1.73m? 100-120
[M#L 2 Hb, g/dL 5B 131~17.277 : 11.0~15.2
&M ALB, g/dL (n=41) 3.5-5.7
fafEE gE T-CHO, mg/dL (n=47) <200
=R HHAE TG, mg/dL (n=47) <150
EEEIEE RS LDL, mg/dL (n=47) <130
= e E R HDL, mg/dL (n=44) >40

64.6 (15.02)
32 (64%)
162.4 (7.93)
59.4 (8.89)
225 (3.05)
26.8 (243)
29.0 (15.8-46.3)
2.87 (1.02)
23 (46%)
19 (38)
8 (16%)
7 (14%)
24 (48%)
19 (38%)
0 (0%)
18 (36%)
8 (16%)
12 (24%)
12 (24%)
0 (0%)
fmba(E
109.1 (25.65)
0.67 (0.17)
122.5 (36.65)
12.8 (1.27)
3.92 (0.37)
151.2 (37.90)
118.4 (67.05)
90.7 (31.17)
41.2 (9.51)

BMI, Body massindex ; TBI, Traumatic Brain Injury ; Br. Stage, Brunnstrom stage.
ALB, abumin ; CRE, cregtinine ; eGFR, estimated Glomerular filtration rate ;

TC, totd cholesterol ; LDL, low Density Lipoprotein ; HDL, high Density Lipoprotein ;
TG, triglyceride ; FPG, fasting plasma glucose ; Hb, hemoglobin.

1.Data are expressed as mean+SD or percentage as appropriate.

2.Statistical analyses were conducted using frequency distribution table.

a: Dataare expressed as median (interquartile range, IQR) .

ALB :» T-CHO » TG : LDL - HDL dataanalyzed number are:41 - 47 ~ 47 ~ 47 ~ 44 -
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Table 2. MNA » MAC + CC and FIM score of the rehabilitation patient (N=50) "2

i fr AR A

- Mean (SD) Mean (SD) P value

SRR R E R, MNA, points 18.6 (3.78) 21.4 (2.93) <0.001*
B E MAC, cm 26.5 (3.01) 27.0 (3.07) 0.009*
/NEERE CC, cm 31.3 (3.23) 31.6 (3.08) 0.015*
THREM BT 2545 8 FIM, score 429 (136) 49.7 (16.07) <0.001*
H#E&#f) motor score 27.6 (8.77) 33.0 (10.74) <0.001*
X4 congnitive score 153 (7.12) 16.7 (7.38) <0.001*

MNA, Mini Nutrition Assessment ; MAC, Mid Arm circumference
CC, Calf circumference ; FIM, Functional Independence Measure

1.Data are expressed as mean+SD.

2.Statistical analyses were conducted using Pair-t test: *p < 0.05.

» RERSAPIHEAETRN (R=)

B IS SR R A AT 24.847.96%%¢ )2, 24.3+9.11%
(p=0417) REFEMT AR JLAEHIT AH]

RZ BB AZRIE T AR

fe-2

42.0+7.4kg BT, 42.747.05kg (p = 0.029) K &8

8 2.37:037kg B4 1
0.042) - ¥EEHET BEEE AR - AWULAER T

Table 3. Body fat meter composition of the rehabilitation patient (n=44) -2

2.41+0.34kg (p =

. T AHI T AR
Mean (SD) Mean (SD) P value
AR, % 24.8 (7.96) 24.3 (9.11) 0.417
BHtE, Kg 2.37 (0.37) 241 (0.34) 0.042*
BMR, Kcal 1229.8 (191.16) 1251.1 (181.28) 0.021*
LAE, Kg 42.0 (7.40) 42.7 (7.05) 0.029*
HENAZE, Kg 2.59 (0.89) 2.62 (0.77) 0.745
EEAE, Kg 251 (0.87) 2.69 (1.48) 0.342
HREEHLA &, Kg 2257 (3.26) 22.7 (3.46) 0.715
FHRILAE, Kg 7.3 (1.96) 7.2 (155) 0.567
ZRILA &, Kg 7.1 (1.66) 73 (164) 0.045*
VA LA &=, Kg 19.4 (4.87) 19.8 (4.75) 0.326
5, Kg 221 (3.97) 22.4 (3.98) 0.623
7z, Kg 14.8 (1.61) 15.2 (1.27) 0.082
VUi AL =/BMI2 0.88 (0.21) 0.88 (0.23) 0.915
5 1.01 (0.16) 0.99 (0.21) 0.765
L'8 0.66 (0.06) 0.68 (0.07) 0.074

BMI, Body massindex ; BMR, Basal metabolic rate

1.Data are expressed as mean+SD.

2.Statistical analyses were conducted using Pair-t test: *p < 0.05.
areference : Woo J, Leung J. Anthropometric cut points for definition of sarcopenia based on incident mobility and physical limitation in
older Chinese people. J Gerontol A Biol Sci Med Sci 2016;71:935-940.
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R 7.1+1.66kg 91 7.3+1.64kg (p = 0.045) 5%
et EEE R - (EAEIAE - £FINE - 8
BN E ~ ARPLAE R UREILAER T ARTRS
AT DR =

1~ BEEL (ROKREB—)

R s R T RS R 8 - (H iR AR
il E e B Ry 62.8+10.36kg » F R ABE Y E
HE EE LIS Ry 59.4+8.80kg (p < 0.001) Eifiat F&H
FAER S AR RER IR AR - G LA E R

R AR AR AL

Table 4. Weight process of the rehabilitation patient (N=50) "2

Sk B (E - DA IR 28 —OE B A BRI IS E L
e AR ARy 1R Rl B T A A LR 2R (p
=0.028) - EFREVGHEANEIT AR AR E - BUR
WA 2B TRV RS T AT R AR E R P2
HEEE - MmN LAnE — -

¥ &

SCRFE B U O ERE R A - SRR BT
B R EUR i EEE S EE 2 - AR A

AR TH Mean (SD) P value

TN RIREES 62.8 (10.36)

N 590.4 (8.89) <0.001*
3P 50.1 (8.87) 0.196
P 58.8 (8.86) 0.028*
B=Er 59.2 (8.70) 0.280
HUYEP 59.3 (8.64) 0.703

1.Data are expressed as mean+SD.

2.Statistical analyses were conducted using Pair-t test: *p < 0.05.
a. Weight were compared with before onset.

b. Admission weight were compared with 1st, 2nd, 3rd, 4th week.

62.8
64

63
62 x #
61 59.4 591

60

# 59.2 59.3

|
59
58 l I
57
56
55
54

=

e
Va
®
-1

— BlERAZREALEAL
Figure 1. Weight process of the rehabilitation patient

%7 % #
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Z BA%LLA o STkFE HAE R R 4= 22 BT 6 {1 F B
M - 398 A%FREEE  FEEERE  HIEN
R HUEA L HEEEIE T FREERIZE (2 o
EHHEENENERE - AR IRERFRR
(MNA score) ZRFEAGULZE ST AR EEIRRE S
o KBRS ER 2 HEUNT De Groot LC 5%
N (%) 5% R HH A 1 3k BB 5 LA B O 1 A IR
MEHEER > BUmEHEEBRENRENEGRE
B - URIBEESE A (2015) 2 RFZAS R El SR A
107 (i A E BN SR A RATE R EHE
ArEDIRE (BRER) ELWHEIIET - EFAEE
BEANRREA G IIRERIIRIE -

EE & FLEEHE R S/ Atk MNA J85H
18.6+3.78 43 2F} & 21.4+2.93 43 (p < 0.001) - ¥
rHE Y 26.5+3.01 2\ N2 27.043.07 244 (p =
0.009) - /NEEREH 31.3+3.23 /34 e 31.6+3.08
N4y (p=0.015) - ¥FEffaT RS - MNAGE
sHEEG - DL DR EAEES L, - TR
AN ARG s mmaEE, ~ TEEA
CEBEARAEAME, « " HEEAMEERS R
BH O EFEREAM , ~ TERE, ~ TR
B | SO R AR o AL iR
ENEERSTENEREREA RS EEERRER
HE A ERA DB AEY  KESAEENE
HER MR - BIRBESERNRIRGE - &8
FEEEEERET -

AR SRR - DARR AT s A e =
BLIE - 28R AT R ER - B
EHREEENEHE S HEBIEBEERE
62.8+10.36kg - % b X A Bt H BF £ B &y
59.4+8.89%kg (p < 0.001) - AlPtFEARUEATHIHEE
RIS RS F-5.4%88 L2 K 5 ARIMT BE 2% 15 W s
KB EATGER - R R(EFE AR -
FEMIGLH R M RIS - PR ST EE
A R E i nimisE MR (p = 0.028) - itk
FETZE A H 2 i R FE R - Kt
R E R A E A E S E R o AT
IR BMI Ry 22,5 » JEIEHHE(L - SR —fik
A BMI 2 IEFAZHEEASE A S NEEA R 25
B BEEEANRZEE - BHE—S 8 S
it SEEEEHEIIIAEEEEE - SESIH
FHEALA B S E 5y 2

1E N NERERC ket BB HIEES & - 3

ZrhEE N Ryl s ) - Hefa TR TR
BE B AN o 0 BT EN AN ERRRE R LR
il » ATREE AR B FE B BN E i AN £ it i
PRI % e SR EE F#E - RE—F
HE O EREEPLAVEEIRES 77 - BEN A
T EAHAHRR R M m n b %) o BRI BN Y
N2~ EERERN - SkEnE N REEie s E
i ANB AR S = A b - G wTREFH B R E I T RE
PEVRAR » AT AR (5 AR AR G E B BT
ASCEBIERTRN - DUEERTHE A B Thee ek
18 -

CAE RN SR VBB B ITHE Ryfn] 2 DUEREE
ZHEEE B2 (European Union Geriatric Medicine
Society, EUMS) B EAMRPELRHFR S F » (Fam 7 —(
B EF5E/NE ( PROT-AGERF4E, PReventionin Old-
er people- Assessment in GEneralists' practices) ZEF
HEEHIKEENENT K - PROT-AGE if158/)Mi
P HBARR Y REREATHE 10 5
129 EHE » DNEBEZFE AR IIKEERED)
e - A EEE I HMES AR AT SN ELE

(129/kgBW/day) - AT RREIES
ANFEELHHEEHEA (A 1.2~159/ kgBW /
day) “® o GallardCZ A (2008) ¥ F5H » {*
beg \ Bl R R IR R B AR 13115 FH
AT E B ERNERE 1.06£0.28 057 »
REfERFIE RS - HINE Mg BERE A
A ERNERSEIFA T 1L.2-1.5 A% 2%
BE T KRN TR E 30-40 KK 0 - HEBEAZ
SR -

ERHPEERE A B EFSEEREOETK
Fyfa] 2 BB ips B8 R i B AR ~ (HIEEEITEK e
RN ZE iR S A A B - Nagano 55 A

(2016) = DlidzsaEllEEE (Indirect Calorime-
try, 1IC) % 12 filfg#d i e Hi [ ( Subarachnoid
hemorrhage, SAH) 17 Ifil & T flir #9955 A 1T REE

(Resting Energy Expenditure, REE) 7€ - fiff5e2s
1 SAH 1% REE [¥JZikEL Harris-Benedict /25
Y RTEHMEMLEL - B T 12% (p<0.05) -
S R T T A RSB T R SR
hn e SerraMC%5 A (2015) ) fiff52 39 f3l] ~ SPE334F
i 6121.0 pRAVIE L EVR#E T - DL 1C G2 A
HUEFE(CH#3R ( Resting Metabolic Rate, RMR) [
Mifflin-St Jeor THHI G220 Y #E5H RMR {H{K
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14% » FERFRNIAZE T HEEL. RMR [F{EARE -
Houdijk H % A (2010) * - fJf5eE8E 10 {5 JE
BFTEAS GE TSEHER RRE B I AT L TR
12 125% (p<0.05) - RftFEHE T AR LS
T 1.4g/kgBW » 7554 PROT-AGE F; Gaillard C %5
PN DS DA iR S RN e 7 L = S
A L WUBR T S A B B A BRI R R A e e B
> RARERES S E O EERMT  TER
MEFEEAH S RENEEMS - BRESEDE
BIE - WAEELHEE/NRZER D .

TE SR A B B A i R B A 3 B R R )
(38 TR AT E WL A B 75 e S 2 R el R B 75 B
R - Woo K Leung (2016) 2 [ 4000 %4 65 5%
DL EF dsint i R 2 S et i - (EHEEThER
X Ot % i F (dual-energy X-ray absorptiometry,
DXA) - &R #s L &S BIEER 15.61kg -
LRI 12.42 kg FllLAEZ MIEHAE 2% » HLA
= HE RS DAY B AR L R/BMI B ELAEAE B /N
2 0.72 m? » ZEPEARAA 0.47 mPlb)EG - ARFFE(H =
ZHEEAE FlAE 2 AIE YIRS - FR R A
B FALEBNSTTIRIG EBUREE - AR — R
BEREY - B9 ERgRIlE s REBL
B8 LR O R I Z4E 3 52 (disuse muscle atro-
phy) 72 SEThREMERRIE - B N EAENLA S
0 S T R 2 A R B RS A R R it T
(o HFFTEE H RS ARV S (E (peak
oxygen consumption ) {FA5[E]4F % [FIPE B2 G
[ 26-87% - 15 B2 BEHE R TT H A TETIRERY
REJTE NI - P AKREELHRENRE ST N R REME
iR 0 o PEEEREENE EERRAILARAE -
DMREEN S - REEE ) R EHE LA bS] S #8230
@5 EnglishC% A\ (2010) A#STERENRE ) B
{ErRJE % 6 i H A E & - MM ERILAE
AR BE R ES LA H AR 234> - Yoji Kokura 55 A
(2020) “® Z HiflE AR FE - 96 FI~2 32 4 i
816 pR-ZFEHEYE A - IR ARRE —EFHRE
EEAE  SREEEAE LN R/ - AR
BEHRIYEE - R EILAEER B LE TR - 45
RSP aadl - seE A ST B A Z R E L
AR SR LI AT 2R ERER (p=0159) -
RIMAEIE e R e ) > AR R 25 (p =
0.002) - fELICEEESHTFREH - AEEFE EAHAYTFEE
2 i e A L 5 L PR TR A L 2 S T2 A B (uin-

adjusted coefficient = 1.592; 95% confidenceinterval =
0.072t03.112, p=0.040) - ZRIFEZFEPEEE -
REE A Al RE g s B R R R I I R B LA R
L o AWFFe(E UG AR (5 48%) 280
RESIEEOEREE T AR - nTEEERE IR
CHfH) LA & - Hor ART 7.1£1.66kg 54 fii ks
7.3+1.64kg (p=0.045) -

T8 2 Y YRl 26 P 1 WL 2= AR B e i o2
TEALATE R LGRS - 12t & H ks RIFrIE
HESATRIEER (Fla: KE&EE -~ AEEH
HI#RS) - A DUsfiE DB S Lkl E
FEEURENA - A F RE DL A ZE ) 2as
(264748) . de Aguilar-Nascimento® A (2011) “° fiff
5% LI EH R ARV B B - SRS
MEONEFRAER AHEL - B A EEONS
BN NS BEL T v DUSE A Rt 28 4 e
BERRMMER R NEIE It LRES]) » BZift5E
fiti R FLIE 2 DT R I RE ST RE AR AT
B - KRR VS SR & RS
SZHERMEHENRA - (EEFRZRFREIRE
BB BRI R R K0 - EEHEEE
AR AT AR VB B RH BRI & AR
R NLAE & %0 - PenningsB %A (2012) Y
W5E 33 FISE) 73 BRI A NS HAER A 35 a Ll
10 55 20 gHYALIE R » WA AE B RROREEE RN -
HREALAEE &R - HHE T2 AR R E 5
FEwtresCER) SFIIRE - RKFEA ELEERE A
GEL L N TR (e A SN ol sl S =
HEHNINE R 13.3g (83-21.3) - DIFLEEEIR
mEHEZFEE & BCAA & & 3109mg
(1943-4981) -

Abre sz BEERAR AR - 555 1A
PR CERANEE M EY) - 2 FIRE ~ 1T
ZEHE R KEYE - MK > TR Bl R
¥ R EH R A A E R M e B R —
B RN =R SR EBEEERERK
fEHEREFEEM SRR T REE R
FHOE R E - N 28 S B E R T
WM ATEEHE (E4&BCAAR) IAMHE » &
et B R & MR 2 3l B SE R ORI E Fy
1.4g/KgBW - & PROT-AGE K Gaillard C =5 A&
FeRE MBS [ s B R L RS Ry TS
NS 1.2-15 A5 %) o ARG EEAG TR IR B

&
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ETEENEFRREGEREEERA 0 85
FLEEOMANEEO B Z IR » AR Y
TILIAI R » B/ AT 42.047.4kg B8 )11k 42.7+7.05kg
(p=0.029) - 3f H{&EEEEH)ZH FIM score »
HH 42.9+13.6 /342712 49.7+16.07 /32 f 5t FEEE
725 (p<0.001) - FIM score J&H#f#YHI7 A5
Granger CV #%&t » A 1987 F5E R » Wik =A% AJE
F - #8253 126 53 - HEBEE) RGERAIEE S THE - AlER
B MRS TIRE R LA TERE ST - RS EL R S
VR B AR R BFE 25 I B AR A R IGE SR
(5253)

fik ChanL 5 A (2013) Y pt9efEHt » DAANH]
£ =X A S 1 % O MR A L e S L A T RE Pk
18 » SRS RS (inpatient rehabilitation fac-
ilities) A¥ A ERR{EEASAIEE) T « FRAIThREAIH
WAREThRERES - BN T2 R RS ER
WA R SR R A R EBE R (i rs A BEEEZ
e s u e PR S F R YN & S VIN e 2 i
TREEEZE N B - DUERRZIIHBTEE - HEN
e AR AR - AR S OHE - G TR
HIHIPERE R » 8 Lo e R A B R 2 REFE TR
NEERETIREES Y B A -

AR R B - T AAEEH
ERERC ST - BEHEBE IR 5 AR ALH
N IR R M S e M A B R e B BN I == 1
s [ ( Ventriculo-Peritoneal Shunt) -~ 5@ <5 Al
% Gt B E IR E ek B 2R - K
A ARFI TR AR A OEAE 2-3 {E H - #Ruh L F R
FERA e &N T HEAR LA EGET o DA AL
o ARIR N B B AR B R RE B0 Bt R BF
PrRUEE o (R IR R R B8 A RF IR T+ (FBe iR
AR E EFE R 2 AE ABERH M — 2K+ Ak
DI 2 MR AEAE RO Y ARTR I » A AREA
FEReE— o ge - DS riEriEstEs (Randomi-
zed controlled trid » RCT) @ JTAFEELHIZIT AR
SR R A\ B I & ROEE)FIR 2 B RN E -

w W

b B BB T E RS R B A (R A RS S M e
t® - BAERERFE BEN  BEEZWHK
8 - EaBEREER A\ BB - RIESF
®RIE ~ R EEMEFIR N E S AEELEEEEN

A DABEREHLAGT E M A - HEEERE LA =1
0~ THRERLEREAL /% (FIM score)  ~ B8 RE(E
578 (MNA score) -~ & F[E R/ NRE A 2
T REEM AR RS BEAEELERE N AR
AR B N2 E B -

e &l

AT S LB B R BRI B B e AN Fe Rt 2
B fBIARSE : CSH-2018-A-013 - &S HHFE I
BSZH . A B RS R (L P B e IR - BZB9E
TFDMERBA TALSERE - LR -

EEBR

MY 5= BRI 2 Bl EGT - DR A
fide SRR G A BE DR - ZXRANBSATZ Bl 52
xal @ R ZIREER - HEME BTN TR
it ZAEERUE - MRET T B SE A SRR -
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