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Abstract

Little data is available recommending the adequate exercise level for physical fitness, so we hypothe-
sized that the anaerobic threshold (AT) point is an ideal exercise level. We aimed to determine a new target
heart rate formula for the adequate exercise training level in healthy subjects.

This study first developed a new formula in 405 subjects (221 males, 184 females, mean age 48.9 +12.3
years). The AT was determined during cycle ergometer exercise with continuous respiratory gas measure-
ments. The correlation of heart rate at the AT to resting heart rate, age and gender was analyzed by the
multiple regression method. Based on this correlation, a new formula calculating target heart rate was
established as 74.8 +0.76 X (resting heart rate) —0.27 X (age) + 7.3 X S(male: 0 or female: 1). This
formula was then compared to Blackburn’s method in 210 subjects (139 males, 71 females, mean age
44.5 + 14.4 years) . The difference between the new target heart rate and the heart rate at the AT was sig-
nificantly lower than that between the target heart rate by Blackburn’s method [ (220—age) X 0.7]and the
heart rate at the AT (8.8 & 6.3 vs 12.7 = 8.2 beat/min, p < 0.001).

The resting heart rate and gender are important factors in determining the target heart rate for exercise.

This new formula indicates the adequate exercise training level more accurately in healthy subjects.
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40, FRAT AW T OEBAMHAERIC L ) EBRI
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B (g, BikoERR4055, FHER48.9 123
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B w1846, FIHERKAT8MR), FEBHI (40K
WO ERE 10261, 405 LL L 60 kit D P ERE 21261,
60 L. EOBERIIF), TEERGIEFI (60/min R
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80/min LA _E DSEAREE 111 61) 3 & OHEBY BB (&
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2. 5 &

1) REFEIC & 3 EEEBHREFTAAROGE
Blackburn O # B B AT #IR (220 —F #5) ¢
POEHENLLHABDTI0% %, BEICKDLNE
7 58 & Bl 54 B T )-8 8 (heart rate by Blackburn’s
method: HRB) & L TEH L /-,

2) ATEDIEBORE

SEBAETIE, BMEEEILITA—F—(IFE
Bl 232CT NV TA—F—)RHW FBRT ARG
WTIC, 45 H0%E, 10W (50 [El#E/min) T25H D
YA =3IV FT v 7Ok, 55 10-30W (50 [E#/min)
TS 2 EEE R ramp 8BTS % AT L 72, K#F
B, v+—3IYr7 v 7R, BFRBILUAREKIS
Triz, MEMEBL O RFELERTEHEEITY,
EHHE= 7 — LERY S.LHEEERIE L7 (Fig. 1).

10-30 W/min

Work load
(50 rpm) 10W
. r T T 1T 11 T 1
Time (min) 0 4 67 89 End point
< > é—bd )¢ >
< >4—r+¢ >« >
P Ramp exercise Recovery ,
1

Blood pressure  __Hest arm-u
Eca N Every 1 min !
Monitering !
Breath-by- breath method 1

Heart rate -
Ve Vo, Veo, |

Fig. 1 Exercise protocol
ECG = electrocardiography ; VE = ventilation rate ;
Vo, = oxygen consumption; Vco, = carbon dioxide
output.

IR T ADHTEREIE I F FEREE AE280S # A
\y, breath-by-breath 12 & > TEERIHE & (oxygen
consumption: Vo,), REEN ABHEDE L UFRRAE
ZEHAIL 7. Zh 5 H 5 Wasserman 59D V slope
method IZ & > TAT % #RE L, ATR DL (heart
rate at AT: HRAT) % K7,

3) HRB & HRAT D LE#

E1BOSWERE, W, FREY, THEOER
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4) HRAT O FRINIERR & £ DFF
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F 72, Lester D3 : 205.02—0.411 X [4E#h ()17,
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Fig. 2 Difference in target heart rate (HR)for exercise according to gender(4), age(B), resting HR

1. B1ELBICH T DS
E1HESFIZB1) 5 HRAT 2 121.2 + 15.2/min, HRB

(C)and current physical training (D)

A: In males, HR at anaerobic threshold (HRAT) was significantly lower than HR by Blackburn’s method
(HRB), but in females, HRAT was significantly higher than HRB.

B: In young subjects, HRAT was significantly lower than HRB. In old subjects, HRAT was significantly
higher than HRB.

C: In the low resting HR group, HRAT was significantly lower than HRB. In the high resting HR group,
HRAT was significantly higher than HRB.

D: There was no significant difference between HRAT and HRB with current physical training.

*p <0.05, ** p < 0.001. Data are expressed as mean value £ SD.

Young: <40 yr, Middle: 40—60 yr, Old: = 60 yr, Low: Resting HR < 60 beat/min, Normal: Resting
HR = 60—80 beat/min, High: Resting HR > 80 beat/min, None: No current physical training, Less:
Physical training once or twice a week, More: Physical training more than 3 times a week.

120.5+8.2/min L X EEE I h o724, BUET
D HRAT 1172+ 14.1/min ICHREEIZHETH - 72
(p<0.05). LB TIZHRAT(126.1 + 15.1/min) DT
IHPHRB L ) b EETH - 72 (p<0.001).

i R

1£119.8 +8.6/min T&H 1), HRAT L HRBOE THEZE

Thoi-.

2. BIFICH T B MRIDLES (Fig. 2—A)
BB DOHRB(X119.2 + 8.9/min T, XD HRB

3. BI1EICH T2 EREF O LS (Fig. 2-B)

HRB & HRATIZ & b IZEEICR B> TET L
7o, FEBHETIEHRBIZ131.1 £3.5/min & HRAT
127.7 £ 15.8/min IZHREFEEICHETH - 72 (p < 0.05)
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Fig. 3 Difference in V0,AT for exercise according to
current physical training
Vo,AT was increased with physical training.
**p<0.001.
Abbreviations and explanation of the subjects as in
Figs. 1, 2.

D LT, BEBETIZIHRBIZ108.5 £ 3.0/min &
HRAT 114.8 £ 14.1/min I REZIZKETH o 7=
(p<0.001). FEFTIIMEHM CTHEREEII Lo 7.

4. FBIHEICH T2 TEFLBEBIO LS (Fig. 2-
C)

HAREE, @A DB & UHEIREED 3FEMICBV T, HRB
WEBEZIED O o7-4h%, HRATIIRIREE, I
B, FREOIEICERICEETH > 2. HIRETIX
HRB {3 115.3 + 7.7/min & HRAT 105.4 + 12.3/min {2}t
REEIZEET (p<0.001), IR TIZHRB X
121.5 + 8.4/min & HRAT 131.4 £ 14.4/min ICH_EE
WIRME T3 - 72 (p<0.001).

5. B1EICH T 3 EHTBIBERI D LEEK

£ ¥[A] B C HRB #%118.3 = 9.5/min & HRAT 1224 +
15.0/min & ) b HEIEK L (p<0.001) 7% o 721E 213,
SEBEEOEBEIC» A S5 FTHRAT L HRBOEICAH
BEEEEDOON o7z, F72, HRATICBWT3H
MIZEEZ D bR b o 72 (Fig. 2-D).

—%, EBHEEOBVIEEL 25 ATE® Vo,
(Vo,AT) # 3B CILBi§ % &, EBNFEEEA T
I25E > T Vo, AT (33840 L 72 (p < 0.001 ; Fig. 3).

6. EB1FICH T3 HRAT & i, REFIFORES
& UMER & DRIE

HRAT!Z, BRLOMEE L DITETL, KHEDIZ
IVBRHLNOEEICHETH o 72 (B r=—037,
p<0.001, &H: r=—0.27, p<0.001; Fig. 4—Lk).
HRAT & ZERLOHEBOBRTIE, Be b TREL
MBI BETHHITLEHRAT O RE L, THENITH A
BHEI)LIHRATREELLEETH o7 (B r=
0.61, p<0.001, ZH: r=0.65p<0.001; Fig.4—T).

7. HRAT OFRIKXER

EHS, TREEOHAME L BN EBICEERRES
WM 24T o 7245 R, FHHRAT (/min) = 74.8+0.76 X [&
B OB (/min)] —0.27 X [F#6 (%) ] + 7.3 X S(B %
0, kN k% o7

HRAT 20§ 5 3B MO GBS T, &diip<
0001 THh, ZERFEROBEEIEELEZON
7. FRERBREICOVWT D, YR B XU EHT
ndp<0001THY, YUABIUIERHE S FHRIC
ERATHHLLEEZ LN,

8. FiHlHRAT OF¥fi(Table 1)

E282108112 BT 5 ARIC &L 2 FH HRAT & £
SN/-HRAT & DEDOHEKXEIZ 8.8+ 6.3/minTHY,
HRB ¢ EHfl E N /-HRAT . DEDHMXfE12.7 +
8.2/min L RFEI/NE 2 272 (p<0.001). F 7z,
Lester DR., Wolthuis DR .3 &£ OF Cumming NI & -
THEH SN ERIFRERACEBEDZENREND 0%
DL EARRERHBL/2E 25, HRAT L DEDHE
MEIARRICELBDDPHELI ISP o, HIT,
Karvonen D FIZ & 5 EE M E OO L AR % B
L7:& 2%, HRAT & DZEDHMEXEIIABFFETRD /-
KD PEEINS o7z,
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AT LV UT OBB ORI L LT, 1) RFMRF
BT RE, 2) M FLERO R 2\, 3) T ¥ F—
TADERYB LBV, HMMFATI-VT I DEL
WIEINAS R, 5) BENIEEE OBEANICRIE L TULHERED
IEEPRIZNB R EDFEPETONE. ED72D,
ATL ARV OEBNEE Y REREENOEGH L L L
THWBIZENEL L BoTWA,
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Fig. 4 Scatterplot of correlation between HRAT and age (upper)or resting HR (lower)in 405 normal

subjects

Upper: HRAT showed good correlation with age. Females had higher HRAT than males.

Males: HRAT (beat/min) = —0.41 X [age(yr) ]+ 137.4; r =—0.37, p < 0.001.

Females: HRAT (beat/min) = —0.34 X [age(yr) ] + 142.5; r=—0.27, p < 0.001.

Lower: HRAT showed good correlation with resting HR. HRAT increased with resting HR. Females had
higher HRAT than males.

Males: HRAT (beat/min) = 0.73 X [resting HR (beat/min) ] + 63.5; r = 0.61, p < 0.001.

Females: HRAT (beat/min) = 0.92 X [resting HR (beat/min) ] + 56.9; r=0.65, p<0.001.

Abbreviations as in Fig. 2.

EELF DFREEL LT, American College of Sports
Medicine 13, ®ALHED 60—-90% 12:ET HEED
EF)HE %, American Heart Association'¥ Td, %
ATOFRRA O E [220—FE#H )] L LTEH
L, €D50-75% = &8k B R0 E L CH#ERL T
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Table 1 Difference between HRAT and predicted
HR by several methods in 210 normal

subjects
Methods Difference between HRAT and
predicted HR (beat/min)

New target HR 8.8+6.3

Blackburn? 12.7£8.29
Lester” 16.6+10.01
Wolthuis® 12.5£8.01
Cumming? 12.0£7.717
Karvonen'? 11.6+£7.31

The difference between HRAT and new target HR was
significantly lower than that between HRAT and predicted
HR by other methods.

New target HR=74.8+0.76 X [resting HR (beat/min) ]
—0.27X [age (yr) 1 +7.3X S(male : 0 or female: 1].
Predicted HR by Blackburn’s method (HRB) = {220— [age
(yr) 1} X0.7.

Predicted HR by Lester’s method= {205.02—0.411 X [age (yr) ]|
X0.7.

Predicted HR by Wolthuis’s method = [204—0.6 X [age (yr) ]}
X0.7.

Predicted HR by Cumming’s method= {210—0.788 X [age
(yr) ]} x0.7.

Predicted HR by Karvonen’s method= {(220— [age (yr)])
—resting HR| X 0.5 +resting HR.

1p<0.001 for the comparison with new target HR. Data are
expressed as mean value +SD.

Abbreviations as in Fig. 2.
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EERDOSN LD o125, VOATIZDOWTIEEEHN A
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