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Initial examination Follow-up examination
PeakVOz increased group
n=16
High fitness group Mean peakVOz = 36.5 (ml/kg/min)
n=45
Mean peakVOl =32.6 (ml/kg/min) PeakVO2 decreased group
n=29
Mean peak\./O2 = 27.8 (ml/kg/min)
Subjects
n=90

Low fitness group

n=45

Mean peakVO, = 24.7 (ml/kg/min)

Peak\'/OZ increased group
n=28
Mean peakVO, = 28.8 (ml/kg/min)

Peak\-’O2 decreased group
n= 17
Mean peakVO, = 23.5 (mU/kg/min)

/NN

Fig. 1 Subjects classified by cardiorespiratory fitness level (peak \}Oz) at the initial examina-
tion and change of peak VO, at the follow-up examination
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Table 1 Study group physical characteristics,
exercise testing results, exercise habits and
smoking habits at the initial examination

(n=90)

Parameters

Physical characteristics

Age (years) 45.2+6.5
Body height (cm) 167.5+£5.2
Body weight (kg) 65.3+7.2
Body mass index (kg/m?) 23.2+2.2
Abdominal girth (cm) 84.0+6.4
Resting SBP (mmHg) 125+15
Resting DBP (mmHg) 82+11
Resting HR (beats/min) 71+11
Total cholesterol (mg/dl) 202.3+39.2
Triglycerides (mg/dl) 166.0+113.2
Blood glucose (mg/dl) 98.5+17.4
Uric acid (mg/dl) 5.9%+1.3
Exercise testing results
Max work load (watts) 133.6+28.0
Peak VO, (ml/kg/min) 28.6+5.1
METs 8.2+1.5
Peak HR (beats/min) 170+13
9%max HR (%) 97.4+7.7
Peak SBP (mmHg) 21020
Exercise habits

Exercise frequency (bouts/month) 4.0+4.3
Exercise duration (min/bout) 34.6+39.4

Smoking habits

Smoking 41.9% (36/86)

Values are mean®=S.D.

SBP=systolic blood pressure.
DBP=diastolic blood pressure.

HR=heart rate.

9%max HR=peak HR/(203.4-agex0.71) X100
METSs (metabolic equivalents) =VO, /3.5

LEEINGEHAME (p<0.01), ZEFRFHLEREA M+
(p<0.01), ZERHOIAE (p<0.05), IMHFREE(E
(p<0.05) BEBICEWEEZR LY, FHEEHH
B & SEEREBI RT3 e b o T, BUER (X, High
fit BEC 36.4%, Low fit BETIZ 47.7% Th - 7=,

3. High fitB=#5(7% Peak VO, Hindts

Peak VO, BB OLLE

Table 3 1z, High fit Btz 3517 % Peak VO, #4110
B (V4 Peak VO,;32.242.9—36.5+5.2ml/
kg/min) : Peak VO, %4 B (F# Peak VO,;
32.84+3.9 — 27.8+5.2 ml/kg/min) @ #] [E] % £
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K, BROBREHNZOSREZRELZRLUL.,

Peak VO, HfIIEE & Peak VO, WA RED FHIHE
BRIz Z 2N 3.6+1.74F, 3.042.4ETH Y, =
b o,

PIERERICB LTI, ERRUERESE, &
EERE, EEIRFREICEIL T 2 BRI E R ok
B2 h8, Peak VO, I REDBIEE X 50.0% T 5
D Peak VO, BIIEED 12.5%ICH L THEICE D
-7z (p<0.05).

BRI, Peak VO, BINIEECIXHELDS 65.4+
6.0kg » & 63.8+5.5kg ~ (p<0.05), M
83.4+5.8cm 5 81.6+4.8cm ~ (p<0.01) &
Bz L, BMI b EREZR L, iz, M
BT L A7 O — L fE 1 202.1+£37.6 mg/dl > 5
185.7+30. 1 mg/dl ~ (p<0.05), © ¥ fg 5 & 13
188.9+152.6 mg/dl 7 & 124.2+79.2 mg/dl ~
(p<0.05) EHEWET L,

M v A5 a—ECEL T, PIERRER
12 220 mg/dl KigDE (10 &, 62.5%) TEIEER
LGB 5 T (176.5+16.2 — 166.8+16.3
mg/dl), 220 mg/dl BLEDFE (64, 37.5%) 2B
TEERETHRD & iz (244.7£16.7 > 217.2+
18.3 mg/dl, p<0.05).

—7%, Peak VO, B CIAE & HEMSEREIC
BEhNL (p<0.05), ZERRFIHEAIE & L AA8m %
R, ZERFILRANEIERC EFE L (p<
0.01). Peak VO, WA B D MHTE 3 EE L 2%
IREmoiz,

BIZZHAR O Peak VO, #fIEE & Peak VO, i
DEEOBRERBR BT 2 &, MPEIVATo—
MAEIE, Peak VO, BITEETIZ 185.7+30.1 mg/dl,
Peak VO, ABETIE 206.2432.9 mg/dl TH Y,
Peak VO, AW THEBECEWEERLE
(p<0.05).

STHBEEHEE S, Peak VO, HHIBETIE 5.9+3.8
B/H» 5 7.845.2E/F~ BB ML 725
(p<0.05), Peak VO, BABETIZ 4.0+3.7 E/H
52.7+2.7THEI/ANEBREEHAL (p<0.05), #
LRI D Peak VO, BIIIEE & Peak VO, BB
OEBEE I EEESTED 5z (p<0.001), ¥
o, EHREEISAIE, Peak VO, BIIIEETIE 47.3+
36.8 43/ImlH & BREEHARI R IC 61.4146.9 53/l & 72
D, BERMELA SR P T2h, ZOEIE Peak
VO, BAEED 29.4+28.6 43/EIC L, BECEL
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Table 2 High fitness and low fitness group physical characteristics, exercise testing
results, exercise habits and smoking habits at the initial examinations

Parameters High fitness group Low fitness group
(n=45) (n=45)
Physical characteristics
Age (years) 44.7+£6.5 45.8+6.7
Body weight (kg) 64.0+6.0 66.5+8.1
Body mass index (kg/m?) 23.1+2.2 23.3+£2.3
Abdominal girth (cm) 82.0+6.3 86.0+6.1**
Resting SBP (mmHg) 121+14 129+1b**
Resting DBP (mmHg) 79+10 85+11**
Resting HR (beats/min) 68+11 73+10*
Total cholesterol (mg/dl) 201.0%+42.4 203.6+36.1
Triglycerides (mg/dl) 168.7+131.5 163.2+92.7
Blood glucose (mg/dl) 99.2+21.3 97.7+12.5
Uric acid (mg/dl) 5.6+1.1 6.2+1.3*
Exercise testing results
Max Work load (watts) 151.9+19 .4 115.3+22 .9***
Peak VO, (ml/kg/min) 32.6%£3.5 24,712 .9***
METs 9.3£1.0 7.110.8%**
Exercise habits
Exercise frequency (bouts/month) 4.7+3.8 3.4+4.7
Exercise duration (min/bout) 34.6+35.2 34.7+43.5
Smoking habits
Smoking 36.4% (16/44) 47.7% (20/42)

Values are mean=®S.D.

SBP=systolic blood pressure. DBP=diastolic blood pressure.
HR=heart rate. METs=metabolic equivalents=V0,/3.5
*p<0.05, **p<0.01, ***p<0.001 compared to high finess grouup.

B Th -7 (p<0.01).

BBEOBEREZ, Peak VO, BIHIEECT IR FIEMRE
B 12.5%, BZEMMIHICI312.5%ThH D, Peak
VO, WAEECIRFIERRER 50.0%, BEHR®
42.3%Th Y, BHEMMFIBR TCOBEREZ(LIZFED
Shzinote,

4. Low fitBIZ#(5 Peak VO, i e

Peak VO, D BOHE

Table 4 12, Low fit Bz 17 % Peak VO, 311
B (F#Peak VO,;24.1+3.0—28.8+4.5ml/
kg/min) & Peak VO, BB (¥ Peak \./'OZ;
25.6+2.6 > 23.5+3.2ml/kg/min) O #FJ AT
R RSB OSRERR 2R LU,

Peak VO, #/IEE L Peak VO, WA B L
kT T 3.1+2. 14,3222 7TETHD, B
BER Mo,

FIEMRERICBWTIE, ERkURBREGE, &
BhgERE, EBIRERT, BLEIERICBIL C 2 BRI IR

» 5N Tz,

BEWI%, Peak VO, BIHIEE T3 AESS 66.9+
7.7kg 75 65.8+7.4kg ~ EWAMER ERL, M
ST LA 7 O — VI, 206.9+33.4 mg/dl H &
197.0£33.6 mg/dl ~NEBREIET L (p<0.05).

M v A7 o —AEZBIL Tid, #IEERE
i 220 mg/dl KiDE (174, 60.7%) THEES
ZALEED 5T (186.2421.6 — 180.3+25.3
mg/dl), 220 mg/dl A EDF (114, 39.3%) &k
WCEFER IS 57z (238.7420.6 — 222.7+
28.6 mg/dl, p=0.06).

—J, Peak VO, HAE T3 BMI 45 23.2+2.6
kg/m? > & 23.842.6 kg/m? ~, HEFHHS 85.2+6.6
cm 2 5 87.1+6.3cm N EBFBEWCHEML 72 (p<
0.05). Peak VO, AR M HISE 13 F R 2L %
NA Moz,

¥ 7z, FHSEEIEREE, Peak VO, BINEE T
3.3+5.3[E/A» 5 4.8+5.8 H/A~ L A& I #IN



(9)

Table 3 High fitness group physical characteristics, exercise testing results, exercise habits and smoking habits at the initial and follow-up examinations

Peak VO, increased group (n=16)

Initial exam.

Follow-up exam.

compared to
initial value

Peak VO, decreased group (n=29)

Initial exam.

Follow-up exam.

compared to
initial value

Physical characteristics Mean=+S.D. Mean=S.D.
Age (years) 43.5+£5.0 47.1+4.4 45.4+7.1 48 4+7.4
Body weight (kg) 65.4+6.0 63.8+5.5 p<0.05 63.2£6.0 64.5+6.1 p<0.05
Body mass index (kg/m?) 23.9+2.2 23.3+2.1 p=0.06 22.7+2.0 23.1+£2.2
Abdominal girth (cm) 83.4+5.8 81.6+4.8 <0.01 81.3+6.5 82.9+6.1 p<0.05
Resting SBP (mmHg) 123+18 123£18 11911 123+10 p=0.06
Resting DBP (mmHg) 82+11 83110 77+8 81£8 p<0.01
Resting HR (beats/min) 69+9 6712 67+12 66+8
Total cholesterol (mg/dl) 202.1+37.6 185.7+30.1 p<0.05 200.4x45.5 206.2£32.9*
Triglycerides (mg/dl) 188.9+152.6 124.2+79.2 p<0.05 157.6+£119.8 147.4+109.5
Blood glucose (mg/dl) 96.9+8.3 93.5+11.2 100.5+£25.9 100.6+25.6
Uric acid (mg/dl) 5.2+1.0 5.2+1.4 5.8%£1.1 h.7x1.1

Exercise testing results
Max work load (watts) 1563.44+19.7 171.3x25.6 p<0.01 151.0+19.6 127927, 7%** p<0.001
Peak \./'02 (ml/kg/min) 32.2+2.9 36.5+5.2 p<0.01 32.8+3.9 27.81+£5.2%** p<0.001
METs 9.2+0.8 10.4%1.5 p<0.001 9.4x1.1 T.9EL . 5*** p<0.001
Peak HR (beats/min) 172+9 170+10 17011 163x11 p<0.001
9%max HR (%) 97.6£5.3 96.3£5.5 97.2+6.9 93.7+6.7 p<0.001
Peak SBP (mmHg) 210x21 211120 205+17 209+17

Exercise habits
Exercise frequency (bouts/month) 5.9+3.8 7:8%£5.2 p<0.05 4.0+3.7 2,742, 7% p<0.05
Exercise duration (min/bout) 47.3%+36.8 61.4+46.9 27.6+32.9 29.4+28.6**

Smoking habits
Smoking

12.5% (2/16)

12.5% (2/16)

50.0% (14/28)*

42.3% (11/26)*

Values are mean+S.D.

SBP=systolic blood pressure. DBP=diastolic blood pressure.

METs=metabolic equivalents= V0,/35

*p<0.05, **p<0.01, ***p<0.001 compared to increased group in the same examination.

HR=heart rate. %max HR=peak HR/(203.4-age X 0.71) X100

BEAIFI & 6 el 20 EDAMTYRL R LR - TN H € =5 L661

—LET~—
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Table 4 Low fitness group physical characteristics, exercise testing results, exercise habits and smoking habits at the initial and follow-up examinations

Peak VO, increased group (n=28)

Initial exam.

Follow-up exam.

compared to
initial value

Peak \./OZ decreased group (n=17)

Initial exam.

Follow-up exam.

compared to
initial value

Physical characteristics

Age (years) 45.5x7.1 48.6%6.9 46.2+6.0 49.5£5.5

Body weight (kg) 66.9+7.7 65.8+7.4 p=0.05 65.9+9.1 66.8+8.8

Body mass index (kg/m?) 23.3+2.1 231421 23.2£2.6 23.8+2.6 p<0.05
Abdominal girth (cm) 86.4+5.8 85.1£5.4 85.2+6.6 87.1£6.3 p<0.05
Resting SBP (mmHg) 130+16 131+16 127+13 129+17

Resting DBP (mmHg) 86t12 8611 83+10 84+£11

Resting HR (beats/min) 71+11 7010 7610 72+12

Total cholesterol (mg/dl) 206.9+33.4 197.0£33.6 p<0.05 198.3£40.8 202.2+34.7

Triglycerides (mg/dl) 168.6+102.9 172.7+£107.3 154.4%75.2 156.0+84.2

Blood glucose (mg/dl) 96.4+11.0 99.2+16.6 99.8+14.8 97.7+8.5

Uric acid (mg/dl) 6:.5%1.2 6.2+1.1 5.8%1.5 5.8£1.5

Exercise testing results
Max work load (watts) 112, 7£22.2 136.1+27.3 p<0.001 119.7£24.1 108.8£21.5** p<0.05
Peak “/Oz (ml/kg/min) 24.1£3.0 28.8+4.5 p<0.001 25.6%2.6 2353 2% p<0.01
METs 6.9£0.9 8.2%+1.3 p<0.001 7.3£0.7 6. 70,9 ¥* p<0.01
Peak HR (beats/min) 168+14 170+10 170+18 163+18 p<0.05
%max HR (%) 96.7+8.6 97.4£7.1 98.5+9.5 94.2+9.5 p<0.05
Peak SBP (mmHg) 218£19 220£19 206+21 210£20
Exercise habits

Exercise frequency (bouts/month) 3.315.8 4.8+5.8 p<0.05 3.5+3.6 2.54:8,0 p=0.05
Exercise duration (min/bout) 34.1+45.9 48.8+50.5 35.6£40.7 33.2X37.7

" Smoking habits

Smoking

44.0% (11/25)

20.0% (5/25)

53.0% (9/17)

45.5% (5/11)

Values are mean+S.D.

SBP=systolic blood pressure. DBP=diastolic blood pressure.
METs=metabolic equivalents=V0,/3.5
**p<0.01, ***p<0.001, compared to increased group in the same examination.

HR=heart rate. %max HR=peak HR/(203.4-age X 0.71) X100
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L7=2% (p<0.05), Peak VO, WA B Tit 3.5+3.6
|/ A6 2.543.0 B/F -~ EBAEABED 5h
7z,
SEMEERR L, MR bEEREERED SN
Ripole,
FIERRALRFIZ 5517 2 BUERIL, Peak VO, BIfNE:
T 44.0%, Peak VO, WAEETIZ 53.0%, B
#1% Peak VO, HEITEET 20.09%, Peak VO, M E
T3 45.5%Th D, WL bHEPHORMEBE TER
REALIZERD BN Eh o Tz,

z =

1. WROEEHFEIZOWT

ARFFEDOXFE X, MHESOFERYEE (£
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18.8~22.3% L IEWEE LN TR E 2N TY, 7 A
VI w77 RAEL, BSREZ I TN Y =
v I TEERELZZT S L0 TEIE, HREME
DOBLER (41.9%) 3, [FE—EROFHREE
(55.6~~59.59%) 1 X i L T{EW 2 L b, FHI5E
DN FE IEECEERC RO R o7z, BEEHRO
EWEMTHD L WZ B,

AW 5% O PIEMRERC 513 5 Peak VO,
DFIEIZ 28.6+5.1 ml/kg/min TH Y, BEELDHF
4212 3513 3 [ — 4R 0 Peak VO, OFHIE 31.5+
5.6 ml/kg/min'® R LU TEE®R LTz, 7 AV
F4 w2275 7HNT2EM EREREESZZLIE
oHNziE, YIERERICEGED2ERS W, B90
DR A B L R R ERERZ LB E T h
TwildrEbhs,

2. ¥IEEERIZH TS High fit B & Low fit
BogEE, ORAN, EEE - B,
BUEBIEDLLE

Cooper & 1%, AHFFEOMER LIXIZFE UFHFEE
OREAPEERM 3,000 & E20HRE U EPTR
ZBWT, bry R SOVEBIREIC X DL
BEST L, OIS ADBE I SAE, EIEE,
LRI, TERRFIGEINE, MPiav AT
o —fE, TEARRGE, MEEME» -7 2 &2k
&0 F 72, Sedgwick &34 —A b TV THEED
H iR L L, Peak VO, & LHiEA N OIEHE L

AN D TRE AT & SRR T B9 2 RERTRTSE
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LTH#E L7 £ 2%, Peak VO, 58 BHEHE
Bz B TR GE AL E, MR oI v AT
O —VE, FHISIEAMES, Peak VO, BE WL
T E WL L U CRERREEAIE A& 5 72
ZEERIELTWEY, BAEICB W TR,
Peak VO, 58\ 2 {E\# 1 LT, Body Mass
Index, MH#RI VAT —)VE, FHERBE?ME

{, BmEbL D, RFsEEHERTF a7 1 —
NEFLTWREHRKEL TWwB,

ARFFRIC BT H, High fit B E Low fit HDH]
EREER A L L7 & 2 B, JEHH, Lol ERA
EAREAME, LR OIAR O IE High fit BT
BECE» -7, 2O EIE, BIBOLHRFATIH
BOLEIELHFICEANTRFLEGERETF 0 7 4
—VEET L EWIECK, RUBERCBIT 2T
FERER & —B L proenn,

L, IhsOBEEE T, OEATIORE
&L EERRET & OMOREREFREZHESMCT S Z
LETERVEYD, AFRTIEE S LEAS D
2L TSGR T\ RT3 BB D\ THREWTI I A%
L,

3. DB ANNOELHBEREFICRITTE

I=2W\WT

Sawada 5%, 3,305 ZDIEH MED HAANB K
R E Uiz 5 FEBOFTIA SR8 LT, FER
AR OHEE VO, max 12 & VW H % 5 B L
7 e 2%, VO.max B b E» oI N—713, fi
DT NW— W e CRERFER, PRaRAmED b
BEMKE L, £7:V0,max BRLEH o S NV—T
BT A EMEFREEOENGEHRES 1.0 95 &,
VO,max 35 b & 5 J2 7 )b — 7 O IR E i
1.9 Tholz EELTWBY, X512, 5ERIK
VO, max #% 15% L BRI L 72 7 v — 7O MED E
Ao 7 v — 7L TEBICEL, VO,
max ZEME¥L2Z LIV EIIEETFHTE 2
AREMEIZ DWW TERE L T w519,

AWFZIc BT, High fit BED Peak VO, 4
BT 38 W TR INEAINLE o b FAER & iRaRA
FEoBEER EERTFD SN TEY, i, Sawada
SOMEEXTrbDLELOND,

—75, DFRAOR ESIFORI VAT a—
MBI RIZ T 58 B 2 REAM O MERTse i E A
STy REonzny, b2 —EHHEOES L —=
> 7 M IRE W RIE I DL CBE LI EER
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HIRFR IR S 51920, S, MR L A 71—
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RERPE T [MFR v 257 o — ) E220
mg/dl BAE] S ARERBEEE OGBS L LT
FHENTW 329, (R EEHEICE T 248803 H
STz, 1982 EORHME D EAEE [EFHMRS
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DYV AZFMPFEIT VAT a—)L{E 180 mg/dl
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FOHABIRBELES D [EIBILE DG FE
BT 2av2 IR AT A | 1B
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8V 25 0 — L fEA 180 mg/dl 2 2 7o &
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1197 mg/dl FEEAIMF R a2 v 2 7 0 — U E I3 E
TFL#Z emb, Peak VO, DRIIMC X b EAG 7
MR I VAT o — Wl Tt EZ 5h 5,
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» &1, Low fit BED Peak VO, BIIEET I EE S
WAER 2R L, —4, High fit O Peak VO,
WA CTIIMEE, EEMEIL, Low fit BD Peak
VO, MABETIE, BMI, B RSHIL 72,

INED, HR2ADEAOEBECH»b ST, L
A 28IN&E 3 2 L & Y BIiFn BEkET
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(Center for Disease Control and Prevention) & 7
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Longitudinal Study on the Relation Between Cardiorespiratory Fitness Level

and Coronary Risk Factors in Japanese Middle-aged Males

Naoko KOMATSU

Department of Preventive Medicine and Public Health, Tokyo Medical College, Tokyo, Japan
(Director : Prof. Joji FUJINAMI)

The purpose of this study was to investigate the effects of a change in cardiorespiratory fitness level
on coronary risk factors and to determine a recommended exercise frequency and duration that would
reduce coronary risk factors in Japanese middle-aged males. Health evaluations were conducted on 90
apparently healthy Japanese males, aged 30 to 59 years old, at an initial exam and a follow-up exam (3.
2+4+2.2 years after). Symptom-limited maximal exercise testing on a cycle ergometer was used to
determine peak oxygen uptake (peak \./Oz). The subjects were classified into two groups according to
their peak \./O2 level : high fitness group (n=45, mean peak \.702:32.6 ml/kg/min), and low fitness
group (n=45, mean peak VO,=24.7 ml/kg/min). In the high fitness group, in the 16 males with
increased peak \./Oz, body weight, abdominal girth, serum total cholesterol and triglyceride levels were
significantly decreased, whereas in the 29 males with decreased peak \./Oz, body weight, abdominal girth
and resting diastolic blood pressure were significantly increased in the follow-up exam. In the low fitness
group, in the 28 males with increased peak \'702, serum total cholesterol levels were significantly
decreased, whereas in the 17 males with decreased peak \.702, body mass index and abdominal girth were
significantly increased in the follow-up exam. After follow-up, exercise frequency and duration of >5
METs aerobic exercise in males with increased peak \'/'O2 were 7.8+5.2 bouts/month and 61.4+46.9
minutes/bout in the high fitness group, and 4.8+ 5.8 bouts/month and 48.8 +50.5 minutes/bout in the
low fitness group.

From these findings, we conclude that developing an exercise frequency and duration of >5 METs
aerobic exercise (8 bouts/month, 60 minutes/bout for the high fitness group and 5 bouts/month, 50
minutes/bout for the low fitness group) is beneficial in increasing cardiorespiratory fitness level and
reducing coronary risk factors in Japanese middle-aged males.

(Key words) Cardiorespiratory fitness level, Peak oxygen uptake, Coronary risk factors, Exercise frequency,

Exercise duration.
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