15) BEE. 151350 ARVRABEDKRDICEEUTNEI D,
HTRFEDEDINTICOZEDITLESL EHEST)

/} SRR, B LA 2 EBREEET N
3 ExKE 4 HA=EES
5 (i 6 B RIAT - RIFAYETS
7 474 FRA NV ADRR%Z RS 5 8 Xy INETH
O MR - EFRBUCAERT S 10 ZOMOfRRITE
Kﬂ BRIZ 720 ( J/
16) D1 7B, BICETBICEFEAEREDZV, FEIEELUDIEVRRD
WOTULETD,
[ 1. 1Fn 2. L% \
17) CO 1 7 BB, [DDEBRAAIRED., BEOHDOHZENENDIKRRD
H|WANTULNET D,
1 1. 3 2. \Whx ]

18) ThD1 78l BBIEDEDKIBIDERLTNEDDA~FICDOVNTHE

ELFEYT, —BHTUIEDIES 1 ~5ICOZDTTIIEE,
=B DUED  LEEE 0T 1WDB

/A. HRRBITE U E LD ——D 1+ v o ¢ 2« o v 0 3 o o e e 4o e oe e 5\
B. BRI U E LTy ———D 1« ¢ ¢+« 2 =+ ¢« 3 ¢« v v 4o oo §
C. bZtbh, HOLENPRIEKLELED
_______ Dl s s e 2 e e e e 3 s e e e 4o o s o |
D. KROMBILAIAA T, AINE I > THEPBEILRNWE DI E Lz
______ D 1 e e e 2 e e e e 3 e e e e he oo §
E. &3 250LFHVEELRKEE LN

K ______ _)1....2....3....4....5J

19) RE. UFORRTH TUIFDIEENDNIFOZDITIESL, (EHEEST)
[1 BEOENEN, ETELNALY 2 BEMNRY 3 BEAOBELARL 7207?}

4 ENANTZELTND 5 B‘BEDBE-oTEk

20) HIXZOREDIRNRICONT, UTOBBICHEBTZLIIZSU,

OYBBEZIC, HBEDFEENTINDIALNEID,
[1 FLAEVRY 2 RFECnD 3 kErEND 4 LD j

5 WwWoTHWND

_58_



QRICHESZCEDDOEEE. KNP ENA REINDARNET D,

1 EEARLARL 2 EEICND 8 LxExNE 4 kN5
B WoTHNA

QBRI EMELED., HREICEBENMITINLEDIDIARNETD,

1 FEAENEN 2 7FEIWA 3 rxrxnjg 4 <5
5 VWoTHWNAS

@EROZBELED. FLOTINEDIDIARNETIDY

1 FEAENRN 2 7=FZn3 3 LxFEuni 4 <03
B VWoTHWNA

.

ODRBEICERNERZESATINDRIBA. (ZEZE, HREOEET DRIEIC
DLTHEBTEDA, ULV REESICHITTINDA) FNVEID,

" ELASLAY 2 FERNA 3 LEEENE 4 FnD
5 WoTHWA

OYBRBRESICNDOTEEBI'END, RLILT, B8 - BRTEDIARBNEIND,

1 FEAEVRY 2 7~Fl2WB 3 Ltxrrrxns 4 w3
5 WwoTHWS

ORERICEANZERD TEDIRUNWEARLGANEIH.
L1 oA 2 1A 3 24 4 3 ALLE J

BKERICEARNZEND TEIHRESMTANEITH,
(1 oA 2 1A 3 2A 4 3 )0k J

@374 —34 (L3 D57, . 88K, MS5>VF « PTIL—T%0,
REAFEBEDEFVICENSSNDEETSNLTNEID,

[1 2 1FEAESIM LW 2 BExzndb 3 A 1 [ERE }

4 A 1[ELLE

R, REOBEBLRDET,
ESVDUTIDTREXTTIRHDRE. BENVZLET,

_59_



V BRIZHALE-OEFRRIZOVWTERAVLWLWELET,
BEZICHRDIZWER S H AN EBNETR, AERGH TRBE 2 L&,

1)  HEFECEBICDOVNTTRALEE,

(1) Tt ( ) % W2 6 FOHA O BEE
(2) 5 1 5 2 Lt
(3) &HE ( ) B FA— v
(4) K= ( ) ¥a T LA
(5) 6 7 HMIT2~3k gl LOEERBDLBH Y E L7z
(=LA 2 Wz

2) CHLICHEFINTID,
1 RR23XNW 2 RRETOHEN 3 RRELIN ( Y

3) BREOBEFWVICIHIFRIEATNETID,

1 AFENTH6ToE& 2 1R 3 1HFE~3FER 4 3 HE~b ERG
5 FE~10 FERH 6 10 FE~20 FERTH 7 20FE~304FERW 0 8 304LIE

4) BDISOMEHREIE. TEDENICHZDE TN,
S CEEDBESIC DETOZ[MIT TR,
BHORIEFERFTHLDBEIIREEZERLESBICONTREZ TS,

1. EHOLE, BE 2. /= bk, TANA b, BE, B

3. IKE. FHA 4. BELRE LTS 5. FELEFr-oTWD

6. FCHFEZLTCWD (N, 7V —F 227 8) 7. A

8. BHETM - Tk 9. MEREk 10. F0fth ( )

5 REOBEBKRICDONTHEE ULET,

1 - I - 2 M 3 HlE 4 sEh 5 RIF 6 TOfh

6) RE. #HE—RBCISUTNWEID?EFHABETKA L. ZHTDIINTEOTHA
TLIES, X 2WHEBERBICEHET,

OZBmpEEoartd () N
@Q—FBICEDL LTWAHHIX
1 —AELL 2 EofEE 3 RADH 4 EBEZEOH 5 &%

6 TFHtOBEMEE 7 SRl 8 HHAEE 9 % 10 # Dt

_60_




7) BiEc6) CTERLCHFFEOHTEAORAL. FEIXEESHTNSTULED,
1 ) i H 2 Bz 7w

8) BRODBADPLS, HIIEHABRICEZDHE (L WODD MNVEWND I BEZ
DEDISNTID,

1 BLZE ( ) M 2 Ezi=-<7pn

Q) FEULREBODFRIIESS5TID, %HIIBFSEOTHATESLY,

1 /AR (GEE 6 ) 2 R GBE 7~9 FRE)

3 EESR CGEE 10~12 F£FE) 4 EHEFEKR (GBEE 14 F£~15 FRE)
5 K% GBEE 1 6FREE) 6 KFEPE (18 FLLE)

7 Fofh ( ) 8 Hx7=<7pwn
10) Zfth

S5 =30 ENID) CERIDDICBLTBERLTNDCEREDHD UL L,
BRICREEEEL),

XIhTHRBIEKRTTY,
RUREICRAWEEESELT, RITHYMNES TTVELE,
574—3# (RW\W3AH) TOALGSEOTERESHYLTBYET,

e e e e ¢ = 2 o m  © e e e ey

BRAYETHE, BAZSR - BALMDG LD, 35—EBENODL, :
- AHOEEXAHEIC TOCORERER (For— LAK) ) LNESVEBIZAKE TQ:
- REREFREMGER] ZRAHBOL., TRECESL, *

_61_



A F BRI E B4 (

T
)

A EEMES OO 7 7 A b T DTl 3D < IBERE oA =R _ BB D hHoE

oo E  rt fEE KRIREREERFERER EREATENER  Bdx

MEEE

LTI, RORERF O ZEBEEEIC & 52 Y MERETA1T 9 2 & TRV OE R
BEOEDOBWSITEIT 5 12012, RV OEE & R 2 JIE 3 2 BRE OB =M L 217 -
Too BRFED OREANES O 7 7 A R T AGHIC LD RNEOEAFREEHEL., AEAE
TECERV MARFFORENCLE O JEE . %R & LA RFHELZ RH L, VA VYL RT
T=H Y T ARIR Y AT AORIEEITV, BREOMRIES M LT,

A. WFEREW B. WFFEHIE

W, BN EORYT ¢ 7 LB L~ A s a7+ L EREEFETH LT
ADER ESNTEY, A MU REEL, BER MRS 2 5 LT 225, (KB ES
WOEEL TR EOEFEERTFHOR F. MRELEEINTEY ., KHERHED
AEZRTE Yy I 7 =2 Do ES< = BT 56, BREBBRIET DL LHF
ETFUANRRKD LTS, ZTOE Y TT RIREFETH D, Uy nonbnix
— XA DOIETEICE N R EDRYT 7 WHEEIEHIEESEZESBAEETTHY., £<
DEAMRFICET 2EREREICLVITY., OBE, BE/oa/PEEnd, ZTOFEFET
Z OERMMTAE R S NSO OE 2 L X b LR ERBROREFSINETH LT

EHEDICE, BVHFEHEOEBEE 2 NS ASHIC i@ﬁw%%%?éﬁ&%
LD RUMEORPLETH B, BIRT5, 77 A kT LTI O e
ARFETIL, B#EEEICHT 5IREL T @/»Jmﬁmbf}bmnﬂu~x«a

Bl - ERRICE=ZY L /B2 RE PAOMEE LY, SHICHT— ) TR

e L, Zhick W RDORBEEL S LT, PR (%ﬂi 1) & E R
HTENTE D, BEAGEPEROVEERRED o HEd a)ﬁ‘{?f“&) 5 (B1), ARAFFE T
KWERRIET 27200, BAREMETICHLT AFEL T OB, FRDTE O IR
TR T, PR A HER LA WIEE~ 7 a7 %‘&@:%&ﬂi‘é Do

IR VRN EEHT 5, 18k, FE3NC PRBRE 20 RBMES8 & 241220 T
FEOHET LR ERROOBRIREZET S BEVWO T AEEREO O FERMEE 2 I8
FCWeled, ABEEEEIC LT 7R LTme 7238, ARFZETIL [2n N o
b T AW ETOERVOBBIER EE21T5,  OFHIN 4 B ERVZRERROEZBR

_62_




LEERT D, FHEANZITHERE O HE I IEE

<A 7 a7+ (FEERECRE:200~3000[Hz] .

R - -40~-45[dB]) #%EE L, HE L
3045 LTH B IC L —& (WAVE FE=,
Yo7 AR 44, 1[kHz], BB
v Mg16(bit]) TEEEIT-72, £,V
AF¥YLR - VTNANEALBEEE=F
T A9 Bluetooth <A 7 a7 42
ERWD, £z, RE 1 A4IZOWTIE 7
BB ®EER EOokBiaEi) ok

At 80 R oD O e 2 INEE L, &
WERIE LT,

(f B COELRE)

KAFFEOIREFT OFAMERIL. FHDE
Bx&El [RKINESRBRERFICRLIT 54K
AR LT HMELS L OCETICHET b HE
FEZ] CHFEL, MERNBEOERRBEHT
Wb RFEES MR 08-020 5), £i-.
1 e RS oD MR - AR BRGNS £25 <
LWRIEIZDOWT, BFERT S I ER A
T —HWBEIIET A5 A T4 — A K 2
U NEITY, EREITo,

C. R

BREWOET A E R IZIE LT IBRRE
D [ ERMEE OFXE AT MV ER 2 O
EBRICTRT, ZOERMANRY MVITEk
M GFEREE) &R (FFEFRRME) (2
DL LnTED (M2 T, FHiRED
EHEIBEET THEART MU E N E
%%@%@\_wﬂﬁﬁmﬂwﬁﬂfﬁm
FLREFEENERCED, ARELESS
ZHE@EANT 5720 L\#7x%7A%W
EiToTc, K3ICAEREE D A ~T
LOWREREZ TR, 77T AT LG
ﬁ%ﬁ#7vyywﬁﬁﬁ%$ﬁ&ﬁé
feEhi X IRE (dB) ThH B, AKOHE, 7

TL—N 4.62ms TE—Z7 B4 UTE
D, BAFEE @%$ﬂ&ﬁil%62zmm
ThHHI EBbnrd, . ZBKEED -
A T LG MF%%I4;T¢ ZDHRE.
V— 7 BAERHT LI ENTET, B
ERFIEVMER LHIETE S, UL EDKERE
X, OSHRERNL /L ENTE,
JBE LIRS GBI T DT L AR LT,

1 % DHEFRZ I H>WT, 7T HEIOEEE O
FTifl (G8T 80 B§fE) ZATV, 53T & D&
WEEEEETDZENTEE, BED
TEIREREBS LEbES 2 L TR VDY
IR O Z A A RAET 5 Z LN TE D,
g~ A 775 LICLa—& &R
LTHBEREEZTERL TR, ICLa—
FERERT LA 774 TOFM
THO, VTIEA AENDORIEREL
BoZ LN TERMPSE, SE, ULF L
ZBETCHER SN T 5Bluetooth & B i
A = D SVl " | AR Y e (e G
AVAT LERELE, BICEET LA
TOBREYA 70T 4 TIEHEENTES
MEE DM L. BE DR R NS EE~ A 2
07 4 D66 %] b EGE A 71383 [%]
FTmELE,

D. E8
EEICEEE T D~ A 7 v 7 4 LR E)
WX BRI & & DA, %K, ﬁ?ﬁ
REVDEENTBY T A RNT L5
DREEE SR WVERSO/BMEETRT &
BHALNE R0z, ZivE TREEAREDS
BT 52 L CHERERTLIZLNBOLN
ey, RIEIZ LV IBEOBAIER M EL,
IBRE DERERBOEE AR L o7z,
RNRR T 4 7 7L T OFE O &
WHEERSTT A 701, BEFICHONTS
DT —Z GRS HROBEEEZ NS,

_63_



E. %

OMEIRAME S D A b T D E{TV\ 2
ETHEBEO#MAZFIEE L L. Bluetooth
AT ERNDLZ L TEER - &
WHRFHANCE S RWHERERTE 5 Z
ERHALMNE R ST, ZHIZKDERNROR
T 4 T DERR T O A O 3 4 MR
BATO T EWEBRFEEL R0 T,

F. REAREHR
(RFEMFITE EICE & O TRA)

G. WrRREE
1. FWSCHER
U dHREE. RIS, BEBIRIRVFEFEIC
& % EhnE OWETHERE~DEEIZ DWW T,
KWEERFSE (20). pp. 55-61(2013-08-31)

2) yHERVEE. ESERRAL. B

ST R WA -

HRF [ D o o0 R4 (B8 1) —
EXNPIERGrSE ditey

VOL. 47, NO. 13,

2. HFEoRFE

1) H. Tsujimura and M.

effect of laughter

swallowing  frequency

International Conference

Engineering in

Society, SaB8.

H. SeyRfERE D HE - BEIRT

7L

BF R

D) TR

EEE ARG L
| HxtHiE

RIBASTMIL
|

SARIRIERAAR ML

Medicine

13(2013)

ﬁﬁ?—uxﬁﬁ

T ARG A

X1 BEEES O AT SO T

=R )

My,

FEHRIEAAD ML
U 1
U

Wiy e

\ﬁrf"q"

]

L 1 1 L L
0 500 1000 1500 ?000 2500 3000 3500 4000 4500  BOOO

BLgsHz]

%M

FEAD-AND L

- 1 1 L
0 500 1000 1500 '2000 ‘2500 3000 3500 4000 4500 5000

BligEH]

B2 REEmEREEOEXMARZ MLv (BEE

._64_.

(5, Rk
BN OBET
RE B PR
. VB v L
pp. 1496-1501(2013)

intervention



300
250 ¢

200 |

150 |

EHAKBFE# 216[Hz]

 aedms]

100 |

50

HHIRIBRART L [dB]

0 5 10 15
L —{ms]

3 BREOOEEMEE DO TR ST LSRR

300

N
1%,
<

fad
[l
[

o
1%
<

ERBFREAL

o
e
D

R HARIERA RS L [dB]

«

0 5 10 15
7L —[ms]

X 4 BEWRERD O RENEMES D7 7" A N T DR RS R

.._65_



BAGBR AR M S (HERSREFEREE RSB e msEs)

SR IR S

KVWoBEMEBIZKIT 5 ERTEEME (Repeatability) (23 5 HF5E

WrgesEE BHE EXPAE R =BT - A S —

U=

RS

FAEFREMED m WVERTER 2 V5 2 L3, DEBTADEEEBER~DOZ R & K& <
BETOIOICERETH D, ABETIE, ROOEMEE ORERTEEICE L TR 21T
STz, RWOERIEE THEE LKW OMEORIEIL, REFREMESE <, Eio, Huk
EIRIpoTe T e, —fRBEATTREENH D Z LRSI,

A. BREH

DEIA RN L AR SR EDRTTF 47
72 DERER RN, AR R D BRAR L OME G
BE2ENLC, ERSFER DY X7 %4
MEEDEDHRENRDH D, —FH. BOE
ENRWREDRTT 4 T RBRIZ, LB
A NVAIREORAT 4 7 7p OERER % R
L, $EAEEREOUEREEZ LT,
TEER AR B OB RN ° 7 & D AETEEIBR O
YA EZBBSED EOMEND D, HEE
AA21 (BIW T, sEELED
To OB RE DOMERF e O B & LT
AU BNV AKEROFELRZBEL LTH
0. BN EORTT 4 7700 ER AU
LD EEBEOWE, AEEEROTIE
HOFHAMEEZHRETL2Z LITEETH D,
LU D, ZOXIBRRIT 4 TRhHE
K & ATEEER & OBFENER Ssd T
DIETFxRILTHY . THORVT 4 THRER
DOEMEE ORBEIZ+aICmEtsnTuni
VY, FRIC, ERRIRE CIEE BRI
EL MEESENFEHE S LD Z EBREINT
WAHZEND L, LEONADEEEIER

~DOREREFTT 5 LTI, BREOSEN
EMEBEZAVWSZ LIZEETH D,
T, AT, ROOERMEE O
A FTREMEIZBE L TRET &R (T, £ D R T,
ROVWOBEEEL 5D, ANVAREDEXTT
4 7 0EER, BRAE, FEREHE. &
IMESCE PRI OBEAERE, ARG & DOREW R
HEITo T,

B. #FzE5E

KR EZ BE 2R — MRS KOV O
ok — N OAFH 5 HUER, F 253 4 & s
W, R TER (W3 rAZE) 1T, B
BRI A R S EIEM L, KOOHEEIZ OV
TTF— X IWNEEIT- T, F2, FIENZKE
REZBEH 2R — MFETHER LTV 5 ER
EOT —HWEEIT- T,

LOVOMEREL, “EEOEIET, FEHL
TRIKSITEOIDWH Y T2 OF
e LT, NEiEma ), TE 1~5[E), TA
1~3[E], NFEAERN] ONTHLD
B8 % 1572,

W B 2 — NMFFEOERED D |

_66_




RAT 4 TIRLBERTH D DR E CFF
fliRE (CES-D) ®, HE A LA (PSS-4)
VAR T 4 T RERTH D, R
(ENRICHD Social
ESSI) 8 Roft=@9 R >y hU—7 (Berkman’s
Social Network Index:SNI) *, H{KIEZ&EhE

(METS-hr/wk) ', BF SR B & R ITEE
fAIERE, BMI. ROULE. FERFEOBEERE
AL, RVOMEE L ORRE L RE LT,
(WEETRET)

AR REMEDIREHZ L, RAEHIE Z A
BB VAT 4y VIREET V& A
WTHEZEERDTZ,

FTo, BRxRER L OBBRIREHZ SN

Tix, FHEZFER L bOIZE, H58
ST, BlIGEER L bOIZIE, A %
REZHWTHEEZZ RO,

Support Instrument:

(fEHE CTOEE)

ARFFEiE. BN AMFIEE v 7 — OfGEE
ETHREDPARBINTWD, £, WEx
GEICXELOBEIZE > THFES MO RE
5T,

C. R
1&@:‘#5%b@ﬁﬁ%ﬂﬁbt#ﬁ
EVOMBEEITIZIEED 5T (Figurel) .
%%@@ﬁ@T%@#%;éMKOiK\
KVWOBEL, HIRIZ L > THIZIER U
B35 b1 (Figure2), iz 13780 S
IR T, FOOBEEX, RHT 4 7 i
BERTHD I OPEHREHA LA LITE
OFER, £, ROT AT RERTHD
HENZEHEEN Ry NU—7 LITIED
PN bz, £z, FOM, BETE.
ERIEE R, W & OER & IEES
o7z (Table 3),

_67...

D. &8

SEOBFORR., KOOEREE T
BLERVOEEIL, REFMREENEL .,
FIHUREN R -T2 LD BENS
<, —MEAFTREEDRH D Z LRI E T,
Fio. ROOHEEIX, 9 >RERHA L
2 EITADOHEBERH Y | HERSEERHS
WAy hU—27 LIXIEOHEBERH 7=, &
BIT, aNFY =N EDAA F~—T —
EOREEEDTA N =X L% EORKRF
ET>TW FETH D,

E. #&#

LVWOERTEE TR LRV O E
L. RAEFTRetED & < . E o HURZED 2 s
ST b, BEXEL, —#EHREE
HNDDZ EBRENT,

51/ TR

1. Ohira T1, Diez Roux AV, Prineas RJ,
Kizilbash MA, Carnethon MR, Folsom
AR. Associations of psychosocial factors
with heart rate and its short-term
variability: multi-ethnic study of
atherosclerosis. Psychosom Med 2008;

70: 141-146.

Nishina M, Nishina K, Ohira T,
Makino K, Iso H. Associations of
psychological distress with metabolic
syndrome among Japanese urban
residents. J Atheroscler Thromb.
18:396-402, 2011.

Iso H, Date C, Yamamoto A, Toyoshima H,
Tanabe N, Kikuchi S, Kondo T, Watanabe
Y, Wada Y, Ishibashi T, Suzuki H,
Koizumi A, Inaba Y, Tamakoshi A, Ohno

3.

Y.Perceived mental stress and mortality

from cardiovascular disease among



Japanese men and women: the Japan
Collaborative Cohort Study for Evaluation
of Cancer Risk Sponsored by Monbusho
(JACC Study). Circulation 2002; 106:
1229-1236.

Shirai K, Iso H, Ohira T, Ikeda A, Noda H,
Honjo K, Inoue M, Tsugane S.”Perceived
Level of Life Enjoyment and Risks of
Cardiovascular Disease Incidence and
Mortality: The Japan Public Health
Center-Based Study”Circulation
2009;120;956-963.

Hirosaki M, Ohira T, Kajimura M, Kiyama
M, Kitamura A, Sato S, Iso H. Effects of a
laughter and exercise program on
physiological and psychological health
among community-dwelling elderly in
Japan: randomized control trial. Geriatr
Gerontol Int  2013; 13:152-160.

Irwin M, Artin KH, Oxman MN.
Screening for depression in the older
adult: criterion validity of the 10-item
Center for Epidemiological Studies
Depression Scale (CES-D). Arch Intern
Med 1999; 159:1701-1704.

Cohen S, Kamarck T, Mermelstein R. A
global measure of perceived stress. Journal
of Health and Social Behavior 1983, 24,

_68__

10.

F.

385-396.

Berkman LF, Syme SL. Social networks,
host resistance, and mortality: a nine-year
follow-up study of Alameda County
residents. Am J Epidemiol 1979;
109:186-204.

Enhancing recovery in coronary heart
disease patients (ENRICHD): study design
and methods. The ENRICHD investigators.
Am Heart J. 2000;139:1-9.

Paffenbarger RS Jr, Hyde RT, Wing AL,
Hsieh CC. Physical activity, all-cause
mortality, and longevity of college

alumni. N Engl J Med 1986; 314:

605-13.

PR fE IR

(B TEREFICE L O TRAN)

G.
2L

WIERE

H. FHRERED HEE - B&IRIT
L



Figure 1. SO ICBE$ 2 BRI H Off 0 iR LRIER R

5E1H
4= H
CREYEE A
3=H
2[EH
P for change
overtime=0.92
1= H

1

0 20 40 60 80 100 120

#EB
FBA
s 3T EA
. 1 1-5E]
RI% @ A 1-3[H
BT AERN
EE
P for difference=0.77
*H

120

_69_



Table 1. R\ DHEE & EARBME L OB

N#

F#m, £  (SD)

B, %

B MLERETE, %
PERIFEELE, %

BMI, kg/m2 (SD)

B {&7EE), METS-hr/wk ~ (SD)
BB, %

WEZITE, %

9 -2>¥%, CES-D (SD)

HR A b X, PSS-4(SD)
#hex3CEE, ESSI(SD)
HEH% v N U —7 ,SNI(SD)
BPIESEIEE, g/H (SD)

RFEIER, /B (SD)

FANTEER, g/B (SD)
JRAF a2 LF Y —)b ug/L (SD)

EEROEET, Feth L TR IHEE

FIEEH

125
56.7 (9.78)
33.6
15.2
3.20
23.0 (2.93)
40.0 (6.28)
352
9.60

4.20 (3.58)
6.28 (1.99)
26.7 (4.18)
3.04 (0.92)
378.4 (447.1)

238.3 (254.2)

89.9 (147.1)
24.7 (13.5)
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100
58.3 (9.08)
48.0
18.0
7.00
23.6 (5.95)
39.0 (5.41)
29.0
16.3
4.47 (3.33)
6.58 (2.61)
243 (5.78)
2.73 (1.05)
333.5(249.2)

240.6 (228.1)

82.9 (65.3)
21.5(12.3)

A 1-3[H

22
58.6 (9.32)
63.6
9.09
9.09
23.4 (3.72)
39.2(5.14)
22.7
9.09

6.20 (5.65)
8.00 (2.73)
24.8 (6.69)
2.86 (1.04)
301.2 (218.3)

205.4 (177.1)

61.2 (58.0)
232 (9.61)

FEEAERN

6
53.5(9.35)
50.0
0.00
0.00
22.8 (1.76)
38.6 (5.77)
333
16.7
9.60 (6.88)
9.00 (2.97)
20.0 (9.49)
233 (1.51)
223.8 (230.2)

142.8 (164.5)

39.4 (32.1)
24.6 (9.35)

P for

difference

0.42
0.02
0.52
0.44
0.81
0.63
0.6
0.46
0.004
0.001
<0.001
0.07

0.55

0.72

0.54
0.31
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Subjects and methods: Obese patients [BMI >25kg/m?] with diabetic mellitus were
randomly assigned to a low-caloric diet with partial use of formula diet group (FD,
n=119) and a conventional low-caloric diet group (CD, n=110). Subjects in FD took
one pack of formula diet (MicroDiet®, 240kcal/pack) in place of one of three daily
low-caloric meals for 24 weeks. Total daily calorie prescribed was same.

Result: Weight reduction was greater in FD than in CD (week 24: —3.5 vs —1.4kg; all
p<0.001). Systolic blood pressure decreased significantly only in FD. HbA;. reduction
was greater in FD than in CD. HDL-cholesterol increased significantly more in FD than
in CD (week 24: +2.8 vs. +0.6 mg/dl, p<0.001). Among several improving rates (%) of
risk factors/1% body weight reduction, those of HbA. at weeks 16 and 24, triglyceride
at week 8 and HDL-cholesterol at week 24, were significantly higher in FD than CD.
Doses of sulfonylurea and thiazolidinedione were significantly decreased in FD than

Conclusion: Partial use of formula diet was much more effective in reducing body
weight, and also in improving coronary risk factors than conventional diet in part
due to reduced body weight through decreased energy diet intake and due to dietary

© 2012 Asian Oceanian Association for the Study of Obesity. Published by Elsevier Ltd.
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in CD.
composition of the formula diet.
All rights reserved.
Introduction

Obesity, particularly visceral adiposity, contributes to
the clustering of many coronary risk factors such as
hypertension, insulin resistance or type 2 diabetes and
dyslipidemia in individuals [1—3]. And, these risk factors
contribute to the development of cerebro-cardiovascular
diseases [4,5] and also chronic renal disease [6]. Further-
more, obesity provokes sleep apnea syndrome and fatty
liver, and worsens knee joint pain and lumbago [7,8].
Recently, a cluster of multiple risk factors has been called
metabolic syndrome [9,10]. The core of this syndrome
is visceral fat accumulation [3]. Obesity is apparently
a modifiable risk factor for coronary heart disease, and
weight reduction is known to confer great benefit in the
improvement of several co-morbidities [11,12].

The treatments of obesity are composed of diet, exer-
cise, drugs and behavior modification. However, obese
persons are generally resistant to these treatments [13].
A considerable number of obese patients do not success-
fully reduce weight with low caloric conventional diet.
There were many reasons for the failure in achieving
weight reduction or maintaining weight loss. The indi-
viduals may have some difficulties in cocking or selecting
the complicated low-calorie menus, in which various fac-
tors such as energy, protein, vitamins and minerals are
involved.

A protein-sparing modified fasting therapy, in which
1.2—1.4¢g protein per kg ideal body weight, fluid ad
libitum, and vitamin and mineral supplementation are
taken, is effective in achieving weight reduction [14,15].
This therapy can be possible by using formula diet, which
is composed of high protein, low carbohydrate, low fat
and enough vitamins and minerals. There were several
papers reporting the usefulness and the safety of this for-
mula diet [14—16]. But, low compliance and rebound of
body weight were frequently observed. We hypothesize

that partial use of formula diet to replace one meal a day
could be beneficial for the treatment of obese diabetic
patients in the long term, even though the body weight
reduction would be less than total use. Cheskin et al.
[17] reported that the efficacy of a portion-controlled
meal replacement diet to a standard diet in achieving and
maintaining weight loss among obese participants with
type 2 diabetes for 34 weeks.

Furthermore, the roles of a high dietary protein
to carbohydrate ratio in enhancing weight loss and
decreasing risks have been discussed [18—20]. Layman
et al. [21] reported that diets with a high protein
to carbohydrate ratio have positive effects on mark-
ers of cardiovascular disease risks and these benefits
may be mediated by a lower glycemic load. Gannon
and Nuttall [22] also reported the beneficial effect
of a high-protein, low-carbohydrate diet on blood glu-
cose control in people with type 2 diabetes. On the
other hand, some researchers reported that an energy-
restricted, high-protein, low-fat diet provides nutritional
and metabolic benefits more than a low-carbohydrate
diet [23,24]. Therefore, the significance of high-protein
and low-carbohydrate diet remains controversial, espe-
cially in Asian peoples. One of the reasons for the
inconsistent result is compliance with the prescribed
diet in the long term. Formula diet is a high-protein,
low-carbohydrate and low-fat diet, and is easy to be
administered.

Therefore, we attempted to clarify the usefulness of a
24-week dietary regimen using formula diet once a day in
combination with conventional low-caloric diet in obese
patients with type 2 diabetes mellitus. The formula diet
used was MicroDiet®. The reduction in body weight and
visceral fat, and the improvements of related metabolic
variables were compared with those of conventional low-
caloric diet alone. The changes in adiponectin [25,26] and
lipoprotein lipase mass [27,28], which are considered to
be markers of insulin sensitivity, were also studied. In
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addition, improvement rates of metabolic variables per
1% body weight reduction were compared between two
groups.

Subjects and methods

Subjects

A total of 11 hospitals in Japan participated in the
present study. Patients with type 2 diabetes mellitus
(HbA.(JDS) > 6.0%): this value is Japanese diabetes soci-
ety standard. Usually, HbA;. (JDS) is lower by 0.4%
comparing to international standard value (NGSP), and
body mass index (BMI) over 25kg/m? were recruited.
Participants were excluded if they had massive pro-
teinurea; had malignancy; had a history of hepatitis,
cardiovascular events, respiratory or gastrointestinal dis-
eases; had uncontrolled hypertension; were pregnant or
breast feeding. A total of 240 patients aged from 20 to
69 years entered the study. Mean BMI was 30.4kg/m?.
Before entry to this study, most patients came the clinics
over 6 months, and had undertaken a course of diet ther-
apy with conventional diet menu (25—30kcal/kg/day),
but overweight and glucose metabolic disorders were not
improved sufficiently. They were randomly assigned to a
conventional diet group (CD; n=120) or a formula diet
group (FD; n=120). Eleven patients withdrew from the

-~ n=119

study before completion; 10 in CD and 1 in FD. Subject
characteristics were not significantly different between
two groups at baseline (Table 1).

Dose of injected insulin just before taking formula
diet was reduced to half. Sulfonylurea just before tak-
ing formula diet was stopped. Thiazolidinedione were
changed depending on the levels of blood glucose and
HbA;.. Sulfonylurea was discontinued or the dose was
decreased in subjects with fasting plasma glucose (FPG)
less than 90mg/dl (12 in FD and 6 in CD) with a fear
of hypoglycemic attack. Subjects on antihypertensive
and/or lipid-lowering medications were essentially asked
to maintain the same medications and dosages through-
out the study.

The study was approved by the ethnical committee
of each hospital. Informed consent was obtained from
all subjects before participation in the study. We declare
that all these studies were conducted in accordance with
the declaration of Helsinki http://www.wma.net/ and
that all procedures were carried out with the adequate
understanding and written consent of the subjects.

Study design

The subjects were randomly assigned to one of two
isocaloric dietary interventions; 20kcal/kg times stan-
dard body weight (kg), for 24 weeks. Standard body
weight was assumed to be equivalent to a BMI of
22 kg/m?. Conventional diet was composed of classical
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Table 2 Composition of koyn'e; pack of Jfor"mu{a diet (Microdiet®).

Nutrient ~Contents

Nutrient ~ Contents
Energy  240kcal ~ Vitamin By 0.9mg
Protein M58 Vitamin B, 0.9mg
fat oo 24g Niacih 6.0mg
- Carbohydrate - 16.5g " _Pantothenic acid 3.3mg
Dietary fiber 550 ' 1.3mg
S e 2.2mg
Sodium - 43.3mg
Calcium ~ 163mg
Magnesium 13.3mg
Potassium 350mg
4.2mg
4.4mg

Japanese low-caloric meals 3 times a day. Formula diet
was composed of one pack of MicroDiet® (240 kcal/meal)
in the morning and two conventional Japanese low-
caloric meals at noon and in the evening. MicroDiet® was
provided by Sunny Health Co. Ltd (Tokyo, Japan) and the
compositions are shown in Table 2. Proteins were com-
posed of egg white, casein and soybean proteins. One
pack of Microdiet® was dissolved in 450ml cold water,
and was drunken.

The same total calorie intake was prescribed
to the two groups as described above. The pro-
tein:fat:carbohydrate ratio prescribed at the beginning
was 15:25:60 in CD and 18:30:52 in FD.

All patients visited the clinic every 4 weeks. At each
visit, the patients received guidance on lifestyle improve-
ment conducted by dieticians and/or nurses. A food diary
was recorded by each patient, and energy intake was
calculated by the dieticians.

Serum adiponectin and lipoprotein lipase mass were
measured using ELISA kits (Daiichi Pure Chemical, Co.
Ltd., Tokyo, Japan). Imunoreactive insulin was mea-
sured by immunoassay. Visceral and subcutaneous fat
areas in the abdomen were measured using computed
tomography at the umbilical level [1]. Other chemical
analyses were performed at integrated central laborato-
ries.

Dietary composition was assessed by a qualified dieti-
cian using a computerized database, based on the
analysis of the semi-quantitative food record of 3 con-
secutive days for each 2-week period.

The basal doses of used drugs were essentially
not changed during intervention term, except the
cases in which the glucose levels were remarkably
improved well by enough weight reduction, and con-
cerns about hypoglycemic attack were occurred. The
reduction dose of sulfonylurea was mostly reduced
into half, in case of blood glucose control improved
{HbA:c (JSD) <6.0%). Furthermore, in cases of hypoten-
sion attack or enough lowered LDL-cholesterol levels
(LDL-cholesterol <80 mg/dl), the affecting drugs were
withdrawn.

Statistical analysis

Dietary composition data were analyzed using raw, unad-
justed means. Between-group differences in dietary

intake at each time point were tested by analysis of vari-
ance (ANOVA).

Results

Body weight and visceral fat outcomes

One hundred and ten patients in CD and 119 in FD com-
pleted the study and were analyzed. The reason for
drop-out was mainly inconvenience to the patients. Base-
line data of the patients are shown in Table 1. Mean body
mass index (BMI) was 30.0kg/m? in CD and 30.8 kg/m? in
FD, with no significant difference between two groups.
Age, male/female ratio, blood pressure, hemoglobin
(Hb)A:., LDL-cholesterol, HDL-cholesterol and triglyc-
erides were also not significantly different between two
groups.

Body weight started to decrease from week 4
and significant decreases relative to baseline were
maintained until week 24 in both groups (Fig. 1A).
However, the weight flattened from week 12 in CD,
but continued to decline gradually until week 24 in
FD. Mean weight reduction relative to baseline was
greater in FD than in CD (Table 3.1) (week 8: —2.9 vs
—0.7kg; week 16: —3.3 vs —1.4kg; week 24: —3.5 vs
—1.4kg; all p<0.001). BMI showed the same trend of
decrease.

Visceral fat area decreased significantly (p<0.01) in
FD, but not in CD (Table 3.1). Subcutaneous fat area also
decreased significantly (p <0.01) in FD but not in CD. The
decreases in visceral fat and subcutaneous fat were sig-
nificantly (p=0.001 and 0.049, respectively) greater in
FD compared to CD.

Blood pressure outcome

Significant decreases in systolic blood pressure were
observed from weeks 4 to 24 in FD, but only on week
20 in CD (Fig. 1B).

Significant decreases in diastolic blood pressure were
observed only in FD from weeks 4 to 20 (Fig. 1C). When
the magnitudes of decrease were compared between CD
and FD (Table 3.1), decreases in systolic blood pressure
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(A) Percent weight reduction in formula diet group and conventional diet group. (B) and (C) Comparison

of changes in blood pressures between formula diet group and conventional diet group. (B) Changes in systolic blood
pressure and (C) changes in diastolic blood pressure. Values are expressed as mean=+S.D. *p<0.05 and **p <0.005
compared with baseline. Abbreviations: FD, formula diet group; CD, conventional diet group.

were significantly greater in FD compared to CD at weeks
8, 16 and 24 (p=0.009, 0.015 and 0.0256, respectively).

Glucose, HbA. and insulin

Fasting blood glucose decreased from week 4 in both
groups, and a significant decrease was maintained until
week 20 in FD and week 12 in CD (Fig. 2A). The decreases
were apparently greater in FD than in CD at weeks
12, 16 and 20, but did not reach statistical significance
(Table 3.1).

HbA,. started to decrease in both groups at week 4
and significant decreases were maintained until week 24
in both groups (Fig. 2B). In CD, HbA,. decreased from
week 4 to week 12, but reversed gradually from week
16 to week 24. In FD, HbA,. decreased from week 4,
reached a trough at week 16, and stabilized thereafter.
The decreases were significantly greater in FD compared
to CD at weeks 8, 16 and 24 (p=0.024, 0.016 and 0.002,
respectively) (Table 3.1).

Insulin decreased significantly in FD only at week 24,
and did not decrease in CD (Fig. 2C). The decreased
amounts of insulin at weeks 8, 16 and 24 were tended

to be greater in FD than in CD, but not significantly
(Table 3.1).

HOMA index were significantly lower than baseline at
weeks 8, 12, 20 and 24 in FD, but did not change in CD
(Fig. 2D). The decreases in HOMA tended to be greater
in FD compared to CD at weeks 8 and 24, but not signifi-
cantly.

Lipid outcomes

LDL-cholesterol decreased in both groups from week
4, and the decreases were maintained until week 16.
Thereafter, gradual increases were observed after week
20 in both groups (data not shown). The decreases in
LDL-cholesterol were not different between FD and CD
(Table 3.2).

In FD, triglyceride decreased significantly from week
4 and this tendency was maintained until week 24. In CD,
triglyceride also decreased significantly on week 4, but
rebounded thereafter (data not shown). The changes in
triglyceride were significantly greater different between
FD and CD at weeks 16 and 24 (p=0.037 and 0.025)
(Table 3.2).



e48

K. Shirai et al.

160

Fasting Blood Glucose

150

140 +

Fasting Blood Glucose (mg/dl) >

130 -
T ATFD
I T T T T T
0 4 8 12 16 20 24
weeks
c 30 .
Insulin

Insulin

weeks

B 8o
HbA,,

eCD

HbA,, (%)

1 ! | 1 I 1
0 4 8 12 16 20 24

weeks

HOMA-IR ®CD
? AFD

HOMA Index

0 4 8 12 16 20 24
weeks

Figure 2 Comparison of changes in glucose metabolism parameters between formula diet group and conventional
diet group. (A) Changes in fasting blood glucose, (B) changes in HbAy., (C) changes in insulin level and (D) changes in
HOMA index. Values are expressed as mean +S.D. *p <0.05 and **p <0.005 compared with baseline. Abbreviations: FD,

formula diet group; CD, conventional diet group.

HDL-cholesterol decreased initially and remained sig-
nificantly lower than baseline until week 12 in FD and
week 20 in CD. The level started to increase after week
16 in FD and reached significantly higher level at week
24 (data not shown). The change in HDL-cholesterol in
FD (increase) was significantly different from that in CD
(decrease) at week 24 (Table 3.2). Non-HDL-cholesterol
decreased at week 4 in both FD and CD, and the low
levels were maintained stably during 24 weeks (data not
shown). The decreases in non-HDL-cholesterol were not
significantly different between FD and CD at weeks 8, 16
and 24 (Table 3.2).

Changes in leptin, adiponectin and
lipoprotein lipase mass

In FD, leptin decreased from week 4 to week 12 and
increased at weeks 20 and 24. In CD, leptin did not
decrease but increased from week 16 to week 24 (Fig.
6). The changes in leptin in FD (decreases) were signifi-
cantly different from those in CD (increases) at weeks 8,
16 and 24 (Table 3.2).

Adiponectin increased gradually in both groups (Fig.
6). After week 16, adiponectin tended to increase more

in FD than in CD, but the difference between two groups
were not significant (Table 3.2).

LPL mass increased gradually and significantly from
week 8 in both groups (Fig. 6). After week 16, LPL mass
tended to increase more in FD than in CD, but without
significant (Table 3.2).

Comparisons of improving rates of coronary
risk factors per 1% body weight reduction
(ABW) between CD and FD (Table 4)

Coronary risk improving rate was obtained from the %
change in measurement of risk marker divided by %
body weight reduction, and were compared at weeks
8, 16 and 24 among patients with each risk factor
at baseline. The subjects whose risk factor values
were higher than following each values, were selected
for this analysis: visceral fat area>100m?, systolic
pressure >140mmHg, diastolic pressure>100 mmHg,
HbA;. >7.0%, non HDL-cholesterol > 160 mmHg, triglyc-
eride > 150 mg/dl, HDL-cholesterol <50 mg/dl.

Table 4 shows % improvement of coronary risks per
% body weight reduction (risk improvement rate/ ABW).
Improvement rate was expressed as positive when the
values decreased except HDL-cholesterol.



