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The Effect of an Eight-Week Walking
Program on Bone Turnover Markers and

sRANKL/Osteoprotegerin Levels in
Post-Menopausal Women

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  To exa mi ne the ef fect of an eight-we ek mo de ra te in ten sity wal king prog -
ram on bo ne tur no ver mar kers, se rum os te op ro te ge rin (OPG) and so lub le re cep tor-ac ti va tor of
nuc le ar fac tor- kappa β li gand (sRANKL) in post-me no pa u sal wo men. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Twel -
ve post-me no pa u sal wo men (45-62 ye ars) comp le ted an eight-we ek wal king prog ram at mo de ra -
te in ten sity (60-65% ma xi mum he art ra te re ser ve). Non-wal king wo men ser ved as the con trol
gro up (CG; n= 11). Body we ight, per cent body fat, body mass in dex (BMI), es ti ma ted ma xi mal
oxy gen con sump ti on (es ti ma ted VO2max), bo ne tur no ver mar kers, sRANKL, se rum OPG and
sRANKL/OPG ra ti o we re me a su red be fo re and af ter the intervention. RRee  ssuullttss:: Eight-we ek wal king
prog ram pro du ced sig ni fi cant in cre a ses in VO2max and re duc ti ons in body we ight and BMI. Se rum
in tact pa rath yro id hor mo ne (iPTH), and β- cross laps (CTx) re du ced (p< 0.01, for both),
sRANKL/OPG ra ti o (p< 0.01) and sRANKL va lu es (p< 0.05) in cre a sed in the exer ci se gro up (EG).
We de tec ted sig ni fi cant re duc ti ons in the se rum OPG le vels of EG and CG (p< 0.01). No sig ni fi -
cant dif fe ren ces we re ob ser ved between the chan ges in EG and CG in terms of bo ne tur no ver mar -
kers, OPG and sRANKL va lu es. CCoonncc  lluu  ssii  oonn::  Eight-we ek mo de ra te in ten sity wal king prog ram is
be ne fi ci al for im pro ving car di o res pi ra tory func ti on in post-me no pa u sal wo men to enab le them to
le ad a less risky and a mo re in de pen dent li fe; ho we ver, it se ems not so ef fec ti ve in chan ging the
bo ne tur no ver mar kers and the OPG/sRANKL system.

KKeeyy  WWoorrddss::  RANK li gand, os te op ro te ge rin, post me no pa u sal, os te o po ro sis, exer ci se

ÖÖZZEETT  AAmmaaçç::  Se kiz haf ta lık yü rü me prog ra mı nın menopoz sonrası dö nem de ki ka dın la rın, ke mik
döngüsü göstergeleri, se rum os te op rotege rin (OPG) ve so lub l nük le er fak tör kap pa β re sep tör ak-
ti va tö rü (sRANKL) üze ri ne olan et ki si ni be lir le mek. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Menopoz sonrası
dönemde 12 ka dın (45-62 yaş) or ta şid det te (kalp atım sa yı sı re zer vi nin %60-65'i) se kiz haf ta lık bir
yü rü me prog ra mı nı ta mam la dı. Yü rü yüş prog ra mı na ka tıl ma yan ka dın lar kon trol gru bu nu (KG;
n= 11) oluş tur du. Vü cut ağır lı ğı, vü cut yağ ora nı, be den küt le in dek si (BKİ), tah mi ni mak si mal
ok si jen tü ke ti mi (tah mi ni VO2max), ke mik döngüsü göstergeleri, sRANKL, se rum OPG ve
sRANKL/OPG oran la rı ça lış ma dan ön ce ve son ra öl çül dü. BBuull  gguu  llaarr::  Sekiz haf ta lık yü rü me prog -
ra mı VO2max'ta an lam lı ar tış lara vü cut ağır lı ğı ve BKİ'de ise an lam lı azal ma la ra ne den ol du. Eg z-
er siz gru bun da (EG) se rum in takt pa ra ti ro id hor mon (iPTH), β-cross laps (CTx) azal dı (her iki si
için p< 0.01). sRANKL de ğer le ri (p< 0.05) ve sRANKL/OPG ora nı (p< 0.01) EG'de an lam lı ola rak
art tı. Hem EG hem de KG'nin se rum OPG dü zey le rin de an lam lı azal ma lar tes pit edil di (p< 0.01).
EG ve KG’de göz le nen de ği şim ler ara sın da ke mik dön gü sü göstergeleri, OPG ve sRANKL de ğer -
le ri ba kı mın dan an lam lı bir fark lı lık göz len me di. SSoo  nnuuçç:: Or ta şid det te ya pı lan se kiz haf ta lık yü -
rü me prog ram la rı me no poz son ra sı ka dın la rın da ha ba ğım sız ve da ha az risk li bir ya şam
sür dü re bil me le ri ni sağ la ya bi le cek kalp-so lu num fonk si yo nu nu ge liş tir mek için ya rar lı dır; an cak bu
prog ra mın ke mik dön gü sü göstergelerinde ve OPG/sRANKL sis te min de de ği şik lik ya pa bi le cek ka -
dar et ki li ol ma dı ğı gö rül mek te dir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: RANK li gand, os te op ro te ge rin, post me no poz, os te o po roz, eg zer siz
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s te o po ro sis is a di se a se ge ne rally be li e ved
to oc cur pre do mi nantly in fe ma les be ca u -
se es tro gen de fi ci ency is a ma jor con tri bu -

tory fac tor to post me no pa u sal os te o po ro sis. The
le vel of cir cu la ting es tra di ol sig ni fi cantly dec re a ses
at me no pa u se in all wo men. Stu di es ha ve re ve a led
that the dec re a sed le vels of se rum es tra di ol are as-
so ci a ted with in cre a sed le vels of bo ne tur no ver
mar kers.1,2

Alt ho ugh exer ci se is known to ha ve an im por -
tant ro le in the re mo de ling pro cess of the bo ne,
how the hor mo nal and mec ha ni cal sti mu li af fect
bo ne and in te ract thro ug ho ut li fe has not be en un-
ders to od tho ro ughly.3 It is tho ught that iPTH as
well as mec ha ni cal lo ad have a ro le in this event
be ca u se PTH is im por tant for the re gu la ti on of bo -
ne me ta bo lism with ca ta bo lic as well as ana bo lic
pro per ti es.4 The ma jo rity of the osteocalcin (OC)
sec re ted by the os te ob tasts is in cor po ra ted in to the
mat rix; the re ma in der finds its way in to the cir cu -
la ti on.5 Al ka li ne phosp ha ta se (ALP) might be a ca -
u sa ti ve agent for the cal ci fi ca ti on pro cess.6 Stu di es
exa mi ning β-cross laps (CTx) le vels, a bo ne re sorp -
ti on mar ker, de ter mi ned that ele va ted CTx le vels
we re re la ted to in cre a sed os te o po ro sis and they we -
re ac cep ted as the de ter mi nants of fu tu re frac tu re
risks.1,7 The re fo re, re se arc hers ha ve used bi oc he -
mi cal mar kers of bo ne me ta bo lism, par ti cu larly in
cli ni cal stu di es to eva lu a te bo ne me ta bo lism in ske -
le tal di se a ses.8-12 Ho we ver, the stu di es exa mi ning
the ef fect of exer ci se on the ske le ton using the se
mar kers ha ve re ve a led conf lic ting re sults. In so me
stu di es, PTH con cen tra ti ons we re fo und to be in-
cre a sed, dec re a sed, or unc han ged.3,13,14 Si mi larly,
the re are con tro ver si al re sults re la ted to the ef fect
of exer ci se on se rum OC and CTx le vels.7,15,16

The dis co very of osteoprogerin (OPG) has en-
ab led re se arc hers to un ders tand the way in which
the pro ces ses of bo ne re mo de ling are re gu la ted.17

Re se arc hers ha ve de sig ned so me stu di es to as sess
the im por tan ce of OPG for the ske le ton in hu man
po pu la ti ons with conflicting results. In one study,
os te o po ro tic wo men we re de ter mi ned to ha ve hig -
her cir cu la ting le vels of OPG than con trols did.18

In anot her study, the re se arc hers fo und no dif fe -
ren ce bet we en se rum OPG le vels in os te o po ro tic

vs. he althy post me no pa u sal wo men.19 When OPG
is ad mi nis te red as a the ra pe u tic agent, a dra ma tic
re duc ti on is ob ser ved in bo ne tur no ver sta te, but
its long-term effect on bone density is still un-
clear.20

It is still not cer ta in whet her cir cu la ting OPG
and receptor-activator of nuclear factor- κ β ligand
(RANKL) ref lect chan ges in bo ne me ta bo lism as a
re sult of physi cal ac ti vity sin ce the re are very few
stu di es with conf lic ting re sults in di ca ting the re la -
ti ons hip bet we en physi cal ac ti vity and the
OPG/solubleRANKL (OPG/sRANKL) system.7,21 To
our know led ge, the re are no stu di es exa mi ning the
ef fects of wal king exer ci ses on OPG/sRANKL sys-
tem to get her with bo ne tur no ver mar kers in post-
me no pa u sal wo men. The re fo re, the aim of the
pre sent study was to po int out to the chan ges in
sRANKL and OPG-se rum le vels, as well as bo ne
tur no ver mar kers in post-me no pa u sal wo men fol-
lo wing an 8-we ek mo de ra te in ten sity wal king pro-
g ram.

MA TE RI AL AND MET HODS

SUB JECT SE LEC TI ON

Fe ma le vo lun te ers aged bet we en 45-62 ye ars we re
rec ru i ted thro ugh mass ma i lings of rec ru it ment fly-
ers. Ini ti ally, par ti ci pants we re in ter vi e wed eit her
fa ce-to-fa ce or over the pho ne to de ter mi ne the ir
eli gi bi lity for the study. 

Rec ru i ting cri te ri a we re as fol lows: (1) not ex-
pe ri en cing any men ses within the 12 months pre-
ce ding the ir par ti ci pa ti on in the study, (2) to li ve
in Ma ni sa for at le ast 10 ye ars, (3) not plan ning to
le a ve the are a du ring the ex pe ri men tal pe ri od, (4)
be ing a non-smo ker, (5) be ing se den tary at base-
line (pe op le we re considered se den tary if they had
not per for med exer ci se for 15 mi nu tes or lon ger
mo re than twi ce per we ek for the pre vi o us 6
months). Volunteers with a his tory of car di o vas cu -
lar di se a se or di ag no sed co ro nary he art di se a se, en-
doc ri ne or me ta bo lic di sor ders, un der me di ca ti on
known to af fect bo ne me ta bo lism, with high res t-
ing blo od pres su re (> 160 mmHg systo lic or > 95
mmHg di as to lic), mus cu lo-ske le tal prob lems, di a -
be tes mel li tus, hyperth yro i dism, and  a ± 2 kg chan -
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ge in body we ight du ring the pre vi o us ye ar we re
exc lu ded from the study. All in for ma ti on abo ut the
sub jects was de ter mi ned vi a qu es ti on na i res; the
sub jects we re exa mi ned tho ro ughly at baseline and
we re in for med abo ut the study de sign. Each sub-
ject sig ned the in for med con sent form. The par ti -
ci pants with a la bo ra tory scre e ning. In the
la bo ra tory, the elec tro car di og raphy, body com po -
si ti ons of the par ti ci pants and the ir blo od pres su -
res we re me a su red. 

Thirty-two individuals were recruited; six did
not me et the ini ti al scre e ning cri te ri a. Twenty-six
sub jects who un der went la bo ra tory scre e ning we -
re as sig ned to the wal king gro up and the con trol
gro up. Par ti ci pants we re not ran do mi zed. To ma in-
ta in comp li an ce, sub jects we re al lo wed to cho o se
to par ti ci pa te eit her in the exer ci se gro up (exer ci -
se: EG; n= 13) or in the con trol gro up (CG; n= 13).
Be fo re star ting the prog ram, all par ti ci pants we re
re qu i red to fill out the sec ti on re la ted to the ea ting
ha bits of “The he alth-pro fi le li fest yle pro fi le ”, de-
ve lo ped by Wak ler et al.22 No sta tis ti cally sig ni fi -
cant dif fe ren ces between the gro ups in terms of
the ir ea ting ha bits we re fo und. They we re told not
to chan ge the ir di e tary ha bits thro ug ho ut the study
pe ri od. One par ti ci pant from EG and two from CG
drop ped from the study du e to ill he alth and lack of
ava i lab le ti me. The re fo re, to tally 23 par ti ci pants -
12 in the EG and 11 in the CG-we re included in
the eva lu a ti on (Tab le 1). 

Exer ci se gro up mem bers we re war ned not to
ta ke any ot her form of physi cal exer ci se; CG mem-

bers we re al so war ned not to ta ke part in any phys-
i cal ac ti vity that wo uld ma ke them fe el ti red. The
Et hi cal Co un cil of the Ce lal Ba yar Uni ver sity, Fa c-
ulty of Me di ci ne, ap pro ved the study. The study
was con duc ted in ac cor dan ce with the prin cip les
of Hel sin ki Dec la ra ti on. 

STUDY DE SIGN

Sub jects we re ac cep ted to the hu man per for man -
ce la bo ra tory and a 400 m-out do or track in two
con se cu ti ve we eks bet we en 8:00 and 9:00 a.m. for
ori en ta ti on and me a su re ments. On the  first vi sit,
me a su re ments of the ir he ight, body we ight, body
fat, blo od pres su re, and es ti ma ted ma xi mal ae ro -
bic ca pa city (es ti ma ted VO2max) we re measured.
On the se cond vi sit, the ir blo od samp les we re col-
lec ted at rest. Body com po si ti on was me a su red
using bi o e lec tri cal im pe dan ce analy zer (Mo del
TBF-300, Ta ni ta Corp., Tok yo, Ja pan). Body fat
was ex pres sed as per cen ta ge of body we ight. The
me a su red va lu es of body we ight and he ight we re
used to cal cu la te the BMI (BMI, kg/m2). VO2max
was es ti ma ted by 2 km wal king test.23,24 For this
test, the par ti ci pants we re re qu es ted to walk a 2
km-dis tan ce as fast as pos sib le. They wal ked in
gro ups of two. The test was per for med on a 400 m
out do or track by comp le ting fi ve to urs. The he art
ra te (HR) re cor ded at the po int of comp le ti on of
the walk and the du ra ti on ta ken to comp le te the
walk we re re cor ded by exer ci se spe ci a lists. A gro -
up of me di cal staff was ava i lab le in ca se of an
emer gency.
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EG (n= 12) CG (n= 11)

Variable Mean ± SD Median (min-max) Mean ± SD Median (min-max) p

Age (year) 53.50 ± 4.44 53.00 (45.00-62.00) 54.18 ± 6.70 53.00 (46.00-62.00) NS

Height (cm) 158.25 ± 5.04 158.50 (150.00-168.00) 153.09 ± 5.87 152.00 (145.00-163.00) NS

Body weight (kg) 73.78 ± 7.39 73.90 (62.30-84.80) 73.60 ± 11.03 71.50 (47.80-88.70) NS

BMI (kg/m2) 29.49 ± 2.89 28.90 (24.70-34.40) 31.45 ± 4.96 31.20 (22.70-39.10) NS

Percent body fat (%) 36.15 ± 2.70 36.40 (32.50-40.60) 37.85 ± 6.68 36.10 (22.80-44.60) NS

VO2max (mL.kg-1.min-1) 20.85 ± 5.27 20.44 (18.10-23.10) 22.16 ± 1.57 22.43 (17.40-24.52) NS

Menopause age (y) 3.08 ± 2.15 3.00 (1.10-6.00) 3.45 ± 1.29 3.50 (1.50-6.00) NS

TABLE 1: Initial physical and physiological characteristics of subjects.

EG: Exercise group; CG: Control group; Group comparisons were made using Mann- Whitney U test; NS: Not significant.



The fol lo wing pre dic ti ve equ a ti on de ve lo ped
for wo men was then used to es ti ma te VO2max from
the he art ra te, age, BMI and the du ra ti on: 

116.2-2.98 x du ra ti on (min)-0.11 x HR-0.14 x
age-0.39 x BMI23,24

Sub jects we re told to avo id any physi cal ac ti -
vity wit hin 48 ho urs pre ce ding the as sess ment day.

EXER CI SE PROG RAM

Af ter comp le ti on of ba se li ne tes ting exer ci se gro -
up sub jects en te red an 8-we ek wal king in ter ven -
ti on of mo de ra te in ten sity. All exer ci se gro up
mem bers wal ked on an out do or track (400 m) for
8 we eks, 5 days per we ek and they we re su per vi -
sed and mo ni to red by tra i ned exer ci se spe ci a lists.
Wal king was cho sen as the mo de of ae ro bic exer -
ci se since it was considered the most com mon,
most fe a sib le, and sa fest form of sus ta i nab le dyna -
mic ae ro bic exer ci se for our sub jects. The exer ci -
se prog ram was plan ned ac cor ding to the
prin cip les of the American College of Sport Med-
icine re com men da ti ons.25 The exer ci se in ten sity
was pres cri bed ba sed on tar get he art ra tes (THRs)
cal cu la ted from the Kar vo nen equ a ti on: 

[(HRma xi mum-HRrest) x (0.60-0.65) + HRrest]

HRma xi mum was pre dic ted by  220-age for mu -
la. In the first fo ur we eks, EG members ai med to
walk for 30, 33, 36, and 39 mi nu tes at 60% of ma -
xi mum he art ra te re ser ve (HRRmax); and on the se -
cond fo ur we eks, they ai med to walk for 42, 45, 48
and 51 mi nu tes at 65% of HRRmax. The par ti ci pants
con ti nu o usly we re war ned by the exer ci se spe ci a -
lists to walk at the THR spe ed de ter mi ned for each
dif fe rent tra i ning pe ri od in all exer ci se ses si ons. To
en su re comp li an ce with the tra i ning in ten sity
(wal king spe ed), at le ast thre e he art ra te re a dings
we re ta ken by Po lar Pa cer he art ra te mo ni tors (Po -
lar Van ta ge, Kem pe le, Fin land) and the ir Ra te of
Per ce i ved Exer ti on (RPE) was al so ta ken using a
15-po int RPE sca le and was no ted on tra i ning logs.
In each exer ci se ses si on, the su per vi sor re cor ded
the to tal wal king dis tan ces. The sub jects war med-
up by wal king 5 mi nu tes at a slow pa ce plus 5-mi -
nu te stretc hing ac ti vi ti es and co o led-down by
5-mi nu te stretc hing exer ci ses.  

BLO OD ANALY SIS

Fol lo wing a 12 h over night fast, ve no us blo od sam-
p les we re col lec ted from an an te cu bi tal ve in (20
mL) in the sit ting po si ti on af ter a 20-mi nu te rest
bet we en 8:00 and 9:00 a.m. Se rum was se pa ra ted
by cen tri fu ga ti on, and samp les we re sto red at -80°
C un til as says we re performed (wit hin one month)
in all samp les. 

To tal se rum ALP le vels we re analyzed by en-
z yma tic met hods on au to a naly zer (D x 800 Beck-
man Co ul ter, Gal way, Ire land) by com mer ci al
re a gents. In tact se rum PTH le vels we re as ses sed
by a so lid pha se, two si te che mi lu mi nes cent enz -
yme-la be led im mu no met ric as say on Im mu li te
2000 hor mo ne analy zer (IM MU LI TE®, Di ag nos -
tics Pro ducts Cor po ra ti on, Los An ge les, USA). Se -
rum OC and CTx we re as ses sed by an
elec troc he mi lu mi nes cen ce im mu no as say on Roc -
he E170 im mu no as say analy zer (Roc he Di ag nos -
tics GmbH., Mann he im, Ger many). The in ter and
in tra-as say co ef fi ci ent of va ri a ti on (CV) for ALP
at le vel 36.5 IU/l we re 4.61% and 3.71%, for OC at
le vel 13.7 ng/mL we re 3.8% and 3.3%, for CTx at
le vel 0.45 ng/mL we re 4.2% and 2.0%, res pec ti -
vely. iPTH at le vel 54 pg/ml in ter-as say pre ci si on
was 6.3% and in tra-as say pre ci si on at le vel 72
pg/mL was 5.7%. Se rum con cen tra ti on of OPG
was de ter mi ned by a com mer ci al sand wich enz -
yme im mu no as say (Bi o me di ca, Vi en na). Stan dard
cur ves we re es tab lis hed with pro vi ded OPG stan-
dards. Samp le con cen tra ti ons we re ob ta i ned from
this stan dard cur ve. The met hod de ter mi nes the
to tal amo unt of OPG. The in tra-as say CV for OPG
me a su re ments at le vel 4.59 pmol/l was 10% and
in ter-as say CV at le vel 5.53 pmol/l was 7%.
sRANKL was al so de ter mi ned by an enz yme im-
mu no as say system (Bi o me di ca, Vi en na). The sys-
tem is spe ci fic for fre e so lub le RANKL. The
in tra-as say CV for sRANKL me a su re ments at le -
vel 1 pmol/l was 5%; in ter-as say CV at le vel 0.80
pmol/l was 9%. The de tec ti on li mits for se rum
OPG and sRANKL as says we re 0.14 pmol/l and
0.08 pmol/l, res pec ti vely. Se rum OPG and
sRANKL con cen tra ti on in pi co-mo les per li ter in
the tab les we re pro vi ded as me an ± SD.
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STA TIS TI CAL ANALY SIS

Da ta we re analy zed using SPSS pac ka ge prog ram
ver si on 10.0 with non-pa ra met ric tests be ca u se of
low num bers of sub jects in gro ups and lack of ho-
mo ge ne ity of va ri an ce. Re sults we re pre sen ted as
me an ± stan dard de vi a ti on (SD). Mann-Whit ney U
test was used to de ter mi ne the dif fe ren ce bet we en
the two gro ups. The dif fe ren ces bet we en pre and
post va lu es of the in ter ven ti on pe ri od we re de ter -
mi ned by the Wil co xon test. All com pa ri sons we -
re con si de red sta tis ti cally sig ni fi cant at p< 0.05.

RE SULTS
EG mem bers ai med to walk at 60-65% of HRRmax.
The ave ra ge HR per we ek du ring the tra i ning for
EG was 130.02 ± 7.20 be at.min-1 (cor res pon ding to
62% of HRRmax). Me an wal king spe ed per we ek for
the who le prog ram was 6.29 ± 0.15 km/h. The RPE
re por ted by EG was 13.95 ± 0.90. EG mem bers to-
tally wal ked 172123.8 ± 8567.88 m du ring the in-
ter ven ti on pe ri od. 

At the pre study eva lu a ti on, EG and CG we re
not sig ni fi cantly dif fe rent with re gard to age, body
we ight, body fat, VO2max, and the  me no pa u se age
(Tab le 1). 

Af ter 8 we eks, es ti ma ted VO2max im pro ved in
the exer ci se gro up (p< 0.01); the ir body we ights (p<
0.05) and BMI dec re a sed (p< 0.01). Ho we ver, no sig-
ni fi cant dif fe ren ces we re de tec ted in CG (Tab le 2). 

We ob ser ved a sig ni fi cant im pro ve ment in ae -
ro bic ca pa city as a re sult of the wal king prog ram.
VO2max in cre a sed for a me an of 5.46 ± 3.65 mL.kg-

1. min-1 in EG, which was sig ni fi cantly dif fe rent
from that of CG (p< 0.01). The re duc ti on ob ser ved
in the body we ight of EG was sig ni fi cantly dif fe -
rent from that of CG (p< 0.01; Tab le 3).

Among the me a su red bo ne tur no ver mar kers,
we de tec ted an in sig ni fi cant re duc ti on in ALP le v-
els in our study gro ups. The re was a sig ni fi cant re-
duc ti on in CTx, iPTH and OPG va lu es (p< 0.01)
and sig ni fi cant in cre a ses in sRANKL (p< 0.05) le v-
els and sRANKL/OPG ra ti o (p< 0.01) in EG. Apart
from a sig ni fi cant re duc ti on in OPG le vels, we did
not de ter mi ne any sig ni fi cant chan ges in any of the
bo ne tur no ver mar kers of the CG (Tab le 4).

When the dif fe ren ces ob ta i ned from the me a -
su red pa ra me ters at the end of the study we re com-
pa red, no sig ni fi cant dif fe ren ce was de ter mi ned
bet we en EG and CG in terms of the ir bo ne tur no -
ver mar kers and OPG/sRANKL va lu es (Tab le 5). 
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EG (n= 12) CG (n= 11)

Test (unit) Pre Post X∆ ± SD p Pre Post X∆ ± SD p

Body weight (kg) 73.78 ± 7.39 72.50 ± 7.03 -1.28 ± 1.11 <0.05 73.60 ± 11.03 73.54 ± 10.81 -0.06 ± 1.07 NS

Body fat (%) 36.15 ± 2.70 35.68 ± 3.03 -0.47 ± 1.29 NS 37.85 ± 6.68 37.24 ± 6.18 -0.60 ± 1.01 NS

BMI (kg.m-2) 29.46 ± 2.89 28.32 ± 2.82 -1.14 ± 0.96 <0.01 31.45 ± 4.96 30.35 ± 3.80 -1.10 ± 1.74 NS

VO2max (mL.kg-1.min-1) 20.85 ± 5.27 26.31 ± 3.41 5.46 ± 3.65 <0.01 22.16 ± 1.57 22.02 ± 1.46 -0.14 ± 0.59 NS

TABLE 2: Changes in physical and physiological parameters of subjects (mean ± SD).

EG = Exercise group; CG = Control group; NS= Not significant Within-group comparisons were made using Wilcoxon Signed Ranks test; NS: No significant.

Exercise Group (n= 12) Control Group (n= 11) p

Test (unit) X∆ ± SD X∆ ± SD

Body Weight (kg) -1.28 ± 1.11 -0.06 ± 1.07 <0.01

BMI (kg.m-2) -1.14 ± 0.96 -1.10 ± 1.74 NS

Body fat (%) -0.47 ± 1.29 -0.60 ± 1.01 NS

VO2max (mL.kg-1.min-1) 5.46 ± 3.65 -0.14 ± 0.59 <0.01

TABLE 3: The comparison of the differences obtained in the groups.

Group comparisons were made using Mann- Whitney U test;   NS: No significant. BMI= Body Mass Index; VO2max= Maximal Oxygen Consumption; NS= Not significant.



DIS CUS SI ON
In the pre sent study we in ves ti ga ted the ef fects of
8-we ek mo de ra te-in ten sity wal king prog ram on
bo ne tur no ver mar kers and sRANKL/OPG system
in post-me no pa u sal wo men. The prog ram had be -
ne fi ci al ef fects on car di o res pi ra tory func ti on
(VO2max); and so me physi cal cha rac te ris tics li ke re-
duc ti ons in body we ight and BMI of the exer ci sing
sub jects. In ad di ti on, we fo und sig ni fi cant in cre a ses
in sRANKL le vels and sRANKL/OPG ra ti o in EG. A
sig ni fi cant re duc ti on was ob ser ved in se rum OPG,
CTx, and iPTH le vels of EG. The re duc ti on in se -
rum OPG was al so sig ni fi cant in CG. 

Bi oc he mi cal mar kers of bo ne me ta bo lism ha -
ve be en used to eva lu a te bo ne me ta bo lism in ske -
le tal di se a ses.8-12 Ho we ver, the re sults of the stu di es
on the ef fect of exer ci se on ske le ton using the se
mar kers ha ve re ve a led conf lic ting re sults. Rud berg
et al de ter mi ned that PTH le vels of yo ung wo men

af ter 30-40 min jog ging we re sig ni fi cantly in cre a -
sed, but the re was no sig ni fi cant chan ge in PTH le -
vels af ter cycling.3 In anot her study, Thor sen et al
fo und no sig ni fi cant chan ges in PTH va lu es of post-
me no pa u sal wo men af ter a sing le bo ut of 90-min
brisk wal king.14 Brahm et al me a su red the bi oc he -
mi cal mar kers of bo ne me ta bo lism of en du ran ce
run ners exer ci sing for abo ut 12 ye ars and they ob-
ser ved hig her body mass density (BMD) va lu es and
lo wer PTH le vels in run ners than in con trols.13 Si -
mi lar to Brahm et al we ob ser ved sig ni fi cant re duc-
ti ons in iPTH le vels in exer ci sing wo men in this
pre sent study. It is well known that chro nic hyper-
sec re ti on of PTH in du ces bo ne loss, but in jec ti ons
of PTH can ha ve ana bo lic ef fects.26 The fin ding that
the re is a ri se in PTH fol lo wing exer ci se, but re du -
ced le vels in the res ting sta te might in di ca te that
PTH co uld be in vol ved in the res pon ses of bo ne to
exer ci se. The sig ni fi cant re du ced iPTH le vels as a
re sult of wal king ob ser ved in this pre sent study se -
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EG (n= 12) CG (n= 11)

Pre Post X∆ ± SD p Pre Post X∆ ± SD p

sRANKL(pmol/l) 0.11 ± 0.06 0.17 ± 0.057 0.06 ± 0.05 <0.05 0.10 ± 0.10 0.11 ± 0.05 0.01 ± 0.14 NS

OPG (pmol/l) 6.90 ± 1.28 4.60 ± 0.93 -2.30 ± 1.13 <0.01 6.71 ± 1.66 4.42 ± 1.35 -2.29 ± 1.10 <0.01

sRANKL/OPG 0.0173 ± 0.009 0.0391 ± 0.011 0.0219 ± 0.009 <0.01 0.01 ± 0.01 0.02 ± 0.01 0.007 ± 0.02 NS

ALP (U/l) 58.08 ± 9.18 52.33 ± 16.84 -5.75 ± 14.30 NS 68.36 ± 14.3 64.36 ± 14.0 -4.00 ± 8.46 NS

iPTH (pg/mL) 49.35 ± 19.98 37.36 ± 13.19 -11.99 ± 11.8 <0.01 64.70 ± 24.4 55.40 ± 18.3 -9.30 ± 20.97 NS

OC (ng/mL) 25.09 ± 6.52 22.88 ± 5.76 -2.20 ± 8.40 NS 22.33 ± 7.65 20.34 ± 8.22 -1.99 ± 6.11 NS

CTx (ng/mL) 0.49 ± 0.16 0.34 ± 0.18b -0.14 ± 0.09 <0.01 0.36 ± 0.16 0.26 ± 0.19 -0.09 ± 0.17 NS

TABLE 4: Changes in sRANKL/OPG system and bone turnover markers of the subjects (mean ± SD).

Within-group comparisons were made using Wilcoxon Signed Ranks test; EG = Exercise group; CG = Control group; sRANKL= soluble receptor-activator of nuclear factor- κ β lig-

and; OPG= Osteoprotegerin; ALP=  Alkaline phosphatase; iPTH= intact parathyroid hormone; OC= Osteocalcin; CTx= β-crosslaps; NS= Not significant

Exercise Group (n= 12) Control Group (n= 11) p

Test (unit) X∆ ± SD X∆ ± SD

sRANKL (pmol/l) 0.06 ± 0.05 0.01 ± 0.14 NS

OPG (pmol/l) -2.30 ± 1.13 -2.29 ± 1.10 NS 

sRANKL/OPG 0.0219 ± 0.009 0.007 ± 0.02 NS

ALP (U/l) -5.75 ± 14.30 -4.00 ± 8.46 NS

iPTH (pg/mL) -11.99 ± 11.84 -9.30 ± 20.97 NS

OC (ng/mL) -2.20 ± 8.40 -1.99 ± 6.11 NS

CTx (ng/mL) -0.14 ± 0.09 -0.09 ± 0.17 NS

TABLE 5: The comparison of the differences obtained in the groups.

Group comparisons were made using Mann- Whitney U test; NS: No significant. sRANKL= soluble receptor-activator of nuclear factor- κ β ligand; OPG= Osteoprotegerin; ALP=  Al-

kaline phosphatase; iPTH= intact parathyroid hormone; OC= Osteocalcin; CTx= β-crosslaps; NS= Not significant 



em con cor dant with the po si ti ve ef fects se en on the
we ight-be a ring ske le ton in en du ran ce run ners. The
lack of a sig ni fi cant re duc ti on in CG may al so be an
in di ca ti on of the po si ti ve ef fect of the exer ci se re -
gi men fol lo wed by our exer ci sing mem bers. Ho w-
e ver, in or der to in ter pret the po si ti ve ef fects of the
exer ci se prog rams, a sig ni fi cant dif fe ren ce on the
chan ges (wit hin gro up chan ges) bet we en the gro -
ups is ne ces si ta ted. The re fo re, our re sults ne ed fur-
t her in ves ti ga ti on. 

Ha to ri et al sho wed that high in ten sity wal k-
ing re sul ted in in cre a ses in BMD wit ho ut a sig ni fi -
cant chan ge in se rum OC; but Mil li ken et al15

de ter mi ned an increasing trend in OC le vels in
post-me no pa u sal exer ci sing wo men at the end of
6th months; si mi larly, the exer ci sers sho wed lar ger
po si ti ve chan ges in OC le vels over 12 months ver-
sus the con trol gro up.15,16 Et he ring ton et al ob ser -
ved re du ced OC and ALP le vels as a re sult of
10-we ek we ight-be a ring exer ci se.27 They conc lu -
ded that the fall in mar kers of both bo ne for ma ti -
on and re sorp ti on sug gested that the re was an
ove rall re duc ti on in bo ne tur no ver in res pon se to
that le vel of stre nu o us exer ci se. Hin ton et al fo und
OC and ALP le vels of post-me no pa u sal wo men in-
cre a sed fol lo wing 6 we eks of energy res tric ti on and
ae ro bic exer ci se (wal king or jog ging at 60%  of
VO2max).21 They sug ges ted that we ight-be a ring, ae -
ro bic exer ci se tra i ning may fa vo rably af fect the ba l-
an ce bet we en bo ne re sorp ti on and for ma ti on
du ring we ight loss. Si mi larly, pre su mably du e to
the tra i ning might fol lo wed, Vin cent and Bra ith fo -
und a sig ni fi cant in cre a se in OC le vels in both low-
in ten sity and high-in ten sity re sis tan ce tra i ning
gro ups.28 They sta ted that re sis tan ce exer ci se in cre -
a sed bo ne tur no ver, which over ti me might le ad to
furt her chan ges in BMD. Ho we ver, Zan ker et al fo -
und no chan ges in OC le vels of the par ti ci pants
who fol lo wed an energy ba lan ced di et re gi men and
a re pe a ted-pe ri ods of pro lon ged tre ad mill run-
ning.29 Si mi lar to that, Bro o ke-Wa vell et al fo und
no sig ni fi cant chan ges in OC le vels as a re sult of
12-month brisk wal king in post-me no pa u sal wo -
men.30 Our study shows si mi la ri ti es with the pre vi-
o us re se arch re sults that fo und no exer ci se-bo und
chan ges in se rum OC le vels.15,29,30 Our study re ve -

a led dif fe ring re sults from so me of the afo re men ti -
o ned stu di es. The ma in re a sons of the dif fe ren ces
may be the du ra ti on of the exer ci se prog rams (8
we eks ver sus 12 months); the exer ci se in ten sity
(mo de ra te ver sus stre nu o us); the dif fe rent exer ci se
types used (wal king ver sus run ning plus we ight
tra i ning); energy res tric ti on to get her with physi cal
ac ti vity); and the re sis tan ce tra i ning that app li es a
ver ti cal for ce on the bo ne.16,21,27,28

CTx is a spe ci fic mar ker of bo ne re sorp ti on.
The EPI DOS study has de ter mi ned the re le van ce
of ele va ted CTx le vels in pre dic ting se ve re cli ni cal
events, such as hip frac tu res.1 Herr mann and Her-
r mann sta ted that the eli te en du ran ce ath le tes ex-
hi bi ted sig ni fi cantly hig her le vels of CTx than
con trols, which is ne it her ac com pa ni ed by an in-
cre a se in sRANKL nor a dec re a se in OPG.7 Ac cor -
ding to them, this in di ca tes in cre a sed bo ne
re sorp ti on in ath le tes, which is not as so ci a ted
with a shift of OPG and sRANKL to ward an os te -
oc las to ge ne tic cons tel la ti on. The re fo re, they hy-
pot he si zed that ele va ted CTx con cen tra ti ons
co uld be used to iden tify ath le tes at risk of os te o -
po ro sis and fu tu re frac tu res. We ob ser ved sig ni fi -
cant re duc ti ons in CTx le vels in EG in the pre sent
study, which was not the ca se in CG mem bers.
The re fo re, it is pos sib le to say that wal king exer -
ci ses of this in ten sity may be re com men ded to
post-me no pa u sal wo men as a pro tec ti ve tre at ment
sin ce hig her in ten si ti es may re sult in ele va ti ons
in the ir CTx le vels, which in turn may in cre a se
os te o po ro sis and fu tu re frac tu re risks.7 The ab sen -
ce of sig ni fi cant chan ges in the bo ne tur no ver
mar kers apart from the re duc ti ons in iPTH and
CTx le vels in our exer ci sing par ti ci pants, might
sug gest that bo ne tur no ver mar kers ref lect pha ses
of the bo ne re mo de ling cycle which we re not af-
fec ted by our pres cri bed exer ci se re gi me. In ad di -
ti on, the dif fe ren ces bet we en our study and
afo re men ti o ned stu di es may be du e to the dif fe -
rent study po pu la ti ons and de signs as well as the
as says used. Ho we ver, the in ter pre ta ti on of the bi -
oc he mi cal re sults in this study is so mew hat not
cle ar. Although biochemical markers are believed
to ser ve as pre cur sors to ske le ton chan ges, we are
not so su re whet her the chan ges in the bi oc he mi -
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cal mar kers ref lect any kind of chan ge in the BMD
of  post-me no pa u sal wo men sin ce we did not me -
a su re BMD using DXA be ca u se we wan ted to de-
tect the low-cost ef fect of exer ci se on the se bo ne
tur no ver mar kers. Ho we ver, the re la ti vely short
in ter ven ti on pe ri od of our study (8 we eks) may
not ha ve be en long eno ugh to al low comp le ti on
of bo ne re mo de ling. Furt her mo re, the lack of sig-
ni fi cant dif fe ren ce of the chan ges bet we en the ex-
er ci sing and con trol gro ups apart from ma xi mal
oxy gen con sump ti on and body we ight ma kes the
re sults we ob ta i ned on the po si ti ve ef fects of wal -
king exer ci se on bo ne tur no ver sta tus dif fi cult to
in ter pret. 

The re cep tor ac ti va tor of nuc le ar fac tor-kap pa
β (RANK)/RANK li gand (RANKL)/OPG path way
has re cently be en re cog ni zed as the fi nal, do mi nant
me di a tor of os te oc last pro li fe ra ti on and ac ti va ti -
on.31 RANKL and its an ta go nist OPG ha ve led to a
de ta i led mo le cu lar and cel lu lar un ders tan ding of
bo ne me ta bo lism in he alth and di se a se. In most of
the di sor ders inc lu ding va ri o us forms of os te o po -
ro sis, sci en tists de tec ted en han ced os te oc las tic bo -
ne re sorp ti on du e to an im ba lan ce of the
RANKL-to-OPG ra ti o, with RANKL ex ce e ding
OPG. Alt ho ugh the re is no con sen sus on the se rum
le vels of OPG, ele va ted se rum OPG le vels ha ve be -
en fo und in se ve ral forms of os te o po ro sis and in
vas cu lar di se a ses. Fa’ bre ga et al fo und that OPG le -
vels sig ni fi cantly in cre a sed in pa ti ents with al co -
ho lic cirr ho sis com pa red with he althy sub jects;
Avig non et al al so de ter mi ned that OPG le vels we -
re high in sub jects with co ro nary ar tery di se a se
(CAD) than in those with no CAD.32,33 We did not
find in cre a sed OPG le vels in ne it her of our study
gro ups be ca u se we inc lu ded only the par ti ci pants
who met strict cri te ri a that did not al low the par-
ti ci pa ti on of pe op le with any vas cu lar or bo ne re-
la ted di se a ses. The sig ni fi cantly re du ced le vels of
OPG ob ta i ned in our study gro ups may be ac cep ted
as the in di ca ti on that our par ti ci pants are not at risk
of so me di se a ses.   

The ef fect of physi cal ac ti vity on OPG and
RANKL le vels has received con si de rab le at ten ti on
in re cent ye ars. In a study with cross-co untry ski -
ers and bi ath lon ath le tes, Her mann and Her mann

de tec ted no sig ni fi cant chan ge in OPG and
sRANKL le vels of ath le tes and con trols.7 Hin ton et
al ob ser ved no sig ni fi cant chan ges in RANKL in
post-me no pa u sal wo men who un der went 6 we eks
of energy res tric ti on and ae ro bic exer ci se (wal king
or jog ging at 60% VO2max).21 The exer ci se-bo und
chan ges in our study is con tro ver si al with the afo -
re men ti o ned re se arch re sults sin ce we de tec ted sig-
ni fi cant in cre a ses in sRANKL and dec re a ses in
OPG le vels in our EG. Ele va ted le vels of OPG ha -
ve be en ob ser ved in pe op le with cer ta in di sor ders
and he alth prob lems; the re fo re, de ter mi ning low
le vels of OPG in our par ti ci pants is fa vo rab le.32,33

Ho we ver, it is not pos sib le to in ter pret this fin ding
as a po si ti ve ef fect of wal king exer ci ses sin ce we al -
so de ter mi ned a sig ni fi cant re duc ti on in our CG
mem bers. In ad di ti on, the lack of a sig ni fi cant dif-
fe ren ce bet we en our exer ci se and con trol gro ups in
terms of sRANKL and OPG le vels might sug gest
that the se mar kers we re not af fec ted by the pres -
cri bed exer ci se re gi men. The re fo re, the ro le of
physi cal tra i ning on OPG and sRANKL le vels sho -
uld be re e va lu a ted by dif fe rent stu di es with dif fe -
rent de signs and lon ger du ra ti on with larger
numbers of par ti ci pants from dif fe rent age and sex
gro ups. 

We are awa re that it is not pos sib le to draw a
solid conc lu si on from this pre sent in ves ti ga ti on
sin ce it has so me li mi ta ti ons. The first li mi ta ti on is
the re la ti vely small num ber of the par ti ci pants in
our study gro ups. We co uld not inc lu de a higher
number of sub jects due to our very strict par ti ci pa -
ti on cri te ri a. In ad di ti on, de ter mi ning the ef fect of
exer ci se on bo ne mass is so mew hat dif fi cult by me -
a su ring only the bi oc he mi cal mar kers of bo ne me-
ta bo lism be ca u se the os te o ge nic ef fects of exer ci se
tra i ning se ems to be si te-spe ci fic to the ana to mic
si tes at which the mec ha ni cal stra ins oc cur; thus,
it is es sen ti al to me a su re the bo ne mass at the si te
of lo a ding.34 The re fo re, to get her with the se bi oc -
he mi cal mar kers of bo ne me ta bo lism, it wo uld be
be ne fi ci al to in teg ra te si te-spe ci fic bo ne me a su res
in to the study de signs. 

The com pa ri son of our re sults with the results
of other studies is qu i te dif fi cult the ot her stu di es
con duc ted with post-me no pa u sal po pu la ti on be ca -
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u se in most of the se stu di es the par ti ci pants we re
al lo wed or en co u ra ged to ta ke Vi ta min D or cal ci -
um supp le ments and in most of them they we re gi -
ven hormone replacement therapy (HRT).35,36

Ho we ver, we exc lu ded par ti ci pants ta king vi ta min
D and cal ci um supp le ments and HRT sin ce our ma -
in pur po se was to high light the pu re exer ci se-bo -
und ef fects on the me a su red pa ra me ters in
post-me no pa u sal wo men. Du e to the li mi ted num-
ber of par ti ci pants, we we re unab le to form dif fe -
rent gro ups such as exer ci sers and non-exer ci sers
with and wit ho ut HRT tre at ment and vi ta min D
and cal ci um supp le ments.    

The ef fect of stre nu o us ae ro bic exer ci se and
strength tra i ning is known to en han ce bo ne mass;
ho we ver, mild ge ne ral exer ci se such as wal king is
not so ef fec ti ve in pre ven ting post-me no pa u sal bo -
ne loss or en han cing bo ne mass in yo un ger age pe-
ri ods. Even so, tra i ning prog rams that are stre nu o us
eno ugh to ca u se in cre a ses in bo ne mass or re ver se
bo ne loss may not be the most at trac ti ve ones for
the el derly po pu la ti on sin ce they may po se so me
risks for them. In or der to as su re high comp li an ce
and at ten dan ce, exer ci se prog rams sho uld be ma de
at trac ti ve for the el derly po pu la ti on. It sho uld be
no ted that so me frac tu res are the re sult of falls and
they are ca u sed not only by os te o po ro sis, but also
by mul tip le fac tors such as low musc le mass and
musc le strength, po or ba lan ce and co or di na ti on, all
of which can be mo di fi ed by exer ci se. The re fo re,
in con trast to phar ma co lo gic and nut ri ti o nal ap pro -
ac hes, exer ci se tra i ning may ha ve the po ten ti al to
pre vent os te o po ro tic frac tu res by si mul ta ne o usly

inf lu en cing mul tip le risk fac torsand pro vi de the el -
derly with an in de pen dent li fe. Thus, exer ci sing for
30-50 min per day, at le ast fi ve days per we ek, at
mo de ra te in ten sity le vel of 60-65% HRRmax for
most in di vi du als provides at le ast so me he alth-re -
la ted be ne fits, inc lu ding im pro ved car di o res pi ra -
tory fit ness, musc le strength and en du ran ce,
fle xi bi lity and body com po si ti on, as well as as so ci -
a ted psycho lo gi cal be ne fits. 

CONC LU SI ON
Des pi te so me li mi ta ti ons, the be ne fi ci al re sults ob-
ta i ned as a re sult of mo de ra te in ten sity wal king re-
gar ding the in cre a ses in VO2max, and the
re duc ti ons in body we ight can be ac cep ted as he -
alth be ne fits for post-me no pa u sal wo men, which
may enab le them to le ad a less risky and a mo re in-
de pen dent li fe; ho we ver, wal king only eight we -
eks at a mo de ra te in ten sity se em not so ef fec ti ve
in ca u sing fa vo rab le chan ges on bo ne he alth to
pre vent the risk of os te o po ro sis. It re ma ins to be
de ter mi ned whet her wal king exer ci ses ha ve fa vo -
rab le ef fects on bo ne tur no ver sta te in a lar ger po -
pu la ti on with lon ger pe ri ods of in ter ven ti ons in
which the se mar kers are me a su red to get her with
BMD. 
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