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Abstract

Purpoese | The purpose of this study was to investigate the effects of change in daily physical
activity during an exercise intervention on health status and physical fitness.
Methods : Participants were 22 obese middle-aged men (BMI: 29.1+2.8kg/m” 54.1+11.4yr).
They performed 90-min exercise sessions on a regular basis 3 days per week for 3 months.
Physical activity (total energy expenditure, TEE : activity energy expenditure, AEE ; and step
counts) was measured using an accelerometer. Daily physical activity was defined as that which
was performed outside of the exercise class. A 3-day food record was used to estimate energy
intake.
Results : Body weight decreased (—3.0+£2.5kg, P<0.05). Vital age (VA), an index of compre-
hensive health status, and physical fitness age (PFA), an index of comprehensive physical fitness,
significantly improved (VA : —8.7+5.5yr, PFA: —8.54+5.1yr, P<0.05). Energy intake re-
mained unchanged during the intervention (+63.7 £546.1kcal/d). Daily physical activity in-
creased (TEE : +83.0£130.1kcal/d, AEE : +76.9%103.3 kcal/d, step counts : + 1789 £ 2819
steps/d, P<0.05). Change in daily physical activity was correlated with change in VA (AEE : r
=—0.52, step counts : r=—0.46, P<0.05), while change in daily physical activity did not
correlate with change in PFA.
Conclusion : These results suggest that changes in daily physical activity during an exercise in-
tervention are associated with improved health status.

(Jpn. ]. Phys. Fitness Sports Med. 2008, 57 : 463—~474)
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Table 1.  Physical characteristics at baseline and post the exercise intervention.

Baseline Post Change
Age, yr 541 £ 114 — -
Height, cm 167.8 + 7.5 - -
Weight, kg 822 * 125 792 + 12.0* 3.0 25
Body mass index, kg/m’ 29.1 + 2.8 28.0 + 2.9* -1 £ 08
Waist circumference, cm 101.4 + 8.1 97.0 + 8.3% 44 £ 3.0
Percentage of fat mass, % 292 + 3.8 27.0 + 4.0* 22 £13

Values are means £SD

*Significantly different from baseline value (P<0.05)

DR EFE TH A VNARFIEIX +4.0£4.6cm, B
g TEHEREX —7.6+£5.2mm, & KEERFZER
=i +4.9+3.3mL/kg/min, AT B FEENE L
+2.8+2.8mL/kg/min, AT B0 H1%13 —3.6+8.0
/57, RAEME L ONIE +6.0+6.1[0/20%0, BAEEH
RVBIE +11.0£15.18, a3V A70—- ik
—16.0+22.2mg/dL & AR S A ABIIHITT
HEIZEIL L 72 (Table 2).
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Table 2.  Vital age, physical fitness age and its components at baseline and post the exercise

intervention.
Baseline Post Change
Vital age, yr 61.6 + 10.6 53.0 + 10.9* 87 £ 55
Physical fitness age, yr 559 £ 114 473 + 11.8* -85 £+ 5.1
Right hand grip strength, kg 434 + 74 438 + 7.1 05 +3.5
Left hand grip strength, kg 422 + 178 429 + 170 0.7 + 4.1
Trunk flexion, cm - -1.1 £70 30 £ 7.7* 40 + 4.6
Trunk extensionf, cm 39.1 + 8.2 40.2 + 82 1.1 + 3.6
Vertical jump, cm 414 + 8.5 41.7 + 8.7 03 £353
Side-to-side steps, number/20 s 36.5 + 8.3 425 * 6.7* 6.0 £ 6.1
Single-leg balance with eyes closed, s 202 £ 15.6 312 £ 17.1* 11.0 + 15.1
Skin-fold thickness at the subscapular site, mm 348 + 179 272 + 83* 76 =52
Vo,max, mL/kg/min 295 + 6.0 343 + 7.5* 49 + 33
Vo,@AT, mL/kg/min 18.1 + 32 20.8 + 4.2% 28 +28
HR@AT, beats/min 1152 + 153 111.6 + 13.5% -3.6 + 8.0
Systolic blood pressure, mmHg 1319 + 12.7 1323 * 12.1 0.5 £ 11.1
Total cholesterol, mg/dL 216.7 + 38.0 200.6 + 27.6* -16.0 £ 222
Triglycerides, mg/dL 1285 + 67.3 1173 + 614 -11.3 + 396
Forced expiratoly volume for 1 sec, L 3.05 £ 0.68 3.07 £ 0.82 0.02 + 0.36

Values are means£SD

=l‘Significantly different from baseline value (P<0.05); TN=21
Vogmax : maximal oxygen uptake, Voo@AT : oxygen uptake at the anaerobic threshold, HR@AT : heart rate at

the anaerobic threshold

EORALEEOBICIIAEE MBI D ONL o

7Z(ZANVF—HEE . r=—0.15, P=0.49; :&&)

& :.r=-0.39, P=0.08) (Figure 2).
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Table 3.

Physical activity and energy intake at baseline and during the exercise intervention.

During the exercise intervention

Baseline
Total Date without exrecise ~ Date with exercise
calss class

Energy intake, kcal/day 2467 + 532 2530 + 454
Total energy expenditure, kcal/day 2262 + 264 2429 + 289* 2344 + 276* 2576 + 317*%
Activity energy expenditure, kcal/day 253 + 109 405 + 123* 330 £ 118* 538 + 142*%
Steps, steps/day 7361 + 3054 10564 =+ 2993* 9151 + 2984* 13038 + 3159*%
Activity level 0, h 228 =05 19.2 £ 0.9* 216 + 0.8* 209 £ 1.0*t
Percentage of activity level 0, % 950 £22 85.0 + 3.6* 90.1 £ 3.5* 87.0 * 4.1*¢
Activity level 1-3, h 09 + 03 16 + 0.6 1.5 £ 06 1.6 + 0.7*t
Percentage of activity level 1-3, % 36 £13 65 +26* 63 + 2.6* 6.8 + 2.8*f
Activity level 4-6, h 0.1 +£03 1.0 0.5 08 + 06 12 + 0.5%
Percentage of activity level 4-6, % 1.6 12 40 +2.2* 34 +23* 5.2 £ 2.1%
Activity level 7-9, h 0.0 £00 0.1 0.1 0.0 +00 0.3 £ 0.2*t
Percentage of activity level 7-9, % 0.1 =01 0.5 + 04* 02 +0.1 1.1 £ 0.9*%

Values are means£SD

*Significantly different from the baseline value (P<0.05)

TSignificantly different from the value of the date without exercise class (P<0.05)

HHICEBLRUENALN, FORKE, IFHEKS
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LR EEEOELII L 2R ENEHLNIIT S
W, EBHEIISMLHEHEEEIIBT S HK
EHEOELL A VF-BREOE/LEALL
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Changes in daily AEE (kcal/day)

-20
Changes in daily steps (steps/day)

Relationship between changes in daily physical activity (total energy expenditure :

TEE, activity energy expenditure : AEE, and steps) and changes in weight, vital age (VA),

and physical fitness age (PFA).

Partial correlation coefficients (r) adjusted for change in energy intake were calculated.
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Figure 2.  Relationship between daily physical activity

(steps) at baseline and changes in daily physical
activity (steps) following intervention.

720, AkiX, HESIMAOAFIGENELY S 51
BETAZENBEETHY, EFL L HKEH

H% &GO BRGNS, REOHDERBEEOK
E, Kooy s, LML EEE - B
EAHOLPIZTELTHA).

Ross et al.'® i, AL FFIC A NVF—HE
BELIANVF-ENELFEBICRHEL TS, FA
L7BENC L 2 2 A VF—HBE LA BEE
WEOMFE2LEE L, HEEEIIBT S HKIEE
B TEESKEEFHOTIAVE-HEETHIE
LTwa, 20Of%, E8HIE1 HH72D 700 keal
DEETERL, REOED 2D VERNRE (K
EOZELE  —0.5kg)id, MTAHEHICIBITAT
POV F—BEE (3335 keal/day) & TRV F— 4%
& (3280 kcal/day) [ EIE B H» o7, —F, 7.5kg
DB Do 7B RO T 2V F — HD
—1039kcal/day THhHo72Z 05, M ALES
BULEOIANF—2HE L TV LERTE S,

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

AEAEIGIZBT 5 FHEBEORANEFimd £ N ERIIRITTE 471

F 7o, TEERRAKEIARNE TR - —#inEEET
DRYHEHEL 2o TVETD, TALVF—HEED
BEBEEIBECLOTHENY, ZoFETEKD
LN ANVF—HERIIHEEGED FERIEHIZ L
AIANF—HEELMNALLESHICLAIAL
F-HBEBORETHSL. HFEFBIIBILZ AL
F—HEEE, MALERLZZANVE —HE
BExELlwWAkdbnehdd, E&ICLLT R
F-EERBLHEEFIBITIAIALY—HER
3, BRARETHESNTVA, LdsT, T
ANF—PWH DB CAFERME 4 & ORBEEIC
RIZTHEBIBEONITELD, MALEHB L
CHEAEICBT 2 FREH I RECRREE, K))
CRIZTEEETTIIHOMITELLRE R R,
ARFFETIE, —#IEREEH 2 W TA A L7ES)IC
L GKEER L BEERIIBY L 5EHE L %
FUTHRETE, HEABIZB T 5 5 KESEOH
MAREDRD R EEEOWEHEICEEL TV LT
BRI N2 LIFERE. 2L, —EinE
Bahd, EEEdLomEsiek g LnEE R
REETELVIEE) L HERBER)O L ) ITINHEEE
PIEMTERNEL ) 2 EBERRTEL NI LR,
—HIEEE I L A T AL F —HEERER =T,
WELEPOIZEHHEEMETH ) EFETIZ VL
WO RRED S, TEESKEL D b FFRIEEEOH
EREICRIT A0 UF L TTO B
FEEEBETEITWBEIOTIE RV, Lo T,
Figure la-f 7R T L 912, EFHEDOLILERED
LI EECHERRIRO N, — /T AV
F-HEEOEL L REORLICITEE L MG
RO LN VERPELNREL, HEEHEOR
EIZLBLDONEZOLNG,
NABEFOHEEEIIBIT 2 EEHIIHREDOH
RUITE R, SRFELETEANT —HE
=, 8=, HSHB L OEEEENOFHRERRHK & £
DEIEHFHBEIIHML Tz, —8iLEER 2 5k
5N IHEYRE £ metabolic equivalents (METs)
CIEEERASEO SN TE Y, IEEE OSSN RE
1 ~ 313 3METs &Kiili, /H8#ME4~61F3~6
METs, {H8IG8E 7 ~ 913 6 METs LLEIZAH ST
220 e EB R GRBRE 0) OFANHE
A L, IRGRAE (BN 1 ~ 3) Wi (8
BE 4~ 6) D MARI LD OAEEIIHEML WS

& (Table 3) KRB H /21 EB BB A FEL L /-
ZIIRBBETHo7:. O Mo, RIFFETIIES
ENALTHHEAEFICBIT S G 38EmL
TV TTREMEASRIE X%, — 4T, Leon et al?
INREVPHBIZEMT A ETAEOHKIEEE
WRAVLTLESZEEELTWA, ST,
T —Fr SRBEAMEIZED 1 EMIZ 2000 keal
DEBEZEBBEZIILGFLTEY, Z4DEHL
EXRTH 1 Hb7- ) 0 GHhEESEIIFEEN N E
DEETHo72. ZORE, EHOERRLEFH L
2L DR ER R &0 5 BE OB IKEE RS
BALTLEoEZEZOLNA, T72, Meijer et
alZV S EMC, EEE AT A ETHRO MM
BRADIH, 1 HOGKREHEILESH DN TO L
RIEHEORTICL > THES K, BNl 2o/
S L AMELT WA, Mertens et al ¥ i3/ ABIRI
DIANF—EREMERL T2 L 2ZEFTn
B70%, ITNEIIHIC, BEOEROOIIHREER
LRZANF—ENELHS T2 EABEIRLT
22 Eb%%5N5. Heymsfield et al.?? %5, A+ A
METTFHINIERPELOLZVWEROD LD
2, HREPNAFEREELEFL VRN L
¥BEIFTVD L9110, BEEOUERKEDRL &
HB L Lo AEE B 2546, BERTIIRW
HEEFGIIBWTHRESH =L LHE 2 KA T 5
(AU TOEFEELHRETS) I L FEL V.
AHFEED LI ICE K OMRETHFEEFIIBITLH S
HIGEBIEDEML T2 Z &R, i ARIOFKIEE)
BOMEAD - 72 F T LA THAREE R AT
L72Z L3 (Figure 2), EETEIEARV RO LN
WM A RIEST 5 DTH LA, Marcus et al. 2
2003, EETEIER T A B OEREL
NVIEIBBAOETELR Y, EEBTHERFOR SN
RFTELL NNV TERLZEEHREL T
B, AWFFRIZBIT A FFIIAFIZL > THEMIZ
EESEMTHEZ E0S, EBITHERIINT
LENREAT O L NV ASEVERTH o /- L HE
BEND, LED-T, Beb&MTEERIIBY
THEF T MATIUEHREESEATEINT 5 L 13
LWV, NADADEELTHOLNIITH720I24,
WHRBHIZEM 2 BFEEDLIBRIZET TR, AL
NOFERFRIICRATEL, ZETAILENH L.
AEHIREBHER LT LI L TROMED

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

472 Fil, S, EE, B, KR, PHE, H

CHREOBSHTEETH 252, AEFBRLED
FTLTDH, EHEBOA L L GEREHEOEMNT
BREORL 2T T CRBEEOUEL L ERIOM
EE2L LT DR THLIENHLL LR -
7o, BT 520 AR L A0SR ETE Y,
¥ 7z, Ohkawara et al®" 1, NEIRESHFE RS % & &
WA & ¢ B 78121E, 10METs - h/week Bl ED
FEBEEGESIVLETHL I LEHEL TS, 2
oL, BEOHE: - I 280N %
RIETHLDTHE. FO—FT, FIHERHE FAE
EEHELOMICAEELHBFRZD O 5/
(Figure 1g-1). BJ1ERIE, B, Bk
% ERBOBRNEZEDPSREIGHHEL Twbh I L
N, WHEBELRT, BREHES T TR GE
HHESCHEOEE Y RE(ZILLEZLND,
Huang et al 28 X, K EEDL:ODEEHREIC
TRV AZLEHRELTBY, EFHEEROAT
EEXHT-OIZER IO o THEBERE ki
L, BREBEFERT I L PALETH L, LT
L b FIKIEEI B ORI A MR R K 0l L iC
FEE5ETHLDOTEH LW LICHHEBTRETHA.
Bk, PRIGERERERMER - REREHRES
LB L, BOEOEEEES (A2 BELLE, 1[E30
S EESE 1 ED LB L TWEE) OE &I
FAEMLTVAIZMELLT, 1 HOKH(FHE
HEIE) IRAEREICH D, EELDA (B EARE) T
DHEEREHEIMMETLTVAIEAELLONS, &
DZENLY, BROEFHBEEDOEEICLARER
MADARDOFNEEHS NI T HBIE, EiFHIEGE
HEELAER OB FABICREL, ZET5
VENHDL, T, HEEETOHKREEEOR
BREVIIE, BEBEOXEICHEMT 2 THENESD
B EDEKETHLNI R o722 Eh b, BED
M MERZERE LEBRE R R T LS,
HEIZBMLTWD I L RHBTOEHZITICHE
SEBEDOTIHRL, BFEAEICBIT S 9KEEE)
x5k, TEHRRYVBAOEDL NN, EFER
BEEELLZNAEOS LTS5 L2088 E0LT
BEAZRT 0SS AR LIRS 2 2 L2E
EThrLEZOND,

V. #& RR
AWETIE, MALIGEBERIZL 5 3G

EROZHEEEIZBY 5 B EREEHEOE(LIEE
CREREE, KNORICREITEELRE L. £
OFEFR, AT OREEIIEIEC, AL
7B DORE, ThabbHEAFIIBITL 5K
HEESNAFL) QWML TBY, £20ORLEL
REOYUEICHERFROONL. LEhoT,
BREOLFEICIE, MALCEFHLT TR, BE
HIEIZBT 5 S EEB RO ZE L T 55
WATRE I NI, ZOZEnb, HALLFEDHA
DRFRZHOPITT HHE, EFEEGESEER
RER) ORLzRABIGREL, ThooRtzE
BT LLENHL EHERTEINT.

# O
AL ETTHIHY, THIHZWRRER
FHREHMZHE BRALPARICE, ZoBtsiLT
EOBEHBLDIT TS, 2B, AR, HFRRSTEK
EWiBh4& QIR COE 7u s/ al{FE7uy=s M B
L ORERF R F RS 7~ ¥ — (TARA H$ 7
ODYx7 MOXERZTTBI 227200 TH5A.
(ZHE FH204ES5 A14H)

X 13

1) BAKE &, BREE DM - EAEDOIKEZ(2005),
52, 43-55,

2) Paffenbargar, R. S. Jr., Lee, I. M. Intensity of physical
activity related to incidence of hypertension and all-
cause mortality : an epidemiological view. Blood Press
Monit. (1997), 2, 115-123.

3) HHEMXR, $PHE—, KHEH. ¢ bOKEN
QOL (quality of life) % REFIZHESF T 5 -0 DK EF
F - AR—-VERFORE. KEFHR, (2004), 49,
209-229.

4) Blair, S. N. Revisiting fitness and fatness as predic-
tors of mortality. Clin. J. Sports Med. (2003), 13, 319-
320.

5) Talbot, L. A., Morrell, C. H., Metter, E. ], Fleg, J. L.
Comparison of cardiorespiratory fitness versus lei-
sure time physical activity as predictors of coronary
events in men aged <or=65years and> 65 years.
Am. J. Cardiol., (2002), 89, 1187-1192

6) Katzmarzyk, P. T., Church, T.S., Blair, S. N. Car-
diorespiratory fitness attenuates the effect of the
metabolic syndrome on all-cause and cardiovascular
disease mortality in men. Arch. Intern. Med. (2004),
164, 1092-1097.

7) Bouchard, C., Rankinen, T. Individual differences in
response to regular physical activity. Med. Sci. Sports
Exerc. (2001), 33. S446-S451.

NI | -El ectronic Library Service



The Japanese Soci ety of Physical

8)

10)

14)

15)

16)

17)

18)

19)

HEEEIZB) 2 REBHEORIL;EN Find L RN ERIZRIEZTEE

Mertens, D. J., Kavanagh, T., Campbell, R. B,
Shephard, R. J. Exercise without dietary restriction as
a means to long-term fat loss in the obese cardiac
patient, ]. Sports Med. Phys. Fitness (1998), 38, 310-
316.

Leon, A.S., Casal, D., Jacobs, D. Jr. Effects of 2000
kcal per week of walking and stair climbing on
physical fitness and risk factor for coronary heart
disease. J. Cardiopulmonary Rehabil. (1996), 16, 183-
192.

HARR W% S RMES R EERFTRZER. HILVWE
WY E & AR O AR, IRERTSE, (2000), 6,
18-28.

Borg, G. A. V. Perceived exertion: a note on “history”
and methods. Med. Sci. Sports (1973), 5, 90-93.

A Bk, WEHT, h¥E =4, PSR
TSI L 2RALEDENERHOHEE. KF
FHF7E, (1990), 35, 121-131.

HhEfx, HSHEE, siHUE, RE =4, 7
Bk, REBC, HIES, RIGHREC, Ei &,
ISR, CHD fefrlFIC& D (REEHERE L L
TOBRNZHEROE N £l 0% L%, BIREEAL,
(1991), 19, 303-310.

HHEAKR HEZOBICEDRO 72O DB DIE
B RNHEAT (R). BEANF. BIRaEE, #HE,
(1993), 76-83.

&= EH, HPEMR, REET, FIEF, TH
EB, B =K, Z¥BC. gEkEEZAETLHT
EEBHOEKFEin L EEEEICED B B
%, (1993), 42, 371-379.

Tanaka, K., Takesima, N., Kato, T., Niihata, S., Ueda,
K. Critical determinants of endurance performance in
middle-aged and elderly endurance runners with
heterogeneous training habits. Eur. J. Appl. Physiol,,
(1990), 59, 443-449.

Beaver, W. L ., Wasserman, K., Whipp, B. J. A new
method for detecting anaerobic threshold by gas ex-
change. J. Apple. Physiol., (1986), 60, 2020-2027.

Ross R., Dagnone D., Jones P. J. H., Smith H., Paddags
A., Hudson R., Janssen 1. Reduction in obesity and re-
lated comorbid conditions after diet-induced weight
loss or exercise-induced weight loss in men. Ann. In-
tern. Med., (2000), 133, 92-103

Ohkubo, H., Sasaki, S. Underreporting of energy in-
take among Japanese women aged 18-20 years and its
association with reported nutrient and its association

Fitness and Sport Medicine

20)

21)

22)

23)

27)

28)

29)

473

with reported nutrient and food group intakes. Public
Health Nutr., (2004), 7, 911-917.
Kumahara, H., Schutz, Y., Ayabe, M., Yoshioka, M.,
Yoshitake, Y., Shindo, M., Ishii, K., Tanaka, H. The
use of uniaxial accelerometry for the assessment of
physical-activity-related energy expenditure : a
validation study against whole~body indirect calor-
imetry. Br. J. Nutr. (2004), 91, 235-243.
Meijer, E. P., Westerterp, K. R., Verstappen, F. T. ].
Effect of exercise training on total daily physical
activity in healthy humans. Eur. J. Appl. Physiol.,
(1999), 80, 16-21.
Heymsfield, S. V., Harp, J. B,, Reitman, M. L., Beetsch,
J. W., Scholler, D. A., Erondu, N., Pietrobelli, A. Why
do obese patients not lose more weight when treated
with low-calorie diets? A mechanistic perspective.
Am. J. Clin. Nutr., (2007), 87, 346-354
Marcus, B. H., Banspsch, S. W., Lefebvre, R. C,, Rossi,
J. S., Carleton, R. A., Abrams, D. B. Using the stages
of change model to increase the adoption of physical
activity among community participants. Am. ]J. Health
Promot., (1992), 6, 424-429.
Marcus, B. H., Rakowski, W., Rossi. ]J. S. Assessing
motivational readiness and decision-making for exer-
cise. Health Psychol. (1992), 12, 257-261.
Catenacci, V. A., Wyatt, H. R. The role of physical
activity in producing and maintaining weight loss. Na-
ture Clin. Pract., (2007), 7, 518-529.
RS b, ARERR, & KR, BEENAT,
BINET, AR, +EANEH, FILULESE &
EW, MNE—. Bkt sRAERELES
REDFREIIOWT—REREEE GHER" O
WELVI)BREICER LT—. B, (199), 2,
28-33.
Ohkawara, K., Tanaka, S., Miyachi, M., Takata-Ishi-
kawa, K., Tabata, I. A dose-response relation between
aerobic exercise and visceral fat reduction: systematic
review of clinical trials. Int. J. Obes., (2007), 31, 1786-
1797.
Huang, G., Gibson, C. A., Tran, Z. V., Osness, W. H.
Controlled endurance exersice training and VOzmax
changes in order adults : a meta-analysis. Prev. Car-
diol., (2005), 8, 217-225
BAG R B REEHRMES. FRICERER
R - REFALTHR. H-HH ", (2006), 286-287.

NI | -El ectronic Library Service



