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1-1 X LC®IZ

R T EAXCERTREBLLTVELEEZOA TS, X201
WORKE LT, B8, NG, N, B LIT7T L7 — R, EIER),
fah FIECREfAE), RERZGEEREEE), 2HAFTEOHERE O ZE
WRE S TWv 5 080[2,12,14,38,62,65], > = K¢ A O R #5145 GE AR 10 ZA)
O HLHE SN TV D,

RXAFTT I VBB EDND OREHAREN A XTI X EW([5,34,69], — F
R OREEETH LD 7 v 2 %+ — ¥ (glucokinase, GK)IE % %
K< 729 [5,69], gD 7 v 2 — 2 B YA & e [6]° F i (ff B % B% & 1%
PR IRV, £, F3FZAXEERTA AV VY T FAVEERTTH
gD A4 v AU v R K 28 (insulin receptor substrate)-1 (IRS-1)
mRNA B HENHFEICKS . FE. iKW, AmKoO IRS-2 ROAK AT 7
F P NA ) v k= *FF — ¥ (phosphatidylinositol 3’-kinase, PI3K)
mRNAEHEL A EICEKW I EPAHRESI N TWDI[5,45], 612, * =X
LAY VRN A ENRERE SOV A NI THDT T A ARXT F v

WIRENRAXLIDVBE W ERFRESNTIND[5,46,47], 2 b D 2
EMDL, X AFAXEHEARTA LAY UEEIHBIZHRY LT, B LT
WEITY) LW % D,

AR X BE RIS . TERRBEHEE . HEHRE, HHRER, I v F—v 2%
xR OV X7 75772 —Thy[38,44,64], Z L L HEWH O T4 HIE
fLoMmENCIEIEH S TR L IR RV RN THDI EEZ LN D, BLIE,
o3 DR AR DT 26~50% &t S TWwWD [2,12,14,38,63], =2 D
JEW X —icixmaz et l2icld2ART o207 0¥ a XA a7 (body
condition score, BCS)IZ Lo CTHEIN D, B b TixmbE, IBERER M
WA FREME V2 A MNEAFAREICESE  BMSAZYRY v 7 vy Fa—
AN Z WS 5 [42,55],

AECTEHMEAELTFTT =003 aORBFEL YL I L, Mk HE
MR EBERIEEICT 2 MR M T OEBICL2EELIFE TR L
7=



1-2 MEHE Gk
1-2-1 #®

BORAS ., MR B ER . RWIR 0 20 o B4 B K i sk I R M &2 =
HBEMELTREE LR 229 HB XA AN Yy b7 — FHRA & 02
Arg R RAF)THBFEN TS X3 14 8, G 2483 HEZ MV, b
X a3 OB KOS &2 Table 1 12737,

Mg A FE~ =T — kT DM EFERDOLELFH 57D, American
Animal Hospital Association & American Academy of Feline
Practitioners Feline Life Stage Guideline[26]iZ % > T, 5 > O FE 7 L —
T (Shis - I 0~2 5%, BRI 3~6 k. A T~10 0%, mEm i 11~14
. B 15 MU BT L, MRTER, MEs L - TR L
oo ¥, ZEBomMEETFT~ - —~DORBELZFHDD, REZH =
39 B (M 16 8. Mf 23 81), X% x = 122 # (K 66 910, M 56 2H0) 12 5y F #f H]
D7EERE LIz,

RERICHWE T X Tox a FEEMOHBIZ LY . fEL I,

1-2-2 0 o ] E

MR PR AT I L D R E (body weight, BWHI E & L Ok, 212 L v BCS(5
BeBEFEAD - 1; HIE, 2, RERRE, 3; BAAMKE, 4; BIKHE, 5; EW)[37]
ZREL T,

BREAMOBMETIMYAEICIY EEBIORERHLZHA, MKAELF~— D
— T oo EEZRHEL -,

1-2-3 ¥ > 7w

IO RO Rk 4 Ref] DL R U 7z 9F o & e ifn iR 2 B i §% R & 0 £ 1
L7z, MiE~RRY vl SN F a2—71I2HED, 1,700g. 10 4. 4C D%
EFCELDHEZAT VI 2 G2, MBEIXHECHEN T 5% T—25CTHRAF
L7,



1-2-4 Mg AL~ — 0 — JE

Mg A ~—H—& LT, Z)a— Z(glucose, Glu)., +FV 27Uk K
(triglyceride, TG)., # =2 L A7 1 — /L (total cholesterol, T-Cho)., # % > /X
7 & (total protein, TP). I ¥k Jfk & 1K % % (blood urea nitrogen, BUN), 7 L
7 F = v (creatinine, Cre)iE E . B X OA® T & K v & F — ¥ (lactate
dehydrogenase, LDH), 7 A XTI X V@B 7 I /) 7 VA7 =27 —F%
(asparate aminotransferase, AST), 7 7 =07 /) TV A7 =27 —7F
(alanine aminotransferase, ALT). 7 /v 4 U 5~ 2 7 7 ¥ — ¥ (alkaline
phosphatase, ALP)I&E M %2 H &) 0 A1 # (AU680, 4 VU > R AKX S 4, HR)
THELE, F, A VAV VREFA T —OFIEFEICHE TR ¥ b
(Cat Insulin ELISA kit, Shibayagi Co.,Ltd., #E)Z HW Tl E L, 77
4 RXx 7 FUOREEF 1 FEMARLZMEEHRF v F (Mouse/Rat
adiponectin ELISA kit, KHEREK NS, HF)Z2 H W THIECEWVHE
L7,

1-2-5 % &5t fE A7
AERITEHELEEFRE TR L, WEFW A B #1X Student’s ttest (2
roTHMHL, P<O.OBZHELHTEL =



1-3 KR
1-3-1 JEWicfE > Mk Ay~ — 0 —OEH
a. MERIN MK ELFE~— D —I5H 2 D 2%

F = BW., BCS, I 5 3 7 4 I B | 1% B 08 1 o M i 75 (2 > W T Table 2
BXO3IZxRL T,

e > BW (X [F4 s o M2 e X, 3~6 % (4.9+0.4kg > 3.0+0.2kg). 7~10 &%
(5.240.7kg > 2.9+0.3kg). £ {K(4.8+0.4kg > 3.4+0.2kg) TH EIZ @ - -
(P<0.05) (Table 2), 14 Glu & E X R F# OMEIZ L~ 7~10 5% TH E IZIK
7o 72 (106.7+4.5mg/dl < 153.1+21.9mg/dl) (P<0.05), Ifi # T-Cho & S 1% [A
S O MELZ N, 3~6 7% (189.6+8.1 mg/dl > 150.4+9.8mg/d]l) TH & IZ & )
- 72 (P<0.05), If#E Cre I EIXFFR OMIZHE X, 3~6 @ CHEICHE > -
(1.6£0.1 mg/dl > 1.3+0.1mg/dl) (P<0.05), MDA > 2 U 2 B 13 i
., AEICE D> 72(3.7+0.3ng/ml > 2.8+0.2ng/ml) (P<0.05) (Table 3),
MAET F 4 R 7 F U BEITREROMICE N, 3~6 M & 2K THEITK
(2.1+0.8pg/ml < 5.5+1.3ng/ml, 3.4+0.5pg/ml < 5.1+0.6pg/ml) (P<0.05).
Mm% ASTIGEE X R E M oM lc b~ 15 L ETHEICEK W (30.0£2.51U/1 <
47.1+4.110/1) (P<0.05), #E 1 4% ALT I& ¥ 1% [F 4 6 o M 12 b < | 15 % 2L B C
HEICE» - 72(43.9£9.71U/1 < 80.4+10.41U/1),

b. Flm N MK ENTFT~Y— I —IZhH XD EE

=2 BW, BCS., MUENRHFEDIRE, BEAEMHEICH T 2FH o Ex
Table 2 3 X (N 312/~ L 7=,

HEOFMEBERBICEN T, MKELFE~— D —HNEMBIZAEEREN DN
7o, M 3% T-Cho ¥ FEIL 3~6 M I X, 0~2 3% CTH EIZIK < (156.7+9.5mg/dl <
189.6+8.1mg/dl) (P<0.05), I #% BUN & E X 3~6 ik, 15 %L ETH
BlCmE o 72(39.7+6.9mg/dl > 24.1+1.1mg/dl) (P<0.05) (Table 2), i % Cre
WX 3~6 %2tk X 15 L ETHEIZH < (2.2£0.2mg/dl > 1.6+0.1mg/dl) .
0~2 % CTH BEIZIK 2 - 72(1.3+0.1mg/dl < 1.6+0.1mg/dl) (P<0.05), L% AST
EMEIL 3~6 MICH N, 11~14 & 15 MU L THEICE < (37.4£4.51U/1,

30.0+2.51U/1 > 25.9+1.31U/1) (P<0.05). i #F ALT #& M 1T 3~6 &% 2 b~
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11~14 5% CTH B IZ & 2 - 72(68.0£6.21U/1 > 47.0+2.91U/1) (P<0.05) (Table 3),
i 4 ALP 3% M 13 8~6 Mic N 0~2 M THEICH VWEE2 R L E
(144.8+25.31U/1 > 85.7+7.31U/1) (P<0.05),

MOFREERICENTH, MKAEFE~— T —HIEBEICAERELR
Wi, 11~14 % O M D BW X 3~6 2tk X, A EFICE ) > 72 (4.1£0.4kg >
3.0+0.2kg) (P<0.05) (Table 2), IfiL#% T-Cho 7 ¥ (% 3~6 %2 kX, 15 %
UL ETHEIZE(216.9416.6mg/dl > 150.4+9.8mg/d]l) (P<0.05). I
BUN & X 3~6 mickk X, 11~14 . 15 U ECTCHEICE» > -
(29.1+1.8mg/dl. 34.6+2.1mg/dl > 24.1+1.0mg/dl) (P<0.05), I %% Cre #&
JEIX 3~6 ik 12t~ 11~14 5% 15 s UL E TH BEIZ & - 72(1.6+£0.1mg/dl,
2.140.2mg/dl > 1.3+0.1mg/dl) (P<0.05), L% ALP &M 1% 3~6 skl % L
T 0~2 WM CHEICE > 7=(170.3+38.41U/1 > 86.6+6.61U/1) (P<0.05)
(Table 3).

c. EENMKANTE~Y — I —IZhH 2 DEE

3o BW, BCS, mMERBMEDIRE ., BERIGMHEICHT 2 EZHORELE
iiti £ Bl IZ Table 4 12/~ L 7=,

BCS2&3 FE(IE WK ERE) TIX, £% x 2 ® BW(3.5£0.1kg>3.0+0.2kg) .

5 Glu 72 £ (114.843.5mg/dl > 99.2+43.8mg/dl). TG ¥ (41.0+3.1mg/dl >
30.1+2.6mg/dl). T-Cho # £ (194.545.7mg/d]l > 162.5+7.7mg/dl). Cre 2 JE
(1.7£0.1mg/dl > 1.4£0.Img/dD)F R EB X L X THEILEH » >
(P<0.05),

BCS4&5 FEGHIAE - JEM#E) TIX, EH Fx a0 miE TG REIIRES x o
EHEARTHEICELC(P<0.05), KREBXx=2ON 4 FoFRMEETRLE
(162.9447.4mg/dl > 40.4+15.6mg/dl),

EB x a0 ok ik, BCS4&5 #f i3 BCS2&3 B & kX T
BW(5.2+0.4kg > 3.5+0.1kg). BCS(4.3+0.1 > 3.0+0.0). I 4 TG & &
(162.9+47.4mg/dl > 41.0+3.1mg/dl). TP i & (7.7+0.2mg/d]l > 7.3+0.1mg/dl)
NAEICE < (P<0.05), ¥4 Cre #  (1.420.1mg/dl < 1.7+0.1mg/dD) ¥



X O 8% AST & M (23.4+3.0IU/1 < 36.4+2.0IU/D) R A & 12K » » =
(P<0.05),

HREBH X a2 TlE, BCS4&5 #Eix BCS2&3 Bf & kX T BW(4.4£0.5kg >
3.0+0.2kg). BCS(4.8+0.2 > 3.0+0.0), TP i ¥ (7.8+0.4mg/d]l > 7.2+0.1mg/dl)

NAHBEIZE - 1= (P<0.05),



1-4 &%

A FHAEMET, A X TR - FER#HFELZAT L2720, JE
LT WS 5, IBHEOREIXZ—2>TIERe< ., BEORK 2N AIZE
BERELH-o TWDEEZ LN S([2,12,14,38,51,65], MBI, Fh. =%
G ERFICRERKRRBAKRLP DL, AETIZINS 3HAMMNMKEILTY: <
— =R ETEEIZONWTHRFL L,

Scarlett et al. (1994)1% 1.5 {5 [65]., Robertson(1999)ix 1.4 f%[62]. Lund
et al. (2005) 1% 1.4 f%[38]. Colliard et al. (2009) 1% 1.6 f5[12]. K % = 1T itf
WHRERMmY 27 RnE0neE®RELTWDE, KEDOIMKENNSFE~— B — W EfH
OMEFEIT, Zhbo@E e T 25, O BW, £ > AU VREEOGIM,
BILOMET T 4 R x 7 F U RBEORMEITHESMICHEmL, A2 Y &
BHEZELIVWIEEZFRBL VWD, T T ARARTZ FUidA v A VN
HrdETLI2ALVECELTHMLNATEYI[81,35], xafET7T T 4 A X7
FUREBIZA XD 19~ RBRELREINIBLI.ZCOZ b H X T T A X

TR AT VEFIHEZHRYORSTWVWEEZEZI LN D,

s O FBEIZONTIE, F2TH BWBAIMEICHEWENT 2 2 & nHs S
T &7z, Colliard et al. (2009 1T M (Z fE VIR O FIE D A7 @£ D 2
EERWMAE Lz 1~2 5% (1.0 fi5). 2~5 5% (4.02 fi5). 5~9 5wk (3.97 fi5). 9w Ll b
(4.2 fi5) [12], Scarlett et al. (1994) b Rk DO W& %2 L. & WIS X E Y
ATPNHICIKRTT 22 aH®E L ; 1~2 (1.0 15), 3~5m (2.0 f5). 6~11
(2.4 %), 12~15 % (1.3 %), 16 s 2L (0.3 %) [65], AEIZHB W T HHED
BW X 3~6 & CHELLSHMLTEBY 2~5 @ TIEMY X7 B3N+ 25 L0 )
ERmo@wE s %Lz, £/, Lundetal. (2005) X 11 & B RO L — 7
EL. TO®BICEATHZ L EHE L T 5[38], Russell et al. (2000) (&
13l k& 13 ARmMO BW g L72#E R, 135 Eo BW A EIZIK
W Z & & L7z (5.940.97kg > 4.97+1.31kg) (P<0.05) [63], Nestle
Purina(2003)1%. MR AERIT 7~9 . 9~11 5, 11~13 TR, T %
W 25%LL EE AT 2L EREL TV D54], KAE TR LI 11~14 5% O M O 1k
HEEMT AL ME IS REMMOER S — KT 2, B 3~6 5k H 5 BT

V2RI EED, TOFEWVWLRLEZHET I, X 11~13 2 A F Tl
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JEMERBIC I THKEEMNML, TOREKERDICET L2 2 LA TRBRINT,
L/rLAE, 15 bl Lo CHENTE T, Mkic X 2K ELEE B EIC
THDICFEEIVEZLOfE, LVEEVERBORELNLETH D,

I fE D g AST. ALT & +H X O 4 BUN, Cre JE @ bk F 13 AFFE
HELEEBEBREEZIICLODETO2RBHERBORIEI X270 EHE2EHDYE S,
M4 AST, ALT &M IZAF VB R—> 2ick v ERIT 5208856 n[9,27],
AEIFHAE L 11 b Lo x =2 THE W AST | ALT (&M 2 7~ L 72 8 & 13 s
~ORFFHEDOIEMEEO FTRMEN IB I N D, — I~ R &
idA v 2 vt E2EEST 2 & anl5,70], MBET T o Rx 7 F U IRE
DD EHES, 11U Eox 2 TR L. &Yy AST, ALT &M 2 23 2 f#
BETHEHEEIZAIRNEE-L>TNDLEEZXDE . ZORMIE RO OHITIFM
KRB PED O EMMN L BRETIADRZHE RN Ly,

Russell et al. (2000)IXZ EB X7z 2 O Y BW(5.84+1.04kg) S K £
F 2(4.64+0.75kg) L W FREICE W L 2R L7z[63], AEIZE W TH IEHEIK
HEELEZE 2 b5 BCS2&3 ® £ % a0 jEj~ — 7 — (BW, M4 Glu, TG.
T-Cho 2 JE)NRH BCSORESB Xl XEmWEZ R L, BHROME L — K
L7,

EHBHxaF - RICHEF XL F -EREDOMK TI[8,43], BEEOHMI8],
BEMEEMICH T2 EZHEoBMITIZ2 "+ &3, RETIEX., &6 ICEmM
REDO MM TGRENRES XLV 4B RD2IEEH LML, EBIC
fEvE TG IMAE D U X7 W@k DRtk x =~ L7z,

ARETIE, EBOAFEZFAON R =3 161 HF, 122 FH(75.8%) 2% &£ &
ShTWwie, HABNICLEB X ORI ELS, 7 AU I TE 95.7%[65].
F—AFT7 U7 83.5%[62].=2—Y—F 2 K84.5%[2].7 7 v =% 61%[12],
A3y b7 R 82.9%[14]lTH D, ZH L EnD, FITA RITHAE
FERRIE Y A7 BDEWAEEDSS 5,

L& KECIEHE, N, ZBRIEMOY A 777 2 —Lindh L
WD AEFE~— D — DO EEOEB P LHERI N, F X EBIC LB
TERRIERMY A2 283752 e REBRITH, EEXa B EHE

THEZOMBFETGEENAMBIIEEF S A2 R L, B A, x2TH
9



PERI, i, EFoFEICEBE L., MEEERELIT O Z L8, JEHO A
ARV v 7 P —LADORHBEELLEOTFHIZORNLEEZDND,
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1-5 /N fE

Mg AEET =2 b a0 R#BIEEZHALNICT 2720 KM, MR
MR, HER, AR OBHERBHRICKFE Lxa2 ARy h 7 —F
(BR)WFSE T CRB I N TV X a3 2438H 2 M RICABR 2T o0, 2 %%
Bl, i, EF0FELSIOEBEICELY 2 L, BW, BCS. I Ak ¥
Y= —ZzEThnEThME. kL, BTk ~BW, m#ET-Cho, 1
AV UVRENELS, MIET T 4R X 7 FURENKLS, BHB LA 2V
CHERECHRY ST WEHmE R L, X 2T T o R R FUREITA X
ICHARTHELLEL, Fa3FZA4 A VEHAMEEZAELLRLT VW EE X LN,
F . M ICEVWBW, MHEAST, ALTHE M., MEBUNEE . Cre & JE 28
MzR L, ME XTI Z 1L T o & 5 W~ O 5 FT MR 35 I O S R
R DOFRIEY A7 Z2@mD DI ENRBIND, 20O REOFRMRERITIT,
g bUBEOxr a2 @MW 2MEELFEREOERNPLLEZE L\,
BCS2&3D * 2B W T, EHBxaZRES X 2T ABW, 15 Gluj £ |
TGIRE ., T-CholR E2XEm< . B A7 P EmL< DI ENRTBINTE, &6
WLVEM L eEBSRr I REB R AT AAGEHVNETGREE L R L2 &
No ., EBNETGMIERIE DY A7 2 & DA RENRB I N,
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Table 1 Number of various breed cats in this study

Total Female Male Unknown
(122 : 39) (56:23) (66:16)

Mongrel 128 68 60 -
American Shorthair 25 10 15 -
Scottish Fold 21 7 14 -
Persian 14 6 8 -
Russian Blue 8 2 6 -
Abyssinian 7 4 3 -
Norwegian Forest Cat 5 1 4 -
Maine Coon 3 2 1 -
Ragdoll 3 2 1 -
Exotic Shorthair 1 - 1 -
Siberian 1 1 - -
Himalayam 1 - 1 -
British Shorthair 1 1 - -
Bengal 1 1 - -
Unknown 24 4 10 10

The numbers in parenthesis indicate the number of animals (castrated : intact).
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Table 2 Comparison of body weight, body condition score, age, and plasma metabolites in 233 cats

BW (kg) BCS (/5) Age (years) Glu (mg/dl) TG (mg/dl) T-Cho (mg/dl) TP (mg/dl) BUN (mg/dl) Cre (mg/dl)

Male

0-2 (17) 3.5 +0.9 (4) 33 =01 (16) 1.0 02 * 1141 =171 49.7 + 8.2 156.7 + 95 * 7.3 £0.2 224 +1.2 1.3 01 *

3-6 (26) 49 +04 * (3) 3.7 +0.1 47 £0.2 116.1 = 7.7 89.1 +20.9 189.6 + 8.1 ** 74 0.1 241 £ 11 16 +£01 *

7-10 (29) 52 +07 * (4 34 01 (28) 87 =02 * 106.7 + 45 ** 65.8 + 15.1 1829 + 8.3 7.8 £0.2 28.8 + 3.8 16 = 0.2

11-14 (41) 4.9 0.7 (6) 35 =01 126 +02 * 1282 + 9.5 53.6 + 12.8 190.1 + 9.8 7.3 £01 28.2 + 2.1 1.7 =041
over 15y (11) 6.8 + 1.7 (2) 32 =02 16.4 =05 * 146.5 + 39.9 78.7 £ 527 187.6 + 17.2 7.3 £0.2 39.7 +£6.9 22 £02 *

all (124) 48 +04 * (19) 35 +0.1 (122) 88 +04 (124) 1212 =56 66.0 + 8.4 1842 + 4.6 74 £ 0.1 27.7 +14 1.7 =01
Female

0-2 (9) 39 £1.0 (4) 34 202 08 +0.2 * 95.7 + 55 59.0 + 12.1 156.4 + 14.3 71 £0.2 250 +1.5 1.2 =01

3-6 (26) 3.0 £0.2 (9) 34 01 42 +0.2 1079 + 6.5 67.7 + 18.6 150.4 + 9.8 7.3 £0.2 241 £1.0 1.3 = 0.1

7-10 (21) 29 +03 (4) 33 +0.1 81 +02 * 153.1 + 21.9 545 + 16.1 183.4 + 13.9 75 +0.2 23.7 £0.9 14 £ 0.1
11-14(33) 41 04 * (5) 34 £0.1 122 +02 * 109.4 + 5.2 56.5 + 8.4 165.6 + 9.2 74 £ 0.1 29.1 +1.8 16 =01 *
over 15y (16) NA (0) 32 +0.1 159 +03 * 113.7 + 9.7 416 +76 2169 + 166 * 72 +0.1 346 + 2.1 21 +02 *
unknown (4) NA NA NA 86.7 + 5.2 (3) 79.0 +297 (3) 1327 =47 3) 72 x£03 (3) 232 29 (3) 1.3 =00 (3)

all (109) 34 +£0.2 (22) 3.4 +0.1 (1050 9.0 £+05 (105 1164 + 5.3 (108) 57.4 + 6.2 (108) 171.3 + 5.7 (108) 7.3 + 0.1 (108) 27.2 +0.8 (108) 1.5 = 0.0 (108)

Values are presented as means = SE. () animal number.
*Significantly : from 3-6 years of same gender (P<0.05).

**Significantly : from female of same age (P<0.05).
BW: Body weight, BCS: Body condition score, Glu: Glucose, TG: Triglyceride, T-Cho: Total cholesterol, TP: Total protein,
BUN: Blood urea nitrogen, Cre: Creatinine

NA: not analyze

d
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Table 3 Comparison of plasma hormone concentrations and enzyme activities in 233 cats

Insulin (ng/ml) Adiponectin (ug/ml) LDH (1U/1) AST (Ul ALT (lU/1 ALP (1U/)
Male
0-2 (17) 35 £ 05 5) 51 £ 22 5) 140.2 * 19.2 (5) 202 £ 40 644 £ 154 1448 + 253
3-6 (26) 36 £ 04 (13) 21 =08 *™ (13) 149.0 + 29.7 (14) 259 £ 13 470 = 2.9 857 £ 73
7-10(29) 3.8 = 0.8 9) 30 £ 1.0 9) 172.7 * 313 (11) 283 * 2.0 543 £ 3.9 848 £ 7.7
11-14(41) 39 = 05 (13) 42 1.0 (13) 1689 + 375 (16) 374 £ 45 68.0 £ 62 ~ 104.7 + 13.8
over 15y (11) 2.7 = 2.1 (2) 44 + 18 (2) 49.0 1) 30.0 £ 25 *** 439 =97 ** 1004 * 19.1
all (124) 37 £ 03 ** (42) 34 £ 05 ** (42) 1583 = 171 (47) 312 = 1.7 58.1 £ 3.3 1011 + 6.6
Female
0-2 (9) 10 + 04 (2) 6.3 * 3.2 (2) 136.0 (1) 26.7 + 3.3 477 + 44 1703 + 384
3-6 (26) 31 £ 05 (12) 55 =13 (12) 2180 + 351 (17) 353 £ 6.8 67.8 * 10.9 86.6 * 6.6
7-10(21) 23 % 0.1 (6) 46 1.2 (6) 243.0 +* 295 (8) 355 £ 33 59.0 * 6.9 825 £ 79
11-14(33) 3.0 = 04 (14) 48 = 0.9 (14) 1495 + 239 (14) 336 * 3.3 63.8 £ 74 86.8 * 6.3
over 15y (16) 3.5 = 0.4 3) 27 =07 3) 226.0 + 76.3 (3) 471 £ 441 804 £ 104 1006 + 9.3
unknown (4) 2.2 + 0.0 3) 6.5 + 1.6 180.0 + 42.0 (2) 357 £ 57 (3) 693 £ 29 3) 121.3 £ 51.0 (3)
all (109) 28 = 0.2 (40) 51 = 0.6 (41) 2235 + 304 (46) 359 £ 22 (108) 65.1 + 4.1 (108) 959 £ 51 (108)

Values are presented as means + SE. () animal number.

*Significantly : from 3-6 years of same gender (P<0.05). **Significantly : from female of same age(P<0.05).

LDH: Lactate dehydrogenase, AST: Asparate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase
NA: not analyzed
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Table 4 Comparison of metabolic parameters in neutered vs intact cats with different body condition score groups

BCS2&3 BCS4&5
Neutered (106) Intact (33) Neutered (15) Intact (5)
BW (kg) 35 £ 01 * (6) 3.0 £+ 02 (10) 52 + 04 * (14) 44 + 05 **
BCS (/5) 3.0 £00 3.0 £ 0.0 43 * 01 * 48 + 02 **
Age (years) 9.7 + 04 8.0 £ 0.9 83 £ 15 80 £ 23
Glu (mg/dl) 1148 + 35 * 99.2 + 3.8 150.3 + 294 103.2 + 10.7
TG (mg/dl) 410 £+ 31 * 301 + 26 162.9 + 474 *** 404 £ 15.6
T-Cho (mg/dl) 1945 + 57 * 1625 + 7.7 1781 + 14.9 1776 + 164
TP (mg/dl) 7.3 % 0.1 72 = 0.1 77 02 78 + 04 *
BUN (mg/dl) 284 + 1.5 289 £ 25 253 £ 14 240 £ 2.0
Cre (mg/dl) 1.7 £ 01~ 14 = 0.1 14 + 01 1.3 £+ 0.1
AST (1U/) 364 + 20 306 * 27 234 £ 30 * 308 + 97
ALT (1U/) 61.0 * 3.5 599 + 84 555 + 84 80.0 * 27.8
ALP (1U/1) 95.0 * 6.9 1105 * 124 1213 + 21.2 1516 + 274

Values are presented as means + SE. () animal number.

*Significantly : from intact cats of the same BCS (P<0.05)

**Significantly : from BCS2&3 of the same sex condition (P<0.05)

BW: Body weight, BCS: Body condition score, Glu: Glucose, TG: Triglyceride, T-Cho: Total cholesterol, TP:

Total protein, BUN: Blood urea nitrogen, Cre: Creatinine, LDH: Lactate dehydrogenase, AST: Asparate
aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase

BCS2&3: non-obese, BCS4&5: obese and overweight

NA= not analyzed
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2-1 X L®IC

EHIETZ 2 AT —BRELHEOT RN T U ATk TALD BEITERNZ
ALCLESEDLRTO—>TH5[14,38,63,65], 7=, HIRAGEHIC LY E AR K
T A ENFaORmMY A7 ERIELH LA EINTWY S,
Courcier et al. (2010) I * 2 fABFH 1184 ~D 7 7 — hAEIC LD . AW
FEEIC A~ 1 H 2 E O RAGEE TR Y A7 2 4.4 %, 3HHE T 3.11%
T 5 Z & ZHE L T b [14], Robertson (1999)1F 468 4 © ¢ 2 fil &
H(688 H)M L DEFICL MM FEICKLY, HRGEHINTZ X 2 DI
& (body weight, BW)BR A SN2 r I _RFREICE W L2 #HE L
7= [62], Fettman et al. (199T) A" + 25 K 5 e, x a2 T /K 2
“nibblers(b x ZHEWT 5 H D)"Th 5 [16], Rabot et al. (1993)1%. Wi
gFIC XY 1 AiC 8~10[[61].Kane et al. (1981) X MacDonald et al. (1984)
T 10~20 EIERET L2 &EHE L& H12[32,39] HEI/IRITRAITE > TH
R B HIETH 2 [17],

Loy L BEEEHBR(A~3E/H)S %2 0E 4 1E% < | Courcier et al.
(2010) [14lic k2 1 U Lo x afMEFREICH T 5 M A T 48 /99
UH. Robertson(1999) [62]ic L 2 * afil EREICAH T 2 EMM B AT
3K 718% THV . BIROKGEBIEIR T ARKROEMHIINT D, REFH O2E
KREIIRaICHELZESETERE R EEZ XML,

TR EWMITRFEREERBROLEEEE X on[5,68]l.m MU 7 U k&Y K|
L AT — VI SE O IE ) [48,49], i 4 5E B A5 1 B (non-esterified fatty
acid, NEFA)JR £ o Fife i 72 B R % £ 5 [6], Z o R, Mk RN %M % 5
% L [5,15,19,20], A > 2V U WK TS B MOEEIRTA0 & 2
L, BERWZIIULD T 2EMERMRBMIEREOFREL M 5],

WEEZACSELIHERNE L CHBRBEOM, EBOEZENEILND LD,
AETEHESEZHANMICEETIETREH M T LR MEENT~ — D

— DI ONTHRF L,
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2-2 MEE T

2-2-1 B

EH LR 2 88 (1~2 m) Z @ & HE 4 HH(BW 3.9+0.2kg; A7 1 =~
7 4 v a v A 27 (body condition score, BCS) 3.3+0.3) & xt He #f 4 88 (BW
3.7£0.2 kg; BCS 2.8+0.3)Ic 3 J . HilkRdD KT 4 7 — KA ¥YrhFr &
>~ ¥ 7 ) 33, Royal Canin Japon. Inc., H i) % 5 z 7= (Table 5), i £ &f
TEMMICAREENEZFE R IE572®,. DER(1.4x70xBW0-75)2 % & (DER
2/3 8% 1 H 3 (9:00am, 1:00pm, 5:00pm))% 4 WM G L7z, B
TR EMEFO-® DER%E &% 1 0 2\ (9:00am, 5:00pm), 4B H 5 L
oo fMBERKOCEREREZFEAGNL, TOoRLIVESELZHHLE, X2
T AQS(k HI i) O B Wy il B i 5% 12 T AR 24£2°C . 1B E 55£10%. B i
A 12 0 12 RERI(8 RF R 4T . 20 FFH T D Sk T TR A FH 77 — P NIC T
FE L. M ARRIIAABREEGR ZPRFIVEREZBEZIOKRBO T,
Fh S T,

2-2-2 Mg v 7 v

PHaaRT(0 H H) L B BALEK TR E%), SR 0.1lmg/kgBW X 7
MYV UHEBE(NI b=, BIERE, KOO HANERICL D #EEHL
B, EHEIRE Y MEOGMDZE A~ AN VB IR ZHLE 2 THMmL -,
Ifi % 1% 1,700g, 10 4y, 4°C O FfF T Tt 5y B & v i 5% 2 15 7=, i 583 48
i E T—80CTHREL L,

2-2-3 pHrmE A

WERICE S THFEBRIELEREH NSO K AT~ — I —WEMIE X
LHEBERDLD, KEWREE BCS M E (5 EEREFEAL - 1; HIE, 2; K
EAE, 3; BAEKE, 4; @BAKE, 5; B L4z, 72— A (glucose,
Glu). # =2 275 1 — L (total cholesterol, T-Cho). + VU Z U k& U F
(triglyceride, TG). # % > /X7 & (total protein, TP)JRE . 7 A /X7 X
fe7 2/ b7 v A7 =7 — ¥ (asparate amotransferase, AST), 7 7 =

7/ Fh7 A7 7 —"+(alanine aminotransferase, ALT), LB 7 & K
18



v 47 ) — -+ (lactate dehydrogenase, LDH){& £ % H ) 70 AT #% (AU2700, 4V
voNABRA S, RR)ZHWTHE L, M4 NEFAREIHR® X v K
(NEFA-C test, fitfi sk L4, KBOAFHWTHELZ, 41 RA U VR
FE il ® % » b (Cat Insulin ELISA kit, SHIBAYAGI Co., Ltd., #&)%
HMWTHELE, 774 R"X 7 FUREFT I AGEAR LML TROF v
F (Mouse/Rat adiponectin ELISA kit, K& &3k 24k, ) 0 ik I it

WHIE L 72,

2-2-4 % FHRAT

HBR A% 0 BW., BCS. MiRAE T~ — 7 — O 55 1T 5 4% HEFR & C
K Lo, HatM e A E 21T Student’s ttest IZ L VW 94 L, P<0.05 & F &
EHIE LT, BW, BCS, BRI H T O E & &L Pearson DFHBEH AT IC LV
BCS, #a &, mMEEyr~—H—LMHEBARE r2zRO L, r2T P<0.05 T
BAEELHEL I,
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2-3 R

WEFOEBERITFICHRELZ LR, BB 4 A TE—27 720
Z D%, RAICPE D Lz (Figure 1),

B2 BW, BCS, MikAELFE~— D —1CkIFTHEBIZOWTHF L
(Table 6), 4 D@ &I XY | @BEFEIZFEL 24.0% K EHMZ R L.
TARTCOMEAEKTBCSIE 1L EMMLAE, BAEKORESEE CIX, XTHREEL
e~ C BW(4.7+£0.3kg > 3.7+0.2kg). BCS(4.3+0.3 > 2.8+0.3), Mm% TG
)% (48.3+3.8mg/dl > 21.8+1.4mg/dl). NEFA 2 /% (0.385+0.021mEq/1 >
0.270+0.012mEq/l). TP # (6.8+0.1mg/dl > 6.1+0.1mg/dl). 4 ALT
TE M (131.83£14.21U0/1 > 68.0+4.11U/D 2 H & & @ 2> » 72 (P<0.05), H E =
RO o N, A2 VBEEIHBELIY S VHEETRL
(3.1£0.3ng/ml > 2.7+0.5ng/ml), M4ET7 7 ¢ A 7 F > B EIZ KW E % R
L 72(6.4+0.7pg/ml < 7.1+0.7pg/ml),

wARRICBIT S BW, BCS, R & & Table 6 THEZ %2R ® -k £
Fv— A —WEBEOEBIZONTHEF L2/ E, BW I X NEFARE & f
B EM AR L (r2=1.000), BCS HERBELAEREMMEEZ R L
(r2=0.912) (Table 7),
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2-4 &5

F T, ~RICHBKRELY 209BW M LZRELZEME EHL T
W5 [71], A CTIE DER 2EDOFIA 77— N 4 BB OBAEICE Y FY
24% D F BB EREMA R L, MREHMLZ X2 TidmH T-Cho. TG,
NEFA, A v AUV BENRMML, M7 7T Rx 7 F U BERMKFTL, A
YAV UM ERTZERM LN TV AI[5,15,19], A B, (FEHEMN L -3

T TG, NEFAREOFE RN %~ L7722, i Glu, T-Cho, A ~
AV TTAREXI FUVREZAEREE RSB ol &b, A X
R v 7y Fr—AIl3ELRVWEBEORBRE ThbolERXALND
[44,47],

AEOMME TPEEOCHMIBAICLIERELEX SN 5 M([30,59], #&
HEMME NEFAREICARZMHEBEIR D Ao 2 & 226 | M4 NEFA
EEOHEMIT, REHMFEOE K LZEMME?» S o NEFA BH 2 5
NEFAREO LRICERELZbO L#HELEI N D, M4 NEFA R E X BW &
AEREMBEZ TR LEZN BWMOMRE L M NEFARE & oBZRIT LY £<
DEEEZE > TERET P LETH D,

i T ZprEE SR AN, TOBMMEMKE» O REMEY A NI A
X NEFA izl , 42 ) VLT ELLIELIZERALNALTWVD
[5,49], Zh EFCOEM RO TIX, ik, HA. BUHMEK. Bimkic
BFLZA LAV 7V aEYME mRNA BE &2 /K. ITKE
WA 2 v IKREE 2(Ginsulin receptor substrate-2, IRS-2).
phosphatidylinossitol 3’-kinase, PIBK)IZ A B RV 2R+ 2 & @b h
TW2[44], AR TEIWHERICHEE~—T—0 1 > Th 2 M ALT 1%
MEMLEZ s, 4EMOBRICEY FIRICEFTHERZEESELC . I
HMENEKTFTL.FBOA AU U 7 F VR EKEICEE L - r MDD R
Shb, EEAHICE TS5 E TG, & NEFARELE O ZIZ LD AL D HFIE

ODEFHEBHERITA A CEBRMEZESECTHERRAE R L Z LEAHRE
EhTw5I[5,70],
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UbEXy B EiXEmIcBEE s 5 M xL X — (N E YRR RS
OERICEHBESZRN LT TR EmEENEREICX 2 M TG, NEFA
BEOEFICED A A VB ZFREIEDAEEDNTRR I N,
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2-5 JNEE
WERICEISTHFHRIELREE ML EBRB R aoMBRENLFE~Y — D —IT 5
OB ERMDLIO, BRI 8HZAH T DM EHE., FREICH T2,
W AEHIIDER 25 &Mk 7 — F2 M G@EB)ICEHE IS, KEHNE
#HH L., DERE &L R MMG L Lol EEEBW, BCS, R &, IMmiK4A 1k
FY— A OB EITo, A BEHIIIREOEZE L FIZ LBV
W 24% DR BEEIMIC LV BERMEFT A O OBEEMZ2FER L, BEH
OMFETPIREOH MITE EICLIL2EELEZL LMD, MHENEFARKEIZBW
EHRBEMRMBEZR L, MIENEFAR E O8N o KRR L7 iE Vi #k e
B EICERBLUZENME» 5 ONEFAKHBIC XS E 2 b0, BEEIT
MAEALTIEM.E O EH 28D IWE~OENERO MR EN w7, IEim
MPIcE 2 ETG, GNEFARE R Z I L0 AU 5o BTk iE N &
BidA 2 v Kozl odoenmbonhTnd, kXY, DER2
RO 48 B A 5T K D B R B E O = kL — U E RO B
FIEMEO ERHICO n 2720 iz, EFMEBEHEREIC L2 LETG,
NEFARE D LAICEIV A 2V VEBEZF RIS LD ARERRIB I N,
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Table 5 Macronutrient composition for the food used in this study

Nutrient

Moisture (%) 7
Crude Protein (%) 33
Crude fat (%) 22
Crude fiber (%) 2.8
Crude ash (%) 6.8
Nitrogen free extract (%) 28.4
Calories (kcal/kg) 4436

Royal Canin Sensible 33, Royal Canin Japon, Inc., Tokyo, Japan
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Table 6 Comparison of plasma metabolite concentrations and hepatic enzyme activities in control and overfed cats

Overfed (4) Control (4)
Owk 4wks Owk 4wks

BW (kg) 39 + 0.2 47 £ 03 ~ 3.7 £ 0.2 3.7 £ 0.2
BCS (/5) 3.3 £ 03 43 £ 03 ~ 28 £ 0.3 28 £ 0.3
Glu (mg/dI) 117.8 + 189 148.0 + 24.2 162.3 + 18.1 141.3 £ 19.8
T-cho (mg/dl) 1228 + 34 191.8 + 94 133.5 £+ 13.7 200.8 + 16.1
TG (mg/dl) 28.8 £+ 5.5 483 £ 38 * 23.8 + 2.3 218 £+ 1.4
NEFA (mEq/l) 0.29 + 0.06 0.38 + 0.02 * 0.21 = 0.01 0.27 = 0.01
TP (mg/dl) 6.4 + 0.1 68 + 0.1 ~ 6.2 + 0.2 6.1 £ 0.1
AST (lun) 18.3 £ 0.9 343 + 6.6 20.0 £+ 2.7 353 + 64
ALT (lun) 69.3 + 7.2 1313 + 142 ~ 64.5 + 2.1 68.0 + 4.1
LDH (lun) 103.5 = 14.0 132.8 + 36.5 71.8 + 8.1 105.0 + 23.9
Insulin (ng/ml) 1.8 £ 01 3.1 £ 03 25+ 04 27 £ 0.5
Adiponectin (ug/ml)  25.0 £ 121 6.4 £ 0.7 64 + 13 71 + 0.7

Values are presented as means + SE. () animal number.

* Significantly : from control (P<0.05)

BW: Body weight, BCS: Body condition score. Glu: Glucose, T-Cho: Total cholesterol, TG: Triglyceride,
NEFA: Non-esterified fatty acid, TP: Total protein, AST: Asparate aminotransferase, ALT: Alanine
aminotransferase, LDH: Lactate dehydrogenase
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Table 7 Correlation among body weight, body condition score, food consumption, and
plasma metabolite concentrations after weight gain in overfed group

BCS Food TG NEFA P ALT

consumption
BW 0.700 0.626 0.126 1.000 * 0.031 0.054
BCS 0.912 * 0.252 0.684 0.143 0.042

Food
consumption
Values are presented as squared regression coefficients by Pearson's regression analysis.
* There is a significance in regression value by Pearson's regression analysis (P<0.05).
BW: Body weight, BCS: Body condition score, TG: Triglyceride, NEFA: Non-esterified
fatty acid, TP: Total protein, ALT: Alanine aminotransferase

0.052 0.606 0.010 0.158
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Figure 1 Changes in average food consumption (g/day) for 4 weeks in overfed and control group
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3-1 T U®»IC

WA, B MERER, XN THIEmAHEIM L. 2000 4 LLE 25~50%
O aNWEE, FIFEmEZH I, BT RERASMELL > TV
%[2,3,12,14,36,38,62,65], * 204 X @ Bl © 2 W2 1% Bk E AR o 3 8 8
BRMBICLDIRT 43 F 13 a2 a7 (body condition score, BCS) M
EELTHWSLHMNS[2,12,14,36,38,63], BRAEfEB T ~H- XL ¥ —X #
W U% M E 75 (dual-energy x-ray absorptiometry, DEXA) S B & 3t f we 4 1%
(magnetic resonance imaging, MRDIZ X - THRIENi R 2 FHBMICH E T 5
XL AEE Lo TV D H[4,10,24,41,66,72,74], R REEIKBRAE L LT
FERHH TR,

throLmEg, Bzl EEL L TERRAECESWIEREINH VLR S,
—DEART 4 ~AA T v 7 Z(body mass index, BMI={£ & (body weight,
BW)kg/(Z# £ m)2)Th v [40,73]. & H —2F v =X NEMHE TH 5 [56],
BMI [ZEWIC XV EEELZ TR VWE R AZMEEA & L. EAKRH O E O
iz L Twad, —FH., V=X MEBHRITEBOIRN &L EEFMT 5
ZET . RA—EAEOREMICEIEETHMETHDHME L THEHL TWND &EFE X
bihvd,

IHHLE POREMHEELEFEELIC. F 2 THRBESKEL S/ ORE & 1 E

Y ETEIRAENITbN T E - [4,11,22,23,25,53], HERE . FHA

RICLY —2ZHEICEZTTAICITE->TWWARW, BE O BMI IZ/HEYS L., »
OSOFXafHEEOEMWELRBEAATEREELZRET I LA BHICEEIN,

W HEME DR NE O A RET HLEN D H[28], FiICK T fE Lk
WML TCHBEOAEBMERNRELS, MIELEEERILETHDL, KL LDOHEKR
BEIWCE D20 BMI KRN %2 K o 72 @5 €I & 5 A7 054 o LS
R EN —EET, KRB EICEDIEHOFEMITR STV,
ARECTIE, *aflAEBE CHEMREALAERHELEEHREOREZBENE L, &
M@ EICLs CTHREHEMEZFR ST L X 2O KR ER L Ol AR #HE
MIREWEZITW ., T OMBE LT ~2 Z &I X0 x = o B E I
WTRRFRT L 72,
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3-2 HMBE TGk
3-2-1 B ¥

EB Lo = 83 (1~2 %) % i & #f 4 81(BW 3.9+0.2kg; BCS 3.3+0.3)
& R RE 4 BH(BW 3.7+0.2 kg: BCS 2.8+0.3)IC 4y iJ 7=, R T o & £F
ELTHBDORIA 7—FR(a A YL h+ v 37 33, Royal Canin
Japon, Inc., )% H 7= (Table 5), WEIIZIX 1 H O = X)L F —FK
 (daily energy requirement, DER; 1.4x70xBW0°.75) 2 {% & o & #§ (DER
2/3 & % 3[\(9:00am.1:00pm.5:00pm)iZ /7 Tk 5)% 4 BREH G LI,
XA DERZE 20 &4 1 H 2[[E(9:00am, 5:00pm)Z 4y iF T 4 ¥ R
feG Ll B EAVEEEREZHAGHL. 202X VEBEREEZHETB L 2,

X MR AQS (R W T ) o B 4 il F M E% I T ARUIR 24+2°C . W 55+10%.
BT B ) 12 0 12 BRI (8 REALAT . 20 FEVH AT O S FCHEBIEME 7 — AN
ICEHABINL, M, AARBRIZIAABREAGHERFHVEREZE SO K
WOT, FEsil,

3-2-2 Ik ¥ > 7w

B AR AT (0 W H ) & i AL E K TR (4 8 %), I &ATIC 0.1lmg/kgBW A 7 |
IV UEBE(RI b=, BRRE . KO0 A N ERIC K D #EEH %,
AR LD MK (bmDZ ~ 8 VABE S U BRI E 2 WD CEE I L7z, iR
% 1,700g. 1043, 4ACOSKME T T Lol S i 215G 7, i 5 A ke &
T—80C TR L,

3-2-3 o M#HrHEH

Bl & R REICAENE & BCS W& (5 Bl : 1; HIE, 2 MELRZ.
3; PRI MRE, 4 BKE, 5; BW)EIT-7, £72. ABYNEAU2700,
F Vo2 Et, HE)EHWwW T2 a— 2 (glucose, Glu), =L 27
7 — /L (total cholesterol, T-Cho), kU 27 U & U K(triglyceride, TG), & ¥
v X7 & (total protein, TP)IEE, 7T ARXRTI X U BT I ) VTV AT =T —
¥ (asparate amotransferase, AST), 7 79 =7 /) 7 LV A7 =T —*F

(alanine aminotransferase, ALT) ., % & v K v %~ J — ¥ (lactate
30



dehydrogenase, LDH) & Mt % Ml & U 7=, i 5% % @ 5 B B (non-esterified
fatty acid, NEFA)RE ZH K D * v N (NEFA-C test, i1l 3£k &

KB)ZH " THELE, £ AV RBEFTTHNROF > b (Cat Insulin
ELISA kit, SHIBAYAGI Co., Ltd., #B)ZHWTHE L, 77T 4 K*x 7
FURER 1 OIEARLZMEEZ TR X >~ b (Mouse/Rat adiponectin
ELISA kit, REREHR A X, HHOZH O THEIECHEVHE L 2,

3-2-4 K R &

BRI & [R BE S & R RO E &2 E i L 72 (Figure 2). 98 & (head and body
length, HBL)IZ A OERE FIC R 2B WO BN LI EHEER £ Co R
EEATVYy WX VFHBILE, . BREBFH»LHEB K E TOR S (length
from top of patella to end of calcaneus. PCL)% Gl L 7= . 4% J& [ & 13 (& dih
IXLTCHEEEZRINEZMD X O ICEE L., &Meck girth, NG) 1% 58 #
J& PH & M9 BA (chest girth, CG)IX 5 6 ih | & P & . JE P (abdominal girth, AG)
X% 13 e B E . M (hip girth, HOIXBBRBEBEZFH L7z, B8
L2 MEOBREER/NICT 27D, ARAUEEXEFHKOR S ZFH L. G
T3~ T — G F B AT o 72,

3-2-5 % 22 | BMI(feline body mass index, fBMI) & H % @ ki &t
HBL & PCLIEL Y . 2= 0 RifHEEH RO 27200 6 OFHHEKXZ LT
DEICHEMLE,

A=BW / HBL (kg/m)

B=BW / PCL (kg/m)

C=BW / (HBL + PCL) (kg/m)
D=BW / HBL? (kg/m?)

E=BW / PCL2 (kg/m?2)

F=BW / (HBL + PCL)2 (kg/m?2)
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3-2-6 #t &l fif Bt

fiif AT AR ERR ZE TR L2, M EtF A B %X Student’s t-test
kv, P<0.0b ZHEEHEL, st EAX A~F TR 7= 03I %
LR~ — A — & O BEARIE Pearson OB STICE > THI L. Z L E R

BRI r2 2K, r2id P<0.05 THE &L HE L,
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3-3 R

AR L ok B o R ORI E i 0 F- Y fE &2 Table 8 (277 L 72, BR 4R AT IC 1%
BHTHEAZTRD LN o2, WA 4 EM %, xHREEE i L Tl
» NG(21.0+0.4cm > 18.8+0.5cm) 3 A & 2 H Nz 7~ L 72 (P<0.05), 18 & #E O
CG(32.8+0.9cm > 30.3+0.7cm) . AG(39.1+1.8cm > 34.9+0.8cm) .
HG(34.8+1.9cm > 30.0+0.8cm) (T xt f A L bt L THIMB M AR LR, A
BEEEROONAEN -, BB O HBL, PCLICIZIE LA EERRBD L
IR no Tz,

H2ETRLIEBERBICE > THERYEMA R LHEHA (BW, BCS, I
#8 TG, NEFA, TP iR &, ALT I§M K O NG) & 55 X A~F o JE il f5 L @ A
[ B8 £% %2 F ~ 7= (Table 9). BW, BCS iZ T X TOFHHEKX TH L N 7= B 5 %
CHERMBEEZ R LZ(BW: 0.924, 0.902, 0.929, 0.923, 0.903, 0.928).
(BCS: 0.924, 0.870, 0.922, 0.903, 0.956, 0.891) (P<0.05), NG (Z# % KX B
& CTHEMRIEFMB %2R L(0.744, 0.719) (P<0.05), 14 TG & B 135 % K
BLUS CTHEREMB%Z "L 7(0.739,0.715, 0.753, 0.774, 0.780) (P<0.05),
m4E NEFAREIZFHAEXA~CTHEREMBE%Z 7~ L 72(0.917,0.904, 0.924)
(P<0.05), M4 TP i . ALT i 33 H X D~F THERME 2 ® L = (TP:
0.877, 0.926, 0.871) (ALT: 0.951, 0.971, 0.931) (P<0.05),

AE, AEMMICL>THEEZORDONTZHAER KDL ZL< . OB
MEMEOH LM NEFARE LB NVHBEZ R LEZOEFHEXRCTH -2,
L22PL, HBLIEF X 2R EBENTWVDH EEZIZRYVLZEL CEHMAIBETH S,
BRK T CoOFHMoOLEELCHMEEICERE L, M TGRELZREEFHEX C &
FIERAFEOHBEEGEE R LEZEERAX B A2 fBMI=BW/PCL(kg/m) & L7=, %D
R, RREABHICEHE THAEEIROLON R o0, B8 4 BM%.
B L R L CHAERO BMI 3AEBEREME R L7 (B33.1+-1.8kg/m >
25.1+1.3kg/m) (Table 10),
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3-4 H 5

BRAEICLED2EBST A XOFHMNTHEEBY Y C—KRMBICITbh TW
e TOMILFALHMEEFZT AV I XL a —m vy XX 2 b
[13,28,58], A AR TIEHEELRXOFHAFEZH VDL Z LA Z W68, 2D
HATEEEMENPOROEETIEHEREWN»OEXRE TOR )% G
T 25052,58], L22L., ZoOFEFHAMIIT-HATERS, 2RITIEE
AR E TCHL, BRAROX2FZLNERETHY, BEAE G O EIX
SEZbLLlARVn, oy, AETEFI —vy  NTEZIHWWLATWD
HBL[1]% &8 L 7z, F[#8 & (2008) D # & TIEALM 2 &£ 8123 2 & & 2 2 [1].
ARETIEEEAFFHOZDIZA RO FERSNCESE | & 6l 2 HE B Hi £
TxaFHA L, 3—wvy ~XOFHI 7 T HBL L& b¥ TH 2R DG
ENns, ERREIE»OSKREOREO M E TCORE S 2 H M T 52 ([1,58].
BHIZL o THRENELRTVWED BEFTPLEBE REE TOR I % PCL
&L TCHEHAIL 72,

BRAIEIZE SR a0 B2 M A ¥EZ R E T 2 LT &5 ALt
TOREHMOXEZH LN LE, AHOFRLY ., =20 HBL & PCL
FHREBNICL 288222200 (REHMNETEZ OMEM 99.8% .
98.3%). HEMOFEBHRIEMZ KT 2 PO RICH YT H5REL L
T L2MWMEHMTHL DN, —FH,. CG, AG, HG IZ A E=IT#
Do holeZl b [FEMREIZMEAAEROLEIZITES 20D & RRR
SN e hov A NERED LD CH—EEICET 5 EEEHEONE
IZE L TWD EHERERI N,

Nelson et al. (1990)iX. BW (kg)/({k & (m)x& & (m) & v 9 FF R KA L -
Txa2o BMI #HHLTW3I[53], Zo®ECEIREZHE»D LB KE =
TORIEHRELED, FOBRBRORFAE RN RIN TRV, KE T H
HMPDOLHEETCZNMET 2N, MMEZEOREZEEICYZERTITNERLT . Mo
JEHT O R EIC X0 W EMIZTZE{L LT Vv, Stanton et al. (1992) 1% (K A5 Il %
EROHIFHERXNELZHRE L T D n[67], Z o & H XIS L 5EE N M E EE
(cranial thorax circumference) & ‘A # & P [ (pelvic circumference) (% #1

TN AKED CG, HG b rnd)zxzooi#HELAPIzE&AL TS, F -
34



Howthorine & Butterwick(2000)i% DEXA (2 X 2 (KRG £ & & K X & &
B Lo = o B 45 B (FBMI™) & & {E Rk L 7= 23 [22], % o Ko BH o 310 % 24
HETDLEDICRAKICHEENERNWEEZXLON D,

48 TBW/PCL (kg/m)J % % L \JE i £ %% (feline body mass index, fBMI)
&Lk, PCL FEfiZzEERVWED, BBICLLIEELZ2ZTICL, FHE
HEFCTOLEELEFHMERA IS, IBMI X 4 08 K oK & 805 % R B3R
CEBWTHEBIZEMLEZZENb . R ETCRERBAZ2Z2WH 525 2 & 26
TdH 5,4 BCS & fBMI @ B 4513 .BCS 2: fBMI 22.7,. BCS 3: fBMI 23.1~27.7,
BCS 4 : fBMI 29.7~33.6. BCS 5: fBMI 37.8 # /" L 722 & » 5., fBMI I
25.5+2.5kg/m FEJE N EHE. 28.0kg/m ## % 5 L K HE ., 34.0kg/m % &
Z5HEMEMEWR XD ENTE S (Table 11), fBMI=28.0 & # 2 7= % = TIZ
ARG - @A EEHETLIEEL L, ZRICE D AN ORE O kS
AR LR D,

fBMI (M % NEFA JRE MW IEMBEZ RS, 2 OB EEMNO 72§
~OFRMERTBRIND, 5%, EAER A L CARM A S IEOFM
HBRE L MEESIE IS X 2 IR O RSN E R E O AN O AR A
MREtT 208N H D,
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3-5 /INfE

afAEMOEME K EZBEMNE LEBEmEROERIEZEREET 572
O FLHTA R (4 08 DI X0 B E R & 55 S 7o BB (n=4) & HE AL E X
e (n=4)> BW, BCS. HBL(# &), PCLUKZEH 2 b E Kk TOR
). NG(H ), CGMapH), AGUEP), HGUEPH) k ik £t ¥~ —h — %
WE L, HBL & PCL XMW EMMOEE L Z T o (FHAM 99.8%,
98.3%), FEHEF FCM HICEH M ATHEZ PCLICAHEHB L, HicZzx 2o R s
¥ fBMI=BW/PCL (kg/m) % K & L 7=, @& 4 HW % oid & # o BMI 1L x|
LWL RTHBEICHIMZ R L 72 (P<0.05), %72, Pearson ® [A]JF 53 #T IZ
L m o = o BW, BCS., NG. M4 NEFA g% & fBMI |38 S 72 MHHA %
7~ L 72 (r2=0.902, 0.870, 0.744, 0.904) (P<0.05), fBMI=28.0 % * =22}
L0E - WA EEHESTDLEEL L,
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Table 8 Comparison of measured anatomic sites in control and overfed cats

Owk 4wks

Control (4) Overfed (4) Control (4) Overfed (4)
HBL (cm) 576 £ 1.5 56.5 + 0.7 56.3 + 1.4 56.4 + 1.6
PCL (cm) 149 £ 0.5 146 £ 05 146 £ 04 143 £ 05
NG (cm) 19.9 £ 0.3 199 + 0.5 18.8 + 0.5 210 £ 04 *
CG(cm) 308 = 1.0 303 £ 1.0 30.3 £ 0.7 328 £ 0.9
AG(cm) 353 + 1.2 350 £ 1.1 349 £ 0.8 391 £ 1.8
HG (cm) 31.0 £ 1.2 309 £ 13 30.0 £ 0.8 348 £ 1.9

Values are presented as means + SE. () animal number.

* Significantly : from the control (P<0.05)

HBL: Head and body length, PCL: Length from top of patella to end of

calcaneus, NG: Neck girth, CG: Chest girth, AG: Abdominal girth, HG: Hip girth
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Table 9 Correlation between plasma metabolite levels and some body mass
indices for overfed cats

A B C D E F
BW 0924 * 0902* 0929* 0.923* 0.903* 0.928*
BCS 0924 * 0870* 0.922* 0903* 0.95 * 0.891*
NG 0.703 0.744 * 0.719* 0.648 0.694 0.663
TG 0.739 * 0.605 0.715* 0.753* 0.774* 0.780 *
NEFA 0917 * 0904 * 0.924* 0.602 0.465 0.689
P 0.323 0.440 0.350 0.877* 0926 * 0.871*
ALT 0.531 0.621 0.556 0.951* 0971 * 0.931*

Values are presented as regression coefficients squared.

* There is a significance in regression value by Pearson's regression analysis (P<0.05).
A: BW/HBL(kg/m), B: BW/PCL(kg/m), C: BW/(HBL+PCL)(kg/m), D:

BW/HBL?(kg/m?), E: BW/PCL?(kg/m?), F: BW/(HBL+PCL)?*(kg/m?)

BW: Body weight, BCS: Body condition score, NG: Neck girth, TG: Triglyceride,

NEFA: Non-esterified fatty acid, TP: Total protein, ALT: Alanine
aminotransferase, HBL: Head and body length, PCL: Length from top of patella
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Table 10 Comparison of feline body mass index in control and overfed cats

Owk 4wks
Control (4) Overfed (4) Control (4) Overfed (4)

fBMI (kg/m) 246 + 1.4 264 + 0.8 251 + 13 331 18 *

Values are presented as means + SE. (') animan number.

* Significantly : from control (P<0.05)

fBMI: feline body mass index; Body weight (kg)/(Length from top of
patella to end of calcaneus (m))
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Table 11 Comparison between body condition score and feline body mass index in cats

BCS(/5) fBMI

Moderate lean 2 £22.9
Ideal 3 23.0-27.9
Overweight 4 28.0-33.9

Obese 5 34.0=

BCS: Body condition score, fBMI: feline body mass index
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Figure 2 Measured anatomic sites of zoometric variables of cat

Head and body length (HBL): Length from top of nose to sacrococcygeal joint,
Length from top of patella to end of calcaneus (PCL), Neck girth (NG): Atlas
circumference, Chest girth (CG): The 6th costae circumference, Abdominal girth
(AG): The 13th costae circumference, Hip qirth (HG): Pelvis circumference
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4-1 XL ®IZ

il 7 T{K #H (body weight, BW) & B H B 7 6 M5 K £ ToD K & (length
from top of patella to end of calcaneus, PCL) & T % = ' iifi #5§ % (feline
body mass index, fBMI=BW/PCL (kg/m))% 5 & L 7=, fBMI I %t % @ fE i
~—M—BW, RF 1235 43 a %37 (body condition score, BCS).
P, I 5 BE S 5 B8 (non-esterified fatty acid, NEFA)# &) & A & 72 40 B4
AL, BERMEzZH I RNAETHDL, Lo, Anbhkxaix
BHEAHE DR, S HITHHEEZHELTIBMI O A A2 BT 5 02N
H o7,

E hORT 4~ AA T v 7 A(body mass index, BMI=BW/(& £ )2
(kg/m2))T RGN (18,211 EHAEM £/ (Y = X M A E) [60]. & i £ [75]
EHWHBEERT ZERHRESN, P XA X R EDIRE O BT (5
mps. &~V 27UtV F(triglyceride, TG)MLFE. & = L 25 1 — /L g, (K
EMEEYRZ N ZEME)OHB R L BWVEBMEZRIL, 2 b0 REIT
BMI 25 fFir THIM+ % [75], & F o BMI i3k~ 2 B~ — A — LB L.
BW G EDHDOFEHRHPEFIETHY | K< FE XL TWD, BMI L% H 3
A b BMI 22 230 EfE & Sk [40] 0t 5 £k @ B B9 (World Health
Organization, WHO) (X BMI 25 U EZ#@{K&E, 30 L EEERMmE EFXL
30~35 & lviti 7 7 A I, 35~40 = il 7 7 A I, 40 LL L& JEW 7 7 A1 & %
L CWwWaI[55], HAEMTS Tk BMI 25 UL L& B & #2722 L, 25~30 %
AEE 1 £, 30~35 & B 2 . 35~40 & B 3 B, 40 DL b & B 4 E L 4
L TWaI[57], Al TiX BCS L OB S R = (T3 W\ T I B & BT i
fBMI 34.0 UL k. i@k &E: fBMI 28.0~33.9, i (K &E: fBMI 23.0~27.9, {&
HA R fBMI 22.9 LLF & E L2,

AETIEEEEVELEGCIV ANBHWICHAERNZFR I E LR a2 ITKIE
WG &l R4S AR 2 AT v (REBAICE S (BMIOZEEBH Z 5~ £ 0 F HH%EE K
L,
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4-2 MEHE L
4-2-1 B

BRI bR 72 MEFE I = = 20 BH(CEYY 16.2 » H i) % . FEBAHEE 156 B
(BW3.9+0.1kg, BCS3.0+0.1) & xt M #E 5 8H(BW3.5+0.3kg, BCS3.0+0.8) D 2
S N A

FBRBEIXIEBEN R 74 7 —F(BKR)BEy b7 — R K4 9.7%,
g v % 7 E 24.1%, KB M 17.8%, KL Mk #E 0.9%, H K 4 5.5%,
380kcalME/100g) Z 1 H = % /L ¥ — % R & (daily energy requirement,
DER; 1.4x70xBWo75)» 2.5 & % 1 H 1 [H(8: 00am), 6 @M LG L. &
EHMEzFRSE-GEAEXxa), TOBBF L, EEWH KT A7 —F
(BR)AE~y b7 — REHE; K45y 9.0%, HZ > 2 H 27.6%, HIEN 8.0%,
LAk AE 1.1%, HLIK 4 6.6%, 320kcalME/100g) % 1k B Bf — % L ¥ — 25 sk &
(rest energy requirement, RER)® 0.6 f5 & % 1 H 1[8(8: 00am) 4 i# H #
HIRERE)L, BEZARL,

SREEIT PREBNEE N7 A4 77— FHEXYy b7 — R K5 8.5%,
% > o8 7 27.4%, HOAE B 9.6%, HL Mk A 1.0%, H K 4 6.8%,
330kcalME/100g)®» DER % & % 1 H 1 [0(8: 00am)10 I # 5 L 7=,

BRABBEDAZ I AN —HRICHZIEBLZHRT D20 ERKMITX 1A
1RFRIICHIR L7, BEEIREELEREEDEIVEBEREHRL 2,

AREBRHIH T, 2 2 X BR)AQS( H )N O B iy i i o 8 3l - — v T, Kk
24+£2°C ., 1B 55+10%., WIWF A4 12 : 12 B RI(8 : 00 /4T, 20 : 00 {H4T) D
SHETCTHESNL, 2B, 2RO O0RRIZIARELE M ZRKZEHY ER
ZESAROT, FEhshi,

4-2-2 Mg ¥ > 7 v

AR TRE(CER 6 H) L W ERBRE TR (ER 108 B) o &I
0.1lmg/kgBW A7 I UV UHEBE(RI F— 1 HIHERE, RO HAENW
FEHIC L 28 %., FEHFIREL D MKGUDE ~/NY 0 S 47 8 E
ZHWTHEML 7, MK % 2,000g. 54, 4COS M T Tzl o BE L4

g, MAEIXEHAREE C—-26C CHR7FL -,
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4-2-3 sy HrHEH

B & R ICERERPE & BCS HE (G B MEaEMm : 1; HIE., 2 FERNR,
3; HAHKE, 4; HKE, 5; EW)ZT 7., HE K AU2700, # VU ~
NAA S, HAR)Z AW T 7 v a— Z(glucose, Glu), TG, =2 L A7 1
— )L (total cholesterol, T-Cho). # % > /%7 & (total protein, TP). 7 L 7
F » % F — ¥ (creatine kinase, CK), 7 /v ¥ v A (calcium, Ca), ¥~ 7 ¥ U
L (magnesium, Mg)., ## U > [ (inorganic phosphate, IP)I2 ., 7 A
X7 I/ b7 v A7 =7 — ¥ (asparate amotransferase, AST), 7 7 =

T

/71

/) b7 v A7 =7 —+¥ (alanine aminotransferase, ALT)., 7 /b 4 U &
A 7 7 4 — ¥ (alkaline phosphatase, ALP), .87 & K r % J — ¥ (lactate
dehydrogenase, LDH) & % # # & L 7= . ## # =2 L 2 7 v — /L (free
cholesterol, F-Cho), NEFA R E XKD x v b (EHE =21 27 17— /L E test,
MR NS, KK NEFA-C test, it i3k N &t, KBOE AW T
WMELEZ, 77 A4FZF 7 FRBEIX 1 IEARLEOLEZTRO X > k
(Mouse/Rat adiponectin ELISA kit, KEHE®RIEK NS4, ® ) %2 H v THE
WHREWHIE L7, 2 A7 12— /b= X7 )Lk (cholesterol ester ratio, CE k)

% (T-Cho—F-Cho)/T-Cho(%) D it HIZ L » THH L 7=,

4-2-4 & R E

B & [R RE IS A& R RMNE %2 i L 72, B0 & (head and body length, HBL),
PCL. £ P (abdominal girth, AG)Z il ® A ¥ v —IC XV FH L7z, BEIC
ELHFHEORELR/NCT IO, ARAIEIZERORE I 2RI L., 3HHl
T N TE—EHENIT - 72, BTEICHEY T BMI(BW/PCL (kg/m)) % B L
7=

4-2-5 #t G fEHT

M R ELRERETRL L7, HEFA R A E ZI1L Student’s ¢test
X 0oL, P<0.0b 2z EELHELE, BEARICE T 5 (BMI & 4
TG, NEFA BE OB ZH#H 5 7-H ., Pearson #HE M » 5 MR r %

Kole, £, BEAKRO REEXKEE L HBL, PCL, HBL+PCL Zh £ 1L ®
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Bfe 2 i X572, Pearson fHE o T/ S MR E r 2k 7=, P<0.05 %
FELHEL-,
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VERT S
4-3-1 @AEFXITB T D fBMI O % #)

6HMOEENEKRGICEY 15T 12 THREBMARD b1, A FE T
WE L fBMI (&S &, fBMI=28.0G#H K & ~E i), fBMI<28.0(3E AE i)
D 2 FET A T 72 fBMI= 28.0 #fI1% 7 81, fBMI<28.0 # (X 8 8 T & - 7= (Table
12), ¥ 9.9%(fBMI=28.0 #f: 14.0%, fBMI<28.0 #f: 5.4%) O & 5 #5 N 12 £
W, fBMI X% 7.0%(fBMI=28.0 #f: 13.4%., fBMI<28.0 #f: 0.8%)# /i L
7=

fBMI = 28.0 Bt T xF B B & b~ T BW(5.0£0.2kg > 3.4+0.3kg) .
fBMI(32.5+1.2kg/m > 23.4x1.5kg/m) . BCS(4.0+0.2 > 2.6+0.2) .
HBL(60.9+1.0cm > 55.5£0.7cm) . PCL(15.4+0.1cm > 14.5£0.2cm) .
AG(40.9+0.7cm > 34.6+1.5cm) . M4 TG (33.0+4.6mg/dl > 17.6+3.3mg/dl).
Ca # £ (9.9+0.1mg/dl > 9.4+0.2mg/dD) N A E 2 & WIE % 7~ L 72 (P<0.05),
fBMI= 28.0 # o Ifi 5% NEFA 2 )% (0.238+0.032mEq/l > 0.158+0.021mEq/1)
IR THFBEEIRO Lo @ EmZ 2L, CE &
(75.5+£0.83% < 77.8+0.9% )T K WA 2~ L /=,

fBMI= 28.0 # 1% fBMI<28.0 Af &tk ~ T, BW(5.0+0.2kg > 3.6+0.1kg).
fBMI(32.5+1.2kg/m > 25.6+0.7kg/m)., HBL(60.9+1.0cm > 54.5+0.9cm).
PCL(15.4+0.1cm > 14.2+0.4cm). AG(40.9£0.7cm > 37.4+£0.6cm). I 4
TG(33.0£4.6mg/dl > 20.0+2.1mg/dl) . NEFA 2 & (0.238£0.032mEq/l >
0.151+£0.006mEq/1) 28 5 & 12 & < (P<0.05), M # Glu(172.7+25.5mg/dl <
257.0+15.7mg/dl). Mg i # (2.2+0.1mg/dl < 2.4+0.0mg/dD T H & 2K -
7= (P<0.05),

fBMI<28.0 #f X xf FRAE & b X T BCS(3.5+£0.2 > 2.6+0.2), M Glu j# &
(257.0£15.7mg/dl > 164.8+25.2mg/dl) BN A & IZ & » - 72 (P<0.05), fBMI<
28.0 #t @ I 4% ALP 7% 14 (262.5£44.41U/1 > 127.6+£35.5I1U/DIXH B ZNFR D
b oz, MHBELV BWHEEEZ R L,

fBMI £ 4 NEFA B X O TGREOCHEHBFZFARLZER, ThTAER
IEAHE %Zr L 7= (NEFA: r=0.683, TG: r=0.444) (P<0.05) (Figure 3), fBMI
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=28 0f 78T, 5N MIE NEFARE 0.200mEq/l YL EZ /7 L, 4 2 M
TG ¥ 30mg/dl BL k&% L7z,
WERRICB T 2RBEXRERE(%E 6 HEOSERMEMZ g L7l R.
R L HBLICH B2 AMBEG=—0.515)2® 5 1 7= (Table 13) (P<0.05),

4-3-2 AR & o &I R A5 AF IS K D R E A
BEMOKEH OB HRGEICEY T TOEBRME THRERD L

V¥ 14.6%(FBMI= 28.0 #£: 13.8%., fBMI<28.0 #£: 15.5%) O & & i 2 » 7%
B, ZThIZEv, fBMI T 13.7%(fBMI= 28.0 #£: 13.0%. fBMI<28.0
BE14.3%) A Lic, REMADAIHZICH T 5120 BW, BCS, & Rl & E
ik ¥~ — 7 —1LF L EH L (Table 14), fBMI = 28.0 f X
BW(4.3+0.2kg < 5.0+0.2kg) . fBMI(28.0+1.1kg/m < 32.2+1.4kg/m) .
BCS(3.240.2 < 4.0+0.3) . AG(36.3+1.4cm < 40.9+0.8cm) . I #E
TG(22.0+2.5mg/dl < 33.2+5.4mg/dl) . T-Cho(82.8+6.0mg/dl <
98.7+5.3mg/dl). CE :(73.240.5% < 75.5+0.3%). IP J& & (4.8+0.2mg/dl <
5.3+0.2mg/dl) . CK(104.2+18.2IU/1 < 142.0+30.6IU/1) . ALP &
(150.2+26.31U/1 < 209.2+40.71U/D) 2 H & (2§ 4 L 7= (P<0.05),

fBMI<28.0 #f 1% BW(3.1+0.2kg < 3.6+0.1kg). fBMI(21.9+1.1kg/m <
25.6+0.7kg/m), BCS(2.5+0.4 < 3.5+0.2), PCL(14.0+0.4cm < 14.2+0.4cm).
AG(31.0+1.4cm < 37.4+£0.6cm) . I Jf Glu(149.3+18.3mg/dl <
257.0+15.7mg/dl) . T-Cho(74.3+4.9mg/dl < 85.6+6.0mg/dl) .
IP(5.0£0.4mg/dl < 5.6+0.3mg/dl), M 4E 7 7 ¢+ A X 7 F > R E(5.4+1.0png/ml
< 9.3+2.0pg/ml) . CE b (74.4+0.9% < 76.840.8%) B Lk 8 ALP & M
(181.2+48.71U/1 < 262.5+£44.41U/1) B H B2 L 72 (P<0.05), L 2L, I
O NEFA BEFAKERAVICIV AR ML (0.211£0.013mEq/l >
0.151+0.006mEq/1) (P<0.05),

BT 6 B L, 10 # B T Glu(135.5£24.9mg/dl <
175.8429.4mg/dl). T-Cho(73.0+6.4mg/dl < 90.3+5.5mg/dl). F-Cho & &
(17.8+2.2mg/dl < 20.5+1.8mg/dl). CE t(75.9+1.1% < 77.4£1.0%) 2% H & I

A L7z (P<0.05),
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4-4 E 5

JEWG 72 Wric ik, BW, BCS, Mo EERWESHRE., HEE~—I —, K
TEM R EZzRGMICHRETT 2L EN & 5[8,27,35,47,50,66,74],

i TG ¥ ARG I L 0 8L [27,29,44], 14 NEFA ¥ £ 1% I8 2 W A5
Wi &EREIC K 20N MM o RIE R & B LI33], EmisMicsy ER 552 L
MEH BN TWD[29], KEOFMKRENS, BMI XA EHEIMIC L 5 M TG,
NEFA REOE{bEZ KL, FLHESELEETH., (BMI KR EELS
FOMBEEMFOREAZBBIIRKRT HZEDPHALNE RS T, 2,
fBMI28.0 U boxaTInbmMBIEERBTEDREICEANELLZ L2
5, fBMI=28.0 @ AE & LI mO RO XY MENFHRIBINTLZ, 1
W&, fBMI M2 LB L LW LR o2 W, FFICEE IR O 2
Wrk¥E & LTI HADRAETH L EE XN, PCL TEFHFLEZ i S 72 <
THLRBICHA N TE, BMIITHEE & W EEZ X DL,

AEIZBWTAXRY v 27 v Fe—A[47l22 LEXxa T 1HEOATDH
Slen, fBMIIC X EnEn 78N fBMI=Z28.0 Zx LT, ZHIZLD,
fBMI (X EE N LK<, AZ R Y v 7 v Fu— L FIER ORE RS OZ KN
AREERDIENBILLNT,

ARET fBMI=28.0 ft®» HBL., PCL fl 23 xf FREE, fBMI<28.0 B LV & A
B2 E%Z 2 L., Allen et al. (2000)/% A7l £ 2% 19cm A i O 1 = 12 kb~
19cm L EOxaEl) 273 38mEDH I LawmE L TWwDI2], -
T, Ko REhxaZEEMmI A ZPanwl IR~ THL, £, K
HETCTHBLEORE WX aoKEERIZIDRS, BEEXZW I LR DO LN
., BAEBIEMO Y A7 772 84— 3R DMNI[8,74], ZTh 2z, ki
P AXbEWDOY X7 77 72— LTI XEThs,

UEDZ D ARETITIAZWICAEEHRIN -BESELZERRIZE W T,
SEIEE L (BMI AR ZEICAE N Th 2 2 & BFEY &, miE TG,
NEFA J# E X fBMI 28.0 ML E T EH 2@ D, fBMI=28.0 Z##{k#E & § 2 k&
EOZYHERERINTL, ZHITED, AFARY v 7 v R — ARIERD
BREEMOZMBAIRBIZRD I ENBIZ N, £, KT X LE AR

DR RSN, BB AXINIEWHDOY R 7772 —0—>ThHbHI LR
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FENT, A, B LD RKEO BB EE O - 802 R
T Hh, SHIC BMIIC L 5 i EEZBANTEBEND 5.
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4-5 NFE

3ETHEELEZ fBMIOAHMEICOWTHE L, SR EIENAEOE
FEBEM) EKEHEOHBRGMEBRICEY ABHICKELHZFEIE
EBRBEXRa IbHEPTEERENSERZBEERS Q0 EM) L 2 REELR =
bEHHDLK AT o7, ABRMMKL I 6 BE. 10 8 HIZ BW, BCS., fBMI.
migEfF~—H—ZWWELLEHRE, IBMI T AZBWICEREHEN, KEBD
SHELATHL, ZOKRELMLLMEE TG NEFAREZ KBRS E 7, £,
IO MmMEREOEANA L D fBMI=Z28.0 @ {KE & 3 2 A O % Y4 N
fledd s, > T, fBMI 3 mMEz L EE L2WEMZKIETH D &5 %
b, PCL FEFHFIEDIZILERSHANPELS THY , BMKIAKBIZBIT D
fBMI O @ WHIEEREZE XN, 22XV, 22KV v 7> Fa— A
FEAERT O EEG OZ W2 fBMIIC XV AIGBICR DI ENEZILNTLE, &6
L B OFEICHhLPDLT, KEOoRE R FEEREENSZS . B
ZATRENZEPRHLNER ST, KIEY A XD X7 777 2 —0
—O L LTHMT o2& ThHL, 5%, 2 & o fBMI O fffi £ ¥ o k&t
DRODHILDH,
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Table 12 Comparison of body weight, body condition score, measured anatomic
sites, plasma metabolites and enzyme activities in experiment and control group
cats after weight gain

Experiment Control
fBMIZ28.0 (7) fBMI<28.0 (8)  20.0<fBMIS28.0 (5)
BW (kg) 50 + 02 ** 36 + 0.1 34 + 0.3
fBMI (kg/m) 325 + 12 *=* 256 + 0.7 234 + 1.5
BCS (/5) 40 + 02 * 35+ 02 * 26 + 0.2
HBL (cm) 609 + 1.0 ** 545 + 0.9 555 + 0.7
PCL (cm) 154 + 0.1 **>* 142 + 04 145 + 0.2
AG (cm) 409 + 0.7 ** 374 + 0.6 346 + 15
Glu (mg/dl) 172.7 = 255 ** 2570 + 157 * 164.8 £ 25.2
TG (mg/dl) 330 + 46 ** 200 + 2.1 17.6 + 3.3
NEFA (mEg/l) 0.238 £ 0.032 ** 0.151 = 0.006 0.158 + 0.021
T-cho (mg/dl) 98.1 + 4.5 85.6 + 6.0 936 + 54
F-cho (mg/dl) 240 £ 11 20.0 £ 1.8 20.8 £ 1.5
CE ratio (%) 755 + 0.3 76.8 + 0.8 778 + 0.9
TP (mg/dl) 6.7 + 0.1 6.5 + 0.2 6.5 + 0.1
CK (IUn 140.3 £ 259 192.8 + 44.2 107.0 £ 28.7
AST (1IU/) 226 £ 19 259 + 6.1 220 + 14
ALT (IU/N) 749 + 8.2 75.6 £+ 13.9 80.8 £ 6.0
ALP (1U/l) 2034 = 349 2625 £+ 44.4 127.6 = 355
LDH (1U/) 1239 = 16.3 1776 = 32.7 119.6 £ 10.0
Adiponectin (ug/ml) 6.7 + 1.2 93 + 20 56 + 0.8

Values are presented as means £ SE. () animan number.

* Significantly : from the control (P<0.05). ** Significantly : from fBMI<28.0 (P<0.05)
BW: Body weight, fBMI: feline body mass index, BCS: Body condition score,

HBL: Head and body length, PCL: Length from top of patella to end of

calcaneus, AG: Abdominal girth, Glu: Glucose, TG: Triglyceride, NEFA: Non-
esterified fatty acid, T-Cho: Total cholesterol, F-Cho: Free cholesterol,CE ratio:
Cholesterol ester ratio ((T-Cho-F-Cho)/T-Chox100), TP: Total protein, CK:
Creatine kinase, Ca: Calcium, Mg: Magnesium, IP: Inorganic phosphate, AST:
Asparate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline
phosphatase, LDH: Lactate dehydrogenase
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Table 13 Correlation between average amount of left over (%/day) and each body
length during weight gain period in experiment group cats

HBL PCL HBL+PCL

Left over (n=15) -0.515* -0.244 -0.477

Values are presented as regression coefficients.

The numbers in parenthesis indicate the number of animals examined.

* There is a significance in regression value by Pearson's regression analysis (P<0.05).
HBL: Head and body length, PCL: Length from top of patella to end of calcaneus
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Table 14 Comparison of body weight, body condition score, measured anatomic sites,
plasma metabolites and enzyme activities at 6wks(overfed) and 10wks (after weight

Experiment Control
fBMI228.0 (6) fBMI<28.0 (8) 20.0<fBMI£28.0 (4)
6wks 10wks Bwks 10wks Bwks 10wks
BW (kg) 50 + 0.2 43 £+ 02 * 3.6 + 0.1 31+ 02 * 32 + 0.2 33 + 0.2
fBMI (kg/m) 322 + 14 280 £ 11 * 256 = 0.7 219 + 11 * 223 + 13 228 + 11
BCS (/5) 40 + 03 32 + 02 ~* 35 + 0.2 25 + 04 * 25 + 03 25 + 03
HBL (cm) 60.6 £+ 1.1 60.3 + 1.1 545 + 0.9 541 £ 0.7 554 + 0.9 56.0 £+ 0.2
PCL (cm) 154 = 0.1 15.3 = 0.1 142 + 04 140 = 04 * 144 + 0.2 142 + 0.2
AG (cm) 409 + 0.8 363 £+ 14 * 374 £ 06 310 £+ 14 * 341 + 18 328 + 1.7
Glu (mg/dl) 181.8 + 282 136.7 £+ 19.0 2570 + 157 1493 + 183 * 175.8 + 294 1355 + 249 *
TG (mg/dl) 332 + 54 220 + 25 * 200 + 21 171 = 17 15.8 + 3.5 17.0 = 3.9
NEFA (mEqg/l) 0.222 + 0.032 0.194 = 0.027 0.151 + 0.006 0.211 + 0.013 * 0.158 + 0.027 0.142 + 0.018
T-cho (mg/dl) 98.7 £+ 53 828 + 6.0 * 856 + 6.0 743 £ 49 * 90.3 + 55 730 £+ 64 *
F-cho (mg/dl) 242 + 1.3 223 £ 19 200 £ 1.8 189 + 1.3 205 + 1.8 17.8 + 2.2 *
CE ratio (%) 755 £ 0.3 732 + 05 * 768 + 0.8 744 £ 09 * 774 £ 1.0 759 £ 11 *
TP (mg/dl) 6.7 £ 0.1 6.7 £ 01 6.5 £ 0.2 6.5 £+ 01 6.6 + 0.1 6.5 + 0.1
CK (U7 142.0 + 30.6 1042 + 182 * 192.8 + 442 2559 + 87.2 115.0 £+ 355 1043 + 275
AST (IU/l) 228 + 22 222 + 16 259 + 6.1 249 + 22 230 £+ 1.3 224 + 16
ALT (lUn) 76.7 £ 94 799 + 82 756 + 13.9 736 £ 6.3 795 £ 76 80.0 + 8.8
ALP (1U/1) 209.2 + 40.7 1502 + 26.3 * 2625 + 444 1812 + 487 * 129.8 + 458 150.5 + 46.8
LDH (1U/) 120.8 + 18.9 1287 + 16.9 1776 + 327 1411 + 255 1283 + 64 90.0 £ 17.9
Adiponectin (ug/ml) 6.9 + 1.4 44 + 0.7 93 + 2.0 54 + 10 * 59 + 1.0 6.9 + 22

Values are presented as means + SE. () animan number.

* Significantly : from the before weight loss experiment (P<0.05)

BW: Body weight, fBMI: feline body mass index, BCS: Body condition score, HBL: Head
and body length, PCL: Length from top of patella to end of calcaneus, AG: Abdominal girth,
Glu: Glucose, TG: Triglyceride, NEFA: Non-esterified fatty acid, T-Cho: Total cholesterol, F-
Cho: Free cholesterol,CE ratio: Cholesterol ester ratio ((T-Cho-F-Cho)/T-Chox100), TP:
Total protein, CK: Creatine kinase, Ca: Calcium, Mg: Magnesium, IP: Inorganic phosphate,
AST: Asparate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline
phosphatase, LDH: Lactate dehydrogenase
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Figure 3 Correlation between feline body mass index and plasma
non-esterified fatty acid (a) and triglyceride concentrations (b) after

overfed experiment

* There is a significance in regression value by Pearson’s regression analysis
fBMI: feline body mass index, NEFA: Non-esterified fatty acid, TG: triglyceride
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Summary

As the frequency of feline obesity (25~50%) is considerably high, cats
have characteristics to tend to be obese accompanying with insulin
resistance. Glucose availability and insulin signaling in feline liver are
lower, whereas hepatic gluconeogenesis ability from amino acids 1is
higher in cats than that in dogs. Plasma adiponectin concentration,
which improves insulin resistance, is lower in cat than that in dog.
Prevention of obesity is most important for cats to avoid onset of serious
metabolic disorders. Body condition score (BCS), as subjective parameter
by each veterinarian, is a major criterion for obesity in clinical practice.
Development of a reliable method for finding early stage of obesity is
urgent for cats. The aim of this thesis is development of early diagnosis
of obesity for cats. To make objective index for obesity of cat, plasma
metabolite concentrations and some parts of body (measured anatomic

sites) were measured.

1. Metabolic characteristics and obesity in cats

To investigate metabolic characteristics, 243 cats were collected from
some veterinary clinics in Tokyo, Kanagawa, Saitama, Ibaraki prefecture
and the laboratory in Nippon Pet Food Co., Ltd. They were divided into
some groups based on sex, age, castration and obesity stages. Their body
weights (BW), BCS, and plasma biomarkers were investigated.

BW, plasma total cholesterol (T-Cho) and insulin concentrations in the
males were higher, and plasma adiponectin concentrations were lower
than those in the females. These results suggest that the male cats
showed higher tendency to become obese and insulin resistance than the
female cats.

Activities of hepatic injury markers (asparate aminotransferase, AST
alanine aminotransferase, ALT) and concentrations of chronic kidney

disease (CKD) markers (blood urea nitrogen, BUN and creatinine) also
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increased in cats with aging. Ectopic lipid accumulation in liver and CKD
are often found in aged cat.

In cats with BCS2&3, BW, plasma glucose, triglyceride (TG), T-Cho
concentrations in the castrated group were higher than those in the
intact group. Castration seems to be one of risk factors for obesity. And
in the obese (BCS4&5 group) cats, 4-fold higher plasma TG
concentrations were found in the castrated group than those in the intact
group. These suggest that castration induce the risk for hyperlipidemia

1n cats.

2. Effect of obesity induced by over-feeding on the biomarkers in cats
To investigate the effect of weight gain by over-feeding on plasma
biomarkers in cats, 8 male neutered cats were divided into two groups;
overfed (4) and control group (4). To induce weight gain, overfed group
cats were fed on commercial diet with 2-fold amount of daily energy
requirement (DER) for 4weeks. Changes in BW, BCS, food consumption
and plasma biomarkers in the overfed group were compared to those in
the control group. The overfed group maintained higher amount of food
consumption than the control group during the experimented period. The
overfed group cats increased 24% of their BW and become moderate
obesity showing slight metabolic abnormality. Total protein
concentrations increased in the overfed group after the experiment,
which was thought to be an effect of over-feeding. There is strong
positive correlation between plasma non-esterified fatty acid (NEFA) and
BW. Increased plasma NEFAs are caused by accumulated adipose tissues
and ectopic accumulated fat in liver. Increasing in plasma ALT activities
in the obese group seemed to be resulted from the ectopic hepatic fat
accumulation. It is known that insulin resistance is caused by increased

plasma TG, NEFA concentrations and sequenced ectopic hepatic fat
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accumulation. Increased plasma TG and NEFA concentrations induced by

ectopic hepatic fat accumulation may induce insulin resistance.

3. Establishment of the index for obese of cat

To diagnose early stage obesity in cats, weight gain was induced by
over-feeding for 4weeks. BW, BCS, head and body length (HBL), length
from top of patella to end of calcaneus (PCL), neck girth (NG), chest girth,
abdominal girth, and hip girth in the overfed group cats were compared
to those in the control group cats. HBL and PCL were not affected by
weight gain (99.8% and 98.3% homology, respectively).A new index for cat
obesity (feline body mass index (fBMI)) was settled as BW/PCL(kg/m).
PCL 1is measured easily without sedative treatment for cats. fBMI
increased significantly at the early stage obesity in cats, and correlated
positively to BW, BCS, neck girth, and plasma NEFA concentrations.
fBMI is suggested to be available as diagnostic index for early stage

obesity. fBMI=28.0 is decided as a criterion for overweight in cats.

4. Clinical application of feline body mass index to obese cats

The availability of fBMI for obese cats was investigated. 15 cats
(overfed group) were fed on high-fat diet with overfeeding for 6weeks.
Then, they fed on low-calorie diet for 4weeks to reduce their BW
artificially. Control group cats (n=5) were fed on normal diet for 10weeks.
BW, BCS, fBMI, plasma biomarkers were measured at 6weeks and
10weeks of experiment period.

fBMI changed sharply reflecting changes in BW, plasma TG, NEFA
concentrations. And fBMI was confirmed as useful index for feline
obesity. fBMI 28.0 was decided as overweight accompanying with plasma
lipids increase. Measurement of fBMI does not need blood sampling from

animals and specific tools except for simple tape measure. fBMI is very
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suitable index for veterinary medicine and can be available for early

diagnosis of obesity before onset of metabolic syndrome.
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