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FTA LT +4 2 ‘;/‘/I""i AXI;\EI a :1/7' PEWA
KEE BEF*+ #EE SUF vt FEeeor

B8y AUFEL, —BBEARABRAICKT 5 EEEMHS (LT, DPBP; double product break point)
HRYORBRYE (AL METs) 7 BFFli L 72 K FARREMEIEEE I L Va3, 4
ORNRINAT 2 AP E B A O A2 Ex HIV & L7,

A% DPBPIC L AEBIML T a0 — A% %2 72438 A (BH123 A, FBHERS3.5+17.05%, 7
315N, 52.8+12.55%) & APIEORISR & L7z, DPBP OHEIE T HExH T )L T A — 2|2 X 5
HHEE) AR ATV, BB AR P OO S BRI MO Ch 5 —FEK (DP) 28,
HEFEROBE I VZIE T % 5% DPBP & L7,

R DPBP HMOMRBYEIZHM &M T, TN ZENn5.3+0.9METs £4.9+£0.7 METs TH 1
DFFExt %3 0 5 H87.2% 75 6 METs % F[E - T\ 7z,

fEam AP LD B HARABRATIE, HEMRETH-> THLREER 2D (8 METs) 7x & EEHIC
Fo TIEHREDO D & LTI AL E BN 725 C E DRI Nz, OIEBO Y A7 PEEHN
HFEREN, BEOLSDEHPE LEBOME 4% E T 5B, 6 METs & E[R5RE & L,
HEE)RF HR ° 5 RAYEFTRE (RPE; ratings of perceived exertion) & HZZ TS B 72K 2504

HThbHLEZOLNT,
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GENREZEDAHC LICHADEIPN TS EPKE
BT, 3 METs LA O E O KI5 E)
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TV BRI P EMEMIEEED L L (B
SHERHOTTAED 70 <, FHREZ D7 THE
TELAMBEMIEERTIOBRE LIRS 25, — Dy
TR ATEDORE OGN T A &I, /@
O < 0 HEE) A 58 4 HBROE B AHEE#RIC R 5
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R 7 K P R FRRE AR C & 50
Wik e LC, “EMEKEMmS (LU, DPBP;
double product break point) ARSI & DS
N %4, DPBP & (3 5HS) A i sl b O L
(LAF, HR; heart rate) & AEIHMAE (BLF,
SBP; systolic blood pressure) O " Ffg (LLF, DP;
double product) ([T A EMATH D, EE)HRE
DOIEINMAE S ARSI W T, M FLERRE S E
B+ AA MMM (LT, LT; lactate threshold )%
R, BFEIGE LD & L RFEE & BB SR
ZBEE (LLF, VT, Ventilatory threshold) 57 {Z 3712
LCHET A EPHBNIZIN TS, £L T,
DPBP % 2 7238 L Tl A2 RAPRE DTGB 73 15 %
D, EERICHT HEAEBKE 72572089, DPBP
4 OEB R 1T F O E A # C 9 2 & GHE)
DEMTELLZERFO—DLEZ LN, F/o,
DPBP 73Tl 9° % LT g COMEENC L 0, FEER)
RO, AR PIRERHY OBEEL ERRO BN
TWAH I Enb, REFESHBEIG 2SR TH
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YOG Th HE M L FRE T/ L7cE &5
2 B

Z ZTARIZETIE, 105 AR~80iRE TORAA
([CIUT BRI K T REEREIFER LN A
DPBP MO 2 & (Bf2iE METs) (C & D FFfi
L, —ERI7 AR L p DR RN EE) 3T 2 5
SN EEEE A ST A LA E LY,
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1. SRE

SR8 7 H 9 B2 3 AIC, ¥tvx—o
DPBP |Z k@87 a— AICHEMICS L, X4
H D225 Tl BhF M 12 SZFE A5 70\ & HIl S 172573
AND S5, FEEN 5 MR OHHEO R 2
T RIFSREEREZRA L TV 594 A & DPBP JllE
B\ TS OHIFIN T E o 74t AR\ 72
FYE123 N, 315 ADFT438 A (4F-HkaiE ; 19~86
%) mAPTRORNGE L (R1),

ETORRENTT—AZBZHRC, BEDH
B RO ONIMEBE I THEHAT S &%
HEH TRt L, JCEICTHREY S, 72, K%
FERTHERO  VMAEZTRSORELH CERR
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®1 AREOFN

W H B (1230 7tk B15A)
s O 52.4+16.8 52.6+12.4
29K LA T (N 15 19
30if (A) 17 27
405 (A) 15 65
50i%f (A) 20 103
60/ (A) 40 85
705 E (A 16 16
HE (cm) 168.0+6.6 155.946.0
RE (kg) 67.2+10.0 55.8+9.4
BMI (kg/m?) 23.8+2.7 22.9+3.5
JEH 5 BB (cm) 84.8+7.7 82.9+9.6
SBP (mmHg) 123.7+14.2 119.4+17.0
DBP (mmHg) 74.6+8.9 73.2+10.0

7 — 23 FE + R R ZE TR L7,
BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure

L7

2. TERE - REFEFIERIE

WRERE L LT, 7 VX IVE K (DNS-90,
KDS) #H\WTO0lem B CTH K%, {K&HG
(TBF-641, X% = %) 7% M\ T0.1 kg B THRED
BExIT-> 720 Eio, ROMAE (kg) #HE (m)
D 2FTHRT 5 T LIZ LD body mass index (BMI)
R LU/, BB (NZR) EAXRY v 7R
0— AT S &, VAL, BPERFCEOS
S TIMEDO AV v —% HWT, 0.1 cm LT
HIE L 72,

LHRHRFIMLEN S ERL 5 75 DA EOZeE iR, KERIMAERT
ARAWTHEIEL, 2 BOBEIEBOF-E % i,

3. DPBPHIE

DPBPOJIEIZIL, HBEEE) A ff 2 E ML-3600
(77 ZEHT) AW, BRI AR LT
A=t L, HEEOY FIVICHE S ZREETLIES
L lho 78, EB AR ZBAG L 7o, il
B OWIEST L, B0 watts T 2 45 FH O HE g E
R, Ramp Al EE) A HE (LLT, Ramp &
fif) IZ®4T L 7co Ramp & fif TR SEOM, 4
Wy, (hE, EHBEE L S AEE L CTAMOHEEIEZ
6 watts/ 43 ~20 watts /43 CTEFZZRE L 7=, Ramp
Afihil, BEIMAEET Tango (Sun Tech) %
T20~30F) C & 12 SBP & HR OIE % 1T - 72,
HR (3 MO8 A E I L 0 JlE L 720" O R-R
kR4 HERHAE L CHRIE L 72, £ L TSBP & HR
POHBFIEIN/ZDP L{EEXR L OFGRETZ
22— ECHREL DS, FEROM I
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DP O 234 % JEih 5T % DPBP 78 HHLIC
THERENTHD, RIETL 5 O2ODP F—X AL
N7t (FrERm L L3l s ), 380
RIE (Borg 850 170D “mix D &EDOW" ([ZEL
72IRE S C, Ramp Bfjaf T L7,

DPBP OP7E Tlt, Ramp AMEFOMLEHR (fhaz
EH) & DP (HERER) »OkbARKI Ty b
P EDOBIRIZEWT, £ THOT 1y AR ThE
LTSNS 2 o070y FEFZHVCTHHES N
7TREAR O 2 TOMA G DR B RDI-, I ERE
OT 1y FEIFRIKS DL EEL, HGEEOT Ty
FamERRIcEO GHE L, £L T, ehZth
DOEIFERREP HEK Ty b ETOREFE A EH
L, BEEHMPRMEZ R L 72 AEDRICEBT
% 2 DOEFERL DA S % DPBP & L7z, 72720,
2 DOEYFE T, HFHEER Ty FREOME
I LT, AFERALE T Oy FHEEOMEE OR
IR IP10% K72 - 7oB i &, 2 DOREYFEFR DAL
S ERE AR 7 RO /AR ORI A s/ (M
FEICX 0 AR RO ONIZ) HE1E, DPBP O¥|F)
ASHE &R L 72,

Z LT, W %%E537 A0 > H, DPBP %%
TEED->12FBFMATHY, ZOEH EWRIT,
DPBP % RD7-FED 2 DOEIFELE T, LHFRNK
W7y FHEOEEITNL T, EFERAE Ty
FEEOME = OMINER10% Kili TH - 72& 29 A
(H=DFH 1 —62.0+160.3%, W& : —873.3~
6.0%), KDOHNT 2 OOEUFEFREDES SN HFRIC
o 72N 8N, EFEEOHINTFES SBP OfEIC
EAME A 2RO ir - 72728, DP DfEA K E <
BEEYL 725D 4 AN ThHo 7,

4. DPBP HHYDORBUEDEHEHT

KO BN/ DPBP YO FR L AENLD, 7
A T AR— Y RS2 - BB O EFORBET A
K19 % W CIEREBERE (LT, VO,) #EHL,
REBEUEAEL 72, 7o, XZ)VEEREIT500E
iR/ & U CETE L 7o,

RAFHERK - VO, (ml/kg/5) =1.8 X {LHF K (kg
m/455) AR (kg) +3.5 (ml/kg/43) +3.5 (ml/kg/%5")

ks, CORBETERITEFREEICE L i RE
REOHEATH Y, EFIREICET LR
PRI 5 < 75 % Ramp AR O L H I 5
LIAFENEIIBAGHE 7252 25, KFZET
R B /- DPBP AH 4 O 4 & 4 @8 A FHI I 7x
> TWARREME B,

5. DPBP ¥4 M HR OEH

Ramp A fiflO DPBP LU FOEHEFER (A5
& HR (fEBAE¥) O—REFRAIC DPBP HY4 D
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R ZA L, DPBP 4D HR #HH L /-,

6. WRETLIE

T — 2P + EERE R TR L fo, e T ALER &
LT 2RICBT A HEEBRTEICIIRIND 2R\ t 1
Ew R, Tk OF ARSI — oA E S
Bt e vy, 2 TOREMEIT SPSS (15.0])
TIT\, PESY% K% b - THia IS AHE L ¥
EL7,

Il & R

DPBP Y DR & A Y& IT HMHE69.4
18.4 watts & 5.3 = 0.9 METs, 7z ¥ A351.4 = 12.1
watts £ 4.9+£0.7 METs THLICAEEXLE RO
(zhzh, P<0.001),

DPBP 4O & ) 5 2 L 7= M i 7 e ok
FEEENEERETIO 1 METs [ C & OB Fo
A A TlE, 6 METs KiliOEZEDPFR &5 TE
h£D87.2% (382 A/438A) Tdh-7- (FE2),

Ramp A OWBEIEIL, W5EOFEREEEL T
WE L7728, RMEOF R RE CHEE RO
(B4 + 4 P<0.001), DPBP MM OHRYEIC D
FMEOFRERFEICEEZEZXRD (B rd P<
0.001), FHEMMREIEESMEERL Tz, B
L, ZHid Ramp & OMIBENE N FLE L T\ 5]
RSV L2 D, RMOFERHMEREIIC ST 5
DPBP {24 D Y EDZEIZ DWW T, Ramp D
WiHEE A PN IS hn 2 ¢, — ol L Bt &
1To 72 ZOREE, R OF S §%HE T DPBP
BORMYBICHEETRDES L-72 LT,
Ramp £ fif O FIEIE 2 FH K 7120 2 7= P fEiE 4
TOM: - FHFRIC IV T 6 METs % F[El - T\
(£3),

DPBP Hi24® HR (¥, 4% %% O yL{E 75103
W/, 25/8—t vk E LI — kAL, T
ZN4/ 53 1/ 3 TH 5 Tz KEREL O
HBfif & 25/ 8—1 v ki, 75/8—t v F EICOWTE
F4ITRL 72,

|\ £

AFFRIZ LD, BEEEZRAL THhZ2WHAEAAD
—e AN (FEESIE : 19~867%) 1C 3515 DPBP #
WO E S L 7o R 7n i K N AR R
TEERE DL )V id, 6 METs Kifi O B 2K
87.2% L K&K HDOTWAHI ERWLNITR -
7o DFED, “UaFr (TMETs)” X “fEE L
7Y (8 METs)” O X S e K (KEE) - EBiE, %<
DFEIZ & > T DPBP L LD &R E OET)ICH 2§
HT LIl hy TV AAHA FTLEREND
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£ 2 DPBP 7 Ol L 7o i K T ALK EIFEERE T O RS B R D A5 A5
G H 5 (R BB S (%) S (%) A (%)
SMETs & IESH AT 0( 0.0) 26( 8.3) 26( 5.9)
4METs & W 49( 39.8) 139( 44.1) 188( 42.9)
5METs & HERICTFH LS 51( 41.5) 117( 37.1) 168( 38.4)
6METs & 15( 12.2) 33( 10.5) 48( 11.0)
TMETs & FE - KEEOBE) - EK 7( 5.7) o( 0.0) 7( 1.6)
8METs & PEEY 7 3% 0( 0.0) 0( 0.0) 0o( 0.0)
9METs L 1C 0.8) 0o( 0.0) 1C 0.2
=+ 123(100.0) 315(100.0) 438(100.0)
DPBP, double product break point
&:ﬁﬁmf%mtﬁﬁﬁ%#iﬁ%ﬁ I L AR IBEMEOHEN T, EHIRABICE T 5 Bl FHR P LI

/& < 7% % Ramp & fil BRI ORI 2R EMEFLHEAFTHE L TL £ 572, KD S 7z DPBP HYS DO
A B b B KFH L T B RTREME N E

* 3 FEERNO Ramp A EIHEIE & DPBP HHM4 ORG24 & O Mg
Ramp & fif i LEiE DPBP 24 DG4 & 4 DPBP Y OFHRY &'
(watts/ %) (METs) (METs)

5 W 5 # W ¥ % W
LN 13.6+3.5 10.3+1.8 5.3%0.9 4.940.7
291K LL T 18.8+2.4 13.7+1.9 6.2+1.3 5.6%0.6 5.8+0.3 5.3%0.2
305K 15.7+2.3 11.4+1.5 54%0.9 5.140.8 5.3+0.2 5.0%0.1
405 A% 14.7+2.6 11.0+1.4 5.240.6 5.0£0.7 5.1%0.2 4.940.1
505X 14.1+3.1 10.0+1.3 5.24+0.7 4.940.6 5.24+0.2 49+0.1
605% 1% 11.6+1.5 9.3+1.3 5.140.7 4.9+0.8 5.340.1 5.0+0.1
70i LA B 9.8+1.6 7.9+1.3 4.8+0.5 4.5+0.8 5.1+0.2 4.7+0.2
P <0.001 <0.001 <0.001 <0.001 ns ns

F— Z Ll + EEHE R TR L 72, BMI body mass index, Pl SEMSFERLE O Hok
* Ramp A FHIHEIE 2 L7 LT, KERMSHRIC 3510 % DPBP HX4O RS O FME + BEHEH% L P RDT,

T ﬁiﬂfnf)ﬂ\«‘tﬁ%‘ﬁ%iﬁ TEHIRRE
& < 7% 5 Ramp A BRI DRI

A2 B LRI L TV S aTREME &,

T4 BERBETICEST S DPBP 249 HR Ok

i, 25/ 3=t/ b EE75X— &

N (25%, 75%]
ERON 103 [ 94, 111)
2958 LT 107 (103, 114)
30 L 104 [ 98, 112]
40t 106 [ 98, 114)
5018 104 [ 94, 112]
607% A% 99 ( 91, 108]
708 LA F 98 [ 91, 104)

BALIAA/ 5

(T L oM RIEIUE OHEER T, EFRIBISE T 5 B A 25 i1
ﬂ“g“ % IEFRAECE E ARG L TL % 5 téb k& Bz DPBP YD

B TR IR ESRLTEE L TRASNTWA
k21T, 722 21F, VIO 1L H10ME £ TIKE A
BREFICEROGT S LD EE 2T O I3ER
DLBECTH LT EPHLNIT T, E7, Y
EOEPICHOCAHET R, EFREBICEL
TCBFEREOHEEARTH S Z &5, Ramp Aff
53R D 72 KPFFED DPBP 4 O R3S B8k
I 7 > TW A RTBEME A BV, S BT, KEFFED
SRITHEMICDPBPHIE I — A2 LIcH
T, |EAMETIERV, O/, AR
BTV ANV ENERA S RICL T 5 & H#EZ
INTco DT G, MR AR K T ERENL
W%&ﬁvmw@6me$ﬁ@%@% E, FEp
IEEHICHVAEERE LBV, HED < D O#E) A
T’éfﬁrﬂ“é[&%‘é , COZ EEFBEICANTE S LER



172 H58% AARAWEE B35

B 5o

HECHIE EZ B S/ 572010, THRIVF—
HANS VA BT AHBE IOV -2 KEL<T5
EWOBERT NPT S E, RREEOETTLIUIC
BAGR7: <, MERTHY 7 B R L A HESE L C b R x
Vo FEBRIC, BEAEMEENIC L ABERRICOWT
BT L 75 Cld, (A ERIREOZLICHE M L
7oEENRAT LB MR 7 <, EHEN IR L TR d
5T EMRPLMTEIN TSI

L, RO < DS Cld et OmR A LAE
TH DY, DPBP L1V & &\ gl FE O BN S (A THE)
DOFERMNNIIEE &I D BEA D %, DPBP & LT+,
LT & h5a5 3 VEES AL THET A
EHER SN T D, DPBP LV & &\ I EB)5RE T
XA RIS A TLE L 2 REEEE 2 5 Tw»
AP, FLT, EE) LT 2 DPBP LD 4 5\ s
ST 5 &, IMEOZ EF-00 #EB s R M O R I
DLER % 2T AP OERE TIE ST LXIVOKT
DIREINTNWEY, TOLDET b, EE
DN EDBGHo TWAHY A7 DRNEITIE,
DPBP L D & @\ 58 OFE#) 2 $lIfR 3 2 M3 70\
LDD, ARR) v 7/ FE—=AGFSED LS
L HOU 27 %KL TOWAARERE DBV ST,
DPBP Y4 O S EIT KL EDFE T 6 METs Kiifi
WO C L HASHEICEWIEERANE L E 2 DR
Too 7 AV T ATR— PR 222122 L0 [ A i 2 582
DHERE L T 5 F{RTEENRE O ERFRE & 6 METs
(FRREREEIX 3 METs) CTh D, ZhbOEE RS
%, AMERRE SR T80 EF 2 b,

DPBP 24D 24 & (3 A O E MR R T %
R, WA THBIEMEIEERTD L kKRR
U0 OMR T EFRY) RIS, Ik & & IS
KFd5Z EDRBEEIN, LaL, KUFERAD
— DO THBH5HH, Ramp A fif OWIHEIE % Wb ik
FEERELHEL TED, TNHRE THEF RS
(% & DPBP fHY4 O Y & 2 @ KR L T\ % 0]
BEME A B\, £ T C, Ramp & fif OWHEIE 4 F%& R
FITh 2T, FE, 585 k0 SERRERLIC
1317 % DPBP tHY DU EDOZEIC OWTHHTL
7o ThH, BRERERRDEL kolce TOT D
B, BERMESLIT S DPBP MM OMREHYS B4 Bk
i L TV B ATREME 28R e S 1, %k 5 O DPBP
RGO U EOFIHMEIL, & TOFERMER T 3~
6 METs O#iHN TH - 7,

KOFFERE R RS < VEF T, FAREEHO
RO H %A 6 METs ICT A 8 RZYK L% 2
LN/ H DD, TN TEEWZHERT S &3
T&E\, 22T, ERYEOMHIZRIEEIC I Z
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T, HERFHR ° B HAEERE (LT, RPE;
ratings of perceived exertion) 2875 & O FHXS 75 51
HHRICL DD, HEWNERREOME 41T >
DR B 529, fFES < DICAER) A EEIRF HR (2
BIL Tid, 50% VO,max H240 HR % Ffih 7 O HE
T+ HR ; 138 — 5E /239 <2 Karvonen OF .0 A
Boviz bbb, BxTEOMET, —HETEEIC
BV T138 —4E i /2 TR 7- HR & DPBP 4D
HR & DEN£10% DHADOE T 2AD68% % o,
138 —4EHh /2 70 63k & 7- HR AMEES < 0 EB O
BICHETHHT EHPLMITLAY, SHIC, K
WF5E T b AR % IZ 351 5 DPBP #1240 HR O
758—t 2 R EAH LT TEY, EBRE OH
EXATOBED ERBEOHZ & L THWAZ &1 T
XL EE20N/K, £/, RPEICEHL TiX, K
o —OEBHEE O WETL, LTICHY T
% RPE DA EHE T3 TH H L 0%), JHENE
BOD % EE"E D VT 40 RPE (3, HHET12.4
+0.9, THTI27£1.3TH o EBRRESINT
B0, S < DEE T RPE 21312725 L D
\OEBRE A RE T 5 C AR HEO—D LE
2 b7,

FACIR RIS ORI ORF & LT, W5HEE
405K LA EDEN83% & K¥-% HHTI Y, Ramp A
faf OWIHEIE ORI & O C, FERE 2 1E L < SH
TETCOVARWITREMRE W C LB T BN 5, 55
BESBICOMEEDT, INHDOEEB L T\
WBERD B,

vV & B

FEFESE 2 IR L T\ H AR AO—i e A Tl
DPBP 24O E A 6 METs % Flal-> T\ 53
N, REBZEDTHNLT ERWELNIC R 572, O
D7zh, fEFES < VIEE)TIE, EEERMIC Y720 ]
MLBEDOY A7 wEE S HREE L WHITKR L T
3, BeEMaiicE 5 EEO LRBE L T6
METs #— 2O H%Z L L, ZHiZinz CGEEREO
HR <° RPE #E[g L /- fFENNE & 2 b,

AW FENT P B 19~ 21 4F- B JBL A= 57 B B} < BF 22 7 il B <
(IERESEBSEEEER ARG AEE) O L%
0, MU - BRIRIC I A AEIEBER TRIIEE) - R EE
Ik AEBFEEHE LSBT 50098 (%S - BB F—
) O—F &L TEML 72,

ZAfF 2010. 4.19
BH 2010.12. 9
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Evaluation of sub-maximal aerobic capacity level determined by double product
break point (DPBP) among Japanese adults

Takeshi MATSUBARA®2* | Mami YANAGAWA*2* | Yasuko YAMAGUCHI*-2*,
Naoko OHTO***, Munehiro SHINDO?** and George KOIKE*-#*.5%
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Objectives The purpose of this study was to determine sub-maximal aerobic capacity levels evaluated by
metabolic equivalents (unit is METs) at the double product break point (DPBP) and elucidate the
safe and effective average exercise intensity among Japanese adults.

Methods A total of 438 subjects (123 males and 315 females) who participated in the exercise prescription
course with measurement of the DPBP during a continuous incremental exercise test with a bicycle
ergometer were enrolled in this study. The DP (heart rate-systolic blood pressure product) featured
rapid increase with increasing exercise load during the continuous incremental exercise test.

Results The metabolic equivalents at the DPBP level for males and females were 5.3+0.9 METs and 4.9
+0.7 METs, respectively. Interestingly, the metabolic equivalent at the DPBP level in 87.2% of the
study subjects was less than 6 METs.

Conclusions This study indicated that some physical activities above moderate intensity, such as the stair
climbing (8 METs), might be inappropriate as health promotion exercises. Thus, the upper limit of
exercise intensity for health promotion was 6 METSs, especially if the subject was at cardiovascular
risk. In addition, it was found necessary to make synthetic judgments in consideration of heart rate

and rating of perceived exertion (RPE) during exercise.

Fukuoka Health Promotion Center

2* Laboratory of Physical Science Inc.

3* Fukuoka University, Faculty of Sport and Health Science

#* Fukuoka Health Promotion Foundation

>* Kyushyu University Graduate School of Medical Sciences, Department of Cardiovascular
Medicine



