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The Effect of an Eight-Week Walking

Program on Bone Turnover Markers and
sRANKL/Osteoprotegerin Levels in
Post-Menopausal Women

Sekiz Haftalik Yirtime Programinin
Menopoz Sonrasi Kadinlarda Kemik Dongiisti
Gostergeleri ve SRANKL/Osteoprotegerin
Diizeyleri Uzerine Etkisi

ABSTRACT Objective: To examine the effect of an eight-week moderate intensity walking prog-
ram on bone turnover markers, serum osteoprotegerin (OPG) and soluble receptor-activator of
nuclear factor- kappa f ligand (sSRANKL) in post-menopausal women. Material and Methods: Twel-
ve post-menopausal women (45-62 years) completed an eight-week walking program at modera-
te intensity (60-65% maximum heart rate reserve). Non-walking women served as the control
group (CG; n= 11). Body weight, percent body fat, body mass index (BMI), estimated maximal
oxygen consumption (estimated VO, . ), bone turnover markers, sSRANKL, serum OPG and
sRANKL/OPG ratio were measured before and after the intervention. Results: Fight-week walking
program produced significant increases in VO, .. and reductions in body weight and BMI. Serum
intact parathyroid hormone (iPTH), and - crosslaps (CTx) reduced (p< 0.01, for both),
sRANKL/OPG ratio (p< 0.01) and sSRANKL values (p< 0.05) increased in the exercise group (EG).
We detected significant reductions in the serum OPG levels of EG and CG (p< 0.01). No signifi-
cant differences were observed between the changes in EG and CG in terms of bone turnover mar-
kers, OPG and sSRANKL values. Conclusion: Eight-week moderate intensity walking program is
beneficial for improving cardiorespiratory function in post-menopausal women to enable them to
lead a less risky and a more independent life; however, it seems not so effective in changing the
bone turnover markers and the OPG/sRANKL system.
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OZET Amag: Sekiz haftalik yiiriime programinin menopoz sonrasi donemdeki kadinlarin, kemik
dongiisii gostergeleri, serum osteoprotegerin (OPG) ve solubl niikleer faktor kappa f reseptor ak-
tivatérii (SRANKL) iizerine olan etkisini belirlemek. Gereg ve Yontemler: Menopoz sonrasi
donemde 12 kadin (45-62 yas) orta siddette (kalp atim say1s1 rezervinin %60-65'i) sekiz haftalik bir
ytiriime programini tamamladi. Yiirilytis programina katilmayan kadinlar kontrol grubunu (KG;
n= 11) olusturdu. Viicut agirhgi, viicut yag orani, beden kiitle indeksi (BKI), tahmini maksimal
oksijen tiikketimi (tahmini VO, ..), kemik dongiisii gostergeleri, SRANKL, serum OPG ve
sRANKL/OPG oranlar1 ¢alismadan 6nce ve sonra 6lgiildii. Bulgular: Sekiz haftalik yiiriime prog-
ram1 VO,,,.'ta anlaml artiglara viicut agirhig ve BKi'de ise anlamli azalmalara neden oldu. Egz-
ersiz grubunda (EG) serum intakt paratiroid hormon (iPTH), B-crosslaps (CTx) azaldi (her ikisi
igin p< 0.01). SRANKL degerleri (p< 0.05) ve sSRANKL/OPG orami (p< 0.01) EG'de anlaml olarak
arttl. Hem EG hem de KG'nin serum OPG diizeylerinde anlaml azalmalar tespit edildi (p< 0.01).
EG ve KG’de gozlenen degisimler arasinda kemik dongiisii gostergeleri, OPG ve sSRANKL deger-
leri bakimindan anlamli bir farklilik gézlenmedi. Sonug: Orta siddette yapilan sekiz haftalik yii-
riime programlari menopoz sonrasi kadinlarin daha bagimsiz ve daha az riskli bir yagsam
stirdiirebilmelerini saglayabilecek kalp-solunum fonksiyonunu gelistirmek i¢in yararlidir; ancak bu
programin kemik dongiisii gostergelerinde ve OPG/sRANKL sisteminde degisiklik yapabilecek ka-
dar etkili olmadig: goriilmektedir.

Anahtar Kelimeler: RANK ligand, osteoprotegerin, postmenopoz, osteoporoz, egzersiz
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steoporosis is a disease generally believed

to occur predominantly in females becau-

se estrogen deficiency is a major contribu-
tory factor to postmenopausal osteoporosis. The
level of circulating estradiol significantly decreases
at menopause in all women. Studies have revealed
that the decreased levels of serum estradiol are as-
sociated with increased levels of bone turnover
markers."?

Although exercise is known to have an impor-
tant role in the remodeling process of the bone,
how the hormonal and mechanical stimuli affect
bone and interact throughout life has not been un-
derstood thoroughly.? It is thought that iPTH as
well as mechanical load have a role in this event
because PTH is important for the regulation of bo-
ne metabolism with catabolic as well as anabolic
properties.* The majority of the osteocalcin (OC)
secreted by the osteobtasts is incorporated into the
matrix; the remainder finds its way into the circu-
lation.> Alkaline phosphatase (ALP) might be a ca-
usative agent for the calcification process.® Studies
examining f-crosslaps (CTx) levels, a bone resorp-
tion marker, determined that elevated CTx levels
were related to increased osteoporosis and they we-
re accepted as the determinants of future fracture
risks."” Therefore, researchers have used bioche-
mical markers of bone metabolism, particularly in
clinical studies to evaluate bone metabolism in ske-
letal diseases.®'? However, the studies examining
the effect of exercise on the skeleton using these
markers have revealed conflicting results. In some
studies, PTH concentrations were found to be in-
creased, decreased, or unchanged.?!3!* Similarly,
there are controversial results related to the effect

of exercise on serum OC and CTx levels.”!>16

The discovery of osteoprogerin (OPG) has en-
abled researchers to understand the way in which
the processes of bone remodeling are regulated."”
Researchers have designed some studies to assess
the importance of OPG for the skeleton in human
populations with conflicting results. In one study,
osteoporotic women were determined to have hig-
her circulating levels of OPG than controls did.'
In another study, the researchers found no diffe-
rence between serum OPG levels in osteoporotic
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vs. healthy postmenopausal women.”” When OPG
is administered as a therapeutic agent, a dramatic
reduction is observed in bone turnover state, but
its long-term effect on bone density is still un-
clear.?

It is still not certain whether circulating OPG
and receptor-activator of nuclear factor- « f§ ligand
(RANKL) reflect changes in bone metabolism as a
result of physical activity since there are very few
studies with conflicting results indicating the rela-
tionship between physical activity and the
OPG/solubleRANKL (OPG/sRANKL) system.”* To
our knowledge, there are no studies examining the
effects of walking exercises on OPG/sRANKL sys-
tem together with bone turnover markers in post-
menopausal women. Therefore, the aim of the
present study was to point out to the changes in
sRANKL and OPG-serum levels, as well as bone
turnover markers in post-menopausal women fol-
lowing an 8-week moderate intensity walking pro-
gram.

I MATERIAL AND METHODS
SUBJECT SELECTION

Female volunteers aged between 45-62 years were
recruited through mass mailings of recruitment fly-
ers. Initially, participants were interviewed either
face-to-face or over the phone to determine their
eligibility for the study.

Recruiting criteria were as follows: (1) not ex-
periencing any menses within the 12 months pre-
ceding their participation in the study, (2) to live
in Manisa for at least 10 years, (3) not planning to
leave the area during the experimental period, (4)
being a non-smoker, (5) being sedentary at base-
line (people were considered sedentary if they had
not performed exercise for 15 minutes or longer
more than twice per week for the previous 6
months). Volunteers with a history of cardiovascu-
lar disease or diagnosed coronary heart disease, en-
docrine or metabolic disorders, under medication
known to affect bone metabolism, with high rest-
ing blood pressure (> 160 mmHg systolic or > 95
mmHg diastolic), musculo-skeletal problems, dia-
betes mellitus, hyperthyroidism, and a + 2 kg chan-
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ge in body weight during the previous year were
excluded from the study. All information about the
subjects was determined via questionnaires; the
subjects were examined thoroughly at baseline and
were informed about the study design. Each sub-
ject signed the informed consent form. The parti-
cipants with a laboratory screening. In the
laboratory, the electrocardiography, body compo-
sitions of the participants and their blood pressu-
res were measured.

Thirty-two individuals were recruited; six did
not meet the initial screening criteria. Twenty-six
subjects who underwent laboratory screening we-
re assigned to the walking group and the control
group. Participants were not randomized. To main-
tain compliance, subjects were allowed to choose
to participate either in the exercise group (exerci-
se: EG; n=13) or in the control group (CG; n= 13).
Before starting the program, all participants were
required to fill out the section related to the eating
habits of “The health-profile lifestyle profile”, de-
veloped by Wakler et al.?? No statistically signifi-
cant differences between the groups in terms of
their eating habits were found. They were told not
to change their dietary habits throughout the study
period. One participant from EG and two from CG
dropped from the study due to ill health and lack of
available time. Therefore, totally 23 participants -
12 in the EG and 11 in the CG-were included in
the evaluation (Table 1).

Exercise group members were warned not to
take any other form of physical exercise; CG mem-

bers were also warned not to take part in any phys-
ical activity that would make them feel tired. The
Ethical Council of the Celal Bayar University, Fac-
ulty of Medicine, approved the study. The study
was conducted in accordance with the principles
of Helsinki Declaration.

STUDY DESIGN

Subjects were accepted to the human performan-
ce laboratory and a 400 m-outdoor track in two
consecutive weeks between 8:00 and 9:00 a.m. for
orientation and measurements. On the first visit,
measurements of their height, body weight, body
fat, blood pressure, and estimated maximal aero-
bic capacity (estimated VO,,,,) Were measured.
On the second visit, their blood samples were col-
lected at rest. Body composition was measured
using bioelectrical impedance analyzer (Model
TBF-300, Tanita Corp., Tokyo, Japan). Body fat
was expressed as percentage of body weight. The
measured values of body weight and height were
used to calculate the BMI (BMI, kg/m?). VO, ..
was estimated by 2 km walking test.?*?* For this
test, the participants were requested to walk a 2
km-distance as fast as possible. They walked in
groups of two. The test was performed on a 400 m
outdoor track by completing five tours. The heart
rate (HR) recorded at the point of completion of
the walk and the duration taken to complete the
walk were recorded by exercise specialists. A gro-
up of medical staff was available in case of an
emergency.

TABLE 1: Initial physical and physiological characteristics of subjects.
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/m?) 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
VO,ax (MLkg™.min") 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+1.28 3.50 (1.50-6.00) NS
EG: Exercise group; CG: Control group; Group comparisons were made using Mann- Whitney U test; NS: Not significant.
Turkiye Klinikleri ] Med Sci 2009;29(4) 795
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The following predictive equation developed
for women was then used to estimate VO, from
the heart rate, age, BMI and the duration:

116.2-2.98 x duration (min)-0.11 x HR-0.14 x
age-0.39 x BMI»?

Subjects were told to avoid any physical acti-
vity within 48 hours preceding the assessment day.

EXERCISE PROGRAM

After completion of baseline testing exercise gro-
up subjects entered an 8-week walking interven-
tion of moderate intensity. All exercise group
members walked on an outdoor track (400 m) for
8 weeks, 5 days per week and they were supervi-
sed and monitored by trained exercise specialists.
Walking was chosen as the mode of aerobic exer-
cise since it was considered the most common,
most feasible, and safest form of sustainable dyna-
mic aerobic exercise for our subjects. The exerci-
se program was planned according to the
principles of the American College of Sport Med-
icine recommendations.” The exercise intensity
was prescribed based on target heart rates (THRs)
calculated from the Karvonen equation:

[(HR “HR,.,,) x (0.60-0.65) + HR

HRmaximum
la. In the first four weeks, EG members aimed to

walk for 30, 33, 36, and 39 minutes at 60% of ma-
ximum heart rate reserve (HRR,,); and on the se-
cond four weeks, they aimed to walk for 42, 45, 48
and 51 minutes at 65% of HRR ...
continuously were warned by the exercise specia-
lists to walk at the THR speed determined for each
different training period in all exercise sessions. To

maximum rest]

was predicted by 220-age formu-

The participants

ensure compliance with the training intensity
(walking speed), at least three heart rate readings
were taken by Polar Pacer heart rate monitors (Po-
lar Vantage, Kempele, Finland) and their Rate of
Perceived Exertion (RPE) was also taken using a
15-point RPE scale and was noted on training logs.
In each exercise session, the supervisor recorded
the total walking distances. The subjects warmed-
up by walking 5 minutes at a slow pace plus 5-mi-
nute stretching activities and cooled-down by
5-minute stretching exercises.

796

BLOOD ANALYSIS

Following a 12 h overnight fast, venous blood sam-
ples were collected from an antecubital vein (20
mlL) in the sitting position after a 20-minute rest
between 8:00 and 9:00 a.m. Serum was separated
by centrifugation, and samples were stored at -80°
C until assays were performed (within one month)
in all samples.

Total serum ALP levels were analyzed by en-
zymatic methods on autoanalyzer (D x 800 Beck-
man Coulter, Galway, Ireland) by commercial
reagents. Intact serum PTH levels were assessed
by a solid phase, two site chemiluminescent enz-
yme-labeled immunometric assay on Immulite
2000 hormone analyzer (IMMULITE®, Diagnos-
tics Products Corporation, Los Angeles, USA). Se-
rum OC and CTx were assessed by an
electrochemiluminescence immunoassay on Roc-
he E170 immunoassay analyzer (Roche Diagnos-
tics GmbH., Mannheim, Germany). The inter and
intra-assay coefficient of variation (CV) for ALP
at level 36.5 IU/l were 4.61% and 3.71%, for OC at
level 13.7 ng/mL were 3.8% and 3.3%, for CTx at
level 0.45 ng/mL were 4.2% and 2.0%, respecti-
vely. iPTH at level 54 pg/ml inter-assay precision
was 6.3% and intra-assay precision at level 72
pg/mL was 5.7%. Serum concentration of OPG
was determined by a commercial sandwich enz-
yme immunoassay (Biomedica, Vienna). Standard
curves were established with provided OPG stan-
dards. Sample concentrations were obtained from
this standard curve. The method determines the
total amount of OPG. The intra-assay CV for OPG
measurements at level 4.59 pmol/l was 10% and
inter-assay CV at level 5.53 pmol/l was 7%.
sRANKL was also determined by an enzyme im-
munoassay system (Biomedica, Vienna). The sys-
tem is specific for free soluble RANKL. The
intra-assay CV for SRANKL measurements at le-
vel 1 pmol/l was 5%; inter-assay CV at level 0.80
pmol/l was 9%. The detection limits for serum
OPG and sRANKL assays were 0.14 pmol/l and
0.08 pmol/l, respectively. Serum OPG and
sRANKL concentration in pico-moles per liter in
the tables were provided as mean + SD.

Turkiye Klinikleri ] Med Sci 2009;29(4)
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STATISTICAL ANALYSIS

Data were analyzed using SPSS package program
version 10.0 with non-parametric tests because of
low numbers of subjects in groups and lack of ho-
mogeneity of variance. Results were presented as
mean + standard deviation (SD). Mann-Whitney U
test was used to determine the difference between
the two groups. The differences between pre and
post values of the intervention period were deter-
mined by the Wilcoxon test. All comparisons we-
re considered statistically significant at p< 0.05.

I RESULTS

EG members aimed to walk at 60-65% of HRR ..
The average HR per week during the training for
EG was 130.02 + 7.20 beat.min™ (corresponding to
62% of HRR,,,). Mean walking speed per week for
the whole program was 6.29 + 0.15 km/h. The RPE
reported by EG was 13.95 + 0.90. EG members to-
tally walked 172123.8 + 8567.88 m during the in-
tervention period.

At the pre study evaluation, EG and CG were
not significantly different with regard to age, body
weight, body fat, VO,_,.,, and the menopause age
(Table 1).

After 8 weeks, estimated VO,,,,, improved in
the exercise group (p< 0.01); their body weights (p<
0.05) and BMI decreased (p< 0.01). However, no sig-
nificant differences were detected in CG (Table 2).

We observed a significant improvement in ae-
robic capacity as a result of the walking program.
VOy .y increased for a mean of 5.46 + 3.65 mL.kg"
. min™ in EG, which was significantly different
from that of CG (p< 0.01). The reduction observed
in the body weight of EG was significantly diffe-
rent from that of CG (p< 0.01; Table 3).

Among the measured bone turnover markers,
we detected an insignificant reduction in ALP lev-
els in our study groups. There was a significant re-
duction in CTx, iPTH and OPG values (p< 0.01)
and significant increases in SRANKL (p< 0.05) lev-
els and sSRANKL/OPG ratio (p< 0.01) in EG. Apart
from a significant reduction in OPG levels, we did
not determine any significant changes in any of the
bone turnover markers of the CG (Table 4).

When the differences obtained from the mea-
sured parameters at the end of the study were com-
pared, no significant difference was determined
between EG and CG in terms of their bone turno-
ver markers and OPG/sRANKL values (Table 5).

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

EG (n=12)
Test (unit) Pre Post XA + SD
Body weight (kg) 7378739 7250+7.03 -128x1.11
Body fat (%) 3615270  35.68+3.03 -0.47+1.29
BMI (kg.m?) 29.46 +2.89 28.32+282 -1.14+0.96
VOyax (MLkg.min") 20.85+5.27 26.31 +341 5.46+3.65

CG (n=11)
p Pre Post XA % SD p
<0.05 73.60+11.03 73541081 -0.06+1.07 NS
NS 3785+6.68 37.24+6.18 -0.60+1.01 NS
<0.01 3145+496  30.35+3.80 -1.10+£1.74 NS
<0.01 2216+157 2202+146  -0.14+059 NS

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

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

Test {unit) XA +SD

Body Weight (kg) -1.28 £ 1.11
BMI (kg.m?) -1.14 £ 0.96
Body fat (%) -0.47 £1.29
VOymax {mLkg".min'") 5.46 + 3.65

Exercise Group (n=12)

Control Group (n=11) p
XA+ SD
-0.06 +1.07 <0.01
-1.10£1.74 NS
-0.60 + 1.01 NS
-0.14 £ 0.59 <0.01

Group comparisons were made using Mann- Whitney U test; NS: No significant. BMI= Body Mass Index; VO2max= Maximal Oxygen Consumption; NS= Not significant.
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TABLE 4: Changes in SRANKL/OPG system and bone turnover markers of the subjects (mean + SD).
EG (n=12) CG (n=11)

Pre Post XA +SD p Pre Post XA +SD p
SRANKL(pmoll) 0.11+0.06 017+0057  0.06+005  <0.05 0.10 +0.10 011+005 001+014 NS
OPG (pmol/l) 6.90+1.28 460+093 230113  <0.01 6.71+1.66 442135  -229:110 <0.01
SRANKL/OPG 001730009 0.0391£0.011 0.0219+0.009  <0.01 0.01 £ 0.01 002+001 0007:002 NS
ALP (UN) 58.08+9.18  52.33+16.84 -5.75+14.30 NS 68.36+143  64.36+140 -400:846 NS
iPTH {pg/mL) 49.35+19.98 37.36+1319 -11.99+11.8  <0.01 6470 +244  5540+18.3 -9.30+2097 NS
OC (ng/mL) 2509+652  2288:576  -2.20+8.40 NS 2233+765 2034822 -1.99:6.11 NS
CTx (ng/mL) 049 +0.16 034+018b 014009  <0.01 0.36 +0.16 026+019  -0.09+017 NS

Within-group comparisons were made using Wilcoxon Signed Ranks test; EG = Exercise group; CG = Control group; SRANKL= soluble receptor-activator of nuclear factor- k B lig-
and; OPG= Osteoprotegerin; ALP='Alkaline phosphatase; iPTH= intact parathyroid hormone; OC= Osteocalcin; CTx= B-crosslaps; NS= Not significant

after 30-40 min jogging were significantly increa-

I DISCUSSION

In the present study we investigated the effects of

sed, but there was no significant change in PTH le-

vels after cycling.? In another study, Thorsen et al
8-week moderate-intensity walking program on

bone turnover markers and sSRANKL/OPG system
in post-menopausal women. The program had be-

found no significant changes in PTH values of post-
menopausal women after a single bout of 90-min

brisk walking.!* Brahm et al measured the bioche-

neficial effects on cardio respiratory function mical markers of bone metabolism of endurance

(VO2may); and some physical characteristics like re- 1 0 exercising for about 12 years and they ob-

ductions in body weight and BMI of the exercising 4 higher body mass density (BMD) values and

subjects. In addition, we found significant increases
in SRANKL levels and sSRANKL/OPG ratio in EG. A
significant reduction was observed in serum OPG,
CTx, and iPTH levels of EG. The reduction in se-
rum OPG was also significant in CG.

lower PTH levels in runners than in controls." Si-
milar to Brahm et al we observed significant reduc-
tions in iPTH levels in exercising women in this
present study. It is well known that chronic hyper-
secretion of PTH induces bone loss, but injections
of PTH can have anabolic effects.? The finding that
there is a rise in PTH following exercise, but redu-

Biochemical markers of bone metabolism ha-
ve been used to evaluate bone metabolism in ske-

letal diseases.®'2 However, the results of the studies ced levels in the resting state might indicate that

on the effect of exercise on skeleton using these PTH could be involved in the responses of bone to

markers have revealed conflicting results. Rudberg exercise. The significant reduced iPTH levels as a

et al determined that PTH levels of young women result of walking observed in this present study se-

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

Exercise Group (n=12) Control Group (n=11) p
Test {unit) XA +SD XA +SD
SRANKL (pmol/l) 0.06 +0.05 0.01+0.14 NS
OPG (pmol/l) 230+1.13 229+1.10 NS
SRANKL/OPG 0.0219 + 0.009 0.007 +0.02 NS
ALP (U1) -5.75+14.30 -4.00 + 8.46 NS
iPTH (pg/mL) -11.99+ 11.84 -9.30 +20.97 NS
0C (ng/mL) -2.20 £ 8.40 -1.99 £6.11 NS
CTx (ng/mL) -0.14 £ 0.09 -0.09+0.17 NS

Group comparisons were made using Mann- Whitney U test; NS: No significant. SRANKL= soluble receptor-activator of nuclear factor- k 8 ligand; OPG= Osteoprotegerin; ALP= Al-
kaline phosphatase; iPTH= intact parathyroid hormone; OC= Osteocalcin; CTx= B-crosslaps; NS= Not significant

798 Turkiye Klinikleri ] Med Sci 2009;29(4)



Sports Practice

Biiyiikyazi

em concordant with the positive effects seen on the
weight-bearing skeleton in endurance runners. The
lack of a significant reduction in CG may also be an
indication of the positive effect of the exercise re-
gimen followed by our exercising members. How-
ever, in order to interpret the positive effects of the
exercise programs, a significant difference on the
changes (within group changes) between the gro-
ups is necessitated. Therefore, our results need fur-
ther investigation.

Hatori et al showed that high intensity walk-
ing resulted in increases in BMD without a signifi-
cant change in serum OC; but Milliken et al®
determined an increasing trend in OC levels in
post-menopausal exercising women at the end of
6% months; similarly, the exercisers showed larger
positive changes in OC levels over 12 months ver-
sus the control group.'>!¢ Etherington et al obser-
ved reduced OC and ALP levels as a result of
10-week weight-bearing exercise.”’ They conclu-
ded that the fall in markers of both bone formati-
on and resorption suggested that there was an
overall reduction in bone turnover in response to
that level of strenuous exercise. Hinton et al found
OC and ALP levels of post-menopausal women in-
creased following 6 weeks of energy restriction and
aerobic exercise (walking or jogging at 60% of
VOya0)-2! They suggested that weight-bearing, ae-
robic exercise training may favorably affect the bal-
ance between bone resorption and formation
during weight loss. Similarly, presumably due to
the training might followed, Vincent and Braith fo-
und a significant increase in OC levels in both low-
intensity and high-intensity resistance training
groups.” They stated that resistance exercise incre-
ased bone turnover, which over time might lead to
further changes in BMD. However, Zanker et al fo-
und no changes in OC levels of the participants
who followed an energy balanced diet regimen and
a repeated-periods of prolonged treadmill run-
ning.” Similar to that, Brooke-Wavell et al found
no significant changes in OC levels as a result of
12-month brisk walking in post-menopausal wo-
men.*® Our study shows similarities with the previ-
ous research results that found no exercise-bound
changes in serum OC levels.”>*3° Qur study reve-

Turkiye Klinikleri ] Med Sci 2009;29(4)

aled differing results from some of the aforementi-
oned studies. The main reasons of the differences
may be the duration of the exercise programs (8
weeks versus 12 months); the exercise intensity
(moderate versus strenuous); the different exercise
types used (walking versus running plus weight
training); energy restriction together with physical
activity); and the resistance training that applies a
vertical force on the bone.'2!.2728

CTx is a specific marker of bone resorption.
The EPIDOS study has determined the relevance
of elevated CTx levels in predicting severe clinical
events, such as hip fractures.! Herrmann and Her-
rmann stated that the elite endurance athletes ex-
hibited significantly higher levels of CTx than
controls, which is neither accompanied by an in-
crease in SRANKL nor a decrease in OPG.” Accor-
ding to them, this indicates increased bone
resorption in athletes, which is not associated
with a shift of OPG and sSRANKL toward an oste-
oclastogenetic constellation. Therefore, they hy-
pothesized that elevated CTx concentrations
could be used to identify athletes at risk of osteo-
porosis and future fractures. We observed signifi-
cant reductions in CTx levels in EG in the present
study, which was not the case in CG members.
Therefore, it is possible to say that walking exer-
cises of this intensity may be recommended to
post-menopausal women as a protective treatment
since higher intensities may result in elevations
in their CTx levels, which in turn may increase
osteoporosis and future fracture risks.” The absen-
ce of significant changes in the bone turnover
markers apart from the reductions in iPTH and
CTx levels in our exercising participants, might
suggest that bone turnover markers reflect phases
of the bone remodeling cycle which were not af-
fected by our prescribed exercise regime. In addi-
tion, the differences between our study and
aforementioned studies may be due to the diffe-
rent study populations and designs as well as the
assays used. However, the interpretation of the bi-
ochemical results in this study is somewhat not
clear. Although biochemical markers are believed
to serve as precursors to skeleton changes, we are
not so sure whether the changes in the biochemi-
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cal markers reflect any kind of change in the BMD
of post-menopausal women since we did not me-
asure BMD using DXA because we wanted to de-
tect the low-cost effect of exercise on these bone
turnover markers. However, the relatively short
intervention period of our study (8 weeks) may
not have been long enough to allow completion
of bone remodeling. Furthermore, the lack of sig-
nificant difference of the changes between the ex-
ercising and control groups apart from maximal
oxygen consumption and body weight makes the
results we obtained on the positive effects of wal-
king exercise on bone turnover status difficult to
interpret.

The receptor activator of nuclear factor-kappa
B (RANK)/RANK ligand (RANKL)/OPG pathway
has recently been recognized as the final, dominant
mediator of osteoclast proliferation and activati-
on.’! RANKL and its antagonist OPG have led to a
detailed molecular and cellular understanding of
bone metabolism in health and disease. In most of
the disorders including various forms of osteopo-
rosis, scientists detected enhanced osteoclastic bo-
ne resorption due to an imbalance of the
RANKL-to-OPG ratio, with RANKL exceeding
OPG. Although there is no consensus on the serum
levels of OPG, elevated serum OPG levels have be-
en found in several forms of osteoporosis and in
vascular diseases. Fa’brega et al found that OPG le-
vels significantly increased in patients with alco-
holic cirrhosis compared with healthy subjects;
Avignon et al also determined that OPG levels we-
re high in subjects with coronary artery disease
(CAD) than in those with no CAD.??* We did not
find increased OPG levels in neither of our study
groups because we included only the participants
who met strict criteria that did not allow the par-
ticipation of people with any vascular or bone re-
lated diseases. The significantly reduced levels of
OPG obtained in our study groups may be accepted
as the indication that our participants are not at risk
of some diseases.

The effect of physical activity on OPG and
RANKL levels has received considerable attention
in recent years. In a study with cross-country ski-
ers and biathlon athletes, Hermann and Hermann
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detected no significant change in OPG and
sRANKL levels of athletes and controls.” Hinton et
al observed no significant changes in RANKL in
post-menopausal women who underwent 6 weeks
of energy restriction and aerobic exercise (walking
or jogging at 60% VO,,,.).*' The exercise-bound
changes in our study is controversial with the afo-
rementioned research results since we detected sig-
nificant increases in SRANKL and decreases in
OPG levels in our EG. Elevated levels of OPG ha-
ve been observed in people with certain disorders
and health problems; therefore, determining low
levels of OPG in our participants is favorable.323
However, it is not possible to interpret this finding
as a positive effect of walking exercises since we al-
so determined a significant reduction in our CG
members. In addition, the lack of a significant dif-
ference between our exercise and control groups in
terms of SRANKL and OPG levels might suggest
that these markers were not affected by the pres-
cribed exercise regimen. Therefore, the role of
physical training on OPG and sRANKL levels sho-
uld be reevaluated by different studies with diffe-
rent designs and longer duration with larger
numbers of participants from different age and sex
groups.

We are aware that it is not possible to draw a
solid conclusion from this present investigation
since it has some limitations. The first limitation is
the relatively small number of the participants in
our study groups. We could not include a higher
number of subjects due to our very strict participa-
tion criteria. In addition, determining the effect of
exercise on bone mass is somewhat difficult by me-
asuring only the biochemical markers of bone me-
tabolism because the osteogenic effects of exercise
training seems to be site-specific to the anatomic
sites at which the mechanical strains occur; thus,
it is essential to measure the bone mass at the site
of loading.?* Therefore, together with these bioc-
hemical markers of bone metabolism, it would be
beneficial to integrate site-specific bone measures
into the study designs.

The comparison of our results with the results
of other studies is quite difficult the other studies
conducted with post-menopausal population beca-
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use in most of these studies the participants were
allowed or encouraged to take Vitamin D or calci-
um supplements and in most of them they were gi-
ven hormone replacement therapy (HRT).%3
However, we excluded participants taking vitamin
D and calcium supplements and HRT since our ma-
in purpose was to highlight the pure exercise-bo-
und effects on the measured parameters in
post-menopausal women. Due to the limited num-
ber of participants, we were unable to form diffe-
rent groups such as exercisers and non-exercisers
with and without HRT treatment and vitamin D
and calcium supplements.

The effect of strenuous aerobic exercise and
strength training is known to enhance bone mass;
however, mild general exercise such as walking is
not so effective in preventing post-menopausal bo-
ne loss or enhancing bone mass in younger age pe-
riods. Even so, training programs that are strenuous
enough to cause increases in bone mass or reverse
bone loss may not be the most attractive ones for
the elderly population since they may pose some
risks for them. In order to assure high compliance
and attendance, exercise programs should be made
attractive for the elderly population. It should be
noted that some fractures are the result of falls and
they are caused not only by osteoporosis, but also
by multiple factors such as low muscle mass and
muscle strength, poor balance and coordination, all
of which can be modified by exercise. Therefore,
in contrast to pharmacologic and nutritional appro-
aches, exercise training may have the potential to
prevent osteoporotic fractures by simultaneously

influencing multiple risk factorsand provide the el-
derly with an independent life. Thus, exercising for
30-50 min per day, at least five days per week, at
moderate intensity level of 60-65% HRR
most individuals provides at least some health-re-

max fOr
lated benefits, including improved cardiorespira-
tory fitness, muscle strength and endurance,
flexibility and body composition, as well as associ-
ated psychological benefits.

I CONCLUSION

Despite some limitations, the beneficial results ob-
tained as a result of moderate intensity walking re-
garding the increases in VO,.,,, and the
reductions in body weight can be accepted as he-
alth benefits for post-menopausal women, which
may enable them to lead a less risky and a more in-
dependent life; however, walking only eight we-
eks at a moderate intensity seem not so effective
in causing favorable changes on bone health to
prevent the risk of osteoporosis. It remains to be
determined whether walking exercises have favo-
rable effects on bone turnover state in a larger po-
pulation with longer periods of interventions in
which these markers are measured together with
BMD.
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