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ABSTRACT

Background. There are significant cross-sectional associations between metabolic
profiles and yearlong physical activity in older adults, with better health in those taking
at least 8,000-10,000 steps/day and/or spending at least 20-30 min/day at >3 metabolic
equivalents (METs). The present study examines these relationships longitudinally.

Methods. Subjects were free-living Japanese aged 65-84 years (198 men, 242
women). Pedometer/accelerometers measured daily step count and physical activity
intensity continuously for 10 years, with evaluation of metabolic syndrome criteria
at baseline and each year end. At year-end, participants were screened for metabolic
syndrome (modified criteria of NCEP-ATP III).

Repeated measures analysis of variance assessed changes in month-averaged physical
activity scores for each July. Cox proportional hazards regression analysis assessed
independent relationships between baseline physical activity and the 10-year risk of

suffering from metabolic syndrome, after controlling for baseline number of metabolic
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syndrome diagnostic markers, age, sex, smoking status and alcohol consumption.

Results. Subjects maintained their physical activity over the 10 years. Most
individuals aged 65-74 years who took >10,000 steps/day and/or spent >30 min/day
of activity >3 METs consistently showed < 2 metabolic syndrome diagnostic markers,
as did those aged 75-84 years with >8,000 steps/day and/or >20 min/day at >3 METs.
A multivariate-adjusted Cox proportional hazards model predicted that the risk of
suffering from metabolic syndrome during the 10 years was 2.3-4.2 and 1.9-3.0 times
greater in the two least active quartiles of participants (taking <6,400 steps/day and
spending <12 min/day at >3 METSs, respectively) relative to the most active quartiles
(taking >8,500 steps/day and spending >20 min/day at >3 METs, respectively) .

Conclusions. This prospective study supports our cross-sectional observations. After
adjustment for potential confounders, the metabolic health of older people is associated
with both the quantity (daily step count) and the quality (daily duration at an intensity
>3 METs) of habitual physical activity. To conserve metabolic health, elderly people
should be encouraged to take at least 8,000-10,000 steps/day and/or spend at least

20-30 min/day at >3 METs.
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P 50mg/dl 5 i, @YLAE A £ 130mmHg LA L
20/ F 7R ME 85mmHg Ll £, ®ZEfE
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IR AEA 69512747 %/ H, HoRBETGENRF
AT 15911745/ B, 75~ 4 moEHminE
TIL A EAT5355+2,902 4 / H, HREEH
FEf A3 10.1 £10.5 4/ H THjFERM O FREB O#
S REERENH 72,
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10000 BB E 40/ % 7213 1 H 30 5L E ORI

BEE L 1HS00HMU EAD/ 22131 H20
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FER) w2y FO—ADEEEZRE P o7,
XFEYY 7YY FU—ADBEERTH 54
B, MR, BMEIRGL, fREE, ZLTAIKRY v
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# 1 Baseline characteristics of subjects

All Men Women Age 65-T4 Age 75-84
Number of participants 440 198 242 345 95
Age (years) 711+48  71.7%+48 706+47 * 69.1%29 783+30 T
Body mass (kg) 50.1% 154 53.7+15.7 471+ 146 * 502+16.2 494 + 124
Height (m) 1.44%0.38 1.51+0.39 138+ 037 * 143041 147 + 0.28
Body mass index (kg/m?) 21.2+62 208+59 215+ 6.5 21165 213+50
Systolic blood pressure (mmHg) 123.7+385  124.2+39.0 1234+ 38.2 1222+ 402 1293 % 31.1
Diastolic blood pressure (mmHg) 71.1%+223 723+ 227 700+ 21.9 710+ 234 714+ 179
Triglyceride (mg/dL) 123.1+£91.0 123.7+1094 1226+ 729 1254+ 986 1147+ 552
High density lipoprotein cholesterol (mgfdL) ~ 48.9+ 21.0 46.1 % 20.7 512+ 210 * 484%215 50.7 = 19.0
Hemoglobin Alc (%) 48+ 17 48+18 47+ 16 4717 5013 ¥
Current smoking, n (%) 70 (15.9) 61 (30.8) 9(37) * 52(15.1) 18 (189)
Current alcohol drinking, n (%) 137 (3115 123 (62.1) 14 (5.8) * 106 (30.7) 31 326) T
Step count (steps/day) 6606+ 2855 6842+ 2964 6413+ 2753 6951+ 2747 5355 = 2902 T
Duration of physical activity >3METs (miniday) 147+ 117 156+ 129 139+ 10.6 159+ 117 101+ 105 T

Values are means = SD.  * versus Men (p <0.05),

T versus Age65-74 (p <0.05).

Age 65-74 = subjects aged 65-74years, Age 75-84 = subjects aged 75-84years.



2 Relative risks (95% Confidence Intervals) of developing metabolic syndrome
over the course of the study in relation to physical activity quartiles (Q1-Q4)

Step count (steps/day) n Relative risk (95% Confidence Interval)
Ql 3223 + 860 (981-4590) 110 4.15 (2.18-7.88)
Q2 5466 = 576 (4591-6415) 110 2.25 (1.25-4.06)
Q3 7322 * 553 (6416-8457) 110 1.55 (0.86-2.78)
Q4 10,485 + 1981 (8458-17,317) 110 1
Duration of physical activity >3METs (min/day) n Relative risk (95% Confidence Interval)
Ql 30 =17 (0.1-5.7) 110 2.95 (1.63-5.33)
Q2 8.7 + 1.8 (58-11.9) 110 1.94 (1.11-3.40)
Q3 16.2 = 2.3 (12.0-20.0) 110 1.47 (0.81-2.66)
Q4 31.2 % 11.6 (20.1-739) 110 1

Relative risk and 95% Confidence Intervals were adjusted for age, sex, smoking, alcohol intake and number of risk factor.

PN - FEFNVCTHEZELLELEZS, LOR
ERGHONRE (FE<6,400 4/ H & PigREE
EERFM <124/ H) X VERLE (B>
85004 / H & pIAETEBIRER] > 200/ H) Ll
RCIEMDOAFKY v 7 Fa— L%
AVBRENEFN23~42M5L 19~30FKE
oz (F2).

3. F &

AETIE, EHEICBTSEESRESOR
(1 HOBBOFEFE) BLOE (1 HOHMEE[ >
3METs] {EBIFE B DETFY) ERXAFRY v 7T
Fa—2DOB 5% BITRIICHR/-RR, 66~ T4
W DR S T A EAY 1 B 10,000 £ 2L b A
D) 3 REREIRM A1 H 305U Lo
BT, DB ~UMROEBEMEHRE TIXTHh
Zh1H8000A&LE,D/F721E1H 204545 LA
EDOEHEDH, XAFRY v 7y FO—LADfE
RIZIZ L A LRD LN h o ZZHET IR O R
WEDE, HEHEEE L OBRERBTIYICHKR
AL BICHIM &M EITo 72,

1 BN & Y — N O HAEERE 2 v
T, W& OHEEREBOEREZ 2001 £ 7 A
P HEH 24 FrEEE L T 10 FEMIChbzhlES
fiol. 2R v 7Yy Fu— A0z ~—
ATAVBEIZAZRY) v 2 vy Fa— A LBl
SN TRV 65~ 84 RODIEFE Bili# 440 & %

FH v b A R—2EEE Vol. 33

104EMIC b7z, BEFAEZIT o o468 1254 (5
Y49 %, W76 %) 284% DA A Z R v 2
D N = BV N =01 e (AN
SEREHEL AT R v 7y Fu—a0f
BRICHE L - RITHETIE, BEEHRAA
¥ER) w7y FU—ADBKRER %R ¢
T, WME, g, HDL 2 L A5 a—), %
R I B W THENRPAL N EHES
nNTwb, ZOFAE aFx— PFETIX, —B#
[ 3B H O PRGBS 5 v id B EEE
AEWEBBIXIREB B ICHAT, 25K v
7YY FU—LADEERVPHALPI AR o7
B0 KHHEOKRTS XY RIERL 28
OXFFE RE< 6,400 £/ B & AR TEB)RH <
1247/ B) ZEKEHRISZVERLZE RS>
8,500 #x / H & iR BETEBIRER > 2043/ H) &M
RTIOEMOATRY v 7Y FO—AFEY
ATHENEFN23~42MEL19~30MKE
Mol TOL)RERIESE S OMWHIEIC
BUTHHALRIZ R o729, 656~ T4 ORI
ME G T 10,000 4/ H2 / 72135
TR EIRFIAT30 3/ H, 75 ~ 84 kD% E
EiE Tl 22N 8,000 &/ HAo / 721k 20 4
IBRBZ5E, BICBMTES L UHLEDY A
IHEBEIETL, 22Xy sy yFu—a
DFHICEBELEEbNS, BEGEIIBI A
BHEZHKSNRUCBEERERICDZ > TH



~162 —

BREE AR T A L@ LT, MEBRM %
SR THI L, FEEDOBEOGHEM 2N
ML EERZ T L TREZ MR
ETHILTHS. REZGFHFHEIITEE
DOIRET, —H 30 G L% &85 L5 ICH3E

LTwa. 2EBERKE T T57-0120 FiRE
DOSEIESEEY 1 AR Y720 150 - 210 7R EE
OEHPEE LVEWITRERIHMESINT
Wa, 7, FEEERLEENA X)) VIR
MHERTE ST, LDMERBRWERROEE DR,
PROFEECROBL %R EVFREE TS, B
b, AEEEEAUFBELLILICLD, Fhb
AFTEHILTHA.

—F, EEOHENB L LSRR
M3 sEH0E L, BESREHOR - EO
WL EEAH S Y, BHTIR, REOEAV
X 1HBZ) ORGREEREIRRM & X ) BHEICH
BLTWE 22 mEECEETE, 0L
ZEEEAR SN L DIRERDEHIIOVWTT,
FORFERIBEBROLZFITEVILIVEILLAM
INEEERRBLTWA. BPEO, HicHs
DEKEDE X, KRAEORFICRFEMZ
BRPLTWRI M) DHRD. ZDL) 2K
MEMEEOBENHE A LRBEEH L EOHB
ROOTHNIZ, BEREICII/oL ZEBET
L% EbEMNCHERERDZTI L) ICH
DEZEDNEETHLhd LRk, EAMI,
BEEBET— 4 ICBS LTEROGEREEHT
BY)TwaHHE, REZEHIVLELVWEER
BEZTWAD, TDX) tadkmid, HEIC
L Cid1H 80004k LD/ F T oaEE
BRMICOWCTI 120450 ETH2 30, 7
LC#4%2 10,000 2 / B2 / ¥ 723 ik S By
[ 30 43/ HAS, REMERERFHOIDDE
BHREROLRTHL EELLNS D B
DML TERE T, BEIAREEH>EHIK
NEIZ &G L e &0 EAL 28 R L hiaRE

15 B e ] 0 4F ] 35 5 F e 8,000 £ - 20 43
/B & 100004 -3043/ H) OMIci, ED
EEWIIBWIHt LEELEZIRON 2o
72312 72 A kb EEAS 8,000 ~ 10,000
#/ B0/ F 723 PR G BB R AT 20 ~ 30 4
/ BECRHBEREHORMENERED PHE,
Ak S BBRATHE 19 72 L3R
A, COHESEKEH L AVEBLALEL R
By —F U IHRIIILALBED O
72 EHIZ, LEONEMD SRR, ik
BECTOEKFEBFHENNICZVEREIL B,
B B &5 729, RREFFE TS, A5 F) v
7y Fu—AOMEERTH % Ei, %5, B2
R, KiERE, FLTAIERY 2 Fu—
LAZWHREREMIE L%, Cox IHINF—F
EFNVTHELZESS, LVRERL 2B
XHRE (BE< 6400 %4/ H & AprsEEE B <
1247/ B) 3 HREBEFLSERLE B>
8,500 % / H & HEREEE BN > 2040/ H) L i
NRTIOFEHDOAZR) v 237 FO—AREY
AIBREFNETN23~42/L19~30FKE
Dol AFZEYvrLy Fa—ADFHRYR
FZED72HIZ 1 HDOETEA 6,000 & KiHo AlBw»
THE 2,000 % - 547, 6,000 22 5 10,000 % % T
DOFEE 200045 - 107% BLICHEFHREH
DEREEENT VAL LHERT I EBERIC
BELESENHLLEZOND,

4. £&¥

RAEGM EHFEIX, TEAHBYEL OERKED
FEIT- WBETE, o, EEZEROBTY,
BICAYRY) v 2y Fo—ADFBICHREY
B REEN R OEENIZ BT 2 5 L iR 2 1ERL
TEAHLHIC, BHEOHESEREDOEEY,
R FE £ > Y — WO FREEE 2 TR
B ORHEICIERL, Y0 X ) 2 EESHEN
LHORE, BCAYER) vy 7Y Fa—A0

7Y b AR—YREE Vol. 33



FHRUED-OICRKETH 5 5% R IKR
L7z, TORR, BEWLZEEFORER,
Cox WINH - FEFNTHEELLZEZ A, &
DAER: 28 GE¥< 64004 / B & RIRETR
BYRERI < 1247/ H) WX X 0 {6582 B (B> 8,500
A /HEREREFEHRFE> 24 /H) LHERT
AZE) 2L FO—ARBEVRA I BEFRE
N23~42fL19~30KED o7k 2%
FYv sy Fo—-Laz2FHhT5000EK B
i E BT % < &b 8,000 ~ 10,000 £/ H
D) F I PEEEBRE AR L b 20~ 30
5 BOREEEZ1T) S LRI SR TS
bRV, ZOX) ERIIEE S OMEN L
BEMAERELIFTLLOTHY, 5%, i
AMEICL o CTELRDZRIAENFLELLEZ DR
5. TLTHEEVWER, #EROBHFL—=
TREDED %, L ETEBEFEMARE L
SEREOBH L REE TR, BT
ITHHRFICBVWE, FREMDOTELLDF 4
o TVt a L) %, EENLTFHES
VATLAEIESRELAEWVWEEZTHSE, 20
R, BRPEOERELZIILOERSAkOREE
WERER T, M#EFIZ, DWW TIRERL
TLEFBEONBICENLDDOLEEL TV A,

E

AWEDETICH2Y, HEBKEBY L
LABMBIEANGRRLRS T ¥ P AKR— v #5E
REHHICESBLBLETE . T4 Kif
REWICH-VERETHHEZTHETI L-BE
B2 &I RAEER (RgLV 5y —-) R
ORI FEN TR\ 72720 72 8BRS DB kR 120
LYEHA LT

74 2 D AFE -V EE Vol. 33

_.163 —

X &

1)

2)
3)

4)

5)

6)
7)
8)

9)

10)

11)
12)

13)

ahiEER (B15) : mkEOER N FT v s K
| E SEA LR 70T - SRR A A & I SE AT B
HEFRFIEE , RABAEEE , HOR (2001)
Aoyagi Y., Shephard R.J., Aging and muscle
function., Sports Med., 14:376-396 (1992)
Aoyagi Y., Shephard R.J., Steps per day: the road to
senior health? Sports Med., 39:423-438 (2009)
Aoyagi Y., Shephard R.J., Habitual physical activity
and health in the elderly: the Nakanojo Study.,
Geriatr. Gerontol. Int., 10:2365-243S (2010)
Aoyagi Y., Shephard RJ., A model to estimate the
potential for a physical activity-induced reduction in
health care costs for the elderly, based on pedometet/
accelerometer data from the Nakanojo Study. Sports
Med., 41:695-708 (2011)
Aoyagi Y., Habitual physical activity and health:
the Nakanojo Study., Health Fitess J. Can., 4:9-12
(2011)
Aoyagi Y., Shephard R.J., How many days of
pedometer monitoring are needed? Med. Sci. Sports
Exere., 41: 734 (2009)
Aoyagi Y., Shephard R.J., How should objectively
measured physical activity data be used analytically?
Exerc. Sport Sci. Rev., 37:109 (2009)
Aoyagi Y., Park H., Park S., Shephard R. I., Habitual
physical activity and health-related quality of life in
older adults: interactions between the amount and
intensity of activity (the Nakanojo Study) Qual. Life
Res., 19: 333-338 (2010)
HEER (W) - FHEBER RV, FiL v
RO D (NEBEFHLS 92 AFE)v s
FR—=AxRET) ~BBREAZEA TORY M
A~ , HEEHREE , H5 (2007)
TR . R [P 2&ifkl CEREENL
EERFOERIRE L HE HFESHOR LY
=T TLA K (2011)
HHIER] | KRR [Pz 4ifel TRIEsh
EHREHBONRIBOND HE BEESHO&
LE =T TUALHER (2011)
Park S., Park H., Togo F., Watanabe E., Yasunaga A.,
Yoshiuchi K., Shephard R. J., Aoyagi Y., Yearlong
physical activity and metabolic syndrome in older
Japanese adults: cross-sectional data from the
Nakanojo Study., J. Gerontol. A Biol. Sci. Med. Sci.,
63:1119-1123 (2008)



~164—

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

Aoyagi Y., Park H., Kakiyama T., Park S., Yoshiuchi
K., Shephard R. J., Yearlong physical activity and
regional stiffness of arteries in older adults: the
Nakanojo Study., Eur. J. Appl. Physiol., 109: 455-64
(2010

Aoyagi Y., Park H., Park S., Yoshiuchi K., Kikuchi
H., Kawakami H., Morita Y., Ono A., Shephard
R. J., Interactive effects of milk basic protein
supplements and habitual physical activity on
bone health in older women: a 1-year randomized
controlled trial., Int. Dairy J.,20:724-30 (2010)
Park H., Park S., Shephard R. J., Aoyagi Y.,
Yearlong physical activity and sarcopenia in older
adults: the Nakanojo Study., Eur. J. Appl. Physiol.,
109:953-61 (2010)

Yoshiuchi K., Inada S., Nakahara R., Akabayashi A.,
Park H., Park S., Shephard R. J., Aoyagi Y., Stressful

- life events and habitual physical activity in older

adults: 1-year accelerometer data from the Nakanojo
Study., Ment. Health Phys. Act., 3:23-5 (2010)
Shephard R. J., Aoyagi Y., Seasonal variations in
physical activity and implications for human health.,
Eur.J. Appl. Physiol., 107: 251-71 (2009)

Aoyagi Y., Park H., Watanabe E., Park S., Shephard
R. J., Habitual physical activity and physical fitness
in older Japanese adults: the Nakanojo Study.,
Gerontology, 55: 523-31 (2009)

Togo F., Watanabe E., Park H., Yasunaga A., Park
S., Shephard R. J., Aoyagi Y., How many days of
pedometer use predict the annual activity of the
elderly reliably? Med. Sci. Sports Exerc., 40: 1058-64
(2008)

Yasunaga A., Togo F., Watanabe E., Park H., Park
S., Shephard R. J., Aoyagi Y., Sex, age, season,
and habitual physical activity of older Japanese:
the Nakanojo Study., J. Aging Phys. Act., 16: 3-13
(2008)

Park H., Togo F., Watanabe E., Yasunaga A., Park
S., Shephard R. J., Aoyagi Y., Relationship of bone
health to yearlong physical activity in older Japanese
adults: cross-sectional data from the Nakanojo
Study., Osteoporos. Int., 18: 285-93 (2007)
Yasunaga A., Park H., Watanabe E., Togo F., Park
S., Shephard R. I., Aoyagi Y., Development and
evaluation of the physical activity questionnaire for
elderly Japanese: the Nakanojo Study., J. Aging Phys.
Act., 15: 398-411 (2007)

24)

25)

26)

27)

28)

29)

30)

31)

32)

Yasunaga A., Togo F., Watanabe E., Park H.,
Shephard R. J., Aoyagi Y., Yearlong physical activity
and health-related quality of life in older Japanese
adults: the Nakanojo Study., J. Aging Phys. Act., 14:
288-301 (2006)

Yoshiuchi K., Nakahara R., Kumano H., Kuboki
T., Togo F., Watanabe E., Yasunaga A., Park H.,
Shephard R. J., Aoyagi Y., Yearlong physical activity
and depressive symptoms in older Japanese adults:
cross-sectional data from the Nakanojo Study., Am.

_ J. Geriatr. Psychiatry., 14: 621-4 (2006)

Togo F., Watanabe E., Park H., Shephard R. J.,
Aoyagi Y., Meteorology and the physical activity of
the elderly: the Nakanojo Study., Int. J. Biometeorol.,
50: 83-9 (2005)

Aoyagi Y., Togo F., Matsuki S., Kumazaki Y., Inoue
S., Takamiya T., Naka M., Shephard R.J., Walking
velocity measured over 5 m as a basis of exercise
prescription for the elderly: preliminary data from
the Nakanojo Study., Eur. J. Appl. Physiol., 93: 217-
223 (2004)

Laaksonen D. E, Lakka H. M, Salonen J. T,
Niskanen L. K, Rauramaa R, Lakka T. A., Low
levels of leisure-time physical activity and
cardiorespiratory fitness predict development of the
metabolic syndrome., Diabetes Care., 25:1612-8
(2002)

Franks P. W, Ekelund U, Brage S, Wong M. Y,
Wareham N. J., Does the association of habitual
physical activity with the metabolic syndrome differ
by level of cardiorespiratory fitness? Diabetes Care.,
27:1187-93 (2004)

Ekelund U, Brage S, Franks P. W, Hennings S,
Emms S, Wareham N. J., Physical activity energy
expenditure predicts progression toward the
metabolic syndrome independently of aerobic fitness
in middle-aged healthy Caucasians: the Medical
Research Council Ely Study., Diabetes Care.,
28:1195-1200 (2005)

Stewart K. I., Bacher A. C., Turner K., Lim J.G.,
Hees P., Shapiro E. P., Tayback M., Ouyang
P., Exercise and Risk Factors Associated with
Metabolic Syndrome in Older Adults, Am. J. Prev.
Med., 28:9-18 (2005)

Nelson M. E., Rejeski W. J., Blair S. N., Duncan
P. W., Judge J. O., King A. C., Macera C.A.,
Castaneda-Sceppa C., Physical activity and public

7Y P AR—VFE Vol. 33



—165—

health in older adults: recommendation from the
American College of Sports Medicine and the
American Heart Association., Med. Sci. Sports Exerc.,
39:1435-45 (2007)

FH v b AR —EEE Vol 33



— 166 =

FH v b AFE—UEE Vol 33



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11

