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Usefulness of an Ambulatory 24-hour Recording Device and
Its Analytical System for Electrocardiogram and
Exercise Intensity and Their Application
to Different Workers

Toshiya AIZAKI
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(Director: Prof. Akira SHIBATA)

Low physical activity in modern life has been pointed out to cause various diseases
such as diabetes and hyperlipidemia. An adequate exercise prescription has been difficult
partly because of the lack of a suitable device which monitors physical activity
continuously. In the previous paper, we presented a new portable recording device for
24 hours exercise intensity and electrocardiogram as well as an analyzing system. In the
present paper, results from performance test for this device as well as results obtained
by applying them to different kinds of workers will be presented.

When ten adults healthy males walked or ran on a flat slope treadmill at different
speeds (2.5~5.8 miles/hour) by wearing the device on their waists, the output exercise
intensity correlated well (r=0.96, p<0.01) with the intensity estimated from the formula
proposed by the American College of Sports Medicine. Vibration transmitted during boarding
on a car did not influence the output count. The output count was approximately one
third of the estimated value when the subject walked up stairs three floors and was 1.7
times larger when he walked down. We had to keep such characteristics in mind to interpret

results.
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Difference in physical activity was checked by the device in office workers and canvassers
(20 subjects for each group with the mean age of 35 years and mean body weight of 64
kg). The mean and standard deviation of total energy consumption, obtained as the sum
of exercise intensity (METS) multiplied by body weight (Kg) and by exercise hours, was
significantly larger in the canvassers than in the office workers (23094321 vs 2121+ 289
Kcal/day, p<0.01).
the time period from 6 to 24 O’ clock was also significantly larger in the former.

Mean exercise intensity obtained for every three hours interval during
Total
time spent for exercise for which the heart rate exceeded 60% of the expected maximum
heart rate was also larger in the former (62+41vs 22+18 minutes, p<0.05), though the
exercise intensity was not different (2.6%x1.1vs 2.5+0.9METS). These results tells that
physical activity is decreased in the office workers and more exercise would be necessary
for them to lead to a healthy life.

Key words: Exercise Intensity, Heart Rate, Daily Physical Activity, Accelerometer, Office

Workers, Canvassers

HEEE, OWME, BESGEE, MREw v, FHEE EERE

Tk, *OFERMEERECBEEhTWEYD, o

| B

40 ET, HEETHOD R CEEOMINLASE#EE O
RECZLY, BRAOEBTRSBA IR TE .
i MBI R 2 BHE TR EEEBREA DL
B, EESLOEREE V- L EERET~ERELr 5
I EOWERS LY. FERR, BIE, S E
BEDEBESWTEBOEESNS T TEALNTE
72D L LE O~ THAEH Y EREAETE 5
BRI I AR VRO T HBYIOERL AR T, #
BREREETERh -l EAT/ETEL V. Haid
HEAG ECEHE L DERBERMIc T = 2 -1k 5
BEEBELHER LY. CoOZRBRAVT, TTEHE
DORFEOEHEEBRCOVTHAN. Ri2 208K
e (EBRCEER) o—BEyELXRELLT, F
BEHickd s | AOEHE MR, SoaEDE
BOLHD LRHEE X OBROFHOEESEEYREL, &
BHOEBEBHRLTH 2 —VOENRELLLNL MR B
Beat L.

Vil *

B 1 i@ A7 0B R L 1 EL
7 RUBEEE 4 v A R L, BEoBEEHAEOM
BEOKEILEBHESL LTEb2. ZOMEE &
vHEhul—hv v 2a (Kenz (8, §862.8x 8
7% 46.4XE X 16.5 mm, EE 42 CbHVH

DIEE A v 5 b OH DA HEESE (1B 114.0 mm X &
T 19.5xHfTE 80.0mm, # 153g (006P Eihiis))
TR L 7ot 2BESOLERE &b cdiE Lo24be
M5 —21va—4 (SM-28, 7 7 X BTF#8L, 18 110x%
BE 31.5mmxBT¥ 84mm, # 210g) THEKRHCE
B L. BHhiEgIET— 2 EBIhE (SCM-280, 7
7 RETHE) TR L. 1, COfNT— 4%~
VFaavea—24& (PC-9821, NEC #8) 1= RS-232C
{1 2—72=A%HLTHDRAL, BHEETHT—2
DESTEGPET > To. BEVERE OB T — 2123 —
VraavEa— & BT, BRI 150 5605 EDE
BoORMEEROFSEL B LEHT 2 2 LTS
5. AEIDOWFE TIRI0TEOFHOBEME & .OHE D
F— 2k

FF, SELEBEEH L L TRV INEE & v O
HEEND D, ChxBEcBEEEREI0L 20~
32 DEICEEL, Lo FIA EREE2.5~5.8
TANTHETELRET LEEZOMEE v YLD
s Lic. OB, SEGHEERRCETCES L
TEDBERAERE Lic. KICZ D108 B » B L1
LEOMEE YLD AEE L. A, BE
Ed, 20em/BrOBEE: (24B /M) % 3ME/ Sy o—FED
AV — FTfT ot 74U HAE—VERERELTRBEX
RTVWBEHERY b, ThEFhoOBIEOERD, #iE
SEEEE (MET © Metabolic Equivalent) % 3R %,



168 FREFRMHE $£110% BHE

SER8FS5 A

DEEEE (258 )

T 24 BERF -403-4 ( SM-28 )
EELY

HR0E 35
24BN E R R D BRI TS~

SCM-280

lRS—ZSZC

pPc-9821

Bl 1 EEEE S L OO BEROUBEMFREEENT ~ 2 7 4 OBR
MEE v hb0EBMETF—-24, LEN (258 »5—70RHL
AT e (SCM-280, 7 7 ¥ BB » 5 RS-232C A v 2 72— A% A LT

N—yVFavEa—% (PC-9821, NEC &) w5 — 2% DAL,

IEEE & v B E B L. B, ACEET (2
E—F 120m/GLF) 0B&E (R E—-F (m/4)x
0.1+3.5)/3.5 (METS), K¥zEFT (A¥—F 128m/
SLE) OB (RE—F (m/4)X0.24+3.5)/3.5
(METS), HEEBoB i (FEEHK (E/4)%0.35
+EEAROA - (m/5)X1.00x1.8)/3.5 (METS),
FErER OB (BEER (E/4) %0.35+EEHR
DAE—F (m/4)x0.33%1.8)/3.5 (METS) & & -
THEEEEEE AR 7.

¥, BEVEFRERO, EEICLAINEE Y YOl
T~DOEEBLF< L0, B 1 LOESCINEE +
v EE L, RECHIEER, PDAE LY EBEETL
Tob ELEEBOMDAER L. 0L 10B L
IEE v o2 L EH S R IEEERE & 3 SREHt LF
Wi R,
WEFBHEEOBH T, FREFELY~ v F3EL
BHM204 & EER0E CPYTERSE, THEE 64
ke) #®HE LT, FHOHHOBIZ Z DINEE & v
SHBOEBBEOENT = 2 -1 © & 524855048
BT ot ZOREN D, 103EOFEOEREE &0

WA RO, ZOWFECF— 2% BT, 1 HOB
HEHo U —RY, 3EEEOPEERME LB L.
5 FREICRE SN A TR OB (220—F4#)
(/)8 @, 60% LA L.l % R U REE & B 408
AT EELTY, 1 Bodthd 5B
B, COBROTEEERE &R

PLy FIVERBTLEBOMEE Y 350
T, BITEED LIE S h b HEERRE - OBFR %
B BT BERE A RD . 2 BEHEOESED BT
FXIEOE t REZ AV, RREEH oY — (Keal)
LEREE (METS) X & (kg) xFfH (h) %105
IR THEE L.

# : 3
A, EEHRERTE LTHWRIEE vy 3Ol &,
bLy B3 v RABRTE 2T L BRo# R B aE
EOBFFR 2 R Lk, HEEEEEE L NEE £ v
FOHINE r=0.96 LEBLEVCEHEEAZRD L (<
0.01). HEFCIIEE 4.2 <4 (4.2METS %)
Tz B L HPIPERL, IEEE YO L S hFE 5.8



I EEVEE S L UOBER OGRS Y A7 Lo OFRE L —BEHHED
EE) RO RITE 169
HEEBRE ( METS ) — e R Y SEE
12
10 ]
R ,Q;7x£f
8
T -~ %
6 - 8
s~
4 -?/
T TiyiE R
2
//‘//, n= 10
0 1 L 1 I i i
0 50 100 150 200 250 300 350
HEAES r=0.96 ( p<0.01) BLUHEEL DI (cpm)

B2 Fry FIinbdBTshldETLeBo, mEEx vy v E
SUBEEt b oM b, HEEEBME & OBk
EE vy OHDRHEERHRE S r=0.96 &L VHEBEYESL. Ll
HEHECREE4. 271 4.2METS whHY) %25 EELZEDTLH
EHSIng@R L, EEEE AR L - T,

HEEBHME (METS)

20
(METS)

18 =

16 :
14
12
10
8

n=10
FHELREREE

BER % By RE B bR B
o THIAF -YERHE CRBSh TWOHEXLYB T ERME

(= S

® MEE SO AR BN

B3 EEBHI0AC L AIFERARY I UEEROINEE
v ol s, #HEERBE - OBMKR
PR Y i X AEBIREER, T AV DAL VEERETR
BEnTubiER,BCEERRE CH~NT, BERRCEH
1/3 @M Eh, BB 1.7 HcdRcHEhk.



170 FEEYSMIE $£110%E F55

<4 (9.8 METS Ic#¥4) ¥ TOMNOBERITED

Y (NI

B EMI0RPPEE Y, BEROWEE LIcBonEE
vy bOE, FHETEOHEEERRE SO
BGAE 3 wRlLis., 7 AV AL VERFEHRLTHR
1B E T AFHER L OB E R R L MR A R
T 14.6 METS, MEEFT 9.6 METS TH 7. Ik
EtvainbBon o lEEE (FHEEERE
FEEY FLEREFT 5.6+1.5METS, MEEMEEIFC 16.3+2.2
METS T8 - 7. HEE+ v 3 b b0 HEEE
HFEECI /3 i ME D & h, BB 1.7
e R NP =T R

R4, ZOMEE+L Yy AERCERL, ABE
B L b EOMEE £ VIOl LIEERO
LT BEEEER (MEREUPFE) ROEER
O, IEEE YIS bLOMNIHBERELRED T, ET
BORBOBE T P&z bhtk. BIOFEEL
FEME(R 26 (T HBR 1.30.1 METS, Ef7H (Si%K)
1.3+0.2METS, &E{TH (WF#E) 1.3+0.2METS T
Hote.

Wiz Z DI + v 5 R OEBHE OB € = 2 —
B— 8 I 24N L. B b A2 O BT
o, 24RO ICERNEE OWB AR Ui, ik
FIREM A CHTBRB AT -7, LRI TEOF
FIEEREE, hENI105 O & OFEHEREE, TBIE30

FRE 8 5 A

T L OFHEERRE R L. BEOBRO, HiT-E
BREEHT LD 32— ik 1 58, 10550
BRE TR 2 DTV B M, 3059 O & O EEE
TRz bRich -7

1054 O EENVERE & LR O PHEY VT, B
F & BEE D, 4R OEEIEE L LI ORI
D 1 BI#E 6 iR Lic. SBkeEE (9F» 517
) kT, EBEE L0 BERE cTEERE S
KEhoi (EBEE 1.3METS, HEMRE 1.8METS)

B 7T cEBHELEERTO I AOREEI R Y —
R LT,

1 HOBEE Y 0 ) -3 EHRE CPE L RERE
7 21214289 Keal/BTH Y, HEMBEO 23094321 Keal/
Hickk~THBI K, ¥%+0#%i: 188Kcal/B T
%ﬂﬂi.

B 8 iz, 3EfEEC Y L EBRE METS 2R
Lz, BYRBRREE (9BSA 17 % &1 6 Bih 524K
THBBREE I L CE RO BICOFEE B R K
ot BRCERBE AR ABL T3 D
1.5 METS &% CEB%RHien -7

-9l Bnsth, HEECEC L RRHE
LT, HERREEC AN (TOiE - RE) H62
HA15/ A TH - DI N THEEHFE ch T2 i22+18
GiHWEEEE OB e,

8 LAEZEBOBICR L EEIEE (CTHE + R

EEARE
3
(METS)
2
l ns
ns
1 = $ +
EYErEEREE
0 1 1 i
EHE FEFTHS (SRR EfTE(RFIE)

B4 MEELyyaBEfcEgF s 0, BBEERRS

EEEOH T

BB EERED, MEEE Y4 L0 NIRSER TLHFIETLE
BAELEROY, EABORBOEEI VM hvWEELLAL.



I EENEEE B L OO ER OB ER IS v 2 7 A OHMAE L - REHED
EEEOWE

EREE (METS)
153 53 0D 1518 B o4 FE
5 N
4
3
2 . | L
1 . ;
< BRERGL
] FOTITTTTIITRTTITTNTTOTNN R e
107 BOFEEREE
4l //fiﬁT

s
.
0 am 12 pm 24
e %
m— R 52 BitEHBE

K 5 S52OEBEEO, 24K ORI fEEIRE OHB
b, o, FEEEAENRLSE, 1058, 30550 FEEERELY TS, BY
DEDHITBEFE BT LD A2 — i3 198, 10380 FLERRE ©
FEBLZBRATLAY, I07E0FEERRE TR EbabhknoT. B
Fic L& LEFEFE, AZEBOERE~ORBELLIOLDCERENTEX oh -
ToRERE A A s,

171



172

FiREFLME $110% $55 FHSESH

52 BMEEHEREE

sﬁ;mﬁﬁ (_METS ) A% ( bpm )

4 1T % 200

3 I 150

7t Lo R
2 100
i 4 L .| 50
T I iﬁz ; ﬁﬂmﬁﬁtxb i 5 0
0 R 12 & 24
2K BHERRE

(R (METS) 480 (bom )

a 200
i 150
| mmRm
A 100

50
# i 5 i i § i i i i ;"—'T iigaiﬁfl;:ll’ I I i 3 H : I b 0
Og Al 12 Tk 24
e 1" $6 35
b1 4 yEz{: o

B 6 BHHMEEEERE UM OEEHBE L OB ORRBLELD 1 F
105 DOEEHRE & OHEOTFHES B . BEEEE (9B, HI7E) TEY
BECRTEERE T, JOERHRIED - 1.



I EEAE S L O OBROUGHIFERGESE © 2 7 2 OFFE L —BREBYED
HEBEONE

4000
Kcal/ H

p<0. 01

3000

2000 E

1000

o4 —

EHECRERE
0 L !

BHRE RS
B 7 EHBEEEEREOURMOBHER I ) —

BEBMB D 23094+321 Keal X U THEBEBEE 21214289 Keal &
HEoAhh -t (FHEHERREE).

BN
3

(METS)
2.5

1.5 :*z~. - Py

0-3 3-6 6-9  9-12  12-15 1518  18-21 21-24
LE #p<0. 01  #kp<0. 001  “okkp<0. 0001

B 8 HHMEE S HEBH O 3MED LR ME

FBBREE (K2 L1I7H) TERBRECELRS Y, HEBRETIZ 1.3~
1.5METS &, HFTLBREEHZEDLh - .

173



174 FREX2MIE 1105 $s5%5 FHEFESA

120

p<0. 05 |

100

80

60

40

20

TS EREEE

BERE

HRRE

B9 HEEHN” 1 Brbe sBRHEE
1050 8 OFE OED, FRRA OB O60% L L L E oK

FiE R
SERhAR
5.0
(METS
ns
4.0
3.0
®
2.0 }:
1.0
EYETEEEE
0.0 :
BERE HERE
B 10 H%EEE OB HE

BB EERMBOMCIBAERLELRAD k1. 2 TRIGED
SEHLBEATHREROHEO0% I E L -BEE o, EEREOTESS HL

1.

#=) BEWMEET 2.540.9METS, BEEHT 2.6+1.1
METS Thh, HFERZRZED k- (§ 10)

Z E S

DR 4 v 0 & A O EEREE ORIE oW T,

RETWLOPBEIhTELYD, 4@, HxHB
ELLEER, 4% TOEBRSLIRDLALEEARO
EE L AHEBE N0 ) —BARET 20 LT, B
B AR & O ARGER TEL LA LV R
Evx b, EEo, EERERCNT SR LERS



ey : B
b

%
B o e

RTGAHZ WS g2 1L, KERIRBIFEEE
B LTREC Y NV RTH L &b, KekiEE)
LRk d FCHEBE S TR ATREENS.

B 2 R Lo K EOST - iiET IRV T,
BE 4.2 94 L EDAE— ok b b, BEHLD
IEEY R E EBREARM L TWE L EL B R
oo UL LB A BoREEy, BVIEEBRY 34T LY
ErECEHERE A RT3 i3l -7. HL, H
HHEE ETOEBOL P FHATOETTH B Z LM
TR h, BEECLBERELEOBENELER L IIE LT
K<, T LEBfFclsBEE0BERI L -OTIEK
WindkE . AEIOF— 255 BEBEEE L S OED
BEORBIZR L eh - 2 Eh b, BOYDREOE
BLNEVWEEL LN 1 BOBBEAHET S HE
ELTE, @rcfTERgEeolErs 5, Zh
LORETHONLELY S, IEE w2 H I8
&, BRGERLIR L DD I EE B AR NS
THELLELHELDDY. LD LMEE+
YERGCGERREAHET 2HE, 25 Ltun»
DOIRE v v O A ST ECTHWALER S
55,

BL, B5RLi-L5 ]l HOFEEEE LT
HhbE, MEEL Yy TOHNEHBEHZ L EHLT
Wiz ki, FHEBRETEEREICHAT, 1 BoRE
Bho) BB Wl EREBLLEIENTER,
BB (9K H178) % &Y, 6Bh L2 E TO
BT, SEEEOVGThORKEHTL, BRI
BB L 0 P BEE DL ERBED B .

1 BOHRTHEE) &% 2 & BRI S
Th¥h2Hics &, HEEBECHTO5HE T
Moo tt, HHEETEYEBOBROFEEEEE CILA
BERIZDONh -1 B, BT hiIEmER
1 BOEREY, BgBRimcdnd, BE2.1<
A N THA0G TS SFHBE TR T 520 0B ER, ¥
EMEBC TRV EPURE N BRACHBEH
BD—o>DHER L 4\ 2 HEBBEE T, BBRENO
EHBONENEBR LRS- L 2E 2B &, BB
ORRIFOEBROBEO LB RE IS, ¥4, B
BRSSO, B 178 & 24RO REHEIE © & BB D
FOVE BN TP EREE VN S D o . B
BRHE C B & R BER o Yo BRI T b SRR D e
WHEERSL00, ELESEROBFOEMDH DB LB
zbhi.

%ﬁ&ﬁbﬁ@@%%@@ﬁ%@yX?AQ%ﬁﬁémﬂ%%%@

175

i

FFFEC LD, HIEEAIB D F LI REHBAY
R AREEFHRE BIRENEE, JLRA¥E
FHMABEHRE R a4, FRAREETA
REAETHRE K TREE FIRAEESEAE
FE-HE EH BEECECRBECLET
¥, TORMEO—FRERLDETI Y P AKE—Y
FHERBUHSBUERESRESC L - TErlkbh
o, CIREHMBRELET

Z £ X B

1) B3R, BIAEL, H T8, ZEMX, MR
&, %km B, REBEE, LXBRE BEHEF,
KEBEE: FMEHCRT 2 EREEERTH O
HOBREEME. LO0E, 250 1094~1098, 1993.

2) NBRER, AeB— EHFLOER. p. 59~
84, FILE, 1991.

3) BAKE, PRAE: BRIMIUE. p. 122~127, &
L%, 1991.

4) FEIEMEE, R W, X\ B, EERE, % T
&, BB EERE R XU ERO4EREE
Kppcdk v 27 4. BEABF L 4ETY, 320 83~90,
1994.

5 WHERT, BBRE: MEEFAFHEL o) —
hY v R LB HEIEE T ¥ - BT O DHNE.
BEFEE, 320 253~257, 1990.

6) % B WWEEEF HLEX BRHEX i
B, BT XH, Bk HASE% BIELC,
miBE—, R #, EM B SEXes: 65
EEHRNESHC L ZEBRBRUEOERZ VT, H
TEHEE, 21 118~124, 1993.

7) WEET, BiERE: EHEELMR LAY —
o AL AERRER X X —-ORIE. EE
ERLASHEE, 12: 77~82, 1990.

8) T AV N AR VERHERE, BAEIBEHRES
BEER: HBAH OB, B4R, p. 282~292,
LA, 1993.

9) HABERSBYS “HBcBI22HERERS
SEEREE BT 52\ E¥. Jpn. Circulation J.,
55 (suppl M): 385~390, 1991.

10) #ERRF, HARMK, HKET, BIER: 18
O BFEAEERDRAUZE T EORR. BAAHEE, 38:
483~491, 1991.

11) BB, M Fi, BOELC, BEE— =ES



176

12)

13)

14)

ki ERLRMmMEORBOBFBToVT—EBO
PBIRECER E OB BEEREOERE LTO2H
te—. EEERELAR, 200 1773~1776, 1990.
Paffenbarger, R.S. and Hyde, R.T.:
in the Prevention of Coronary Disease. Preventive
Medicine, 13: 3~22, 1984.

Slattery, M.L., Jacobs, D.R. and Nichaman,
M.Z.:
Coronary Heart Disease Death. Circulation, 79:
304~311, 1989.

Kannel, W.B., Belanger, A., D’ Agostino, R.

Exercise

Leisure Time Physical Activity and

FBEYAMEE F110%E

B5%

15

~

PR 845 A

and Israel, I.: Physical Activity and Physical
Demand on the Job and Risk of Cardiovascular
Disease and Death: The Framingham Study.
American Heart Journal, 112: 820~825, 1986.
Tuomilehto, J., Marti, B., Salonen, J.T.,
Virtala, E., Lahti, T. and Puska, P.:
Time Physical Activity is Inversely Related to
Risk Factors for Coronary Heart Disase in Middle—
Aged Finnish men. European Heart Journal, 8:
1047~1055, 1981.

Leisure—

(PR 81 238 %)




