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H1E
WOFEMIEM E Z IS BFOEA

BIE O AR O A i

WO FEAr I, 1983-1986 4F TIL 4. 3 %, 1990 4F, 5. 1 j%. 1994 4, 6. 7 %
EDHRECNMING, 1991)R3HYD, 10EBRADLZ LIIB Lo, LL, B
16, MR OFEFAMIT 14. 2 5k & HEE S 4L, 2008 FE0 5 2017 FF £ T 10 4
M TO0.55% (6 » AIENTWD, ZHIZADEEICHE T 5 & (Tablel-1), 3~
3.5 M DIENICFEY T 5 (anicom, 2019) (Fig. 1-1), Z @ 10 4EFIcBIT 25 H
KN FFa DOIE N HPET L8 KT L2 THD I L LHATYH,
MOFMOLNIERN L S22 (AT BE - AR, 2018), £/,
2019 I —KAEFVEAR Yy 7 — Rk Lic TRE RN E FEHH A
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Tablel-1 Jfi & A\ Ot B 7 3&

WA NAE yHEEEN o NAE
1 » A 155 5 1% 36 5%
2 » A 3 % 6 1% 40 7%
3 » A 5 5% 7% 44 7%
6 » H 9 % 8 1% 48 7%
9 » H 13 w% 9 % 52 7%
1 5% 18 7% 10 3% 56 %
1 5% 20 7% B R Y

2 % 24 7% 15 7% 76 %
3 B 28 7% 18 &% 88 %
4 55 392 % 20 % 96 7%




WOFm AN THlHET D L, HEA 13,7 5%, M 14.8 5% T - 7= (anicom
2017) (Fig. 1-2) A CTHBMHL D ZHDIE > NEBHHFEMREVESDRTEY
HARNTIZBIED 81,0 5%, &L PE2 87.1 5% (CFpk 28 £ R4 EE) TH 5D,
ZHEDIEINRAEE THLHEMAITHAD LR, = A by = Ol - fik
SEAER NI A B L RAZBI L TWD RS, FMORIICEEBLE525T
RATEZA MY VREEOBEMEZRBELIEREN DD BMOLED .
LTI L CHEDIZ D BEAX TH Y | A — AR 7o i g o 2 F
MHBETWDLABEMENH D, HEITBID 2O DORFOK/F D OZFIT & W o o & H
ERHOZENEL, MLV LAWY AZICELEND 2 ENEY, — Tl
HEL Tz E Co&EZHEoOT, FH_REEDRICMHZ 2 ENBLEIZRD,
O LIEATEN RN 2 — R PHE NS MEDIZ ) BDRAEZ Lo T
HO0b Ly, HoFmOWEICHETIMEOTETIL, HARDMHEAELY
HHELT - BBEORENBRNEOREN D DH, FAETITHSTHMA N LA
B RWEE T CIEMEZICE L TORER RIBILTE 20 ClEiR, %D
MEREZCL>THLNERSs TV EEZLND,
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Flo, T & OB Fm (Tablel-2) IZB L CTid, JRMME - B AWM O FHmIOE
<, MOFFERENE WS EHPN AR BT, RTIERBR & NRR A g L7
Ball, MRROIFE D BDFMPREVHINIZH D Z LR D> TWDHA, T
M OEKEITIZE AR LN, MEFFRZIEENEEL TV 5 hE
PEbHO, SBMEL TS LENSH D (anicom, 2017),

Tablel-2 DG FE Z & D1 FH

1 | Eli& 14.3
2 ARATFA Y22 > TF—ILF 13.4
3 TPAVBY « 23— M7 13.5
4 | BARME 14.3
5 RAF1 11.2
6 = D 13.1
7 | /Wox—I%YTHLAMFry b 12.6
8 | Ny (FF3) 13.9
9 AA 2 e G=—24 125
10 | 27 F=Ib 13.5
- | ERE 14.2




92 H FFAIEM I O RIS DAL

FMPILERD VW) ZLid, Xy M —HIZELTHHENPES 252 LTH
D, TRHEEKZEEILVW O THD, L, TO—FTHMMMLEND Z & T
BB AL TN D, M) 2 ORFOFRIENHZ D52 L Th D,

T =albOT —H &I NI D RREEOZE{LZ KR Lz (Tablel-3),
KOO DD X DI, MEI L BB IR CIE S 72 & ORIENEE 2 720 |
EENERR AL, BRAVEILR o720 &, NENLBEIIRD I —ANER H T N
ZExonb, @ik T 201, BT, MnELFRETH DL, HminE
MEE Oy NOWERIZE T D8 2 Nni#) BEMHTETWD, &
WFENE LT TWDEy MIBET 241

O - BORRAT, Xy NOBUBECHEEREHELL 25

QFHIET, Ny FOWFENTERLI oL EI L LD

@ABERFIZ A~y R DOEE Z T D AR NN

DEANF—LIZADEE, Ny FEffEllf->TH D 5
IHIZE LT, Ny MAREZEAR LNy MEFER EGEIRE O =— X2k
AHOY—EABREENTETCVELIN, INOLOMEIXIAHET ET R tts
ML 2D R TRHRINS,



Tablel-3 Jii T\ VKR

HTZUVWARKTOP10 LM FI92RE

[[:{ivd "a WMRE () <=3 (M)

1 [1eSER (BAE3D) 61,923 272,598
2 |MEht/ TR/ (REFTE) 20,523 37,601
3 |k 14,620 45,741
4 |BR/BiEK/S% 11,934 36,334
5 [i{DARAE 7,377 164,135
6 |(fEiExR (BEFEST) 7,354 18,647
7 |REFREDONHEH K 6,630 28,166
8 |[rafEk (BRAIRSD. REFXTE) 6,922 48,947
9 |fERA 6,084 321,831
10 |[RERED @A 6,072 24,592

XA EER289,196FD S5, FRHFHHSEH S IRATOP10E 15




¥ 3H THEEOBEENE

B E T 7 S Al S Sl SN ERDENDEROBENKE L
EbLoTETWD, BRMAIZILD E LT, FERFE, BEE, BDAREOIEKY
PP (non—communicable diseases: NCDs) DIFAENH 2, A DE L~ TRE
MBS o TV D, RETEHBEIN TN DI ROMIZENTH, BERKD
AR LD FmMIE, AEEHEOLEMICEY AD 15 ICHY T 5 16 m&x #Z
D i O RN, B o THE X, BRI D FEREYPER B E bR L
TWb, 29 LEFERYMREEB ORI E L TRIZE . RHIRE O EEENE
FoTWd, ZOZLEFEERICONVTHRKEEZEX DD, ROM R E D)
W EFFH, WESLFOREV 2 E L Vot ROEANRBNNLER, &5
CIFE LT REEZ HEA TSN D ANEDHMBLEATEHET 2 AREML T
oo THIZHEN Y R EFENR TS OIS, HMEEY (2=
FoT =) EMEEND KDY (N L ORNITH ARV A7 B LR A 52

I T&ERL, ZOXIIT, BIMTHTL2ERSCMESITARESIZE(LT
X, HEHMELTOXy NORE~OBELNEEY | ERSOFEXR - WFF
NEE-STHEH, LVESHETHTLL I ZOIICE. ETRERECEL
RHERO R TR REZ k2 L CTRRFOEIEAEZ WIZIZ 20 R KU TH
o TIZTHREIZW ., WRICLD2MEAEXRLE Lz [THEIMER] &) ik
REPERS AT ANER L TE, ZOMPEERERS AT MTEHZET VIC
LTEZDLHEMLLT VN, —MRITHEIR O FHIZ2 W D 72 60 12 1358 850 72 599 2
~— A — OB BLEIZRD, Fo, B2k~ —F — I3t nWE# 3 5
AREMELH L b, BEMICB T OMEICHES 25 LcZ2i~— T — 0%
bEFRDUERDDH, &I T, REFFETIX. Bk 7Bl o BRI EFE 725
ERMOTEICE O RERLRT 237 4 ar2a7 (BOS) A FHAR X
Ot~ — b — DB &~ T,
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VAR, OV FMOEMITE LV, ZHITEMEROFEESLCRES - fF
REOEMNFEIZ DB R EEZZ OND, BUE, MREOFEFMIT 14. 2 5% & HE
E S, 2008 FEMND 2017 HEFE TO 10 FEMTO.5m% 6 » H)IERT WD, —JF
THMMPILERD Z & THEZBELAET TWD, MEICEE S 4 O FRIF O3 IE
W2 52 EThHD, Mt BB CHEE 2 EORIENRHE 2720 |
EENERR B, BBAEICLR o720 &, NENRLBEIIRD T —ANERIH I LN
BEZoND, mmibTo01E, BT TR EVWELRBETH D, mEE N
B O~y NOWERICET T o8- (e N MELAL TWD, BN E
TP T EEDNREICEL, AP DLROLNIEREROENKELS EboT
ETCWVD, EMZIT U E LT, BRF, BRE, DA EOIBYMERE
(non—communicable diseases: NCDs) DF/ENH 2, HHROE~ TRE2E
Lo TWVD, FETHEIN TV RLMIZB N TEH, BREROESRIC
LD FMIEM, ETEEEOZICI Y AD T5ICHY T 2 15 mk& 8 % 5 @
DR DT B AL TH 2 INER I PE D FEE MR BRIE LR L TV D
2O L HERBMER B O & LTRYIZE, REEREOEEEN S E > T
5, ZZTHREIZE, WRICLX2MEEXEE Le TTHEWER] &It
BREPER S AT LANER L TE, BHORMBW OO IILEY KR 2
Wr~—D—DORBPLBEIIRDEZEZOND, . EHRZH~— I —3 i
IZEWETT 2B H 2 2 &, REMICBT 2MEICE> 2o L@
Wr~—0—DENETHARDLERND D,
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-+
BEBCBITIBABRERVRT s aryF 43 arZ2ay (BCS) DEAL

N TiEns & & HITIFBEEMER T L, % (BMI: body mass index={KH
(kg) /F & m)?) LENOIEN MR ENT HEELN TS (Krotkiewski et
al, 1983; Lind et al, 2020) , #Ffin& & b ICHENIHIIG DS & BRI E 2 0% & 9

IR T U, IBEIEEFTECHBS AR SlcibE L, RAE, AR Y &
T AZARY v 7 Fr— DR EOFKAENE X D (Peter Met al, 2019),

A &k THERAAARRIC R Y 77U Y ROVEENCER LIRRE) E BRI,
ZOERIFE=RLF—OBFER (BE) NEHICLLI=2rF—HEELHE
2% (EBARR) 2HeZEX b TnD (AARERS, 2016), A TIEL, B
(TR B 2R & 22> TV T, EIC L - TR E OB G IIE R E =R N
& D PR AT RAVTEIME M & 5, AR E OHE I IE, EERA 7 S
fETd % BMI (Body Mass Index : fAHEH (kg) /&£ m)?) HHVWHND, AARE
%2 Tk, BMI 25 DL EZJE# (obese) & L, 35 LLEZFEREME LT\ 5,
— 5. WHO OEBFEIEAETIX 30 BL LA & 238 & S4v, 25 Lk 30 A 1306 4 &
(overweight) & L T\W2%, BaAHbETH 15 T AOEFEZ T — %05, BMI
EEImpE, IBERE. @MEEOCARREFAZRFOADOHELZ, KbAHWHE, L
CRMEWNWE SN TWDSBMI22 % 1 & LT, ZOEMNMORELZME LT, £D
R, mimE, &MY 27Uk Y FmAE, € HL—=2 b A7 2 —/VlLfElx 25 T,
BIMPEIL 27T CoEa VAT o — LIED 29 T 2% & 7o 7= (JETAFZE 6 @ 4—17,
2000), ZNHDOFEESE LA, BARTIIBMI 26 DL EZ B & HE L TV D,

— 7. ROMTIT A D BML ITHH Y ™ 2 (A 2 HfE © % 3738 M 72 FREE A3 72 0,
BbVICEHMONR M2/ oNDdRT a7 4 a v Aa7 (BCS) #ff
MLTW2% (Sandoe et al, 2014) , ARFE T, FHx OF fip o H 5 O K HE,
BCS DAL A RIE L, Z OMENICHE > Bdh % Rt LT,
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2. 1 $1kk & Fik

1. #4

2018 = (10~12 A) ICfEEEZW 2 HA & L THUBE (B 2130 LEM NP, -
FOE A X) IZKPE L7 TOBHOMON, T CTILEAB LB Z T\ 3O %
BROTCERIRBICGERE 722 67 BHOS (10 » Hlin~16 7% 9 » H | M 25, HE 42) %z *f
G& LT, BRANLI SERIZ AT AR H 0 . 1 ST B I Dt 28 R OV e ik s
SEAER L T\, 67T BHEZFERICIE LT 5207 v—FI245F 7= : New born (=
17%) . Young (1~=57%) . Middle (5~=105%) . 0ld & O® 0ld-thin (10
) o BRCEGE2EKVE I ITHD L HIZ, 01d ZF v —TOHTH L MIC
BCS & i TG I E DK T L@ N\ iz &2, £ b % 0ld-thin 7 /L—7" &
L72,67BEDOM T, 40(95.2%)/ 42 BE DO WS WELT X 41, 25 PE D JESE D 21(84. 0%)
MEFHINT W, 67 HOWM O MTE &K OHEME DOE 1T Table2-1 D@ Y TH 5,
Flo. ENENLD TN —T ONEE & Table2-2 128 Lz, A BEIOWIETIE
10 » A DR s, 16 5% 9 » A DIk mFEl & o7, JBWE O MmE LT, &
F 43T 4 a2 AT body condition score (BCS) % Laflamme ¥t
(Laflamme et al, 1997a) (Z K-> & 9 BePEREA TITV > Fig. 2-1 &2 BCS >7/9
FimRE EHE L,

AR O FEN L HARREEAMBFRFEVWEREZEESTERRIN TR (K
W 30K-05) | ELEMOFANWENLLITEFEBTASA 74— Farkr Mg

B,
2. ‘f}h n+ *ﬁ

FEET Y NGRS (SE) L LTERLTWD, £72. WA EMIT
<~ R Ay h=—UREICLTIRELZ, AEKEIZP <0.05 ITRE LT,
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Table2-1 Profile of the age, breed and gender of 67 cats in this study

Breed gender 0~<1 1~<5 5~<10 10~ total
Mix f 0 10 (10) 7(7) 12 (11) 29 (28)
m 0 4 (4) 5 (4) 6 (5) 15 (13)
Scottish Fold f 1(1) 2(2) 0 0 3(3)
m 1(1) 1(1) 1(1) 0 3(3)
Munchkin f 0 2(2) 2(2) 0 4 (4)
m 0 0 0 1(1) 1(1)
Japanese Cat f 0 0 0 2(2) 2(2)
m 0 0 0 2 (1) 2 (1)
American Shorthair f 0 0 1(1) 0 1(1)
m 0 0 2(2) 0 2(2)
Ragdoll f 0 0 1(1) 0 1(1)
m 0 1(1) 0 0 1(1)
Selkirk Rex f 0 0 0 0 0
m 0 1 (0) 0 0 1(0)
Norwegian Forest Cat f 0 0 0 1(1) 1(1)
m 0 0 0 0 0
Persian f 0 0 0 1(0) 1(0)
m 0 0 0 0 0

f: female, m: male

The number in parentheses indicate the number of animals examined.
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Table2-2 Average ages of different groups in 67 cats

New born Young Middle Old Old-thin
Age (range) 0~1= 1<~5= 5{~10= 10<~17= 10<~17=
Age (Av) f+m 0.9 (2) 27402 (21) 76+x03(19) 121%+04(22) 156=*+1.2(3)
f 1.0 (1) 26 £03 (14) 78=x05(11) 121%x05(14) 15.0 (2)
m 0.8 (1) 27+03 (7) 74=%+04 (8) 122=+0.7 (8) 16.8 (1)
f: female, m: male

The numbers in parentheses indicate the number of animals examined.
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2.2 & B

1. /K% (body weight, BW)

New born, Young. Middle, 01d % O} 0ld-thin Z' /L — 7" D F 1L F 1L D EHJIK
F %, 4. 4kg. 4.1+0.2kg. 5.0%0.3kg. 4.8+0.3kg. 3.4%0.3kg & 72 o7~
(Fig.2-3) . X 2-2, X 2-3 Z R T4 /5 & 912, Middle group /X Young group
WXL CHREIFICARICEINML TWD Z R naholc, ERITHIT D &, M
X 4. 1kg, 4.0=%0.2kg, 4.47+0.2kg, 4.3%0.2kg. 3.3kg & 72V . KL 4. 8kg.
4.47+0. 4kg, 5.9%0.6kg, 5.7%0.4kg, 3.6kg & 72 o7z, Middle 7' /L — 7 TIiZ
HED R BEITHEIZ R THEFRICABICENZ Lo T,

Body weight (kg)
6
5
4
3
2
1
0
New born Young Middle Old-thin

Fig. 2-2 Average body weight of different groups

*Significantly difference (p<0.05)
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Body weight (kg)

* ¥

7
6
5
4
3
2
1
0
New born Young Middle Old-thin
Ef Bm

Fig. 2-3 Average body weight by sex of different groups

¥*%Significantly difference (p<0.05)
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2. BCS
FNEND YT )—F D BCS fEIE.6.0.5.550.2.6.410.3.6.6+0.3,4.01+0.0
Llp ol (Fig.2-4) . MERITHIF S &, MEIZ 7, 5.5£0.2, 6.4+0.2, 6.6%
0.3, 4.0 L7220 HMEIX 5, 5.4+0.3, 6.9+0.5, 6.9£0.5, 4.0 L 72>/, 67
S 22 BHAS BCST/9 LA b & 72 0 21K D 32. 8% MiAEL L OB TH 5 Z &2
otz ZA—TRITRSE, Newborn Z /L —7TliE, 28 158 (50%) O
WA, Young /b — 7 Clx, 21 8HF 286 (9.5%) OWEA, Middle 7 v —7T
X, 19 T 9 5H (47.4%) O3, 01d 7 /v —7Tix, 22 84 10 58 (45.5%)
NBCS DT/ LA ETH oo, Wiic  BAMKRELT & 722 BCS4/9 LA Ti& 01d-thin
TN —TDHTROENTZ,0ld ZV—T2KTH DL 25 58F 358 (12.0%)
73 BCS4/9 T~ 7=,
Middle Z /L —7"L 01d 7 /v — 7 TIEMERI AR 722 < | YN BCS6 Z 8 2 TU v
T, MEIZHATH LR AEEZIT WA, BED BCS (XA E D BCST IZITVVE &
o TWb,

BCS *
8 *
*
7
6
5
4
3
2
1
0
New born Young Middle Old Old-thin

Fig.2-4 Average BCS of different groups

*Significantly difference (p<0.05)
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BCS

8
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6
5
4
3
2
1
0
New born Young Middle Old-thin
Hf mm

Fig.2-5 Average BCS by sex of different groups
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2.3% £

ARG 1, BUEE R R R ERE & 72 > TV D, B RIE 1975 4£LIK, 121F 3
fFic/e, FHLEFETHS FICHEML, eEEEBER EEOM 042 To
FEEEM O TOERE T 2 2B H D, WHO OFHE T 2016 FFI2B N T
AN D DB 19 ANLL B2V IEIRE (39%55) . 6 6 5 T 0 ALL LAY (13%) &
HeE &5 (WHO, 2018) , 2019 4E (21X, 3800 5 AD 5RO 1 & & AL E
MWIERE & WD ZE B Mo TND K26 1B D & 91,2030 (2T T,
NV #H OFNEIL S HIHMNT 5 & FRIS A TWD (OECD: IENG 7 v 77 — b
2017 K0 ZE)  BAEICEWTIE, K 2-7T B LUK 2-8 (2016 4F[H K7
HEXOEIH) AL E MEICHEVEHBEPAEZL TETEY ., FICHEIZEW
TIEHFEZBMI =25 OEHEI G N TETWD Z Engn5d,

— 77 R T H W 13 A K1 TER Y (Loftus et al, 2015;Chandler et al,
2017) | BREMSEBICE W THEIZ R E REREMETLH L, PAETIE, 1
BETRLELIICEHEGMOLEMENH Y . ENTEHE LT WO F BN
Rz LbFY, ZOWEERENS. XVEWEDOEEFIBEORELZ T WM
TOMEMHIENS AN > THZ TETWVD, HEEE ThoTH, Mzt T
RESCMFRERENE XS, DEVIEHERZ RS ZERMOEN TN D
(Edney et al, 1986; Mori et al, 2016) , K[E® Association for Pet Obesity
Prevention (APOP) | I il i &2 FLABMK B D 30% A L L EF L, & IR f ok E
Fala=T 40—l LREFOIEFHOFRE L LT 9 B D Body Condition
Score (BCS) #ERM T2 Z & ZH#ESE L T\ 5 (APOP, 2019),

FETIEMoEEE, EHERIL 529 #E 4 (Russell et al, 2000), 7
Y — 7 TIEHOK 40903 AR E B CTh 5 LA LTV D (Sloth, 1992),
T AY T T 1995 AT 8, 159 BHD AU & A L 72 2R, A9 35%78 A E 22
LB C©d - 7= (Elizabeth, 2005), RO 22y hF K, £ 7T K,
T AV BIZBT D ROEMERIL 22~40%E S (K, 2014), WTHOETH A

WRE - BEREOESIIREHRTEHWEEZRL TWD,
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ANFERIC, SRV CTH IR IR RIR . mfE, BhUREE AL IE O i 2 s
HoREDYV Ry Ty 7 X =Ll ERHERIIND, £ TARETIE, EEE
DEGRIKBLS COFE Z L OEmEm 2 e+ 52 & T, TOHDOAEIIED TP
BN D & 2T,

SEIOFRERG | FEIRAITRFE ML, NI > CTIEm G 2 2~ 3 2 &
adhoT, BARIZIE, 20 32.8 P MAEB I OEH TH DL Z 0w ho
7=, Z—T7RIIE, BCST/9 Lh LD EIA 2 Middle 7LV — 7 Tid 47. 4%, 01d 7
=7 TIE 40%TH D DIZx LT, Young Z /L —7 TIX 9. 5%ZEE > T\ 5,
0ld 7 /L —7"Ti&, BCS4/9 LT~ T, KW ERLA TV THETE TS
WH WD O TERENR =T =V Middle 7 /v — 712k L TERW, B D
— R MEZ 72 EICB W T BCS Z#mEFEEH L TV D DT TIREN-T2D T,
O THREIOFEF D HARFES BCS OZLIZER L TW BERH D, BRER D
AV E S IR ITREICR S 2N SIFEHOF THMAE L TV TH, ERITERS
FRIRICERDETIIEDOH TOER TR TLEY, MUELZEHIZITEE
RVWONRBRTH D, o, REZW CRIEESNTEMOLZRIZIZL TWND
DT, EEOEEmOFEITENU L THD LBGBTE D,

e & T, =R F—omREIER GhR) LEHICK S X —HEE (F
AR OT U ANTUARFEKRERDDOT, AR TONTHELZHORFEE
REBE, RENECHEERE 2 ELIMMNEIZAD DO THAR N E N ITF R
A, AEIRE L0 ERMICEE STV 58 CiER KEOREEIY
DTHPVHNEDOHEBITEH LY, ZHULHIFSROBRETH D,

REZHEM L, IEWEERICH 2T 2 F—ABME T L, Mikickid s
ATP FEARENIR T35, BREIZZ X AF—13ENE L THRRNICEREIND Z &
DTSN, ZORBRIEWH LT 22 B2 N5, FRPEHERERBO THHCE
SEALOIHNCIE TR EEhnz &) B, BRbOENThrLEND, TOD
WCIRDAT v 7L LT, MBIZES TOERKpE~—h—DEEHET D 2
& CHEAE O MY 222 Wi~ — ) — (R ED ORIV E VIRERRIGHE R L) 2 A
DT HZENRMET, FANIEMHORIIER ., FHICEND L& X T,
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Figure 5: Projected rates of obesity
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2.4/ ¥&

R TIEA D BMIZH Y § 2 K8 &2 S CR T E Y BN e, b

WZEWONF 2 B oA T a2 T 4 arAaT (BCS) A LT
W5, AETIX, fix OFlO@EFEMOMKE, BCS OEZREL. £ O
WS BB E MR L7z, Young Zv—T7" L 0ld Vv —T7 THARD &, EHER
X, Young Z L —7" 8 2.7%0.2 /%, Old Z /v — 7N 12.1£0. 4 TH Y, IKE
IZ. Young Z'/L— 778 4.1£0. 2kg, 01d 7 /b —77% 4.8%0. 3kg, BCS T Young
JN—T7MN5.5£0.2, 01d /L —77236.6+0.3 &/poT-, DE V| MITMEES T
o ThH, MESIZFE> THRES BCS 2 2, ZALITEW ML IR R E 2N 2 5
ZENHLNE o T, BITRICHARERE LT VEMTHDL Z ERA LT
BY., SHORETHILE, EHOEEGHAHEZ TWD, TORELIT 30~40%
T, HRAMICHEZ2EAICH D, SEIOFETH 2RO 32. 84BN BEEL L O
B ThH D Enmyhol, LnL, — RO EIC AR IR .o
EMWEZZZEM AR RIZ LD T, EEOKREEYOZDOHERITLY H5E T
HLENTRIND,

BN 122 < DNDFERIZE G L TWD IFEGMER B NCDs DY A7 7 7 7 %
— &Moo TN D, 2B NCDs O T B0 HIEAL O BHNZ X AR A 22 15 1L L v
o, TEmIERNZ &) B KbIRNTHLEEZABND, —RIZIETIE
78 E IR B (NCDs) ~ D IS IE R T IRV ERM T, TDdIicid

WY RIS EE 2%, RYRBW - FHIET572012iE, b~ —0
— BRI DDT, ZTNHLDORFIAEOBRETH D,
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3E REMIBITIMBEFTONFKRBE ~—I—DEH

ANTIEL I ISPV IERT R L. JERG 2 A & 35 R CTh 5 A~
RY w7 Fr—bARREREAZED TVD, B E i & L THERIF
. DS AR E O IER YR B (non—communicable diseases: NCDs) 2SN
LTWd GFEF 5, 2015), BREGEIRICE W TH | BRER OHEAIC L 2 FH T,
ATEEIBEOZAIZ LD AND T5RRICH S 3 5 157 2 B 2 D & ilis O RH 08 T4
HLo T2, JNEICHE S5 NCD FEAE A K L Ty 5 (Edney et al, 1986;
McGreevy et al, 2005; Lund et al, 2006; Okada et al, 2017), H§iZHfIXFE
FR AR BERRE R A =X 2% HF L, RICESTHER LT, iz tEo
THRECMFIREIRED N 2. EMEmIC/e D 2 ERNMmEN TS, DeFronzo
(2 XD REWEEME O A (2010) BAK, ARV X BT HEAR I % R L2 & 2 PIRAE I o 1
. EHICH KT 2 RN 2 2 EOBRERIE & WV O BEES ML S hu, fEKAE
HEh CTEMERFROFERY., 2 v AT e — VREL WD B~ — 7 —I2n
RRIEMEY A R IA A A VRBIMEZRT 527 7 4 KX 7 F LR
NWVE R EME R OO DN, F~—H—L L TFHFIHT % (Gehmann et al,
20105 @ADL 20105 HAARMEMZES 2016) Z ok v, RHEM TCOZE, &F
Wikl ETBINADRESR, AZR) v 7 v Fa—Ah, FERFRELYEE
RRHEE~OBITE RRICH S Z LTI LTS CERE S 20155 (L5
2016), RAMICHEWTH, FROIM VMBI R ZZT TS (S 2016;
Okada et al, 2017),

EFOXDITNCDs XI5 E L TIZRIZW ., FHREN & b B ERN R FIET,
R zimd ] L0 RS ERy, HIERSERW] Lo 2 FHB G
MEVEEERD, 22T, AETIE, ZERCEMHEEICKRE LS EIER
FlOBBERMO XL X —RFOBW~— I —& LT, WERENRHED., &
IV R ROBE R DA B T, ISR D R A 0 T B 0 EAE
DAL, I & & T il B EER IR D FIE A 7 = X L EBfET 5 OICE LD L
E2ohbd,

24



3.1 %tk & Fik

1. #4

28 LFE U< 2018 4 (10~12 H) DEFEZ K 2 B B M B (B 2 130 LENY
B WZKBE L2 TO OO, T TICEBZ 2 Tz 3 SHOM % BRr\ 72 i
KRB EE 72 67 BHOJ (10 » Aln~16 1% 9 » A | M 25, ik 42) x5 & LT,
67 Bi% 5 DD 7 )L — 245 1F 7= : New born (<1 #%) . Young (1~<55%) .
Middle (5~<107%) . 0ld }x O 0ld-thin (10 m&~) . AKERIL B AERE 4 6
B RFEMIERLZBE S TERBINTZ DT OKRE S 30K-05) . -8 D
FAVWENDIIERTA V74— Rartkvr b &aFik,

2. MR

xS FERI UL E ot SR ATICSHHARD BT - 72, $RifL S 7z il 2>
5 3000g, 4°C. 5 4y MO LAy HEC KV g &2 B L, A4 % £ T-80°C T
L/, Zov=a—x (GLU) . FYUZUkYU K (TG) , #Z "7 &E (TP) . T
V7 v (ALB) | AT UL (Ca) | HEHEY Y (iP) . S RU T A (Na) | 7
m—/b (Cl) . AU vL (K) ., mPJRFE=EFHE (BUN) &7 L7 F = (CRE) ik
B, 7 79=2V7X ) 87 A7 2T —8 (ALT) \ TANRXTXUMT I bT v
27 x25—F (AST) . 7AHBVKRAT7Z—F (ALP) Ry F A Z IV T
YAXRTFH =8 (y-GTP) {HMEIL. HEYOHTEEE (JCA-BM2250, H AK&E T,
W, BAR) #EHLT,. 8L7 4 aE /22 (AR, HE) THRETOR
Hafo CHES Nz, MELET & Fe /) —8 (D) & U v a7 e Re
7 —8 (MDH) J&PEIEL. LIRTIC#E Shiz ik TERERRE S v
(Kaloustain et al, 1969; Bergmeyer et al, 1974), IfiL{#% MDH / LDH (M / L)
i, MDH{EMEZ LDHIEMTHEIAZ Z LIC LV EH L, MET T 4 A7 F
(ADN) JREEIX. KD ELISA ¥ v . U R/T v 8T 7 4 A3 7 F 2 ELISA
¥ b (REREKRASE, B, BA) ( MiE7 Im A FA (SAA) RET.
ik @ ELISA % > K~ (CAT {7 X = A K A (SAA) ELISA, Life Diagnostics,
Inc., West Chester, USA) . Iy AMP activated protein kinase (AMPK) j /%
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X, MR ® ELISA % v k. CycLex AMPK Kinase Assay Kit (CycLex Co. Ltd., £
¥, BAR) TENENLHIE LT,

3. HERFOHT

FERIIEY HHEYERFE (SE) L TERLTWDS, F72. HEFEEMEIL.
v UHRA Yy h=—UREICL > THRELZ, AEKAEIZP 0.05 ITEFE LT,
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3.2/ B

3-2-1.  FEMEEACEH BT ~ — U — D 2 H)
1. If#EfE (Glucose, GLU)

Table3-1 X U New born, Young. Middle., 0ld 2 TX 0ld-thin Z /v —7 D F 1
ZFH Mg GLU A (CE¥+SE) (X, 90.5mg 100mL ™', 102.6+4. 6 mg 100mL ",
136.1+10.0 mg 100mL™', 142.0+8.8 mg 100mL ™', 113.3+10.6 mg 100mL' & 73
ST, PERITHT S L. ML, 89.0 mg 100mL ™', 98.9+5.6 mg 100mL™', 113.4
+8.7 mg 100mL™", 134.9+10.4 mg 100mL™', 120.5 mg 100mL™' & 720 . M,
92.0 mg 100mL™", 110.0+7.6 mg 100mL™", 167.3+15.0 mg 100mL™', 154.4+16.1
mg 100mL™', 99 mg 100mL™' TH o 7=, MEBIZEEIFR 7 <. N 2 VD SEE R B 23
HIMEMIZH D Z & BNy ho 7=, Young 7 /b — 7 DIfyE GLU B (315 £ SE,
102.6+4.6mg 100 mL ") {Zxf L T, Middle Z/b—7 (136.1+10.0mg 100 mL ")
BLOold 7 v —7 (142.0+8.8 mg 100 mL™') D IMLIE GLU J& B 1L 3 2RI

BlZm Mmoo, Middle 7V — 7 Tl MM o i GLU #2 A (113. 448, 7 mg 100
mLY) JXMES O M TE GLU # A (167.3+15.0 mg 100 mL™') XV &#HEEFAICH
Bl o T2,
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Fig. 3-1 Average serum GLU concentrations (mg 100mL™') of different groups

*Significantly difference (p<0.05)
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Fig. 3-2 Sex differences in average blood GLU concentrations (mg 100mL™")

of different groups
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2. FPERENG (Triglyceride, TG) B

Table3-1 X U New born, Young. Middle., 0ld 2 TX 0ld-thin Z /v —7 D F 1
oMy T6 B E (CE#ESE) 1. 26.5 mg 100mL™, 40.7+7.1 mg 100mL™",
56.4+12.0 mg 100mL™", 108.2+28.8 mg 100mL™", 25.0%9.0 mg 100mL™" & 72 -
7=, MEIX. 31.0 mg 100mL™', 40.8%9.1 mg 100mL™", 44.4+11.5 mg 100mL™",
117.1%+42.8 mg 100mL™"', 24.5 mg 100mL "' & 720 | HEIX. 22.0 mg 100mL ™', 40.5
+12.5mg 100mL ™", 71. 4+22. 8 mg 100mL ™", 93. 9+33. 0 mg 100mL™", 26. 0 mg 100mL ™"
Elpodz, PERNTEEGR e <o NI ARV SEE L R EE AN A 2 & D 2 & s
S3hrolz, 01d Z v —7 O Ml T6 i (108.2+28.2 mg 100mL™") (%, Young
TN—TDOZFID (40.7E£7.2 mg 100mL™") 2k L CHEHZHICHEEICE -
7o

TG

120

100

80

60

40

2

o

New born Young Middle Old Old-thin

o

Fig. 3-3 Average serum TG concentrations (mg 100mL™') of different groups

*Significantly difference (p<0.05)
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Fig. 3-4 Sex differences in average blood TG concentrations

(mg 100mL™") of different groups

30



3-2-2. T Mgl 32 V& M oD 28 )

1. ALT, AST, ALP, vy —GTP J&{%

Table3-1 IZ/8 9 L 512, IR TH 5 ALT, AST, ALP, vy —GPT OIEMEIC XA
FHIICAEZZROONT, FlB LML 22RO bR T,

2. M/L t

Table3-1 IZ/RT L H I, =RV F—RE@HEZEL L TOY AT Fe st —
B/AMT v Fe s —8 WL) IE SEHICHEE TIER 2272 b DD, Young
7 —7 (0.38+0.15) &tk LT Middle Z /v —7 (0.27+0.05) |, 0ld 27 /L
— 7 (0.30%0.06) . 0ld-thin Z'/b—7 (0.14%0.04) T Lz, MEHICEE
W, AT B EIEICH o 72, Middle group TiX, A AWOM / L x4 AR o
Zh LR L TR FHICAEERICE 2 T,

M/L
0.6
0.5
0.4
0.3
0.2
0
New born Young Middle Old-thin

Fig.3-5 Average blood M/L ratios of different groups
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Fig. 3-6 Sex differences in average blood M/L ratios of different groups

¥*%Significantly difference (p<0.05)
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3-2-3. RIE~— I —OEH
Serum Amyloid A (SAA)

Table3-1 I\Z/RT L DT, RIEE~—H—"Th 5 SAA O ¥ X, New born
N—T TIEHRHRAL TOERWVMETH > 72, SHEFICAEBEZEZT RPN bDD
0ld 7'V —7 @ SAA 2 (84.7%38.4ngmlL ") 1%, Young 7' /L —7 (22.5+10.9
ngml™') BELO Middle ZL— 7 (39.3+14. 8 ngmL ") [T _RTEE & 2o 7,
0ld-thin Z /v — 7 D If.1F SAA JEEE X, Young 7 /L — 7 D IfiF SAA B & Lh#g L
TRIEICHEM L 72 (212.1+89.9 ng mL ' % 22.5+£10.9 ng mL™") , F£7z, SAA
78 200ng mL™' LA B O EE & R U722 5 8HVN 72 (486 ng mL™', 601ng mL™', 266
ng mL', 370.7 ng mL', 218 ng mL'") . 5EAH 48HIL 0ld v —FITE L, 1
I Middle Z v —7 D@2 - 7=,

SAA
350
*
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200
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. =S i
New born Young Middle Old-thin

Fig. 3-7 Average serum SAA concentrations (ng 100mL™') of different groups

*Significantly difference (p<0.05)
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Fig. 3-8 Sex differences in average blood SAA concentrations

(ng 100mL™") of different groups
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3-2-4. ZOMO~—N—DEE
1. 357 7 4 R 7 F 2 (ADN) I £

Table3-1 Z/k$ X 91, Mi&E ADN B O A E #1X., Young 7/ /L —7 (5.3%0.9
pg mL) | Middle Z/b—7 (4.44+0.5 pg mL™)) . 0ld Z/b—7F (4.7+1.0 pg
mL™') B L O0ld-thin 7/ —7 (4.0+1.3 pg mL™") 1T O SN Do 7208,
INEs > TR TS 2 - 72,

ADN
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8
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0
New born Young Middle Old-thin

Fig.3-9 Average serum ADN concentrations (pg 100mL™') of

different groups
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Fig.3-10 Sex differences in average blood ADN concentrations

(ug mL™) of different groups
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2. Serum AMPK (ng/mL)

Table3-11Z/R9 K 512, M{F AMPK Ji# F£ 1% Young 7 /b — 7" (4. 7£2. 5 ng/mL) |
Middle Z/b—7 (3.9%3.0 ng/mL) . 0ld Z/b—7 (3.8+2.1 ng/nL) B LV
0ld-thin Z/L—7 (1.4%1.4ng/mL) ORI THEZITBOONRN->T, M
W > TIR T 2B H > 7=, 7=, Newborn Z /b — 7 TIIMHRALLT
DIRETH - 7=,

AMPK
8
7
6
5
4
3
2
1
0
New born Young Middle Old-thin

Fig.3-11 Average serum AMPK concentrations (ng/mL) of

different groups
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Fig.3-12 Sex differences in average blood AMPK concentrations

(ng/mL) of different groups

3. Ca, iP, Na, Cl, KA 4 )

Table3-2 IZ/RT LI, TNHA A VEBEIZOWTIENIZEE S ZILIZFEO D
o,
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Table 3—1 Changes in biomarkers among different ages in 67 cats

new born young middle old old—thin
Age (range) 0o~1= 1<~5= 5<~10= 10<~17= 10<~17=
Age (Av)  f+m 0.9 (2 2.7+02 (21) 7.6+=0.3 (19) 12.1+=0.4 (22) 15.6+1.2 (3)
f 1.0 (D 2.6 =0.3 (14 7.8+0.5 (11) 12.1=+=0.5 (14) 150 (2)
m 0.8 (1) 27+03 (D 7.4=+0.4 (8) 12.2+0.7 (8) 16.8 (1)
weight (kg)  f+m 4.4 (2) 4102 (21) 5.00.3" (18) 4.8+0.3 (22) 3.4+0.3 (3)
f 4.1 (1) 4002 (14) 44+02 (11) 43+02™ (14) 3.3 (2
m 4.8 (1) 44=+04 (D 59+0.6 (7) 5.7=+0.4 (8) 3.6 (1)
BCS f+m 6 (2) 55+0.2 (21) 6.4=0.3" (19) 6.6+0.3" (22) 4.0=%=0.0" (3)
f 7 (1 55+0.2 (14) 6.1+=03 (11) 6.4+0.4 (14) 40 (2
m 5 (1) 5.4+03 (7) 6.9+0.5 (8) 6.9+0.5 (8) 4.0 (1)
GLU f+m 90.5 (2) 102.6 4.6 (21) 136.1==10.0" (19) 142.0+8.8" 113.3+=10.6 (3)
(mg 100mL" ) f 89.0 (1) 98.9+56 (14) 113.487" (11) 134.9+10.4 (14) 120.5 (2)
m 92.0 (1) 110.0+=7.6 (7) 167.3+=15.0 (8) 154.4+16.1(8) 99.0 (1)
AST f+m 16.0 (2) 28.4+26 (21) 27.8+1.3(19) 25.5+2.0 (22) 24.7+2.3 (3)
(L) f 17.0 (1) 28.2+36 (14) 28.3=+2.0 (11) 251424 (14) 23.5 (2)
m 15.0 (1) 28.9+3.7 (7 27.3+=1.6 (8) 26.1=+=3.9 (8) 27.0 (1)
ALT f+m 34.0 (2) 65.0+=12.8 (21) 48.7+=3.4 (19) 47.9+6.5 (22) 34.05.0 (3)
(L) f 39.0 (1) 65.1+=18.4 (14) 52.3+5.0 (11) 46.6+=6.9 (14) 29.0 (2)
m 29.0 (1) 64.7+12.9 (7) 43.8+3.8 (8) 50.1=+=13.7 (8) 44.0 (1)
TG f+m 26.5 (2) 40.7=+=7.1 (19) 56.4+12.0 (18) 108.2+28.8"(21) 25.0+9.0 (3)
(mg 100mL™" ) f 31.0 (1) 40.8=+9.1 (13) 44.4+11.5 (10) 117.1+=42.8 (13) 245 (2)
m 22.0 (1) 40.5+12.5 (6) 71.4=+22.8 (8) 93.9+33.0 (8) 26.0 (1)
SAA f+m 0.0 (2) 22.5+10.9 (18) 39.3+14.8 (18) 84.7+38.4 (20) 212.1=89.9" (3)
(ng 100mL™" ) f 0.0 (1) 13.6+=6.1 (13) 44.2+24.8 (10) 70.5+43.8 (12) 288.4 (2)
m 0.0 (1) 9.8+6.0 (5) 33.3+:14.3 (8) 105.9+73.2 (8) 59.4 (1)
ADN f+m 12.6 (2) 5.3+0.9 (19) 4.4+0.5 (18) 4.7+=1.0 (19) 4.0+1.3(3)
(ug mL") f 16.2 (1) 6.2+1.2 (13) 4.3+0.6 (10) 55+1.4 (12) 2.8 (2)
m 9.1 (1) 3.3=+0.7 (6) 4.4=+1.0 (8) 3.3+0.8 (7) 6.3 (1)
LDH f+m 62.5 (2) 959+14.2 (18) 54.0=+=6.01*(18) 48.3+6.77" (21) 69.7+31.5 (3)
(L' )y f 129.0 (1) 89.7+16.4 (12) 45.6=+=5.9 (10) 43.0=+=7.6 (13) 84.1 (2)
m 58.0 (1) 108.4=+28.8 (6) 64.4=+10.7 (8) 57.1+12.9 (8) 40.8 (1)
MDH f+m 6.7 (2) 32.8+15.0 (17) 11.8=%+1.51 (18) 15.9+7.17 (21) 8.4=+29 (3)
(Lt )y f 2.7 (1 453226 (11) 13.8+=1.9 (10) 10.6=+=2.4 (13) 10.8 (2)
m 10.8 (1) 10.0=+=1.8 (6) 9.3+2.3 (8) 24.6+18.8 (8) 3.6 (1)
M/L f+m 0.14 (2) 0.38=+0.15 (17) 0.27=+0.05 (18) 0.30=+=0.06 (21) 0.14==0.04 (3)
f 0.03 (1) 0.50=+=0.23 (11) 0.36+0.07 ** (10) 0.29+0.06 (13) 0.16 (2)
m 0.25 (1) 0.16==0.06 (6) 0.16==0.05 (8) 0.29=+0.13 (8) 0.09 (1)
™ f+m 7.2 (2) 7.5+0.2 (21) 7.6+0.1(19) 7.6+0.1(22) 7.8+0.3 (3)
(g 100mL" ) f 7.3 (1 7.5+0.2 (14) 7.7%+0.2 (11) 7.5+0.1 (14) 7.9 (2)
m 7.0 (1) 7.4+0.3 (7) 7.5+0.2 (8) 7.7+0.1 (8) 7.6 (1)
ALB f+m 3.4 (2) 3.4=+0.1 (21) 3.4=+0.1(19) 3.2+0.1* (22) 3.1+=0.1 (3)
(g 100mL"' ) 3.4 (1 3.4=+0.1 (14 3.4=+=0.1 (11) 3.2+0.1 (14 3.0 (2)
m 3.4 (1) 3.4+0.1 (7) 3.3=+0.1 (8) 3.3+0.1 (8) 3.2 (1)
ALP f+m 139.5 (2) 100.5+=11.1 (21) 85.9+8.21(19) 86.1+5.74 (22) 100.0=+=34.5 (3)
(Lt )y f 133.0 (1) 87.8+11.5 (14) 93.5+12.5 (11) 91.0=+7.0 (14) 118.5 (2)
m 146.0 (1) 125.94+22.4 (7) 75.6+=8.8 (8) 77.5+9.7 (8) 63.0 (1)
¥ —-GPT f+m 0.1 (2) 0.2=+0.0 (21) 0.3%+0.1(19) 0.2=+0.0 (22) 0.3=+0.1 (3)
(uL'y f 0.1 (1) 0.1=%=0.1 (14) 0.2+0.0 (11) 0.2+0.0 (14 0.3 (2)
m 0.1 (1) 0.1=+0.1(7) 0.2=+0.0 (8) 0.3=+0.1 (8) 0.4 (1)
BUN f+m 28.5 (2) 25.4=+1.0 (21) 27.2+1.0 (19) 31.0+=3.5 (22) 26.7+=3.9 (3)
(mg 100mL™" ) f 32.0 (1) 26.0+=1.0 (14) 27.6+=1.6 (11) 32.6+5.4 (14) 24.0 (2)
m 25.0 (1) 24.3+2.1 (7) 26.6+1.1(8) 28.4=+2.3 (8) 32.0 (1)
CRE f+m 1.5 (2) 1.5+0.1 (21) 1.6+0.1 (19) 1.6+=0.1(22) 1.7+0.4 (3)
(mg 100mL™") f 1.5 (1) 1.5+0.1 (14) 1.50.1" (11) 1.74+0.2 (14) 1.4 (2
m 1.4 (1) 1.6=+0.1 (7) 1.7+0.1 (8) 1.4=+0.1 (8) 2.5 (1)
AMPK f+m 0(2) 4.7+25(21) 3.9+3.0(19) 3.8+2.1(22) 1.4=+1.4(3)
( ng/ml) f o(1) 3.8+2.1(14) 5.4=+52(11) 1.9+1.9(14) 2.1(2)
m o(1) 6.4+6.4(7) 1.8+1.8(8) 7.1+=4.9(8) o(1)

Data are expressed mean =

standard error (SE).

* Significant (P < 0.05) when compared against Young group (Mann—Whitney U test)

*ok

Significant (P < 0.05 ) when compared against male group (Mann—whitney U test)

The number in parenthes indicate the number of animals examined.
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Table 3—-2 Changes in serum iron biomarkers among different ages in 67 cats

new born young middle old old—thin
Age (range) 0~1= 1K~5= 5{~10= 10K~17= 10<~17=
Ca f+m 10.3 (2) 10.0£0.2 (21) 9.9+0.1(19) 9.9+0.1(22) 10.3£0.3 (3)
(mg 100mL ') f 10.4 (1) 10.0+0.2 (14) 9.9+0.1 (11) 9.9+0.1(14) 10.4 (2)
m 10.2 (1) 10.0£0.2 (7) 9.8+0.2 (8) 9.9+0.2 (8) 10.1(1)
iP frm 6.2 (2) 3.9+0.2 (21) 3.7+0.1(19) 3.8%+0.1(22) 3.8+0.2 (3)
(mg 100mL ') f 6.2 (1) 4002 (14) 39+02 (11) 3.8+02 (14) 40 (2)
m 6.1 (1) 3.8+0.3 (7) 35%0.2 (8) 3.8+0.2 (8) 34 (1)
Na f+rm 158.5 (2) 154.4+0.3 (21) 154.5+0.7 (19) 154.4+0.2 (22) 154.0£0.6 (3)
(mEqL™) 158.0 (1) 154.3+0.3 (14) 154.6+0.7 (11) 154.7+0.3 (14) 154.0 (2)
m 159.0 (1) 154.6+0.8 (7) 151.9+1.2 (8) 153.8+0.4 (8) 154.0 (1)
Cl f+rm 123.5 (2) 119.5+£0.4 (21) 119.1£0.7 (19) 119.7%£0.5 (22) 120.7£0.3 (3)
(mEqL™") f 126.0 (1) 119.5+05(14) 120207 * (11) 119.6%0.6 (14) 121.0(2)
m 121.0 (1) 119.4+0.7 (7) 117.6£1.1 (8) 119.8+0.9 (8) 120.0 (1)
K f+rm 5.2(2) 43+0.1(21) 4401 (19) 41£0.1(22) 42+0.3(3)
(mEqL™) f 5.5 (1) 44401 (14) 4401 (11) 4101 (14) 45 (2)
m 49 (1) 41x0.1(7) 44+0.1(8) 41=%0.1(8) 3.6 (1)

Data are expressed mean = standard error (SE).

* Significant (P < 0.05) when compared against Young group (Mann—-Whitney U test)
* Significant (P < 0.05 ) when compared against male group (Mann-whitney U test)

The number in parenthes indicate the number of animals examined.
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3.3% £

AlEl, fEFEZE A BR & L CEMIRETIC REE L 7o kk 2 Z24F s 0 67 O HE O
MyGEHORBMEY. A4, "AVEVREBIOBEREEOZE Z5HE L7,
M GLU IR BE & TG ¥ B 13O E IS PE W IN L 72 28 o0 JF lik CUoE D BV GA g 23
K<, MEZROHRAEAME TCHL 7V ax T —EBEEEZ RS Z &b RITH AN
WVERBE S OB\ 2 %h 3~ 24K A7 ) 23K\ (Tanaka et al, 2005; 2006), —J5 Ty
=2 U VEEREOIEERNEL 7V hFd T —BEHSC 7/ LV a—2-6-K A 7
7 A —BIEERE WD & D IENIERPE AR OFE T A RBII RICTETE W
(Washizu et al, 2005), 7MW TITMMRICB T LA AV v 7 VneE
(IRS-1, IRS-2 and PI3-K) 2B %431 D mRNA FEHL & S RIZH N TEL <KW
(Mori et al, 2009), LA EdD X 5 R ARSI RIZHABEICH T 5= L
F—IKFEPMEL . AR T VERBUEICHR Y O3 <0 BE LT VWEE
%, i GLU, TGREDMEIZFES EAIXZ OMORFEE KL DLV
Do WG X THEMAERRIC Y 702D RABENCERE LRE) L ER S,
ZOERIFZZF A F—0ERHER GBR) LEHAR L IND, B IZIEDE
WMOLERBT DT L > T, K TFICHEMORZE VLT W FIEMRAESR & . /)b
W78 EONIRO FEBIZIEN O 7= % 0 L WNIRAE L IR & o aEh b, sb
B BT RER AR 1% T2 UARAE R ) . POBRIE AR 1 T 0 A 2R R
EHLIEIEN D (BHERBARERERE, 2019) , 2 O H CRIC PR IR R X, 2
TRUBEIRIS . mi T, BIIREEE, OMEREE, DU R 777 2—=LR%
ZERNmENTWD (Gonzalez-Muniesa et al, 2017) ., AR OFEM D —> L
LT, BHMRBREORENFRE L, TANRRRK LY 4 2R SRFIHESCE
W B EIE & W o oA E 2355 %8 S 4L (Arner et al, 2015) | SRyEH Yl fa o
KAk~ D IRECHE MR CORIEMEY A NI A LV OEABMB R LD K5I
D, THOULERIEY 7 FICKIE LT, BMEIIRIE AT 4 =— 4 —a
P2 R B E xR BT D, TS IEIER I BE T 5 A OHE O 72 5 A
L72% (Zhu et al, 2014 ; Dias et al, 2015) .
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UL el AKHERSE (MDH) 1%, v a— 2 fR#E S ATP 24K T % NADH o
Y RMLVD1OTHLY TAW-TANTX By PVOEHEERTH D, FiE
ik FEWEFE (LDH) 1%, MIAR'E NADH ZVHE L CHMMN L B E VB~ ZEH
DR e S 58 E Td D, MDHIEMEIEINE 7L 22— X 6 O = )b % — pE
AoTTHEEZWKR T S, MDH/LDH {EPEEE (M/L ) 13, B o = 3L F —{UEHR g
AT 270 DENT IR L RS TWD (Li Get al, 2012; Okada et al,
2016), ZOHFIETIE, M/ LIHix, SAFARA T AL R > 7208 ks I E VR
TToBMmIchole, RERMTIZ, Z7va—2Anbox X — G (M
(& D ATP AERR) 13 & & BICRAICHET D2 EE 205, ELOWET
FARLEHOI bar RY TICHEIT 5 ATP EAKEOIR TE24£ 2 BN L 2
Td % (Akbari et al, 2019),

RIEY—H—THDHMIET I v A FA (SAA) X, BEEZRMETITME & &b
TRaZHEM U, &2 12kDa FRED X /X7 ETh 25 SAA 1T, RIENKE Z
Sl TP S D BHEMBOSME Th %, N TIX MLIE SAA IREIX.
RIEPERN % 24~48 FEFILLIZ 1, 000 f5 128503 % (Husby et al, 1994),
DO SAMIREIT, B FERBICARRRIEY— T —L L THR#IAINTND, &K
JECHLAR OBE N AT H &L O SA R A &R 1,000 51283 5
(Tamamoto et al, 2008), LARATICTk & 1%, SAA J B A3 B AE o I < KE 2 8800
T5ZEEME LTS (Okada et al, 2019), A EIOHFZETIL, EHEOMT
SAA JRE OMHIABIEE Sz, T, M e > TR O & Z IS/ 72 KAE
MBELTHWDAEEZRET LD TH D,

SO TITMIET T 4 AR 7 F UREIL, IE I - 72 B E R 2T
DHENRPSTZN, KFLTWEZ 3o, NIBIEMAEREL T 51
W T, {77 4 AR FUREOKR N T MR H D 2 & & LA HE
L CT\2% (Okada Y et al, 2017), L2>L., SEIOER T, BHOMIE T 7 4
RATFUREZ, BEWVHOMET 7 4 AR 7 FURELIZIERLT Th o 7,
HRREMTIZ, 774 RRX 7 F U OBDERTIZELERNIBIEN &K S
NTEWRWE PRIND, MIET T K27 FUREL, NIBIEN O% R &
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BHAICEHEL TWAD Z b0 > TWab (Gulcelik et al, 2013), L7221 - T,
BEREZHETIX, 7T A RX I FrOE#SN bR nEEZ LR,

AMP iEHEAL 7 B 7 A % —F8 (AMPK) X, #FHFHMICHE B ZIL R o 72
IESZ R BB H D 2 &Ry o7z, AMPK IZ A2 & BERE & CEZMY
EEIRTFEIRL TV ®Y Y s ALt =v Xt —F (B v - 2ALF=2
VI LEESR) O—F T, REMEm L NV BEX T BT 7 I —
(metabolite-sensing protein kinase family) M * 1 /3—& L CTHIEN O
ANF—Dv o —L L TEEREH ZHH > T 5 (Steinberg and Kemp, 2009;
Hardie, 2011; Mihaylova and Shaw, 2011) (Fig.3-13),

T T 4 W TF ALNTNE & B AR O RR iRk & R 7 MO A TRE L.
AMPK D IEMEAL % A L CHR AR O Fe (b & Mk o Fi F &2 (£ 3~ % (Chandran et al,
2003), BMEER, HRE, MES LI PBEORMICBT LT T AR A L OHE
ZfhJr L (Kahn et al, 2005), Bl & A > 2 U AHHUEIS A3 5 I 1EH & F7
> (Kahn et al, 2005; Balsan et al, 2015), & 51T, EMERIO AMPK (X, AOH
FIZELSAONIHETHIMIELA NV AL RIED T A2 MEIT 5, AT
(X, Z @ AMPKIEMEIZINE IS EVR T 5 2 & 234372 > T % (Antero and Kai,
2011), A RIOHTETHMEIZEE ., AMPK M IXA B mIcH 5 2 & 2B
BOWTHALERICLZENTHRIND,

FFig I BE 53 2 1fn 3% LDH, AST 35 X OV ALT ([ZfHE D AL ITRD SN2 0> > 7228,
EMOMIE ALBIREIZ, BHWH LY bk o7-, ALB & M/L B IR NIk, s
D =1 F—REHCEHE T DRI T2 R L TV D AR H 5,

LA D X5 1T T b I I W IE B A & oo s = kv F — R E R %
IR TT 22 RN R -T2, & L TMEIZFEY GLU, TG, ALB, M/L L,
AMPK, SAA, ADN [T B 2 & b 7o REHPER B O W O B fb 24 5 729
DHEHGR~—I—IlhbdeE2 b,

43



Low Nutrients (glucose, O,)

Mitochondrial inhibitors:
biguanides, resveratrol, TZD

Pemetrexed (AICART inhib)

Glycolysis inhibitor: 2-DG

AICAR (amp mimetic) ——

T

Abbott A769662

Lipid Metabolism

| HMGR | | HSL |
| Aec1 | | ATGL |
| Aec2 | | PLp1 |

Fig. 3-13 The AMPK signaling pathway (Mihaylova and Shaw,

Z

Exercise

adiponectin

/ FRcRSes

(ame)
g
Glucose Metabolism € —

PFKFB3 | | GYS1
TBC1D1 | | GFATY
Cell Growth/

Ghrelin, cannibinoids

> Transcription
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1s¢2 | | Irs1 CLIP170
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3.4 /N ¥

A Tal, — R O i R B 5% W Tk L 7o i B 2 gl & ek S RERR R A EE W
RIVE VRESCHERIEEO LB EZRAE LR, MG+ o GLU, TG, ALB, M/L
L, . SAA, AMPK 72 & D IH B AZ NS I fE - 7o BB 2858 0 b7z, MiF TG iRE (F
#J+SE) 1%, Young 7 /b— 77 40.7+7.1 mg 100mL™' | 01d 2 /L — 773 108. 2
+28.8 mg 100mL' T, 0ld Z /b — 7 THEFHICHEEICE N> 7, IME SAA I
TEIREIX, Young Zb—7"7% 22.5+£10.9 ng mL™' | 01d Z' /b —"7 7% 84.7£38. 4
ng mL' &7 HEZEIZZWVAEM L7, ADNREIL, Young 7 /L— 723 5.3
+0.9 pg mL', 0ld Z v —7 2 4.7£1.0 pg mL' L2 0 HEEITR2VA, KT
U7ze ZAUIEHER 22086 C b N Is fE > TIRE MR 2 o = 3 L F— R K
L., EEmEZRTAEOMREKMRL TND EEXDLND, M~ B E
FAECITES, KT, EIEHER R RBERBEE L, BRI LT EER
TR D, NEREGEEEIY 2N 2. BRI OB BRSO R 722 & O G e R
BU(NCDs) 3 X TWAOEREBETH 2O I T o RITBHE LB R 5, 4 H
DFER/ S GLU, TG, ALB, M/L kb, AMPK, SAA, ADN B %2 & o 7= ARt I%
BOYMOM/N R ZAL RN T D200~ — 1 —ThbEEZILINT,
F7o. BERIIRERP O R EDORRRER 2 R BRE OV R &G0 51D,
EM e ERKREZITV., 20V olov—F—%BME L, B O HER % R
DL RO TEELRD,
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4F NEEICHE D RE, BCS, RERE2H~—0 —DHHE

WA, BAETIED> FE DN BRI R, RS ERD LN D EFEOEN
RELEDLoTETWS, JEMZIILDE LT, FERFE, BER, BARED
FERYPESE B (non—communicable diseases: NCDs) DI 2. R OEH~
TREREEME L > TS, IEEIFMNEICHE>THEA LI AN TE
D, TORIEITAEREADL 2 LT THHD Z TRV, 2oL &b
CAES 1 21 A O AT ) & S 4 (Greenberg et al, 2006) . & DOFLRIE
NBIZE > TREBEORBEL VA D,

—J7. B ThH., FHEMB LK, ZIUTHE D MEMELR R O FIEN B> T
WA TETEY AZBT L0 FEmEm LTS NCDs FAM 72 & & Bz RN
EREIR T HBAMEIL L TV 5, NCDs D% 3R IE R IFE L - BENEHR 2 i b 2RI T
HOHMN, T LTl LB R LT D T ER~ el B A B fE i ¢ H 2
EZHELTWD, REER - REEEELT 27201203, BOREEOEER D
WU e~ —H—BNBEL 2B EEZX LMD, KED Association for Pet
Obesity Prevention (APOP) (X BT Z2 BEARMAH D 30% LA L& EFR L, & BT
FTOEERII 2 =7 4 — X LR EBOIE OFRZE L LT 9 B D Body
Condition Score (BCS) M+ 2% Z & ZHELE L TV % (APOP, 2019) , 1 E 12 Fk 4
b MR AT~ — U — & FRI M 0 IENE O I E HUEZ flE L T 5 (Okada et
al, 2017), B3R D X 5RO T 6 M 1L /el TRV (Loftus et al, 2015;
Chandler et al, 2017) . BRERHM O K& R@EEMBE L 2> T 5,

AL AR TMBIZENEE T 20 2O~ —T—4%2Ey 7T v 7L, 4F
M DFK~— T —DF —F BRI 22k, @EMO
FZ EREEZTEDDL L2l AT, NCDs Z X LD LT 5HEBORHER - B
IR mICEN D Z R TE 5,
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4.1 #Et L FHiE
1. #

2 EEF LT < 2018 4F (10~12 H) OREFREZ M2 H A L B (i 2135 LE
JRE) IZRPE L7z TO BHOM O, T TITHEBZ 2 TV e 3 O & By 7o il
IR 72 67 BHODA (10 » Alis~16 5% 9 » A | M 256, [ 42) 25 & LT,
67 50% 5 DD J )N—F1T4F 7= : New born (<1 %) . Young (1~<55%) .
Middle (5~<107%) . 0ld }x O 0ld-thin (10 m&~) . AKERIL B AERE 4 6
BERFPEMIEHREERTERRBINTZ LD T (KREF S 30k-05) . £8P
FAVWENDIIERTA V74— Rartkvr b &aHik,

2. IMEHRA

I iE 8 ReI Ll E oottt . SRR SHERIRD AT o 7o, BRIl & 7z ifiig />
5 3000g, 4°C, 5 /MO Ly X 0 miEE2 B L, #H3 2 £ T-80°C TR
L/, Zov=a—x (GLU) . R ZUEYU K (TG) , #8Z "7 & (TP) . T
VT (ALB) | vy s (Ca)  EEY S (iP) . FRU T LA (Na) | 7
r—L (C1) . AV vLs (K) , MmHfRFEFRE (BUIN) &7 L7 F =2 (CRE) i’
. T T7=20T 2 h 70 AT 2T —8 (ALT) | TANRTX VBT I ) hT v
A7 x2F—¥ (AST) \ TAHVKRAT 7 H—F (ALP) Wy ZLZ IV T
YARTF 2= (y-GTP) &ML, BE)pHELE (JCA-BM2250, H ATE
HE, AAR) 2EHLT, BL740AFE U2 (AR, HE) ofEcoR
HTHESINT, MIEABERT & Frns—+€ (LDH) &V a@gre Fes ) —
£ (MDH) V&M, LLANIC @S SN2 HFIETERENHIE S 7z (Kaloustain et
al, 1969; Bergmeyer et al, 1974), Imi& MDH / LDH (M / L) Eki&. MDH &M
Z LDH{EMETHI D Z LIS KW EH Lz, M7 7 4 A7 F > (ADN) I,
MHRD ELISA ¥ > b, ~ U A /F v T 7 4 R3x 7 F L ELISA ¥ v b (KM
PRt B, HA) | MmiE7 I 1A KA (SAA) EEIE, dilko ELISA % v
N (CAT &7 X & A K A (SAA) ELISA, Life Diagnostics, Inc. ., West Chester,
USA) . IfLi& AMP activated protein kinase (AMPK) J&E£i%, Hiflk® ELISA ¥ v
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. CycLex AMPK Kinase Assay Kit (CycLex Co., Ltd. na, E®. HAX) T*
nENHE LT,

3. WEHAT

BRI A HERA . (SE) L LCERRLTWD, 7o, Mt a R,
v UARA Yy F=—UREICEI > THRE LTz, HAEAAEITP <0.05 IZ%E LT,
T, FMEREINTZ AT A—X—OMOMBEKREKIIET Y O FEICK-
T|0.7-1.0]: excellent, |0.4-0.7|: moderate, |0.2-0.4|: weak, | 0-0.2]:
no correlation &FHAli L7=, HEAKHEZX P <0.05 £721F P <0.01 IZFFE LT,
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4.2 R

1. Flin & OHBERE L PIH

Table 4-1 (7 Y U OHH)IZRT LI, Zha—RRE, SAMARE, 7
VT X REE. LDH {EVE, BUN R EEIIMES TH B W PEZ R Lo, &4 O
BIGRE D 7 b 2 — & SAA, BUN IR EEITMEIZE > CTWINT 2 ~—0—, 7L
7 v, LDH I IC > TS T~ — I —LER D, F/ba—Z SAA, 7
/b7 X LDH, BUN (ZHES TITMNES I > THEMFARICE LT 228, T DEIT
ARETIEZRR, BEM TIX ALP IEMERNEICE> TAEBICIK T L7z, 77 4 A X
7 F RREL M/L G AMPK {EPEIZINER I FE WA B TR W 2ME T 3 2 A 2 7R
L7,

2. JREMNHRTICHEEST v — I —DEEMEOKE
AT CME IS E DI IER R & 722 2 E R LN E o 7o, B IXIRE MR

HEEORMPELEZEZONLOT, IFER#ICHESTLME N 7Y FTG6
TF 4R F L ADN, SAA JEEE . M/L EbiC, Fl 2L O EEHOR E LR AT
(Table 4-2) , TG 1% Young 2 /b — 7 T 45 mg 100mL"!, Middle ' /L — 7 70 mg 100mL ",
0ld 7/ —7"120 mg 100nL"' & ZN LT LREEZREL, 2D 50%% B x5 H
o IR ME O EFERE L T2 L mlEILAE O RN "TREIC 72 D, AN I -

B2 DIRERHE T OBWEMETH 5D T, 01d group DZNEND /A 7
YA —DZWEEL LTRY 7 0 A7 F U MIEA 2.0 pg/mL, & SAA MfLE
% 200 ng/mL &EFRT D LIEMICHES T ENORELZ RHZH T 5,
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Table 4-1 Correlation coefficients and P values between the age and examined parameters in this study

Correlation Coefficient (male) P value Coefficient (female) P value
BCS 0.214 0.304 0.02 0.901
GLU 0.268 0.194 0.419 0.006 **

TG 0.199 0.351 0.213 0.193
SAA 0.186 0.384 0.423 0.008 ™
ADN -0.003 0.989 -0.171 0.304
TP 0.201 0.335 —0.032 0.838
ALB -0.213 0.307 -0.415 0.006 ™
LDH -0.328 0.118 -0.34 0.034*
MDH 0.074 0.73 -0.298 0.073
M/L ratio 0.037 0.864 —-0.169 0.316
AST 0.012 0.955 —-0.143 0.367
ALT -0.119 0.57 -0.22 0.162
ALP -0.519 0.008 ** -0.05 0.753
Y GTP 0.251 0.226 0.091 0.567
CRE 0.112 0.595 0.229 0.144
BUN 0.371 0.068 0.307 0.048 "
AMPK 0.017 0.935 —-0.035 0.827

Correlation coefficients were calculated by Pearson’s method

*Significance level was set at P < 0.05

**Significance level was set at P < 0.01

Table 4-2 Reference values of metabolic diaghosis markers in cats with

aging

Young Middle 0ld
Triglyceride (mg 100mL™) 35 — 45 45 - 70 80 — 120
Adiponectin (ug mL™") 4.4 - 6.0 3.8 - 5.0 3.0 — 4.0
SAA (ng mL™) 10 - 30 25 — 60 60 — 120
M/L ratio 0.3 - 0.5 0.3 - 0.4 0.2 - 0.3
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4.3 EBE

SIS PN 2L X —REHEE(E U, IFRE. BREOR Tt s L a—
A& EToDIREEBEE U7 ATP FEAERERBITIR T3 5, ATP EEARICE I e h o 7o
FOTXAF—ITEME L TEBI L. MRICERE~IEwZ 8 <, N
o T/ N a =R TCIREMN L35, BUNREN EH9 5, ALB 3D
T 57 EOBEMITITFRLEHREOK T, ZICHE Mo = XL F —FEARE O
BTFEXMT LD ENR D, Lo T, MRICHE > = 2L X —R#t o2 b
FHET DY =N —OEEM LB ST LULERD D,

FEEITH Tk 2 o~ — D — O RERFITED LTV DY, FHITIT R
KEDLHNTWDS, LrL, SEOFELEETHIMEIZ > TET 5~
— N —=DBFELTWDLIERHALNE R T, Ak, ATHEITHDH L HITK
DRESOMRNEDLNIZEMEB L ED o> T 2T THhDH, FhnZ & DL
EEERT2F T, BEABOREOCMNRRIEOLLEZ LD BREIICEZ D Z
LRTE, BRORYRR - BREBZEICRNAD EEZOND, BICIEERBNIC
BESE 9~ 2 W BT INE IS AW IE R ICBBUIC A ' T2 Z LA b n L ol

Tabled-2 {2779 K 91T TG, SAA REEIIMESIZHEWEEIM, 77 4 AR 7 F IR
FEL WLHIFEKTT 22 &R LN ERoTz, =X AT —RB ORI E KL
A DM PEAERFIC E o CHE LR, TAUNHNDL Z EITEFRESI SR
L. fEREREEZ RIS Z L&D,

AR D = 2L — RO HL I AMP TEPE{L % F-— 8 (AMPK) 28 & %, AMPK |34
A MY AP TOFEMEADOH G, FETIE T v o MiEFIZI 0T 2 HE D #®
HINTWD (Yuan L et al, 2012) . ZO#, 4 ENIH O MG H T AMPK
JEMEZ JE U7z, AMPK V& HEIZNES & & & I2H] & TR R L. AMPK & M 0 #8238
FFn DIEMIZE N D Z EBRH Lo TS, £ LT, AMPKIEMEOIR T I

Z< OMBETA VAV VIRPUEEZFR L, IEWHSORERE . DEEBEDOY 27
%, Fig. 4-1 IR T X D1, A R -CE MRS S L TWD 28,
Z O AMPKIEHEN G E IR T T2 2 T .OA4A— b7 7 P — 0D OfL A
ML 2D /NEAEA L ZOHEIM@T R b — 3 Z KT 0 H G RIE O
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M@ LAE OEMD S DM@ A ZARY v 7 v R —ADORENE Z
% EEDbILTWAD (Antero, 2012), L L., A ENEEIFL DD 720 T AMPK DN
BRI > TS 2 REMFEITER WS, T— X 2MAENRD Z L THHROE
Wi~ —H—D—D|T7 5,

Fig. 42 12RFT X912, AP L AR T AL ZEEG e EIIxE L CHFam 2 B4
% SIRTL - AMPK ¥ 7 F v i3 A — b7 7 UV — & {EMHL L CHBLEEZ m D, v A
NAEREMZ, T FaA P TEREZRT LR BREE N TS (Park
S-K et al, 2016), AMPK MDD TIZEMZED DL Z LICENDL LB WA D,

ZOLTRRID, DR, ADBBRLIEAZARY v 7y Re— A0
JiE O E FLUE (Okada et al, 2017) (R 4-3) L EZDHILENH D,

Exercise

Hormones
Energy deficiency Phytochemicals LKB1, CaMKKp, TAK1
AMP, ADP, NAD"* Metformin, AICAR

, / PP2A, PP2Ca, Ppm1E
—L AMPK/ \/

SIRT1 | Sestrins
AA K'z 4\ ﬂ\
ULK1 p53
mTOR FoxO/DAF-16
NF-«B | CRTC-1
: —> Activation
Nrf2/skN-1 —4 Inhibition
Decline in AMPK activation with aging:
Decreases autophagy Increases inflammation
Increases oxidative stress Increases fat deposition
Increases endoplasmic stress Induces hyperglycemia
Increases apoptotic resistance Enhances metabolic syndrome

Fig.4-1 Schematic overview of the signaling pathways targeted by AMPK

activation (Salminen & Kaarniranta, 2012)

52


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/signal-transduction

e ! ! 2 :
= stress  viral infection

Ay -
3=R) { }—uw_ g""é. b %
n.,v_/_'lJHla’{.A ;: U Qrilq'.‘?}:i‘ N
1L, i
o Joaon Y U Ve
e To
T )L
0 4 T M
[ 1]

AMPK

=
|

.90
_ = Anti-oxidant
Adng virus replication praduction

Fig.4-2 Schematic representation of oligonol-mediated activation of
sirtuin 1 (SIRT1)-AMP-activated protein kinase (AMPK)-autophagy pathway.
(Park S-K et al, 2016)

It D JEERE O E FEHEIL BCS >7/9 DA E L R TEAED S B, S HITET T
ARAX T F . EIRMIE, & SAAD3FERD 2 OLLEEZRET 50D LHEL T
W% (Table4-3, Okada et al, 2019), Young, Middle Z /L — 713 Z DA% =
DFEEYTED THRBEIEZRWA, BEMO 01d 7 /b—7 Tl 165 mg 100mL™
EDTCHRE, 3 ug Ll 'L FOT7 T4 R FUREEZRT 52 &b, Z
DEETITZ OREMPIEFIE L HIESNTLEY, REIEALLEEZIEE X
B BRVB WK/ CTRWEEREZFHKEHELTLES Z &Iy g, 3
BROBGIRBLG CIRELZ W < vREMER H D, — T, T6 165 mg 100mL " & W\ H K
13 Young, Middle Z V=7 TiI@m+ & EX O, BRYIFEE TS v valRet
M E 5, Young, Middle 7 /b — 7 IZxt L CTIX TG 100 mg 100mL™" 2 DK
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VMIEZ R E L7V & BRI WIS o022y, 209 L 72 IR O E FL4E & N
IZPFEWEIERKLETH L,

Tabled-3 i O B AE O 32 Wi K v
wWRE (BCS > 7/9)
+UTD3RERD S H 2oLk
RT TR xR F L (3ug/mL)
- EfEMSE (TG >165 mg/100mL)

- & SAA (0200 ng/mL)

(Okada et al, 2019)

SENIIRER#EZ L E LW ~— I —OREEOERTH DI, 2k
fd~—I—IZRFHZ LR (722 FREFEICERTL2~——7 L) B
MOBERZ RWICZETE L L0220, ZORY ML FEmmb i ET A
~OIEALARETH I b LRV, £, A% Z0E I RT — 2 2ERT D
FHT, LV ERREEEOMERAFRERY  RIFO R RLICEN L Z &0
WrEcE 5,

54



4.4 INFR

MESIZE > TR F—RFILEMT L2200, TOREELHET L~ —
N—DEEBE GBI EDIMEND L, THETOT— 200 RERBNEE
% TG, ADN, SAA, M/L FE D2 FF 5 BHEE O K E 257 7=, TG 1% Young 7
JL— 7T 45 mg 100mL"', Middle Z/L—7 70 mg 100mL™, 01d 7 /b—7 120 mg
100mL ! EZNZH EREZFHE L. 2D 50% % B 2 5 E % & lE ffE o ) & £
WL 32 L @G MAE O R IIZ WS FTREIC e D, INEmIZ - THE % 2 R E U R
WOBWBERETHDLDOT, 0ld /L —TDENZENDNA A~ — T — DB Wik
WL LTIRT T 4R X7 F U MmiEE 2.0 pg ml™', @& SAA JE % 200 ng mL™' &
ERT D LML) ZNENOREEZ RHZBTE 5, TSN, ki
RV U FmOLEMICER 2 FERHLMNE > TWD AMPK G S £ 724
HEHITR&E~v—H—D—>DLF 25D,

L% INLOT —F EEAERTLY EMfREEMBOERET D L LB,
REREDM D~ =T —IZJRITHZ L MELERY | 2O MARITD T & i
R EDL A~DISH B ARETHL0b LI,
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W IE

OREIZHRATHEE R WA Y — FClBEm a2 0 T, Zhi
FEVVIETG . HERP . W 70 & ORGSR A (non—communicable diseases,
NCDs) M 2, RERIEESMBEE /> TWnD, £/, 29 LK B TIHRE
Lz b, RERER~RHZH A2 LE LETHEROBEEREE - T
WD, RROMTHIEF, HMOMLMBABEE T, 22O TEB Lot 15 a4
HEOREBWHEA TETWD, NSk, MEIZHE S 5IR b 2. ek Bk
ER IR DZERPEORIER RO OND Lo TETND

RFaCTIX, BEEZW TN EE M O GITMEICE S KT, A7 ¢ 2
T4 a v AaT (BCS) DAL LN, TSk S mMRAELFE 2k~ —h —
DEALZ TR, T ORERP HFRICIEERBICEAD L2 M~ — I — I OWTH
s =& DREIEMEONER 2R AT, TRIER., FICRHZMICILED 2k~ —
N—DFESINRDEND T EnDE, T2 TREINDEH T & o LMEMITEY

DB O R WL O FTREMEN B D,

L D FAIEM & 2 PE D IR D AL

A, OV FMOLEMITE LY, THITEHEROFERELCREE - W5
REOEMNELDERNEEBEZDOND, BE, WMEIRDO ) FHaiL 14. 2 5k & H#E
EEH, 2008 4EMND 2017 HEE TD 104EMTO.5 % (6 » H)IERTWS, —F
THMMPILEOD Z & THIZRMELAE LT TWD, MEISHE D Flx OFEIF O IE
PR D Z L Th D, MBI 18V IR IES 72 & ORIENH 272
EEZRRBL, BAHIEIC R 720 &, MENLBEIIRD T —ARHEZDHZ &N
BEZohbd, miimbT 200, 8T TR, VWELFERTH D, &
NEE Oy NOWEFICET T 58727 [ Zxni#E MEIHTE TS, &K
DETIEADFEE LR 2R ICELR, 26RO ONDIEFEOENRKRELS LD
STETWD, EIEZIICOE LT, BERFB., H o OIERYER R
(non—communicable diseases: NCDs) DIEAEMNH z . HROEx TR ERtES
ML > TWVD, ZFETHEIN TV RLHICB N TYH, BREREOESRIC
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KD FMIEM, ETEEEOLICI Y AD 75 ICH YT 2 15 k& 8 % 5w
DRI B> THY & NS IZ 0 O FEREBMER B RIE DR L T 2,
2O LR B ot & LTREIZE, RYURROEEERHE > TV
H, TZTHRHBZW ., IBRICKLDBEEXRLE Lz PHIEMIER & D Bl @)
MER AT ANER LTS, TOYVAT AF, BHEETVICLTEZD
EOYIN 0 R0F, BIR O R O 72 DI T E Y R R 2 W~ — B — OB RN
VEIZe D, Fiz, B ~— 0 — 13Ntk EB T 5 a et H b 2 &
D EEMICEBT D INEICEE D 25 L~ — b — DAL & D B
» D,

2B T 2HREBRORT 4 2T 49 227 (BCS) DAL,

KL TIZIADRT 4 ~AA T v 7 A (body mass index, BMI:{AH kg+
R n®) IS YT 5 04 2 I TR TE Y REER RV, B IcEY
DNAF BN OEONDLART 4 25 43 A2 7 (body condition score,
BCS) ZEH LT\, KBTI, Hx OFEBMOEEMOKE, BCS DA Z
EL. ZOMBIZ LS ZBEHa Lz, B2 FEBRICE LTS 207 L —7IZ
37 : Newborn (=1 5%) . Young (I~=55%) . Middle (5~=107) . 0ld
F X 01d-thin (10 & ~) ., Young Z /L —F & 0ld Z' Vv —F TEHEH D &,
FlplL, Young Z L —7 A 2.720.25%, 0ld Z7 v —7 728 12.1£0.4 3% TH Y |
{KE X, Young 7' /b — 7 H 4. 1£0. 2kg,01d 7 /L — 778 4. 8%0. 3kg,BCS IZ Young
T N—THB5.5£0.2,01d 7 /L —T0N6.6+0.3 & 7o 7= MR E THH-ThH,
AR > THRERC BCS A 2, ZRICHEVILTIRERENSH A D Z L5
eI ode, BIFERICHEANEHLLTVEHM THLIZ ERMOLNTEY, &1

DORETHIE, IEHOEENE 2 TWD, ZOIRRAERIL 30~40%T, R
I 2 2AICH D, SEOFHETE RED 32.8% N EEL L VIEHTH D
ZERGhoTe, L L, ORISR ICB D OB 22
PEW AR LD T, EEOREEMOZDHRITIIY GETHLFERT
IR, 001222 < OANDEKIZE S L T2 IEMY MR E NCDs O U R 7 7
7B =L TWND, 2D NCDs D F B0 HIE AL O # il I 1T AR A H) 72 16 7 1
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LW, TEMIER2nwZ &) B, bR THIEEZLND, —KIZ
AEVHEE 72 & FE R PR B (NCDs) ~ DX I B T IVIE B WIE Eh R T, 20 7=
DT Y 72 RN L e D,

.HEFE M I T D MR R ORBIFHZ W~ — I — DL H)

— R DR B R AT 5 TREE L 7o B 22 0 2 et T HENE AR PE . AL
VIRESEEAEEO R LA LR R, MmiE T o GLU, TG, ALB, M/L tk, SAA,
AMPK 72 & DI B AZINES I fE - 7o B E RS RBO bz, MLlE T6 A (45 £ SE)
IZ. Young Z/L—7 7% 40.7+7.1 mg 100mL™" | 01d 7' /L —7F 7% 108.2+28. 8 mg
100mL "' & 720 MEHTFHICAERICE2? 572, MiE SAA BEIX, Young 7 L — 7
N 22.5%210.9 ng mL™' | 01d Z/b— 7" 84.7%£38.4 ng mL™' &£ 72V | M

WCHBEATRWAEIN LT, 77 4 A7 F 2 (ADN) R E X, Young 7 /b — 7 M
5.3%0.9 pg mL™', 01d Z /v —778 4.7+1.0 pg mL™" & 72 0 #EEHMICA BT
DR AT L, ZHUEREE 2 T LIt o TIRER#S 2P ol xL
F—REMMET L, BEEm A2 R TR EOEREKB L TVD LEEZLND,
B ~ MBI E 8 AR IR B s, R, EEEER S RERABEE L, EiED
CICHAEBRITRZRD, NEREREEEIYH 2 BRI BN M7 £
D FEYMELR B (NCD) 23 X TWAHEREHEB TS 2 612k T 5 RIT2H &
Ez2D, SEOFERNS, GLU, TG, ALB, M/L Lk, AMPK, SAA, ADN IXJEGE % &
DI REMEREB OB OW/N 2 Bzt T 2 b0AENR~——Th D L
FBZ T, Eio, BEIIHERIE O EORROME A RIERE O Y X7 %
O DLHT2D, EMHBRHEERBMELITN., 2oV ol —I—ZEE L, B
MBS Z o5 2 MmO TEHELR D,

4. KE ., BCS, B2 W~ — U — O BT
Mo T x b X —REIILELT L2 L6, TORBLHET D~ —
N—DOREEEOGLEESELILERNDH D, ZNETOT —Z 05 NEHERHIC B
3% TG, ADN, SAA, M/L b D w2 o HMEE DR E 27k 72, TG 1 Young 7
JL— 7T 45 mg 100mL"!, Middle Z/L—7 70 mg 100mL™, 01d 7 /b—7 120 mg
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100mL 2N ZH EREZFE L. 2D 50% %8 2 5 H % &l fE o) & &
WL 32 L @ElEMIEO R WA A REIC /e D, NI > THE X 2 IEE R H 2
HOZBWBEETH LD T, 01d V=T DENFNDNAAL I~ —T—DsWr ik
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IZPEW D U F A OB D ERP S0 E 7> TS AMPKIEES £724
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FXER (Summary)

In our country, super—aging society is expanding at a speed that is so
fast that we don’t see it in the world. Non-communicable diseases (NCDs)
such as obesity, diabetes and cancer have increased with progress of
super—aging society. It is difficult to cure NCDs completely, so that
preventive medicine is useful for these diseases. In recent years, the life
span of dogs and cats has significantly extended, and the number of animals
over 15 years old is increasing. The number of age-related diseases of
animals as well as human is increasing, and it is necessary to respond from
a different viewpoint from conventional veterinary medicine.

In this story, we investigated changes in body weight and body condition
score (BCS) and blood biochemical diagnostic markers with aging in healthy
cats visited for a medical examination. We attempted to create especially
standard values for each age for diagnostic markers related to lipid
metabolism. Preventive medicine, especially early diagnosis is necessary
to establish the appropriate diagnostic markers, so that the standard

values for each age is useful for early diagnosis of animal diseases.

In recent years, the average life span of cats has extended significantly.
The development of veterinary medicine and changes in food environment and
breeding environment are main factor of extended life span of cats. The
average life span of cats is considered to be 14. 2 years, so it has extended
0.5 years (6 months) during 10 years from 2008 to 2017. But the extended
life span of cats has occurred new problems. It is increase of various
diseases with aging. We think that the incidence of chronic kidney disease,
tumors, motor organs disease and dementia may increase with aging, and the
number of cases requiring care also may increase. Animals as well as owners

are aging. A new problem that older people have provided care for older
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pets occurs. In our country, the birthrate is decreasing and the population
is aging rapidly, and the quality of medical care required by society is
changing significantly. The incidence of NCDs such as obesity, diabetes,
and cancer is increasing, so that it is a major social problem in countries
around the world. In recent years, the number of dogs and cats over 15 years
old at home has increased remarkably, which is equivalent to 75 years old
of human, and the number of NCDs with aging also has increased because of
the extension of life span due to the progress of veterinary medicine and
changes in lifestyle. Early diagnosis and treatment are useful for these
diseases. Therefore, the new animal medical systems that the preventive
medical care for animals for individuals by early diagnosis and treatment
is marked. Obesity is a model for this system. It is necessary to develop
appropriate diagnostic markers for the early diagnosis with aging. It is
necessary to investigate changes in diagnostic markers in healthy cats with

aging because these markers change with aging.

In dogs and cats, there is no appropriate index like a human’ s body mass
index (BMI: body weight kg <+ height m*). Instead, the body condition score
(BCS) is used. In this chapter, we examined changes in body weight and BCS
of healthy cats with aging. The animals were divided into 5 groups with
age: New born (<1 years), Young (1 ~ <5 years), Middle (5 ~ <10 years),
01d and 0ld-thin (10 years —~). Comparing the average of Young group and
0ld group, age was 2.7 = 0.2 years and 12.1 = 0.4 years, weight was 4.1
+ 0.2 kg and 4.8 = 0.3 kg, and BCS was 5.5 = 0.2 and 6.6 = 0.3. It was
clarified that the blood lipid concentration of the healthy cats increases
with increase of the weight and BCS with aging. Cats are more likely to
be obesity than dogs, and the rate of obesity has increased in various
regions in recent years. The incidence is 30-40% and tends to increase all

over the world. This survey found that 31.3% of the total were overweight
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and obese. However, it is expected that the ratio of obesity in the actual
visiting animals will be higher because the subjects are the animals taking
medical examinations who are interested in health care. Obesity is a risk
factor for NCDs involving in the causes of death in many people. It is
difficult to cure NCDs completely, so that “not obesity” is most effective.
In other words, appropriate early diaghosis is necessary to quickly respond

to NCDs such as obesity.

We investigated changes in glycolipid metabolites, hormone
concentrations and enzyme activities in healthy cats in general veterinary
clinic. So, GLU, TG, ALB, M/ L ratio, SAA, AMPK in serum changed with aging.
TG concentrations (mean £ SE) in serum of 0ld group (108.2 % 28.8 mg 100
mL ') were statistically significantly higher than those of Young group
(40.7 = 7.1 mg 100 mL™"). SAA concentrations in serum of 0ld group (84.7
+ 38.4 ng mL') were higher than those of Young group (22.5 £ 10.9 ng
mL ') but there was no statistically significant difference. AND
concentrations in serum of 0ld group (4.7 £ 1.0 pug mL™") were lower than
those of Young group (5.3 &= 0.9 pg mL™') but there was no statistically
significant difference. It is suggested that healthy cats decrease energy
metabolism on lipid metabolism with aging, which reflects the result of
the previous chapter. Obesity and obesity diseases have involved in various
factors by individual such as gene, nutrition, and lifestyle. In the
veterinary field, the number of elderly animals is increasing as well as
humans and NCD such as diabetes, kidney disease and obesity are increasing,
it is necessary to respond them. From this result, GLU, TG, ALB, M / L,
AMPK, SAA, and ADN were useful markers for detecting early small changes
in metabolic diseases. In addition, it is important to find the early stage

of obesity by doing regularly physical examinations and using of these
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markers because obesity increases the risk of various metabolic diseases

such as diabetes and cancer.

It is necessary to be changed standard value of the marker with aging
because energy metabolism changes with aging. We attempted to establish
standard value with aging for TG, ADN, SAA, and M / L ratio related to lipid
metabolism by study so far. For TG concentrations, the upper limit is set
to 45 mg / 100 mL for Young group, 70 mg / 100 mL for Middle group, and
120 mg / 100 mL for 0ld group, and it is possible to diagnose early for
hyperlipidemia if the value exceeding 50% is used as the standard for
hyperlipidemia. It is possible to diagnose early various diseases with
obesity if the standard values of adiponectin and SAA respectively define
2.0 pg mL™" as low limit value and 200 ng mL™' as upper limit value for 01d
group because it is a diagnostic standard for dyslipidemia that increases
with aging. In addition, AMPK activity is also one of the markers to attend
in the future that decreases with aging and lead to an extension of

lifespan.

In the future, it will be necessary to set more accurate standard values
by accumulating various data and to attend other markers such as immunity,
so it is possible to apply this initiative to human with a declining

birthrate and an aging population.
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