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Abstract The purposc of  this study  was  to examine  the

influences of  long-term walking  training and  walking  and

jumping training on  bone mineral  dcnsity (BMD) and  bone

metabelism.  Data from 28 healthy premenopausal wemen  was

assessed,  The sub.iccts  were  divided into the wa]king  group

(WG; 17 women  mean ±SE  age  35 ±2 years), and  the walking

and  jumping group (WJG; 11 women  mean ± SE age  39 ± 1

years). BMD  was  measured  in the lumbar spine and  proxirnal
femur using  dual cnergy  X-ray absorptiometry  (DXA), As
markcrs  of  bone metabolism,  this study  was  to rneasurc

bone forrnation markcrs,  bone-alkaline phosphatasc (B-ALP:
rneasured  by enzyme  immunoassay/EIA)  and  osteocatcin

(BGP: by radioimmunoassaylRI)  as  well  as  bone resorption

rnarkcrs,  parathyroid  hormone  (PTH: rneasurcd  bylRl) and

type I collagen  cross-linked  N-telopeptides (NTx/ by EIA).

Despite the significant dccrease in body wcight  (p<O.05), no

corresponding  decrease in BMD  was  observed.  Moreover, no

significant  differencc in bone markers  BGR  PTH,  and  NTx

was  obscrved,  B-ALP  was  significantly  increased (p<e.OS)
after  one  year, and  the  rate  of  this increase was  greater in the

WJG  than in the WG.  It is thus concluded  that walking  training

for one  year is beneficial for the promotion ofbone  fbrmation,

and  that jumping stimulus  maintain  BMD  effectively.  ,J Ph.vsiol

Anthropol Ampl  Httman  Sci 22 (1rp,' 203-208, 2003 http:,','www.

jstage,jst.go.jplenl
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Introduction

  Japan is known  for the longcvity of  its people. and  in aging

secieties  primary osteoporosis,  which  is closely  relatcd  to both

past and  prcsent living habits. is now  regardcd  as  one  of  the

leading lifesty)e diseases in Japan  (Sato, 2000; Departrnent of

Health  and  Human  Services, 1996). Since the dccrease in bonc

mineral  density (BMD)  accompanied  by age  cannot  be
avoided  it is desirable to acquire  the highest possiblc bone

density during younger ages.  Therefore the development of

specific  exercise prograrns and  other  measures  are  urgently

needed  to prevent osteoporosis.

  BMD  decreases with  aging,  and  there is a  particular declinc

in wornen  approaching  the menopausal  period due to the

sudden  deficiency of  estregen,  which  pLays an  important rogc  in

bone formation (Jilka et  al., 1992). A positive correlation

between BMD  and  body  weight  has also  been reported  (Kin et
al., 1991; Treharne, 19g1).

  Numerous  studies  havc reported  that the mechanical  load

from exercise  acts  to increasc BMD  (Chilibeck et al., 199S;

Grisso et  al., 1990; Macdougall et  al., 1992), But, difi'erenees
jn BMD  are  observed  according  to the  typc  of  exercise.

Previous studies  have shown  that volleyball  and  handball,

includc jumping movements  that place great mechanieal  stress

sueh  as impact or  compressive  fbrce on  bone in a  single

stimulus  and  are  thouglit to bc more  effective  (Fehling et al..

1995), In our  previous study,  we  measured  BMD  in members
of  vollcyball  tearns on  the 9-player system,  and  found that

BMD  was  significantly  higher in the attacker  group, whose

movements  consistcd  mostly  ofjumps,  than  in the receiver

group and  the control group (Shibata et  al., 1999).

  In recent  ycars, specific  bone metabolism  markers  have bcen

developed and  indicators ofbone  forrnation and  resorption  as

a  reflection  of  general rnetabolism  dynamics have been

noticed.  These markers  are  used  especially  in understanding

the pathologic state  and  in assessing  the cffect  of  treatment  fbr
osteoporosis  and  related  diseases (Garnero et al., 1994; Szulc
et al., 1993: Garnero et al., 1994). However, there have been

few reports  concerning  thc effects  of  exercisc  on  healthy

people on  metabolic  markers.  The airns  of the prescnt study,

therefore, were  to asscss  th ¢  effects  of  continued  exercise

consisting  mainly  ot' walking  on  BMD  and  the fluctuations in
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metabolic  markers.  And further, bascd on  the results  of  our

previeus study,  combined  effects  of  walking  and  jurnping
excrcisc  on  BMD  and  bone metabolism  were  also investigated,

Methods

Suhfects

  The  subjects  were  43 women  (mean age  37± 7 years) who

attended  the class on  the prevention of  lifestyle-related

discases. Of these 43 wornen,  41 premenopausal subjects

(mean age  36± 7 years) having had no  disease that would

atlect BMD.  and  having bone rnetabolism  markers  within  the

normal  range,  were  selected  for the study,  All subjects

volunteered  to the study  and  gavc written  inforrned consents.

lnterventions

  Thc study  protocol was  approved  by the Ethics Committcc

of  the Research Center of  Health, Physical Fitness and  Sports,

Nagoya  Univcrsity and  the study  was  carried  out  in accordance

with  Helsinkj Declaration. Subjects were  given instruction

with  a  finaL goal of  walking  le,OOO steps.  The subjects  were

randomly  divided into two  groups: a  waLking  group (WG; 26
womcn),  and  a walking  andjumping  group (WJG; 15 women).
Members  of  the WJG  werc  instructed to jurnp straight  up  as

high as  they coula  and  were  asked  to jump and  land with  both
legs. Subjects were  instructed to make  a single,  properly
executed  jump 10 timcs  totally each  day. Excluding  those

subjects  who  withdrew  during this year, a comparison  befbre
and  after the exercise training was  rnade  fbr 17 WG  women

(mcan± SE  age  35± 2 years) and  11 WJG  women  (mean± SE
age  39± 1 years).

Proceduieandinstrumentation

  (1) Backgroundquestionnaire

  The  questionnaire was  given to asccrtain  whether  there

were  any  abnorrnalities  in menstruation,  histories of  diseases

that would  afTkct  BMD,  and  present and  past daily living

cireumstanccs.

  (2) Percentbody fat

  Percent body fat (%fat) was  measured  using  a  Tanita TBF-

21O body fat meter.

  (3) Bloodchemicaldata

  P]asma total cholesterol  (TC), triglycerides (TG),
high-density lipoprotein-cholesterol (HDL-C), low-density

lipoprotein-cholestero] (LDL-C), fasting plasma glucose
(FBS), and  HbA;, were  determined befbre and  after  the

training.

  (4) Walking

  Thc  numbcrs  of  steps  walkcd  in daily life were  recorded

with  Life Codcrs @  (Suzukcn. Co,Nagoya, Japan).
  (5) Boncmineraldcnsity

  Using dual energy  X-ray absorptiometry  (DXA; QDR2000,
Horogic), BMD  was  measured  on  thc front of  thc 24  lumbar

spine  and  the femurs of  both legs (femoral neck,  trochanter,

intertrechanter, and  Ward's triang]e),

  (6) Bonemetabolism

  Bone  metabolism  markers  were  determincd as  fo11ows:

plasma bonc-spccific alkaline  phosphatase (B-ALP) by

enzyrne  imrnunoassay (EIA), osteocalcin  CBGP) by
radioimmunoassay  (RI) as  markers  of  bone fbrrnation and

parathyroid hormone  (PTH; RI) and  type  I collagen  cross-

linked N-telopeptides (NTx; EIA) as  markers  of  bone

resorption.

Statisticalanab,sis

  Data is presented as  mcans ± SEM.  The sub.jects  were

divided into WG  and  WJG,  and  the rnean  values  were

compared  by un-paired  t-test (SPSS) for age,  height, and

weight.  Blood biochemical data, body wcight,  %fat, BMD,  and

bone metabolisrn  were  cornpared  befbre and  after  exercise  with

paired t-test (SPSS). The level fbr statistical  significance  was

set  at p<O.05.

Results

}Vketking

  Befbre  training, the mean  total numbers  of  steps  per day

wcre  6422± 1911, and  significantly  increased to 7723±2248

per day (p<O.05) after 6 months.

BMI  (Bod.v mass  indeny, 9ofat, btood pressure, blood
hiochemicatdata

  (1) Changes before and  after  training

  fable 1 shows  a comparison  of  BMI,  Y6fat, blood pressure,
and  blood biochemical data values  jn the beginning of  the

study  and  one  year later, The mean  body weight  at the  end  of

the study  (63.3± 10.5kg) was  significantly  lower than  that in

the beginning (66.3± 8.8 kg) (p<O.e5), The  value  of  BM{  after

one  year was  significantly  lower (p<O,05) than  the initial

value.  The level of  HDL-C  after  one  year was  significantly

higher (p<O.05) than that at  the start  ofthe  program.

  (2) Percent changes  before and  aftcr  training

  Figure 1 shows  the  percent changes  in BMI,  %fat, blood

pressure, and  blood biochemical data for both the WG  and

WJG,  Tn both groups significant  decreases in body  weight  were

accompanied  by dccreases in BMI  and  V6fat. Both WG  and

WJG  groups showed  high rates  of  increase in HDL-C  after  one

year.

Bonemineratdensitv

  (1) Changes in BMD  values  before andafter  training

  The BMD  values  in the lurnbar spine  and  biEateral femora]
neck,  trochanter,  intertrochanter, and  Ward's  triangle of  the

subjects at  the start  ofthe  study  and  one  year !ater arc  shown  in

Table 2, No  significant  difTerence in BMD  was  observed  in any

of  these 5 locations between the initial and  post-training
values.

  (2) Percent  change  in BMD  befbre and  after  training

  Figure  2 shows  comparisons  of  the  percent change  in BMD

before and  after  one  year for both the WG  and  WJG.  No
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Tab]e 1BM1,  %Fat. Bleod chemieal  data

Measurement befbre after

Bedy  mass  index (kgim2)
Fat(ee,}Systotic

 blood pressurc (mm] lg)

Diastotic blood pressure (mmHg)
Totalcholesterol(rng/di)

Triglyceride(mg/dl>

Hight density lipeprotcin choTesterol  (mg,'dt)

Le",densitylipoprotcincho]esreroT(rngtdl)

Fastingbloodsugar(mg,'dT)

Jlemoglobin AL,  (O.")

27.3±O.635.9
±O.9

 121=]

 78=2

 194±6

 S4±8

 59 ±2

 126±6

 91 ±4

 5.0±O.]

26.6± O.7*

34.3± 1.t121

±3

 79±2204

±S

 85±8

 72I3*

 123t4

 96 ± 3

 4.9± O.1

Data values  at the  start ofthe  study  (betbre) and  one  year later (after).
'
 p<O.OS; Significuntly c]ifi'crenl from pre-teveTs. (n=28) means ± SE

Fig.

     %35.030.025,O20.0

 15,O

 10,O

  5.0

  o.o

 -5.0-10.0-15,O

1 Percentchanges

jumping group Cl>.in
 BMI,  %fat. blood pressure and  blood chemical

Vlaluesaremeans± SE.

data beforeand after  training

     means ±SE

in walking  group {D)  and  walking  and

TabLe2  Bone  mineraldensity  (g/cm2)

Skeletal site before after

[.umbarspine

Femoral  neck

Trechunter

]ntertrochanter

"Jard 's  triangle

(L2-L4)(Rt)(Lt)(Rt)(Lt){Rt){Lt)CRt){Lt)l.066± O.023

O.806± O.020

O.803± O.022

O.645± O.O]9

O.636± O.020

o.gg7± o.o2g

t.O05± O.026

O.736± O.030
o.731±o.e3e

1.070± O.022

O.710± O.021

O.795± O.022

e,644± o.o2o
O.636± O.020

O.99S± O.029

O.997± O.028

O.719± O.031
O.718± O.029

Data values  at  the  start  efthe  study  (before) and  one  year later (after). (n=28)  means ± SF.

significant  changes  were  found in either group after one  yean
ln thc  areas  of  lumbar spine,  trochanter, and  intertrochanter

where  increases were  found the percent increase was  greater in
the WJG  than  in the WG.  However  in the  areas  of  femora]

neck  and  Ward's triangle where  decreases were  observed,  the

percent decrease was  smaller  in the WJG  than  in the  WG.

Bone metabolism

  (1) Changes in bonc inctabolism  marker  before and

training

after
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%2,O

1.0

o,o

-1,O

-2.0

-3.0

4.0

           -5.0
                                                                          means ± SE

Fig, 2 Percent  changes  ofbone  mincral  dcnsity bcforc andaftcr  training in walking  greup {Z) and  ifo'alking andjumping  group (-).
   means  ±. SE.

Vhlues are

'1'ab]e3 Markersofbonemetabolism
4035]o2520T5105o

%

Measurement before after

B-ALP(U/])

BGP(ng,'ml)

PTH  Cpg,'ml)

NTx  (nmol BCE,'mmol  Cr)

17.3± 1.1

 2.9tO.345.5t4.939.0=3.0

20.6tl.O*

 3.3±.O.340.4=3.83Zi=2.6

Data va1ues  at thc start ofthe  study  (before) and  ene  year Tatcr (after).
'p<O,05;Significantlydiffbrentfrompre-]evels.(n=28)means ±SE

B-ALP/bone-specifica]ka]inephosphatase

BGP  (bone Gla-containing protein)/ osteoca]cin
PTH/  parathyreid hormone

NTx/typeIcollagencross-linkedN-telepeptides

  Tlablc 3 shows  the results  fbr markers  of  bone metabolism  in

the beginning ofthe  study  and  one  year later.

  Bone  formation markers:  B-ALP  at  the start  ofthe  prograrn
17.3± 1.IUII was  significantly  increased to 20.6± 1.0U/1

(p<O.05) after  one  year, The difference in BGR  from an  initial
value  of  2.9±O.3 nglmg  to 3.3±  O.3 nglmg  ene  year later, was

notsignificant.

  Bone  resorption  markcrs:  No significant  ditfercnce was  seen

in either  PTH  (initial value  45.5± 4,9pglml, final value

40.4 ± 3.8pg/ml),  or  Ntx  (initial value  39.0± 3.0nmol

BCEIrnmol  Cr, final valuc  37.1 ± 2.6 nmol  BCE/rnmol  Cr).

  (2) Percent change  in bone metabolism  markers  befbre and

aftcrtraining

  Of  the bone metabolism  markcrs,  the percent changes  in the

WG  and  WJG  for B-ALP  showed  significant  increases  after

the training program  (Figure 3). The  percent increase was

12.3Ya higher in the WJG  than  in the WG,

/

''--
    1    1

          Wslklnggtoup We/klngnldJumplpggmpup

Fig. 3. Difference of'  percent increase tbr B-ALP  showing  significunt

   difference in walking  group {D)  and  walking  and  jumping group (-).

Discussion

  The present study  demonstrates that walking  at least 1O,OOO

steps  pcr day has beneficial effects  on  BMD  and  moreover  that

this is a  leve] that can  be maintained,  In addition,  a significant

increasc was  scen  in the present study  in B-ALR  which

atTects bone formation, and  thus walking  serves  to effectivcly

maintain  BMD  in bene metabolism  also.  Together with  these

changes,  an  improved hcalth state,  significant  decreases in

body weight  and  BMI  (p<O.05) and  a  significant  elevation  in

HDL-C  (p<O.05) were  observed.

  Previous studies  showcd  that maintenance  or  increase of

BMD  was  not  scen  with  walking  or  other  low-irnpact excrcise

{Cavanaugh &  Cann, 1998; Dalen  &  Olsson  1974;  Martin &

Notelovitz, 1993). Therefore  these findings are  new  and

intercsting.
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  It has also  been reported  frorn nurnerous  studies  that a

decreasc in body  weight  lcads to dccrcascd BMD  (Ribot et a].,
1987: Dawson-Hughes  et  al., 1987; Carter, l9g4). However, it

is noteworthy  that no  significant  decrease was  seen  in BMD  in

the present study,  despite the  significant  decrease in body
weight.

  Furthermore, a  phased walking  prograrn was  developed fbr

each  individual with  a  long-term view  so  as  to avoid  rapid

reductions  in body  weight,  physical damages  or  iajuries, and

poor physical condition.  During the year-long exercise

prograrn, each  subject  was  interviewed once  a  month.  A

mental  support  was  also  provided and  guidance was  given to

maintain  nutritionalty-balanced  meals  so  that sub.jects  would

not  be placed under  undue  physical or  mental  stress.  This made

it possiblc fbr sub.iects  to significantly  increase the number  of

steps  walked  per day, from an  overall  nurnber  of  6422 ± 1911

at the  start  of  the program to 7723 ± 2248 six  months

[ater (p<O.05). A  high percentage of  the  initial participants
continued  until  the end  ofthe  study  period with  65.49,6 in the

WG  completing  the program, and  rather  higher 73,3%  in thc

WJG, even  though jumping exercisc  had been added,  Thus it

implied that  thc  importancc of  understanding  thc physieal
strength of  each  person, and  setting graded walking  targets

suited  to each  person's strcngth  so  that thcy centinue  walking,

and  approach  the goal of  1O,OOO steps.

  A  difference was  tbund  between the WG  and  WJG  in the

pcrccnt  change  in BMD  after  the one-year  exercise  program. A
very  interesting result  was  that in Ward  

's

 triangle, the area  with

the largest contribution  to  femur fractures, the percent decrease
was  sinaller in thc WJG  than  Ln the  WG,  From exarninations  of

ground reaction  forccs. Marino, Lcavitt (1987) and  Shortcn ct

al. (1988) reported  that  walking  produced a ground reaction

force 1,1 times body wcight.  Whcrcas, Kohrt Ehsani, and

Birge (1997) reported  that  exercise  with  a  large ground
reaction  force led to a  greatcr increasc in BMD  than that with  a

small ground  rcaction  fbrce. Frorn these results  we  speculated

that thc stimulus  from jurnping in addition  to walking  in the

WJG  served  to rnore  efTectively tnaintain  or increase BMD  in
the present study.

  In bone metabolism  as  well,  overall  increases were  seen  in

both the bone fbrmation markers  B-ALP  and  BGR  with  thc

increase in B-ALP  being significant  (p<O.OS). In this study,

BAP  in thc scrum  was  measured  with  enzyme  immunoassay

CEIA) using  a Osteolinks `BAP' (Sumitomo Pharmaccuticals
Biomedical, Osaka, Japan; detection 1imit 2UhnL). The kit
used  can  detect bone-specific ALR  and  was  authorized  as  a

diagnostic reagent  (Gomez B et al,, 2001). Comparing  the two

groups, the increase in B-ALP  was  t2.3% highcr than that in
the WJG,  From  these findings it appcars  that walking  with  the

addition  ofjumping  has a  more  positivc influcnce on  bone

metabolism  than wa]king  alone.

  And  it might  be essential  to mcasure  bone metabolism

tegethcr  with  BMD.

  However, in measuring  markers  of  bonc mctabolism,  the

elimination  of  various  change  faetors is a  prob[em, One

includes uncontrollable  factors such  as  agc,  sex,  menopausal

state,  diseases, and  fractures, and  the othcr  controllable  factors
such  as  24-h cycle,  rnenses,  and  cxcrcise,  In the latter,

influences can  be minimized  by means  such  as  the timing of

test sample  collection  and  standardization  ofconditions.

  In thc present study,  we  paid carefu1  attention  to minirnize

thc effects  of  controllable  change  factors in the measurement

of  bone metabolism  markers,  including the validjty  of  the date
andtirne.

  Recently WbltT et a]. (1999) reported  that the over  alt

treatment  effects  for the nonrandornized  controlled  trial were

almost  twice  as  high as  those for the randomized  controlled

trials, This study  is nonrandomized.  Therefbre a  further study

should  be performed to exarnine  the randomized  controllcd

trials conecrning  physical excrcise  and  bone mass.

  In conclusion,  thc prcscnt study  suggests  that walking  about

10,OOO steps  per day, if done continuously,  could  maintain

BMD.  It might  bc also  suggcstcd  a  strong  possibility that the

jumping exercise  and  walking  would  serve  to promotc bone

formution furthcr,
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