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Creatinine clearance estimation in the extremely elderly subjects

Shunichi Hirayama®, Reiko Kikuchi®, Shinichiro Inoue?, Daisuke Tsukahara?,
Yurni Suemitsu®, Yoshio Kobayashi?, Yoichi Sugivama?, Hiroshi Hasegawa?,
Koichi Kouzaki®, Gosuke Inoue” and Kenji Toba?

Abstract

Baclground: It has been reported that elderly outpatients take at least 6 different kinds of medication.

Purpose: To know which formula will best predict creatinine clearance, because 24-hour urine collection is difficult for ald-
erly outpatients.

Patienis and Methods: We compared four types of formulae (Cockeroft & Gault, Yasuda, Orita, Walser) to estimate cre-
atinine clearance using serum creatinine of 143 elderly inpatients (73 men, 70 women, mean age 82.9 %86 vears old} includ-
ing 67 extremely elderly people with various underlying diseases.

Result: The formula of Cockeroft and Gault showed the best correlation with creatinine clearance in the extremely elderly
subjects (r=0.74) as well as in people under 85 vears (r=0.76). However, the estimated values of the extremely elderly
women were lower than actual creatinine clearance.

Conciusien: The formula of Cockeroft and Gault is the best predictive equation of creatinine clearance, except in the ex-
tremely elderly women.

Key words: Extremely elderly, Creatinine clearance, Predicting formula, Cockeroft & Gault's formula, Yasuda's formula

(Nippon Ronen Igakkai Zasshi 2007; 44: 90-94)

1) Tokyo University of Pharmacy and Life Science
2) Department of Geriatric Medicine, Kyorin University, School of Medicine
3) Department of Internal Medicine, Higashimurayama Nursin g Home
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ACCURACY OF ESTIMATING HUMAN BODY COMPOSITION CHANGES
ON BI METHODS -WITH THE STUDY OF SERIAL MEASUREMENTS
DURING THE WEIGHT-LOSS INTERVENTION-

KAZUNORI OHKAWARA, KIv0oJl TANAKA, YOHEI ONO,
YASUTOMI KATAYAMA, YUKIE SHIMURA,
YOSHIO NAKATA and FUMIO NAKADOMO

Abstract

The purpose of this study was to investigate the accuracy of estimating human body composi-
tion changes using bioelectrical impedance (BI) methods during a weight-loss intervention. Sub-
jects were forty-three obese men (age : 49.2+10.5yr, BMI : 27.841.7 kg/m2) who completed a
l4-week weight-loss intervention. In all subjects, fat mass (FM) and fat-free mass (FFM) were
assessed by dual energy x-ray absorptiometry (DXA) as well as single- and multi-frequency BI
methods (SBIM, MBIM) before and after the intervention. Resistance parameters were measured
by SBIM and MBIM (SBIM : R50 ; MBIM : Reo, Ro, and Rfc). In nine subjects these variables were
also measured at weeks 1 and 4. Weight decreased (P<0.05) by —8.0£3.2kg during the
intervention while FFM changes averaged —0.41+1.6kg (DXA), —2.0+1.5kg (SBIM), and
—1.6£1.7kg (MBIM). BI methods overestimated FFM before the intervention (before : DXA :
54.444.8kg SBIM : 56.5£4.3 kg, MBIM : 55.9%4.5kg). In nine subjects, FFM measured by
SBIM <FFMsmM) and MBIM (FFMMBIM) was similar to FFM measured by DX/\(FF‘.\'IDXA) (after ;
DXA :54.6%5.4kg, SBIM : 54.6+3.8kg, MBIM : 54.6+4.1kg), although BI methods overesti-
mated the FFM before the intervention (hefore ; DXA : 54.9£5.1 kg, SBIM : 56.9%3.8kg, MBIM :
56.3%4.4kg). The AFMgy,, and AFM,q, were highly correlated with the AFMpy, (SBIM : r
=(.87, MBIM : r=0.88). The AFFMgpiy and AFFMyp0. were significantly correlated with the
AFFMpy , (SBIM : r=0.54, MBIM : r=0.49). The ARs0 and A Rfc were also significantly corre-
lated with the AFFMpy, (RS0 : r=-0.63, Rfc : r=—0.48). These results suggest that during
a weight-loss intervention, 1) BI methods and DXA provide similar estimates of human body
composition change, although they overestimate FFM in obese men, and 2) changes of resistance
parameters observed with Bl methods may estimate human body composition change more accur-
ately.

(Jpn. J. Phys. Fitness Sports Med. 2006, 55 : 125~136)
key word ! body composition change, serial measurements, single-frequency BI method,
multi-frequency Bl method, DXA
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TABLE 1.  Physical characteristics of subjects (n=43).
Mean + SD Range
Age (yr) 492 £ 10.5 27-66
Height (cm) 168.4 £4.9 158.2-177.2
Weight (kg) 78.8 +6.2 66.5-90.5
Body mass index (kg/m?) 27.8 £1.7 25.2-32.9

n: no. of subjects.
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IARNF—8IF 1600keal  BEEE L7z, ERFE
4 BEREET AW BCEEE T, SRFEFR
FBL-AENFELEEEELNELIRT v 7 L,
BRNIZANF BRI OOHRBENT VADRVE
HYETELLHBELL. BERNRIC, S48FD
5E, A8, BLUDXA, BEEHBIE £H
BB HEIC L AR EHE L. /2, &%
FEDIHL, PFERMNECEKFEDOBLNIZIAIIDONT
&, RERIRICINAT, WEHE1E%E, 487%IC
BWThH, REMNBZLFABROBEEL T2 o7, KIF
e, BE, RO KELZEIZ BLEOHEN
EDEIIHIBT A0 ERET A0, HERNIC
BOTRELSEALRLTVIREWEIC 2 BOHIE %
Fr 2, w&EEIE, NEERICE L VES %
Bz hZE, HERKIHBHE»HGER, BXKEL
ZWE IR LA, HEIRER, HHE, HER®BICT
Lotz T, BESHOBANEENI L S ERE
PEBENTNE LD, JEEEIZ T8
&L, Ny FETHBMLIC X 5 5 3L EOZEHIC
B L.

C. BIEBEE S LUBERE
1. & RE
BEE, HE (v I8 Y6-200) % AT,
O.lem B F CHIE L2, KEWR, AFE - FBEK
(7 =¥+ 8 BC-118) * AWV, 0.1kg B ¥ T
WE L., £/, BMIRENZELSEON S
FELRELXHVTEE L7 (kg/m?).
2. DXA
RAFFE D LB FHE & %2 BB 2 (fat-free mass :
FFM), BERIE (fat mass : FM) L, BIEBEOH WV
CEDNHRESNTVAEMDXA ICEDCERAERE
(Lunar #:2 DPX-NT) # HWTHIZE L7, Kz
TEYEHEL L THW DXA IE, B AL F—(80
~100keV) & T AV F— (40~50keV) D 2 FEFH D
XAz BRT L& &, MINEEHELICL2EE
DEEMR 2 DOXBHETRELZ A Z 2RI L THRM
BxRDTWE, KFFROBEFIHIZB VT, DXA
2k B FM lE (2 |) OBRMEIE r=0.998 T, F
Bz 2 MOUER CHEEEE 2272 (n=13).
3. BI &
1) HEE# Bl #
BB BLERICED AR ORE I, H

B 500 #A, S0kHz ICHTE L28BMEILL S
BC-118(% = ¥ #t#) & fiv 7z, FBESRICL D, FM,
FFM, €5 ICERZ L7 & & OEHE (Rso0) % 3K
Wiz, #, FM BL U FFM XFE#RBICNE ST
WAHHEER L DVEE, BRI OERHRALL.
BRI RS 55 S N IEPUE & ERHE %
BEHE LZERROTICL o TER SN TV 539,
B, MEZ BB LIZETICRYE, EREN
FROFETEBRON V7)) vy T%EY, L EE
SRICKES LTSN BB\ TIT e o7z, 7z, BIEHT
KWFEEEBLURESZ 7 VI — Wl THaER
L7z, KIFEOPEFIEICB VT, BC-118 124 5
FM I (2 [) oFEMIE r=0.999 T, FHEI
2EOMEBM CTHEZIIL D572 (n=30).
2) ZREE Bl %

£ REMH L BLEICED (AR O E L, Bk
% 2.5kHz~ 350k Hz (140%E38) O 12 B W 4 (100 ¢
Arms) & & ATZ 4 BREEIZ L AH MLT-100 (BEAR LS
TEHE) RV, FARECLY, HREEED
BESRERICR A BELZTOERNERK), BER
IR AR DIEPLE (Reo), FEUEEL 0 kHz B OIRPUE
(Ro), FM, FFM %7z, g, BRIENICE
BOROKHEON Y FET, YEAMICTHREB LT
KBEEZ BV BB T e o7z, ERIIRERICEHE
BEINLBEEXFEHAL, AAOFRFHEL TV
T VEICTHFR L RICEE L. BRER
DEFEAIZ, REERERLBEFERZEMOF
BB L OB MR & BEE /R IE 0 BT d g &
EL, BMHEBEBROEERVIIBERBEELVBLY
BN Sem BEL 2268 L L7, REFFEOREFIE
IZBWT, MLT-100 12 & 5 FM BIE (2 B) 0B
P r=0.999 T, FHEIC2EOUEETHEEE
lE7% Ao 72 (n=30). FM, FFM (ZFHEEICHES
NTWBLTOR L Y sfked 7236,

FFM (kg) = (0.021 Ht+0.021 Wt—0.011 A—1.63) +

(0. 169Ht2/Roo+0.003H3/1000+0. 186Ht2/Ro+5.75)

FM(kg) =Wt—FFM

Ot: HElem), Wt: FE(kg), A: Filyr)

D. #HEtanIE

FEBOWMESERIL, FHELEERETRL
7. BERRICBT A SEPEOTIEOEL, X
BD&HB tRETEA L. BHERICIBNT, &
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128 KETE, W, B, A, #H, R, ¥

W35 DXADOLERDIZFM BLUFFM &, B
JE W # BL i 7213 % B R BL A RO 72 FM
BLUFFM & DOFEHEDEIIODVWTIE, FREFh
SHIBDdH A tREEREH L, RE, BMI, &
EORBHELOWEIZIE, —TEEOTEHSITE
BHL FEEIFRZOLATZZHBEDVWTR
Tukey-KramerDZE L BMELEH L7, DXA &
% Bl i & O ICEROMKETICIE, ¥T7 VY Y OFER
MG () &, BRIBIITIC L - TH L 2RBYR
. & identical line £ DAEX B L TYH DEEER
Ex AT, HEERRE R E A (standard
error of estimate : SEE) {2 & W E-li L 7>, #ETEHE
TOKHEE, TRTS5RLLTE L7

. # ES

A. REBR#BICHEIZRERDOEIL
ARFFETHE, BWEMOBEHR 077 L2
L7-dER, REAFY 8.0x3.2kg WA L7z, WE
IS BT A M B L CIEIEORLEE 2 TR

(FMpya), FFM(FFMpy,) P F¥ME & BJH 5 3 Bl
B 5185 NI FM (FMgpy), FFM(FFMggp,) 8 &
U% B BLEA S5 5 N7ZFM (FMypy), FFM
(FFMyppy) O FHERIZE BEDTRD L NI,

WEHIL FM, FFM & 12 DXA LW Bl &2 H1%
SN PHEMICEEERRO O b o2 $72,

DXA T Bl S HEBS N7 FM, FFM 12815

BEMNATORCECIFEENRD LN, T BI
X FM 28/NGFEE L, FFM 28 KEHE L 72,
Bl iED 5185 NZIEPEIC DWW T, Ric ZE<
Rs0, Ro, Reo ICHBELE(IIRD LN -7,

B. iMEBHIHEICH I BM Bl EOMEMH LU SEE

#3107, BEEKBIER L USREBERBIE
X % FM, FFM & DXA i2X % FM, FFM & D7
F4%%%, SEE %#/RL7:. WEFHED FM, FFM IZ
BWT, T Bl s bAETEHVHBREE KED
SEE #%& 6 7z, T Bl & DXA 7518 5 N7z
BRI TOFM, FFM OZEb2ICB T 2 HBERK

L7 WEMIZBWT, DXA2LBELNIZFM BIXUOSEE #1, B2 /RL7A. FMggy PFK
TABLE 2. Body composition and resistance parameters before and after the intervention (n=43).
Before After Change
DXA FM (kg) 244 3.8 16853 7.6 +3.0
FFM (kg) 544+48 54.0 4.9 0416
Single-frequency Bl method  FM (kg) 223+33" 163 x37 60+26"
FFM (kg) 565431 545 £4.3 20157
Rs0 (Q) 519.3 £+47.4 523.8 +48.6 45+232
Multi-frequency BI method ~ FM (kg) 229417 165+5.5 64x35"
FFM (kg) 55.9+45" 543 £4.6 16+17"1
Rfc (Q) 380.6 £40.5 390.5 +40.2 " 99+ 18.1
R0 (RQ) 457.8 £46.5 4657+ 47.6 7.9+ 64.6
Roo (Q) 302.9 +33.3 315.2 £34.2 123 £449

Values are mean=+SD : n : no. of subjects ; DXA : dual energy x-ray absorptiometry ; BI : bioelectrical
impedance ; FM : fat mass ; FFM : fat-free mass ; R0 : resistance at 50 kHz ; Rfc : resistance at a fre-
quency where cell membrane's volume is maximized ; Ro: resistance at a very low frequency ; Roeo:
resistance at a very high frequency ; *gsignificant difference between the values before and after the
intervention {P<0.05); #significant difference compared with FM measured by DXA before the
intervention (P<0.05); *significant difference compared with FFM measured by DXA before the

intervention (P<0.05).
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TABLE 3.
methods and DXA (n=43).

129

Correlation coefficients and SEEs for FM and FFM between BI

M FFM
T SEE T SEE
Single-frequency Bl method Before 082" 221 089" 222
After 092" 210 088" 239
Multi-frequency Bl method ~ Before 085" 204 089" 222
After 094" 178 093" 1.85

n : no. of subjects ; DXA : dual energy x-ray absorptiometry ; Bl : bioelectrical
impedance ; FM : fat mass ; FFM : fat-free mass ; r : Pearson’s correlation coeffi-
cient ; SEE : standard estimate of error ; *significantly correlated with DXA (P<

0.05).

LB & FMpy, PEEE L DBICIE, r=0.87 DF
B MR L 1.48keg @ SEE o/, £/,
FMyppy PEILE L FMpy, OELE & DRI,
r=0.88 ODAHBEFEEL L 1.44kg O SEE 2F 5 1,
HERE# BLEL ZRIBR BLEL SR ONHER
HIZIZEBECTHo /2. 51T, FFMgyy PR
B & FFMpy, PEILE L DM, r=0.54 O
BMRE L 1.35kg @ SEE #F 51, FFMypy P
L& & FFMpy, PEILEE ORI, r=0.49 @
HBERE L 1.40kg ® SEE o /. & B,
DXA & BIEEDBICELNI- FM, FFM D
BRROMEE B L UWHIE, DXA &S EUH BI
E LD FFM OZALEIZH 2 MEROE S 2 Ry
T, identical line & OFICHEZEIFED LN Do
7z, F4ID, WERBZIIBIT S FFMpya, FMpya
DEALE LAAE DB L Ul Bl &5 b KD EBED
ZIEOHBEBREZRLEZ REOEILEL
FMpy, PEALEICIE r=0.87 DA E 2 HERHED
o, FEMpy, ORILEL OBIZIE r=0.37 D
BEELRAMBRES BSOS, 72, RO BLID
Ric DEALE & FMpy, PEILEBIZE, £hEhr
=0.31, r=0.30 DFELHBEREAIRF LR,
FFMpy, PZEALE L OMICiE, 2 £ r=—0.63,
r=—0.48 DEELZHBRESE LN,

C. MEHREFTICH T3 BIBEOBEFNETL
#5110, WRFIRKIIBITS, KE, BMI B &
IEPUEDORERME (L 2R Lz, (RER, HEdE
WEBEEFIZD LN, P 7.0£3.2kg B L7
FHEIEIZOWTE, BREREPICEERZERLR
oo, i, FMEEDIHKDZFM
DX ER IR L. RERNE, BEEEH
BI i, SREMEE BIEL DI FMpy,, LOMICEE
ENRD LN, FM Z&/NFE L7225, EERSG 1
B, 4B, REFBIIBWTE, MBIELBIC
FMpy, EPRICHFEZRERD N o7z, =7,
FFM IZ2DW T, W BIEEbRE T T T T LH
121X FFMpy, EORICEBEED RO LN, FFM %
BREHME L7228, WS 1 AR, 48%, mER
KBV TE, FFMpy, EAERZERO LN Lo
72 (X 4).

V. & &=

KEFZE T, WERZICBWT, EERK B
BIXUEZEKEH BLEY RO FM, FFME DXA
PHRDZFM, FFM L ORI, WIS EFET
BOHBERK KO SEE o DF D,
MEREE SEE 220w Tk, HENBETELN:
HRICEPRDOONT, REFOEMAEEE (BMI
=25)) DEMIZBVTYD, HEROERKEEIC
EDOWEFICBYTY, FBREICEVEREERO
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130 KR, HF, A, A, HF, BH, BE

27 Identical line ——
0 J 7
2 -
~~ _4 I
on
=)
s
o
.8 -
Y
£ -10 -
<
-12 - Y=100X-154
14 - r=0.87 (P<0.05)
SEE=1.48
-16 -
g o}
-18 - T 1 i) 1 ) ¥ L) 1 H i
-18 -16 <14 -12 -10 -8 -6 -4 -2 0 2
ATFM by single-frequency BI method (kg)
4 7 7
2 ,’/’
O n o
2 A
i)
X 4 -
A 67
< -10 1
12 Y=076X-273
.14 r=0.88 (P<0.05)
. SEE=1.44
-16
s O
'18 < T ¥ ’ i 1 ¥ ] ¥ ) ¥ i
-18 -16 -14 -12 -10 -8 -6 4 -2 0 2 4
AFM by multi-frequency BI method (kg)
FIGURE 1. Relations between FM changes measured

by DXA and by Bl methods during the intervention ;
DXA : dual energy x-ray absorptiometry ; Bl :
bioelectrical impedance ; A: change ; FM : fat mass ;
SEE : standard error of estimate.

Bohas I EFHEEINL. 510, BEILED
FM OZEfLEIZOWT S, M BI#& b DXA £ D
BICEETBVYHBREG B LN, —7, FFM
OEALEIZ B AHERKIIEETH72d 00D,
FM OB, LB LN D EENTEL 2ho
7. TOERE LT, HEICHEWV FM TN 7.6
kg WA LD DO, FEM IZEHETHB LIEE A
ERL Lozl BTN, DD,
FFM OZfbgEo 70y PP —EFTcER T4 2 &
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47 o Identical line ——>
B
=
2
B
< P Y=059X+0.75
L r=0.54(P<0.05)
SEE=1.35
6 5 -4 3 2 -1 0 1 2 3 4
AFFM by single-frequency BI method (kg)
B
=
%
o
z
< 3 (o0
o Y =045 X +0.31
4 yd r=0.49 (P <0.05)
sq 7 SEE = 1.40
‘6 - T ¥ 1 ¥ ] ] L ¥ 1
6 5 -4 -3 2 -1 0 1 2 3 4
AFFM by multi-frequency BI method (kg)
FIGURE 2. Relations between FFM changes measured

by DXA and by BI methods during the intervention ;
DXA : dual energy x-ray absorptiometry ; Bl :
bioelectrical impedance ; A: change ; FFM : fat-free
mass ; SEE : standard error of estimate.

T, FRIEEVHBERIE O R oz b ER
S, kiz, HBERE Bl B SR BIE
OWTHETA L, BEMZRIIBVTH, HEIZX
AEALBICBVTD, 5 NAEBRE, SEE X
FEETHho7. TN FM, FFM OH#EIZED
59, FHOERERLEZ. 2F), KEIICBY
TIET BLEE D BVHEBRI B LN, SHRK
Bl it & BERE Bl R ICHEE 2 2RO ON Lo
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TABLE 4. Correlation coefficients between changes of body composi-
tion measured by DXA and changes of weight or resistance para-
meters during the intervention (n=43).

A FFM AFM
A weight (kg) 037" 0.87"
Single-frequency AR50(Q) 063" 031"
BI method
Multi-frequency A Rfc (Q) 0.48* 030"
BI method
ARO () -0.08 0.20
AReo (Q) -0.05 0.15

n:no.of subjects ; DXA : dual energy x-ray absorptiometry ; Bl :
bioelectrical impedance ; FM : fat mass; FFM : fat-free mass; A:
change ; R50 : resistance at 50kHz ; Rfc : resistance at a frequency
where cell membrane’s volume is maximized ; R0 : resistance at a very
low frequency ; Reo : resistance at a very high frequency ; *significant-
ly correlated with A FFM or A FM measured by DXA (P<0.05).

TABLE 5. Serial changes of weight, BMI, and resistance parameters {(n=9).
Before 1 week 4 week After ANOVA
Weight (kg) 779 +44 76.6 4.6 744 +£46 70957 Before>After
BMI (kg/m?) 281+13 276+14 268+1.6 255+22 Before, ] w>After
Single-frequency  pyy oy 490.6 +449 5054+469 5101433 5047+528 NS.
Bl method
Multi-frequency  pge ) 3652 £31.1 3662+290 3720+28.3 3727+31.8 N.S.
BI method
Ro (©2) 4432 +£359 443.6+337 4483 =x33.1 4454 %362 N.S.
Reo (Q) 2872 +28.1 288.8+259 2958257 300.0x282 N.S.

Values are mean=®SD ; n : no. of subjects ; Bl : bioelectrical impedance ; BMI : body mass index ; R50 :
resistance at 50 kHz ; Rfc : resistance at a frequency where cell membrane's volume is maximized ; Ro :
resistance at a very low frequency ; Reo : resistance at a very high frequency ; N. S. : not significant.

7o IR, RIMEIEMDIZL > TOHOHEENT
Wh I, BEBRBIEICI->TELATVS
FM, FFM OH#HERENT TILE <, $EEE BI
FEERANTHIHIIRBLREEFEINRVEER
btz T, REFETHWEERE Bl o
FRIZBWTIE, 1 BEORIE & EHOEGEY

BEhELEEOMMBRE LT 2 BB ICKES
ol EBBERO—DE LTEZOLNLY.
AHEICBWT, IGABORE 7T Y T 4% El
L7oiER, RED 8.0£3.2kg WA L7, FD 9 b,
FMpya PBEALEIE —7.6£3.0 kg, FFMpy, D%
1tEiZ —0.4%+1.6kg THo72. REFIVEILED
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132 FEE, HE, NE, AU, ER, P, FiE

(kg)
28 - -~ DXA
. S/~ Multi-frequency BI method
26 ‘ _ —/\— Single-frequency BI method
24 7 g) 1 _
22 J B q
) * v/
z 207 : 1 Y
18 - ]
] _ OV A
14 7
12 - l
10

Before 1 week | 4 week After (time)

FIGURE 3.  Serial changes of FM measured by DXA, single-frequency Bl method, and
multi-frequency BI method during the intervention ; DXA : dual energy x-ray absorp-
tiometry ; BI : bioelectrical impedance ; FM : fat mass ; *significant difference from FM
measured by DXA before the intervention (P<0.05).

(ke) ~O~ DXA
62 - -3/~ Multi-frequency BI method

| - - ~ —f\~ Single-frequency Bl method
60 T - - T _ -
58 T

: ‘ A
56 Vs YA

Q Q QY &
54
52 - 4
so04 4 | 1 '
48 - : :
Before 1 week 4 week After (time)

FIGURE 4.  Serial changes of FFM measured by DXA, single-frequency Bl method, and
multi-frequency Bl method during the intervention ; DXA : dual energy x-ray
absorptiometry ; Bl ; bioelectrical impedance ; FFM : fat-free mass; >§‘signiﬁcant dif-
ference from FFM measured by DXA before the intervention (P<0.05).
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% FM DG H95% & %Y, KERAIIIZIZFM
CEoTHRENB/RREZ o $72, FMpy P
ZAbEIX —6.0£2.6 kg, FMy g PELEIE —6.4
+3.5kg &Y, REBIEIIED S FM OE4A
ENTNHT% L% TH o7z, W BIH:E D
IZ, DXA DfEL BB L T, BERRICBIT S FM
DEAEEZBNFMT AL Lo T,
FFM OZALEIZDOWTIE, @ Bl #k& $DXA(—0.4
+1.6kg) & B L CEKFFM L 72 (BEEK Bl &
©—2.0£1.5kg, ZAEBIE . —1.6£1.7ke).
Deurenberg et al. 2813, WEIZL BT a—4# LD
WA & Z e KRG DA % Bl ETIXEREICHE
ZENLZ VIO, FTMOBLEX DL AEDL S
ZEERELTWS, —77, van deer Kooy et al.30
DIETE, BIEIZHEIZLS FFM OBAL %8
KEFME L 72, 55 1% Deurenberg et al. 28 & 87 5§
BOEONLERE LT, BlEDy 13 v 72307
T 5. Deurenberget al. 28 DMHFIZB W TIL, &
BORD D HEG L T B EFBICHE L7729, BE
PICELAZ) a7 ORI IEEICEEZE
27275, van deer Kooy et al 30 DT BV TIE,
WER, REIRE LCHMICHE Lz, £
BRI pol bERLTVS, T, BEIZLS
FFM OFLE* EHICIRI O d o mBHE L
T, BUERERE LD SHREAWE I3 2 Mg i
EHOEVICHEREE D, BMEICL - TEEREE
R0 28T, MaShEE L MRPEE ] ICEL
ML A0, BEERBIEICL> THES N
WHLED 5RO 72 FFM % RERTH CHEMICTHET
BIEIZRRDNH B L 2B TWAE, AIFRERIE,
van deer Kooy et al.30 D& & FHtIZ FFM 021k
BABKFMTAI L E ko7, ThIE, BRLZ
FrA GERIEZ DI, KUFEOATIIHEIZTE
BWHDD, AFEERIOGELLNLIKRELER
& LT, BIEAPEMAKED FFM & @ KEHl5
BIEFBITONG., ¥R 6, AR TEEE
RO FFM 2 BAEFE L Twd 00, REHK
DXA WX BALDLFEENRDLNT, FFM OF
L8 OB KEMIBETNOBRFMARECEEL
TWALEEZONLNOTHAE, T/, TOZ L
9 & EWE L LI EYM R ORI ELOERD
LUMETEDL, BENIEMHBIFE I FFM %
BRIFMLTCWADo0, BEMLG 1 AKZ T

DXA L DFHERICEEEIRDOOLNL Lo T
WA, EHLIREDEBE L DI Bl kL DXA
DEFHEZEMUL, BRERICBVTEIZIZ—FHL
7. Carellaet al3® OWMEIZBVTYH, FHFELFH
MOBEBMZRLTnAE, LI 8HZOBHEER L

L O M OEEN A ZAT 2\, WEH, REA
28, 3%k, 138%, BEEORATEREERK
Bl {E & KPHAEERFEHEIZCTFFM 2 IE L. #
DFER, WEHH»SHERBKISER L T, FFM
EIE S kg BARFEM L TV 72A%, BERIE 2.6
T4.4kg OBRFMIZF T o TBY, £OEN/D
X roTwh., LaL%RAS, Carellaetal3® oD
BEICBWT, BHERLRUEELOTFHERICE
FEPALNLERE LT, MREIFNRERIZBW
THHERE L CEERBCTCH o2 LW EZ LN
(Carella et al. ; 43F 4 kg/m2—34+ 6 kg/m?, AHF
72.27.841.7kg/m?2—25.0+£2.0kg/m?). T DA
IZDWT, EATHIZE TR B B 13 MR B
BI B CIIEMMAIEE D FFM 2 BKFML TL %
IEEUETEDL L VDR T W30 )3 KEFFFE
DFER TITEFE BT B & & MARICIEHEREREO
FFM Z @ KETHili L, TOHEZERTAIZEL L h o
7.

AEFZE T, KEA 8.0+£3.2kg WA LZIZdH
6T, W BIENLELNLKIEPEL, HE
BB L OCHEBWETICBNTIZLAEEDLS 2
572, Komiya et al.2®), van deer Kooy et al.39 D#
FIZBW T, REBWMBETEFRLEN +9Q, +16Q
L2t LTEB5Y, FM, FFM OZE{LE & EHiE
DEALBEOMICEEZMBEEREI{OIATH S
Vo LA LRSS, AR T Rso B LT Ric D
ZibLE L DXAICL AFFM OELBE L OBICEE
ZHEREIEBON. ZoOERIE, Komiya et
al.1¥)| Nakadomo et al.}® 2 & » THEHY ICHKRET &
N7z, BEEEBIEICL |HE L HEEICL S
FFM & OB O N-MBEREEEDLL 2w, D
I, Rso BLU Ric DEALY LT THo7212d
MboFIol) RiERIBLNZ L, BT
e300 ITHHE I N TWADDEBRRBLIDTH Y,
BIENRETOFER AL SBETCHETES
HREMERETEIDOTHS,. —JF, DXA &1 BI
FIZBIT A FM OELE L OMICE VB R EAS
BONLICBEDLSY, FM OL{LEE Rso BI O
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134 KR, W, A8, K, #i, $HE, 1%

Rfc DEALE L OBICE S N/ HEBHREIE FFM O
TAEEDERIIBONLZIDINE ko, D
T, TOERENL, BIESRREKSE & EMK
BREHE L OBBREFE L THRAR zHE T 4R
BICESWTWAEZEHPEILEOHEIIBVTHR
BENTWAZ EPHERIN.

PDEOKED? S, WEWBITAHFM, FFM O
IWB 5B SOICTFRICHEET A HEL LT LB
DEz LNz, —OHREE O FFM T BKFHEE
F, POBEAREICLBEATAHEANLREL,
REFBTHELLEEZFIC I ETRILEZRD S
FETHA., bH)—2oik, BEMNKROEIERZ SR
BHE LT, REROE{LESEREET LA EIR
YA HETHH, MEL D IIEHH L D FERRRE
BUETH LY, % OFATHFT Bl kI BHE
O FFM ¥ BAEHEL TH Y, FhEBEIINEL
RESZENTVWEWI &R, KFFEICBWTIE
EEEH BIEEFRAVTIZOAFRES N L Do
ozl h, BEIWCBIEOH - LTRENREE
HEEZ BN

V. % < )

ARG TIE, REMBROBHEEELS L URED
o O DR E(LIC BT 5 Bl EDOHEER
BIZOWTHE L, UTOMREEL.

1. WERIRICBIT S FMpy, DEILE L FMgpy
B LU FMypy PEILREOMIZ, r=0.87, r
=0.88 DEE MM E L 1.48kg, 1.44kg D
SEE #*#& 5 7z, F7z, FFMpy, DELE L
FFMgppy B & U FFMyp PELE L ORICIE,
r=0.54, r=0.49 OFEZHBHRE L 1.35kg,
1.40kg @ SEE o7z,

2. EHEIZB VT, BEERK B EL L UEEKE
¥ BI #£13, DXA L IEB{L T FFM & {bEZ#
FERM L 7. T BI #iL, WMERIICBIT S FFM
R BAREMLTV2b00, BEOZHREL LIS
DXA 2 &5 FFM EEML, BERIZBWVWTIE
BB LEIELNE. 202 b, T
Bl #7° FFM OB EXBARFM L ZRE & L
T, WEMIZBV CEHEEED FFM 2 8K
fliL7-Z e EZ LN,

3. FFMpy, PZALE & RS0 B & U Rfc DEALE
LD, r=—0.63, r=—0.48 DEELHEE
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BEPESNI. ZOZEN5, BIEILLAE
KRESEKNEOETILEY VT, BMEROEME
% L) IFREICHEETE B REMIRIZ S L7,

AREFFEIE, DAREH ¥ BBEEREESE, FABEKE
SRS v ¥ — (TARA B 7u v 27 b)),
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Effects of obesity phenotype on fat metabolism in
obese men during endurance exercise

S Numao!, Y Hayashi', Y Katayama®', T Matsuo’, T Tomita? K Ohkawara', Y Nakata'> and
K Tanaka'3

'Graduate school of Comprehensive Human Science, University of Tsukuba, Ibaraki, Japan; *Higashi Toride Hospital,
Ibaraki, Japan and >Center for Tsukuba Advanced Research University of Tsukuba Ibaraki, Japan

Objective: The effects of obesity phenotype on fat metabolism during endurance exercise are unclear. This study aimed to
investigate in obese men whether body fat distribution would influence plasma fat availability and oxidation during endurance
exercise.

Design: Fourteen sedentary men (body mass index (BMI)> 25 kg/m?) were divided into two groups by visceral fat (VF) area: VF
obese (VF-Ob) (n=7, age; 52.042.5 (s.e.) years) and abdominal subcutaneous fat obese (SF-Ob) (n=7, age; 57.3+2.8 (s.e.)
years). All participants performed stationary cycling exercise for 60 min at 50% of peak oxygen uptake.

Measurements: Blood and respiratory gas samples were taken for analysis of hormone, metabolite and substrate oxidation in
each participant at rest and during exercise.

Results: There is a significant group x time interaction in the plasma concentration of free fatty acid (FFA) (P<0.05) and glycero!
(P<0.05) during the exercise bout. In addition, total plasma concentration of FFA (area under the curve) was 59.2% higher in
VF-Ob compared with SF-Ob men during endurance exercise (1.9940.24 and 1.25+0.13 mEq/I/min, respectively; P<0.05).
Total plasma concentration of glycerol (area under the curve) was 102.3% higher in VF-Ob than SF-Ob men during the exercise
(69.6 £12.5 and 34.4 + 5.1 mg/di/min, respectively; P<0.05). However, fat oxidation was not different throughout the exercise
between VF-Ob and SF-Ob men (176.5+25.7 and 183.0+12.8 kcal/60 min, respectively).

Conclusion: During moderate endurance exercise, plasma fat availability may be higher in men with VF obesity compared to
men with SF obesity. However, total fat oxidation is similar between obesity phenotype.

International Journal of Obesity (2006) 30, 1189-1196. doi:10.1038/s).ij0.0803282; published online 7 March 2006
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lower antilipolytic response to insulin’-!! than subcutaneous

adipocytes. Thus, visceral adipocytes are recognized as
having higher lipolytic activity than subcutaneous ones.
Prolonged, moderate-intensity exercise is usually recom-
mended in clinical settings for the treatment of obesity
because the exercise provokes an increase in lipolysis
and promotion of fat oxidation.**’> These responses to
the exercise are strongly controlled by changes in concen-
trations of catecholamines and insulin.*® Also, the sensitivity
of adipocytes to hormones largely affects fat metabolism.'’
As increases in catecholamine concentrations are synchro-
nized with decreases in insulin concentrations in an
endurance exercise bout,’*'3 the lipolysis response of
visceral adipocytes might be higher than that of subcuta-
neous adipocytes during endurance exercise. Therefore,

Introduction

Obesity can be classified into visceral fat (VF) obesity and
abdominal subcutaneous fat (SF) obesity! according to VF
level. The VF obesity is known to be a risk factor for
cardiovascular disease and closely related to metabolic
disorders such as insulin resistance, hypertension and
hyperlipidemia.” These metabolic abnormalities are asso-
ciated with the characteristics of visceral adipocytes. Pre-
vious in vitro studies in humans®*® have provided data that
lipolytic responses to catecholamines of visceral adipocytes
are 1.5-3.0 times higher than subcutaneous ones. Further-
more, it has been reported that visceral adipocytes have a
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Japan,
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plasma fat availability and substrate oxidation of VF obesity
during endurance exercise might be different from SF
obesity. However, little is known regarding the difference
in the patterns of fat metabolism during exercise between
the obesity phenotypes.
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Only a few studies have evaluated the influence of body fat
distribution on fat availability and substrate oxidation
during endurance exercise. Kanaley et al.'® reported that
the increments in free fatty acid (FFA) availability during
endurance exercise were greater in lower body (LB) obese
women than upper body (UB) obesity women. However, no
differences were observed in total FFA availability and fat
oxidation between LB and UB women. Also, Van Aggel-
Leijssen et al.'® reported that fat metabolism is not different
between LB and UB obese women during endurance exercise.
These two studies used waist-to-hip ratios to divide subjects
into two obesity phenotypes. However, the waist-to-hip ratio
is not sufficiently validated to estimate the accumulation of
VF and SF.2%?' A method using a computed tomography (CT)
scan is known as the gold standard for evaluation of
abdominal fat distribution. To our knowledge, no study has
investigated differences in fat metabolism between two
obesity phenotypes (VF obesity and SF obesity) during
exercise in obese men.

This study aimed to investigate if the obesity phenotype of
obese men influences fat metabolism during moderate-
intensity cycling exercise. Plasma hormones, fat concentra-
tions and indirect calorimetry were used to compare fat
kinetics during the exercise between VF and the SF obesity.
We hypothesized that fat availability during endurance
exercise is greater in VF than SF obesity because the lipolysis
of visceral adipocytes is higher than of subcutaneous ones.

Materials and methods

Participants

Participants were recruited for this study through advertise-
ments in a local newspaper. Eighty-seven obese (body mass
index (BMI)> 25 kg/m?) men?? first responded to the adver-
tisement. We selected men with sedentary life for at least the
previous 6 months, and stable weight (<3 kg weight change)
for at least the previous 2 months. In addition, we excluded
men with history of some metabolic diseases or who were on
some medications known to affect fat metabolism. Finally,
14 sedentary obese men participated in this study. The
participants were divided into two groups (VF obese (VF-Ob)
and abdominal SF obese (SF-Ob) based on their VF area (VFA)
at the level of the umbilicus using a CT scan. The VF-Ob
group (n="7) had a VFA greater than 150 cm? and the SF-Ob
group (n=7) had a VFA less than 150 cm?. This study
conformed to the principles outlined in the Helsinki
Declaration and was approved by the Higashi Toride Hospital
Review Board. The aims and design of the study were
explained to each subject before they gave written informed
consent.

Experimental design
Fat metabolism, defined as changes in plasma fat concentra-
tion and fat oxidation, was compared between seven VF-Ob
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and seven SF-Ob men matched for age in a 60-min
moderate-intense (50% of peak oxygen uptake (peak VO3))
exercise bout with cycle ergometry. ’

Measurements

Anthropometric variables. Participants were weighted on a
digital scale. Height was measured using a wall-mounted
stadiometer. Body mass index was calculated as weight (in
kilograms) divided by height squared (meters squared). Waist
circumference was measured at the level of the umbilicus
with participants in the standing position.

Body composition. Whole-body fat mass (FM) and fat-free
mass (FFM) were measured by bioelectrical impedance
method (HBF-300, Omron, Tokyo, Japan).

Abdominal adipose tissue area by computed tomography. The
VFA and abdominal subcutaneous fat area (SFA) were
measured using CT scans (SOMATOM AR.C, Siemens,
Germany) set at 110kVp and 50 mA. Participants were asked
to lie in the supine position with their arms extended above
their head during this measurement. A single Smm scan
with a scanning time of 5s was obtained, centered at the
level of the umbilicus (fourth and fifth lumbar vertebrae),
because it was found that VFA from single scan is highly
correlated with overall visceral volume.™ Visceral fat area
and SFA were calculated using a computer software program
(Fat Scan, N2system, Osaka, Japan).?*

Aerobic capacity. Peak VO for each subject were determined
by a graded exercise test with a cycling ergometer (818E,
Monark, Stockholm, Sweden). Following a 2-min warming-
up at Owatt (W), workload was increased every 1min by
15 W until volitional exhaustion. During the test, ventila-
tions and gas exchanges were measured using an indirect
calorimetry (Oxycon o, Mijnhardt, Breda, The Netherlands),
and heart rate (HR) was observed using an electrocardio-
graph (Dyna Scope, Fukudadenshi, Tokyo, Japan). The
highest oxygen uptake achieved over 30s was determined
as peak VO,. The peak VO, was referred to the criteria
described by Tanaka et al.?®

Experimental protocol
Participants were not allowed to perform strenuous exercise
for 2 days before each measurement and consumed a
standard meal (50% carbohydrate, 30% fat, 20% protein)
the evening before the study. Following more than 12h
overnight fast, participants visited the Higashi Toride
hospital at 0900 hours. A catheter was placed in the forearm
vein to allow the withdrawal of blood samples at rest and
during the endurance exercise.

Participants exercised by cycling for 60 min at a work rate
corresponding to 50% of predetermined peak VO,. Oxygen
consumption (VO,) and carbon dioxide production (VCO,)



