Neurol. Med. Apr. 2014

80 : 481

FAZFTIH/ERH

) =

!’ivmvvv

10 mv

RARFTIHER

fiit

AL

"",i"'m-wlml

B 5 ChEREEZEIREIC L B3MUSK-MGY 7 XDBRFS
MuSK-MG= 7 R {ZChEEEN A+ A F7 3 v 3%S5 L TREASHRIC L 2 BRHERK?Z
T3 L, REEOESHEIEL (CMAP) I & 2 BBKISHHN S (HARS). #RIFAChE
RIBECBETIAROBEBEFRIBEDOSN TS, (LB L YT H)

MGEE R DIgGHEH»MuSK & ColQ/AChE#H
SEDEE TS A L HE SN, Lok
213, MuSK-MGEZEIZx L CChEHEZE DGR
BHENZ L BEEIREARLTVEREZRLT
Wh. BT TV EIEAEIIC, MuSK-MGES
DERNTIZAChEDBEEET 2 #HIT & 2 iR
BHREFTOLIAFLNL TR, ThOF
RoOEWD, ERTHHMOENICEIDED%
Db, FLERZLEHBEORSEZRELT
VBRI TH B9, FORMEHET
TS B ET VOGERPERICR 5 THA .

BEb YL

FETIE, EEGENEMG) ORERFEOR
BICBWCEWETF VIR L TELREEE
Ml7e, T, EESE3IATITHRERFEOMR
B3 T% {, MuSKMGOHEBRIZBIT 28
TR OBFIEL B E TV TRL TV,
T/, MGOF/- % BTHfE L L ThiLepdbifeat
BRENLH, Bk, LpdMGOE € 7V {E
ARG SN/, BFIVEMD %o IR R
EREOERIL, LIHROLEBEE - BERE
DERIZOBNDEIELE, Hi-kBREHE
BYTH-00HEE L TREEFVIZSHED
FTETHEREFEERATTHAS .
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Involvement of the nervous system in sarcopenia onset

BXMNE 5w HF F—

Kazuhiro SHigemoTo and Shuuichi Mont

HERCBREEER AN > & —JET

FABII F — £ U

ﬁw:mrwgmmmmw@@a@tmﬁﬁﬁﬁﬁﬁ¢faﬁ%%ﬁurmtﬁpﬁﬁvu%ﬁﬁw?u

; ~ , ié‘»&%kiﬂﬁ?&%%
’3%@2‘) ﬁé ﬁ%‘@%?ﬁiﬁ@ﬁ%ﬁﬂ%@ SHTVEN, FNARZTFIDVTHEKAET 70— '7"(»41

SR LIRS A BT

: %Eﬁ%ﬁ‘%%?a‘éé ZOEIBEROEPT, ﬁiﬁ@%ﬁﬂﬁﬁ‘b@?@%ﬁ%ﬁ%it“%ﬁ%t@?f‘gﬁmf"

"c.‘(\:i)"

S T AOFRD Y NI T MBI & S HEROREA AZXLEBBLT VS
, EEENTL S, BERORECHHD ST, ZORVIBIE CEIHHEME &S5 & OREIEH

k'@%ibh’%ﬁﬁ%/?‘“)’l@?& EETREICHEBES A S, ES%T& ETHES Y F T RAORE L HBEOH T

WERA L, EHHEMROBHLED YL AN T LOBEICOVWTERT 5.
tggd:ﬁw:&:T,@%%9T7Z,Eﬁﬁvﬁfw,@@%%m@
& WEHY T TRAOEE

PR S F 7 AG KA & 56 L 7 BEEGHES)
DMEAEE %, BHONIHIC S 2 EE )
& BRI fEE L Tl % 5589 % (K1),
LRI ISR T 5 (8% OREHIIE D & T8~
S B (A 2 e FPOBATEEY I m
ISET AL H B, (8% ORI
D fFRHE R AL TR D, BT (motor
unit) Z R4 5. GRBHOWEH T P oBE
3 2 EE MR & 1 fioEN IS h, 0t
DOEE AL Z T A EHEHTIZ LA LT ART
Al Uiy 4 7 ¢d 5. iR ome ik
MR 2 THRKEL, BT ﬁﬁu&»
18um»HH, ZOEZOREHLIE TS E
THERNDE F i&xbvxtEwF@&eh
Ty %, IR & MR Z Eb 5 8
B (Fr YT L4 A ORIBATA LAY
LA F v OIEN R T L 2 EME) 25k
HHEDRAIITET % &, Z ORI RE
THEYFTANT 7 F 4 7V =) BREOT 3

I ETHREES T O T vF L) YA E R
5(H 2) it ‘%W%’:?‘g,& LITEAE £ #4950 nm HE
NTELT , FOMBIzE I =viEDE
E3- iﬁf@ﬁ&ﬁ%ﬁbfv%7zﬁﬁﬁﬁﬁ
R LT3

& WSV T TREN LIRS
EB R OEE{ER

FEE AR & e DB O LLERNE > +
T AL TR, BRI B K O o RERERE

MR RAT IEPRES ATV S,
SEE ORI & agrin(~ 8 Y REE 7 0 74
TYHIPFWER, Y7 AONTEMICS S
Wi s 7 AR S R L TR L Te
% LRP4 [low-density lipoprotein receptor
(LDLR) -related protein 4) L& 5 L ZAHK
# o v FF —+ O MuSK (muscle-specific
kinase) & O # & IR & FHil L CEELT 52
(B@1). 2L THlAAA~NS ZFudfEbh >+ 7
ABEDRIEHD T F L2 ) VEREDOEEL

E205ha Vol 248No. 9 2014.3.1 | 691



EEiEiai

o TEFAAY L
4 o

[ 1 #EHFTAOWEERFOEBE
B S 7 AT O T & Wi 2 W T SO T, B
BERST(PEFL2) Y)OEMIEEEERDTEMALTESF 7 ALHRL T
%, WERREEEECE ST E Ui agrin 1, YR T ARIROEABHICERL w3
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HEOER L BN, o7 7 AEOHE L CIIE L e s RS,

FIAERKT A, Agrin (ZHREESFEH
CIBfFHE 05y 7 VT CH 203, Wil o
S, TR ER T BT
FALHESHIISINTYWS, SEAEEERD
laminin- B2 ZSHEEFERILEKD Ca F v 2N LA
LTPo 547V — O - #EokiEr
34, Zm1z4, MMP (matrix metalloproteinase)
Ik DY & #/z LRP4 Oflast K X 4 83, JE
BB EORIE L TRAD ST L e L OET M
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w3 & 510, MuSK &S 7 L 2 Y
LT7 754 7YV —rOBREZRHIMT 3 2 L9
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5ICHES U THIiER SRS SN S L v ) EERHD
BHir#zonTns,
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DFAL, BESEEE, v 7 AR E b
DENEFTAEY(F v F, =7 R)THBICEE
ENB(E3). £72, ELEFVEWORER
KEDT 7T 47V —rDMETHP»TH LR
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BBHELETLTwaEEZsNEY, v+ 7
ATEREZALIZ IR & DT T 325, =9 AT
BRI X D BESEAZD, (K, B,
T >+ 7 AFHEE Ly EE T, SRR
NLPHERIRE TIRIBIEMMR A T 3 1Y Bk
2 ki, Wi EEE{AE (amyotrophic lateral
sclerosis 1 ALS) DFFREMEST (S fE v EBE O E T #
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M EL S, v T ARBOPEIc A Z S
HES = F Y 7 20 agrin BEEH L Tw 5 (5
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@ MESHYF T AL IARZT O
A= h—

£V 7T 7 —+ 0 neurotrypsin (LR
HORKEHE O 0 L 2T, o 7L+
TACRELTWB I EAMs T, g
R > F 7T ADMEERERD > F 7 ABRIFIC S 7
FHLTED, ¥La=27ofLuenAFv—
A—OFEHE LGEEERHSATH A on
F THI 6 LT V> % neurotrypsin O 4R OER
FEHIZ agrin 210 TH Y, ¥ 7 ABTICHEOH
BAREWHE & —§1 neurotrypsin 39 E 1T
T 7 ARBUCIEE LTy 29 F55 200 kDa B
£ agrin YT LT 22 kDa @ C i~ 7F F
Wi (C-terminal agrin fragment : CAF) 254U
3% = o neurotrypsin % B B AR
WEFEB LI v AT 2y 7w AERMERL
7l A, Huv T ATLHERPBES N, W
OISR (%12 sarcopenia EHBLL T/ B
BRIEWVZ kT, Il E a7z CAF 2 b oIiigic
FELTEY, ©/7u—FHfETlET ST
EOSTEETH B, 69 LE R (i 47 &) ol
O CAFBERHE L L 25, BlESing
DR & HFEICAOHEMBRSED shihs, &
Pesis BRI E» o 72, £/, CAF &

fEoffclrey vy DBINEGHFL—=
BHRICHEEIC CAF Oftids T35 2 L&
7' inrhe) CAF & AR B fE ) ik
> T ADIGEZAL L HPBRH 5 2 Lo,
RO WY L aRZTONRL o —h— L i
DAMEESH S, L L, ylaR= 7oK
neurotrypsin = & % agrin O3 TIEEBDS
T&E v, NeurotrypsinB{EFO A7 AB &
X neurotrypsin 23RS O agrin 2 F & BEBF
BllbovAPazy o2y 20%, wihdin
WIC X 2 ABFREDF L a7 2 MHIT 5 2 &
WTELRPoRY.  FOBE ZRORTAL S
A= 7 ORI ko THEERWICMLh o CAF #
AL T4 A=A - LTHHETE S,
L LNV, Fra= 7ok - FHoN T
B E LTHMT 2 2 LIEL w2 b Ltk

o ESIC & 2 EIEMI D2k
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95 % F To 47 AoB(lEoEE Al &
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7ZRM ST, JHBRIIESE O REL & BRAYEE
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4 #F# (e b) OESHEEERBOMBEL

HHE % £ 9 BRRBISEE L TE Y, JIE Alzheimer
D R AE T & 2 A I A ZEFR A (frontotem-
poral dementia : FTLD) & FEARAYIC HIREIZAAYIC
bA—N—=T 9 7T EHI L6, EEZDIHEA
HZZAPEHENTWLE99 ALS £ FTLD®
12 & A L DFERI B OMEIREERITR & LT
AERAINES 7Y PHIERNIC 2 € 3 F AL & B
vk & 172 TDP-43 (transactivation respon-
sive region(TAR)-DNA-binding protein of 43
kDal] 0¥z BE T e TE S, HMiEk
ALS B#1C TDP-43 DBIBEFEEMFEREEINT
W3 ERUD 2R TDP-43 Y ER TDP-
A3 MRERBEEI L IF A 2y I TR
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1$ ALS® FTLD OFifEER FIET 5 Z £ o2,
TDP-43 D BEEA DEHE(L & FEbic X 288
i< & Al IREEGED ALS & FTLD O
BIcbBERLTVwR EEZOND, 51T,
TDP-43 i3 mRNA DA 754 > v VL T
BY, BRBTDP-43ICkB2AT 74> v FRBE
TALSHHIET 27 VRS 2=y I =
PAREL>THWESTN TV Y, ALS DRIER
50~70 D EME Ic% {, EiRt&zW2 T
ALSDHEEDRIML T 5, 2D L wIEERl
DALSBHFET 2L HFHENZ Z Ed D,
Ha=7 L OENBEEE LY Z5TH 5.
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Abstract

Objective
To investigate the combined and separate effects of exercise and milk fat globule mem-

brane (MFGM) supplementation on frailty, physical function, physical activity level, and he-
matological parameters in community-dwelling elderly Japanese women.

Methods

A total of 131 frail, elderly women over 75 years were randomly assigned to one of four
groups: exercise and MFGM supplementation (Ex+MFGM), exercise and placebo
(Ex+Plac), MFGM supplementation, or the placebo group. The exercise group attended a
60-minute training program twice a week for three months, and the MFGM group ingested
1g of the MFGM supplement in pill form, daily for 3 months. The primary outcome measure
was change in frailty status based on Fried’s frailty phenotype. Secondary outcome mea-
sures included body composition, physical function and hematological parameters, and in-
terview survey components assessing lifestyle factors. Participants were followed for 4
months post-intervention.

Results

Significant groupxtime interactions were observed for usual walking speed (P = 0.005),
timed up & go (P<0.001), and insulin-like growth factor-binding protein 3 / insulin-like
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growth factor 1 ratio (P = 0.013). The frailty components revealed that weight loss, exhaus-
tion, low physical activity, and slow walking speed were reversed, but low muscle strength
did not significantly changed. Frailty reversal rate was significantly higher in the Ex+MFGM
(57.6%) than in the MFGM (28.1%) or placebo (30.3%) groups at post-intervention (x° =
8.827, P = 0.032), and at the follow-up was also significantly greater in the Ex+MFGM
(45.5%) and Ex+Plac (39.4%) groups compared with the placebo (15.2%) group (x* =
8.607, P = 0,035). The exercise+MFGM group had the highest odds ratio (OR) for frailty re-
versal at post-intervention and follow-up (OR = 3.12, 95% confidence interval (Cl) = 1.13-8.60;
and OR =4.67, 95% Cl = 1.45-15.08, respectively).

Conclusion

This study suggests that interventions including exercise and nutrition can improve frailty
status. Statistically significant additive effects of MFGM with exercise could not be con-
firmed in this population, and further investigation in larger samples is necessary.

Trial Registration
The Japan Medical Association Clinical Trial Registry (JMACCT) JMA-IIA00069

Introduction

Frailty has been a focus in the aging literature in the past decade. There are several risk factors
related to frailty such as aging, chronic disease, skeletal muscle disuse and cognitive function
decline, although the mechanisms are still unclear [1,2]. Regardless, presence of these risk fac-
tors may lead to declines in physiological function, fractures, activities of daily living (ADL)
disabilities, hospitalization, and death [3,4]. There is; however, still a lack of consensus on the
assessment and definition of frailty. One of the most commonly used definitions based on phe-
notypic classification, defines frailty as the presence of three or more of five components which
includes weight loss, muscle weakness, exhaustion, slow walking speed, and low physical activi-
ty level [3].

Exercise has been a focus in the prevention of frailty, as research has shown that it is benefi-
cial for the enhancement of skeletal muscle mass and strength, and can improve muscle func-
tion, physical activity participants and functional ability in frail older adults [5]. Whether or
not exercise can reverse frailty status, as an outcome measure, still remains to be confirmed.
There has also been an increase in interest regarding the value of nutritional supplementation
for skeletal muscle enhancement. Several studies have investigated the effects of milk ingestion
on body composition and protein synthesis as well as muscle mass [6-8]. The results of these
studies showed that the consumption of milk with resistance training may have increased mus-
cle protein synthesis thus promoting muscle mass maintenance and gains, and even increased
strength gains. However, these studies were performed on young adults, and the results of milk
consumption with exercise on the elderly population are unknown. Recently, the nutritional
properties of milk fat globule membrane (MFGM) have been under study. MEGM is a highly
complex structure made from different protein and lipid components of milk, and its biological
importance has been under study, as it is considered a potentially valuable ingredient for new
food products [9]. Although the research on MFGM is still in its preliminary stages, one mice
study found that MFGM in congruence with habitual exercise effectively suppressed the aging-
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associated deterioration of muscle mass and strength in aging mice[10]. However, the effects of
MFGM supplementation alone and combined with exercise in frail elderly people, remains to
be confirmed.

Therefore the purpose of this study was to investigate the effects of the combined and sepa-
rate effects of exercise and MFGM supplementation on frailty reversal, physical function, and
hematological parameters in community-dwelling elderly Japanese women.

Methods

The protocol for this trial and supporting CONSORT checklist are available as supporting in-
formation; see S1 CONSORT Checklist and S1 Protocol.

Ethics Statement

We conducted a randomized double-blind placebo-controlled trial. The study protocol was ap-
proved by the Clinical Research Ethics Committee of the Tokyo Metropolitan Institute of Ger-
ontology (TMIG). The intervention procedures were fully explained to all participants and
written informed consents were obtained. The study was registered at The Japan Medical Asso-
ciation Clinical Trial Registry JMACCT) JMA-IIA00069. The authors confirm that all ongoing
and related trials for this intervention are registered. Although the date of the registration is
stated as August 11, 2011 (after recruitment began for the trial), the process was started on
June 24, 2011 prior to recruitment. The registration took longer than anticipated because we
were unfamiliar with the system and the process, and this led to the delayed registration date.

Study Population and Timeline

An invitation letter to participate in an annual comprehensive general health survey was mailed
to elderly women who were randomly selected from the Basic Resident Register of elderly peo-
ple residing in the Itabashi ward of Tokyo Japan. The invitation was sent to a cohort of 1,447
women aged 77 and older in November 2009, where 974 people participated in the health sur-
vey. In October 2010, the invitation was sent to a different cohort of 1,458 people aged 74 and
older, and 861 people volunteered for the survey. A total of 1,835 people participated in the
baseline assessment at the TMIG, however the 1,070 who were invited but did not participate
could not be followed.

The Clinical Research Ethics Committee of the TMIG approved this study on May 26, 2011.
The recruitment period was from July 1 ~July 13,2011 and the information session for poten-
tial participants was held on July 28, 2011. Volunteer participation forms were collected from
people who were interested in the study, and they were asked to read through the informed
consent form at home. The baseline survey was held across two days from August 30 ~ August
31,2011, and the signed informed consent forms were obtained on these days. Randomization
was performed by the principal investigator between September 4 ~ September 5, 2011, and the
group assignments were sent to the participants on September 8, 2011. The first phase of the
intervention began on September 14, 2011, until the post-intervention survey on December
5~ December 6, 2011. Participants were followed for four months, and the follow-up survey
was held on March 14 ~March 15, 2012. The groups were then crossed over for the second
phase of the study, where the intervention began on March 26, 2012. The post-intervention
survey for the second phase was held on June 13 ~ June 14, 2012, marking the end of this trial.
For the scope of this study, the data from the cross-over was not analyzed. The data analyzed in
this study only included the first phase of the trial, which was until the follow-up (March
14 ~March 15, 2012).
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Inclusion and Exclusion Criteria for Intervention

Participation in the intervention required the participants to be operationally defined as frail,
which meant categorization into three or more of the following inclusion criteria [3]: 1) Weight
loss: At baseline, having unintentionally lost more than 2.0 ~ 3.0kg in the last 6 months; since
the intervention was 3 months, i.e., half of the 6 months, the weight loss criteria post-interven-
tion was 1.0 ~ 1.5kg. The follow-up period was 4 months, or two-thirds of the 6 months, the
weight loss criteria was two-thirds of the original, 1.3 ~2.0kg at follow-up. 2) Weakness: grip
strength less than 19.0kg; 3) Slow walking speed: usual walking speed less than 1.0 m/s; 4) Ex-
haustion: Answering “yes” to at least one of two questions, “I felt that everything I did was an
effort” or “I could not get going”; 5) Low activity: Answering “true” to at least 3 of the following
4 statements, “I regularly take walks less than once a week,” “I do not exercise regularly,” “I do
not actively participate in hobbies or lessons of any sort,” and “I do not participate in any social
groups for elderly people or volunteering.”

The exclusion criteria were: 1) severe knee or back pain; 2) severely impaired mobility; 3)
impaired cognition (Mini-Mental State Examination (MMSE) score <24); 4) missing baseline
data; and 5) unstable cardiac conditions such as ventricular dysrhythmias, pulmonary edema,
or other musculoskeletal conditions. Based on the inclusion and exclusion criteria, 331 (18.0%)
people were defined as frail. An invitation letter detailing the objectives, methods, and use of
personal data in the study were mailed to them, where 131 (39.6%) people participated (Fig. 1).

Randomization

Randomization was performed after the baseline assessment, and any variable that identified
personal information was not included in the randomization process. Computer-generated
random numbers were assigned to 131 participants, who were then sorted and equally divided
into four groups. IBM SPSS statistics 20.0 was used to generate the random numbers from a
normal distribution with mean and standard deviation of any specified variable. The groups
were randomly assigned to one of the four interventions: exercise and MFGM supplementation
(Ex+MFGM; n = 33), exercise+placebo (Ex+Plac; n = 33), MFGM supplementation (n = 32),
or placebo (n = 33) groups. All participants agreed to the group allocations. There was no at-
tempt to equalize the size of the groups based on their characteristics or to recruit subjects with
specific characteristics. The co-investigators were blind to the randomization procedure and
group allocations, and data collection was conducted by separate physical therapy staff mem-
bers who were also blind to the allocation of treatments. The principal investigator generated
the random allocation sequenced, enrolled the participants, and who assigned participants to
the interventions.

Outcome Measures

Data were collected at baseline, after the 3-month intervention, and at a 4-month follow-up
after the completion of the intervention, where measures included interview surveys, body
composition assessments using dual-energy x-ray absorptiometry (DXA; Hologic QDR 45004,
USA) [11], and physical function tests.

Frailty Status

The primary outcome of this study was frailty status, which was defined as the presence of 3
or more of the 5 frailty criteria. Frailty reversal rate was defined as the percentage of those who
were defined as frail by having at least 3 of the 5 criteria at baseline, but decreased to 2 or below
at post-intervention or follow-up.
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Fig 1. Flow chart of participant recruitment during the randomized controlled trial of exercise and/or nutrition supplementation.

doi:10.1371/journal.pone.0116256.9001

Each individual frailty criterion, i.e. weight loss, weakness, slow walking speed, exhaustion
and low physical activity (described in detail in the inclusion criteria section), was also assessed
at baseline, post-intervention, and follow-up.

Interview Survey

Each participant was interviewed face-to-face to assess the individual’s history of chronic ill-
ness, medications, falls, fear of falling, fractures, pain, long-term care status, hospitalization,
TMIG index [12], exercise habits, urinary incontinence, frequency of going out, and self-rated
health.
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Body Composition Assessment

Measurements of height and weight were used to calculate BMI (kg/m?). Muscle mass, bone
mineral density, and body fat mass were determined using DXA.

Functional Fitness Test

Grip strength was assessed using a handheld Smedley-type dynamometer in the dominant
hand. Isometric knee extension strength was measured twice using a handheld dynamometer
(uTasMF-01, ANIMA, Japan), with the participants seated, knees at a 90 degree angle. The sen-
sor of the measuring device was placed against the anterior side of the ankle in the dominant
leg (or the leg with no pain), and the participant was asked to try to extend the knee as hard as
possible. The better of two scores were recorded and used for analysis. Walking speed across 5
m was measured as the participants walked on a flat 11 m path with markers at the 3 m and 8
m points. A stop watch was used to measure the time taken to walk between the markers, and
the faster of two trials was recorded. A stop watch was also used to measure timed up & go
(TUG). Time was measured from the moment the participant stood up from the chair, walked
around a cone placed 3 m away, and returned to starting position (seated on the chair), and the
faster of two trials was recorded. Assistive walking devices were only used upon the partici-
pant’s request, or if the investigators observed any risk of falling.

Hematological Parameters

Serum brain-derived neurotrophic factor (BDNF) concentration was measured with a
human BDNF Quantikine ELISA kit (R&D Systems Inc., Minneapolis, MN). Serum insulin-
like growth factor (IGF)-1 level was measured with a human IGF-I Quantikine ELISA kit
(R&D Systems Inc., Minneapolis, MN). Serum IGF-1 binding protein (IGFBP)-3 level was
measured with a human IGFBP-3 Quantikine ELISA kit (R&D Systems Inc., Minneapolis,
MN). Serum myostatin was measured with a human Myostatin ELISA kit (Immundiagnostik
AG, Bensheim, Germany). All measurements were performed in accordance with the
manufacturers’ instructions.

Intervention

Exercise

The participants in the exercise group were provided with a physical comprehensive train-
ing program of moderate intensity. The intensity of the exercises was maintained at approxi-
mately 12-14 on the Borg Rate of Perceived Exertion scale. Each exercise class was 60 minutes,
held at the TMIG twice per week for 3-months. In order to keep the exercise classes small
enough to provide proper instruction, the two exercise intervention groups were further divid-
ed into two subgroups, where the participants exercised together within their assigned sub-
group in one of four exercise sessions offered per day. There was one instructor for all four
classes. Two assistant trainers were present at every class to ensure proper form and observe
each participant’s level.

The exercise session included a five minute warm-up, 30 minutes of strengthening exercises,
20 minutes of balance and gait training, followed by a five minute cool-down. The strengthen-
ing exercises were performed in a progressive sequence from the seated to standing positions,
and progressive resistance was applied through the use of the Thera-bands, and increasing rep-
etition of each time of exercise. Resistance or progression was only increased on a group basis
when the participants were able to properly execute each exercise without significant fatigue or
loss of proper execution. Each individual’s ability to increase intensity was assessed by the prin-
cipal investigator, along with the exercise instructor and assistant trainers.

The exercise classes began with seated exercises as the participants were frail older adults,
and it provided a secure and stable position. Repetitions of toe raises, heel raises, knee lifts,
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