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ABSTRACT

Aim: To examine the effects of 10-week walking programs on maximal oxygen consump-
tion, body composition, serum lipids, highly-sensitive C-reactive protein, osteoprotegerin
and soluble receptor activator of nuclear factor-kappaf ligand.

Method: Twenty-seven middle-aged men (40-60years) walked for ten weeks, five days
per week, 40-52min per day at either moderate or high intensity (~5.95+0.26km/h and
~7.64+0.36km/h; 50-55% and 70-75% maximum heart rate reserve, respectively). Non-
walking, sedentary men served as controls (n=13). Estimated maximal oxygen consump-
tion, body composition, lipid profile, highly-sensitive C-reactive protein, osteoprotegerin
and soluble receptor activator of nuclear factor-kappaf ligand were determined before and
after the study.

Results: After 10 weeks, estimated maximal oxygen consumption improved in both ex-
ercise groups (p<.05), favoring high-intensity group (p<.05). Body weight, percent body
fat, and body mass index reduced significantly in both exercise groups (p<.05). Walk-
ing programs did not cause any significant changes in blood lipids, highly-sensitive C-
reactive protein, and osteoprotegerin levels; however, soluble receptor activator of nuclear
factor-kappaf ligand levels were found to decrease in high-intensity group (p<.05) and the
change observed in both exercise groups was different from the change in control group
(p<.05).

Conclusion: For protective effects against cardiac risk factors and arterial calcification,
high-intensity walking programs are advisable due to the greater improvements in soluble
receptor activator of nuclear factor-kappaf ligand and estimated maximal oxygen con-
sumption.

Key words: Walking exercises, middle-aged men, estimated maximal oxygen consump-
tion, lipid profile, highly-sensitive C-reactive protein, soluble receptor activator of nuclear
factor-kappap ligand

OZET

Amag: On haftalik yiiriiyiis programlarinin maksimal oksijen tiiketimi, viicut kompozis-
yonu, serum lipidleri, yiiksek sensitiviteli C-reaktif protein, osteoprotegerin ve soluble re-
septor aktivator niikleer faktor-kappaf ligandi tizerine etkilerini incelemek.

Yontem: Yirmi yedi orta yasli (40-60yas) erkek on hafta, haftada bes giin, giinde 40-52
dakika orta veya yiiksek siddette (sirasiyla ~5.95+0.26km/s ve ~7.64+0.36km/s; maksi-
mum kalp atim hizi rezervinin %350-55 ve %70-75’inde) yiiriidiiler. Yiiriiyiis yapmayanlar
kontrol grubunu olusturdu (n=13). Egzersiz programi dncesi ve sonrasinda, tahmini mak-
simal oksijen tiiketimi, viicut kompozisyonu, lipid profili, yiiksek sensitiviteli C-reaktif
protein, osteoprotegerin ve soluble reseptor aktivator niikleer faktor-kappaf ligandi di-
zeyleri belirlendi.

Bulgular: On haftanin sonunda tahmini maksimal oksijen tiiketimi yiiksek-siddet grubu-
nun lehine (p<.05) her iki egzersiz grubunda artt1 (p<.05). Viicut agirligi, viicut yag yiiz-
desi ve beden kitle indeksi degerlerinde egzersiz gruplarinda anlamli azalmalar meyda-
na geldi (p<.05). Yiiriiylis antrenmanlari kan lipit degerleri, yiiksek sensitiviteli C-reaktif
protein ve osteoprotegerin diizeyleri iizerinde etkili bulunmadi, ancak soluble reseptor
aktivator niikleer faktor-kappaP ligand yiiksek siddet grubunda anlamli olarak azaldi
(p<.05); egzersiz gruplarinda belirlenen degisim kontrol grubundaki degisimden farkliy-
di (p<.05).

Sonug: Soluble reseptor aktivatdr niikleer faktor-kappap ligand ve tahmini maksimal ok-
sijen tiiketiminde meydana gelen gelismelerden dolay: kardiyak risk faktorlerine ve da-
marsal kalsifikasyona kars1 koruyucu etkiler yaratabilmek igin yiiksek siddet yiiriime
programlar1 Onerilebilir.

Anahtar Kelimeler: Yiirlyis egzersizi, orta yasl erkek, tahmini maksimal oksijen tiike-
timi, lipit profili, yiiksek sensitiviteli C-reaktif protein, osteoprotegerin, soluble reseptor
aktivator niikleer faktor-kappaf ligandi
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Introduction

Coronary heart disease (CHD) has been one of the
major causes of morbidity and mortality in recent years.
(I). Poor blood lipid profile and inactive life-style are
the factors known to affect CHD. Physical activity is
associated with a lower risk of cardiovascular disease
(CVD) (2). Physical exercise has been found to decrease
plasma triglyceride (TG) and low-density lipoprotein
cholesterol (LDL-C); increase plasma high-density
lipoprotein cholesterol (HDL-C) levels (3), which are
very closely related to CHD.

Preventing the development and advancement of CVD
by controlling the risk factors is important. Previous
research has indicated that inflammation in coronary
artery is associated with the formation and advance of
plaque (4). Therefore, in recent years, there is growing
evidence for highly-sensitive C-reactive protein (hs-CRP)
that it is a much better predictor of CHD than usual known
cardiovascular risk factors alone (5) and chronically
elevated levels contribute independently to later risk of
CHD (6). It has been reported that the initial development
of myocardial infarction, stroke, and obstructive
arteriosclerosis can be predicted by hs-CRP in healthy
subjects (7). The role of physical activity on CRP levels
is not clear. It was hypothesized that the baseline CRP
concentration is affected by two antagonistic influences.
While intense physical exercise produces micro injuries
and a local inflammatory reaction in the musculature
causing a delayed increase of the CRP concentration
in the blood, regular physical training generates an
anti-inflammatory reaction with a lowering effect on
the CRP level (8). This might result from the enhanced
antioxidative mechanisms after regular physical exercise
(9,10). Therefore, many researchers have attempted to
investigate the relationship between physical exercise and
CRP concentrations. Some favorable changes in hs-CRP
levels due to physical activity were determined (8,11-13).
In two recent studies, an inverse association of hs-CRP
levels and cardiorespiratory fitness levels were observed
(14,15). Since CRP is an inflammatory marker, these
findings suggest that the association between exercise
and reduced cardiovascular risk may be mediated by anti-
inflammatory effects of regular physical activity (16).

Very recently, osteoprotegerin (OPG), akey factor in bone
remodeling (17), a member of the tumor necrosis factor
receptor family, and a decoy receptor for the receptor
activator of nuclear factor-kappaf ligand (RANKL) (18),
has been implicated in human atherogenesis. Cross-
sectional studies demonstrate a relationship between
OPG levels and the severity of coronary atherosclerosis
(19,20). In the light of these data, OPG seems to play an
important role in atherosclerosis and could be a marker
of atherosclerotic lesions. In addition, myocardial
protein levels of OPG, RANK, and RANKL levels
were found to be increased after human heart failure
(21). There are very few studies on the role of physical
activity on OPG-RANKL system, and the existing
studies mainly examined the role of physical activity
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on bone remodeling process and revealed conflicting
results (22-24). To our knowledge there are no studies on
the role of physical activity on OPG-sRANKL system
as CHD risk determinants. Therefore, this present study
aims to examine the effect of different-intensity walking
programs on maximal oxygen consumption, body
composition, serum lipids, hs-CRP, OPG, and sSRANKL
levels in the middle-aged men.

Material and Method

Subject selection

Healthy males (aged between 40-60 years) volunteered
for this study. Recruiting criteria were as follows: (1)
to live in Manisa for at least 10 years and not planning
to leave the area during the experimental period, (2)
being a non-smoker, (3) having BMI between 25-30kg/
m?, (4) not participating in a regular exercise program
in the previous six months. Exclusion criteria consisted
of having a previous history of cardiovascular disease
or diagnosed CHD, endocrine or metabolic disorders,
resting blood pressure greater than 140/90mmHg,
having musculo-skeletal problems, diabetes mellitus,
hyperthyroidism, taking antidepressants or anti-
inflammatory drugs, and a +5 kg change in body weight
during the previous year.

We gathered the information about the participants
via questionnaires, informed them about the study
design, and obtained a signed consent form from each
participant. They were physically examined thoroughly
before the experimental period started. The participant
who met the above-mentioned criteria was taken to
laboratory screening for electrocardiography and body
composition measurements. We measured the dietary
intake of the participants via the “Healthy Lifestyle
Behavior Scale” (25). The analysis of the scale revealed
that the participants had balanced diatery intake and
they were warned not to change their dietary habits
throughout the study period.

In order to supply compliance, the participants were free
to choose to participate either in exercise group (EG) or
the control group (CG). After that, the EG volunteers
were randomly classified as either moderate intensity
walking group (MIWG; n= 13) or high intensity walking
group (HIWG; n= 14). EG members were warned not to
take any other form of physical exercise; CG members
were also warned not to take part in any physical activity
that would make them feel tired. Of the 55 volunteers, 10
of them could not meet the criteria. Five of the 45 men
who started the intervention dropped off due to some
personal or health reasons; 40 of them completed the
intervention period and were taken to final evaluation.
The ethical council of Celal Bayar University, Faculty of
Medicine, approved the study.

Study protocol

After the initial testing and measurements, EG started
the 10-week walking program on a 400m outdoor track
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(5 days per week). They started to walk 40 minutes a day,
and with three minute-increments in every two weeks,
they reached 52 minutes at the end of the program. MIWG
walked at 50-55% maximum heart rate reserve (HRR )
with a speed of ~5.95+0.26km/h and HIWG walked at
70-75% HRR __ with a speed of ~7.64+0.36km/h. Five-
minute warm-up and S5-minute cool-down activities

were performed in each walking session.

The program was designed based on the American
College of Sports Medicine recommendations (26) and
supervised and monitored by trained exercise specialists.
The exercise intensity was prescribed based on target
heart rates (THRs) calculated from the Karvonen
equation:

[Heart Rate . —Heart Rate ) x (0.50-0.55) + Heart
Rate _] for MIWG and
[Heart Rate . — Heart Rate ) x (0.70-0.75) + Heart

Rate | for HIWG.
was predicted via 220 — age formula.

Heart rates of the participants were taken through use of
Polar Pacer heart rate monitors (Polar Vantage, Kempele,
Finland). Their Rate of Perceived Exertion (RPE) was
also taken using a 15-point RPE scale and noted on
training logs together with their total walking distances.

Testing procedures

Pre- and post-study values of body weight, body mass
index (BMI), and percent body fat were taken through
body composition analyzer (Model TBF-300, Tanita
Corp., Tokyo, Japan) at 8.00-9.00 a.m, after a 12h fast.
Astrand - Ryhming test, for estimating maximal oxygen
consumption (VO, ) from submaximum workloads,
was performed on a calibrated bicycle ergometer
(Monark 860, Varberg, Sweden) and VO,  was
predicted using Astrand-Ryhming nomogram. Subjects
were informed not to take part in any physical activity
within 48h before the assessment day.

Blood samples were taken after a 12 h overnight fast
between 8.00 and 9.00 a.m. TC concentration was
measured by the cholesterol oxidase method; TG
levels were determined by glycerol phosphate oxidase
method; HDL-C was determined enzymatically in the
supernatant after precipitation of LDL-C with Beckman
Coulter kits at BECKMAN COULTER Unicel DxC 800
analyzer (SYNCRON LX Systems, Beckman Coulter,
Ireland). LDL-C concentration was calculated using the
Friedwald formula. In TC, TG, and HDL-C analyses,
within run coefficients of variation (CV) were 1.09, 2.6,
and 3.4%, respectively. Hs-CRP levels were determined
by chemiluminescent immunometric assay with Siemens
Medical Diagnostics Limited kits at IMMULITE 2000
analyzer (Immulite 2000, Los Angeles, CA, USA). For
hs-CRP analysis intra assay CV at level 2.8 mg/L was
3.4%, and inter-assay CV at level 2.8mg/L was 3.8%.
Serum concentrations of OPG were measured using
ELISA method (BioVendor Research and Diagnostic
Products, Modrice, Czech Republic). The intra-assay
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CV at level 5.41 pmol/L and inter-assay CV at level 5.59
pmol/L for OPG assay were 2.4% and 4.2%, respectively.
The lower limit of detection for OPG was 0.4 pmol/L.
Serum concentrations of SRANKL were measured using
ELISA method (BioVendor Research and Diagnostic
Products, Modrice, Czech Republic). The intra-assay CV
at level 96 pmol/L and inter-assay CV at level 88 pmol/L
for SRANKL assay were 7.9% and 8.3%, respectively.
The lower limit of detection for sSRANKL was 10 pmol/L.

Statistical methods: Data were analyzed using SPSS
package program version 15.0. Since a one-sample
Kolmogorov-Smirnov test indicated that the variables
were not normally distributed, nonparametric tests were
used and the descriptive statistics were given as median-
min-max values. Kruskall-Wallis test was used to
compare changes among the study groups. Bonferroni-
corrected Mann-Whitney U test was used to determine
the difference between the two groups. The differences
between pre-training and post-training values were
determined by using Wilcoxon Signed Ranks test.
Statistical significance was defined at p< 0.05 level.

Results

MIWG members aimed to walk at 50-55% of maximum
heart rate reserve (HRR ). The average heart rate
(HR) per week during the training for MIWG was
~127.46+5.02 beat.min' and they walked at ~5.95+0.26
km/h, totally 253509.6+16870.16m; their reported
RPE was 11.9+0.49. HIWG aimed to walk at 70-75%
of HRR . The HR per week during the training for
HIWG was ~148.64+2.84 beat.min' and they walked
at ~7.64+0.36km/h, totally 292089.32+13922.73m; their
reported RPE was 14.71+0.64.

Pre-study evaluations of study groups were not
significantly different from each other, except for the
significant difference in their SRANKL values (p<.05;
Table 1). Ten-week walking programs caused significant
differences in body weight, BMI, percent body fat, and
estimated VO, in HIWG and MIWG (p<.05). There
were no significant changes in any of the measured
physical and physiological parameters in CG (Table 2).
Walking programs of different intensity appears to have
similar effects since there were no significant changes
between the two exercise groups in terms of measured
physical and physiological parameters apart from a
significant difference in the estimated VO,  levels,
favoring HIWG (p<.05). However, the two exercise
groups revealed significant differences from the CG
in all measured physical and physiological parameters
(p<.05; Table 3).

We determined no significant changes in the measured
blood lipids (TC, TG, HDL-C, LDL-C), hs-CRP, and
OPG levels of the study groups apart from a significant
reduction in HIWG and a significant increase in
SRANKL values in CG (p<.05; Table 4); the changes
observed in sSRANKL in both exercise groups were
different from the change of CG (p<.0.5; Table 5).
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Table 1. Initial physical and physiological parameters of the groups (median-min-max)

(n=12)

CG (n=13) HIWG (n= 14) MIWG (n= 13)

Median Vi Vi Max P
Age (year) 45.502-go.o 38.%1-'559.0 45%2-%?5.0 NS
Height (cm) 1601_3?1' 32,0 165?5 ?i%o.o 1631.3?1'38.0 NS

Body weight (kg) 58.799-59.3 ea_gﬁ'(1)4_5 69810921 .0 NS

BMI (kg/m?) 21.21(-3:3,11_4 22.%5-5512.3 22?59.9 NS

Percent body fat (%) 20_2\;,7_533_8 22.629%?3.08 22.27?(.344.6 NS

VO, (Mikgmin?) 204385 160955 160877 NS

TG (mg/dL) 62.3?’4"30.0 32_391'20_0 49 .100-2.106.0 NS

TC (mg/dL) 13705960 143.0.5300 146.0:302.0 NS

HDL-C (mg/dL) 31_%8_'503_0 28.%5-.4?9.0 28.%5?9.0 NS

LDL-C (mg/dL) 87,13?5(5)1_0 85.1(?-?':8.0 82.13-3531.0 NS
1.9 2.0 3.4

hs-CRP (mg/L) 0.3-5.26 0.6-5.6 0o es NS

(n=11) (n=12)
OPG (pmol/L) 3066 1074 32155 NS
SRANKL (pmol/L) 76_;3_75%%_60 ; 33.38?{23;.80 68.60-405.10 <05

CG= Control Group; HIWG= High-intensity Walking Group; MIWG= Moderate-intensity Walking Group

Group comparisons were made using Kruskall-Wallis and Bonferroni-corrected Mann-Whitney U tests; NS= No significant; *p< .0167 differ-

ent from MIWG and CG.

Table 2. Changes in the physical and physiological parameters following 10-week walking programs

CG (n=13) HIWG (n= 14) MIWG (n= 13)
Pre Post Pre Post Pre Post
Test/unit Median Median Median Median Median Median
Min-Max Min-Max P Min-Max Min-Max P Min-Max Min-Max P
Body weight 79.8 80.0 NS 86.1 83.9 05 80.2 78.0 —05
(kg) 58.9-99.3 | 60.8-100.9 68.6-104.5 | 68.0-100.0 | < 69.1-91.0 | 68.0-90.8 | <
26.1 26.7 28.1 27.0 26.8 255
2
BMI (kg/m?) 211314 | 218-31.3 | NS 22.6-32.3 205300 | <0% | 203299 | 221-205 | <0°
Percent body 27.8 27.3 NS 26.8 26.2 <05 294 28.3 <05
fat (%) 20.5-33.8 | 21.0-37.3 2069-33.08 | 21.8-322 | < 207.346 | 227-343 | <
. 26.1 26.4 26.3 327 27.6 29.6
(mikg min) | 204-385 | 201-36.2 | NS | 16.9-355 | 26.0-444 | <0°| 160377 | 18.0-39.0 | <0°

CG= Control Group; HIWG= High-intensity Walking Group; MIWG= Moderate-intensity Walking Group

Within group comparisons were made using Wilcoxon Signed Ranks test; Intervention data are presented as median-min-max; NS= No sig-

nificant
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Table 3. The comparison of the differences obtained in the groups

CG (n=13) HIWG (n= 14) MIWG (n= 13)
. Median Median Median
Test/unit Min-Max Min-Max Min-Max P
) 0.3 -1.9* -1.3*
Body weight (kg) 1.3-35 -5.7-0.3 -2.7-(-0.2) <05
. 0.5 -0.9* -0.6*
BMI (kg/m?) -0.4-0.7 -2.3-0.0 -1.8-(-0.2) <05
o 0.00 -0.9* -0.9"
Body fat (%) -3.0-3.6 -2.1-(-0.3) -2.6-(-0.7) <05
. -0.2 5.4%2 3.6
VO, (mtkgmin") 2306 3.7-9.6 1.3-6.6 <08

CG= Control Group; HIWG= High-intensity Walking Group; MIWG= Moderate-intensity Walking Group

Group comparisons were made using Kruskall-Wallis and Bonferroni-

corrected Mann-Whitney U tests; Intervention data are presented as

median-min-max; NS= No significant; *p<.0167 different from CG; ap<.0167 different from MIWG

Table 4. Changes in the blood lipids and inflammation markers following 10-week walking exercises

CG (n=13) HIWG (n= 14) MIWG (n= 13)
Pre Post Pre Post Pre Post
Test/unit Median Median Median Median Median Median
Min-Max Min-Max p Min-Max Min-Max P Min-Max Min-Max P
TG (mg/ 93.0 69.9 NS 79.5 92.0 NS 109.0 110.0 NS
dL) 62.0-290.0 80.0-245.0 32.0-180.0 28.0-168.0 41.0-216.0 41.0-214.0
TC (mg/ 215.0 192.0 NS 191.0 173.5 NS 200.0 204.0 NS
dL) 137.0-248.0 140.0-256.0 143.0-230.0 130.0-221.0 146.0-302.0 119.0-274.0
HDL-C 38.0 37.0 NS 35.0 34.0 NS 38.0 36.0 NS
(mg/dL) 31.0-53.0 26.0-50.0 28.0-49.0 28.0-47.0 28.0-59.0 30.0-49.0
LDL-C 137.0 139.0 NS 136.0 125.5 NS 143.0 144.0 NS
(mg/dL) 87.0-181.0 81.0-200.0 85.0-158.0 73.0-158.0 82.0-221.0 65.0-199.0
1.9 1.4 2.0 1.2
h(fnC/T)P 0.3-5.26 0.2:3.2 NS 0.6-5.6 0.6-3.4 NS oot oass | Ns
9 (n=11) (n=11) (n=12) (n=12) o o
OPG 4.9 5.4 44 47 5.1 5.3
(pmol/L) 3.0-6.6 3.5-9.9 NS 1.9-74 2.9-9.8 NS 3.2-15.5 3.1-10.4 NS
205.85
458.75 210.55
sRANKL 197.20 241.00 357.15 50.30-
(pmol/L) | 76.90-500.60 | 115.90-495.90 | <0° 138.90- 131.60-1381.60 | <05 | 88.60-488.10 362.20 NS
1849.80 (n=12) 0= 12)

CG= Control Group; HIWG= High-intensity Walking Group; MIWG= Moderate-intensity Walking Group

Within group comparisons were made using Wilcoxon Signed Ranks test; Intervention data are presented as median-min-max; NS= No sig-

nificant

Discussion

To our knowledge, this is the first study examining the
effects of different-intensity walking programs on OPG-
sRANKL system as predictors of cardiovascular risk
factors. The most outstanding finding is the significant
reduction in SRANKL concentrations by means of high
intensity walking. In addition, the significant gains
obtained in exercise groups in VO, ., favoring high-
intensity group, and significant differences in BMI, body
weight, and percent body fat in both exercise groups,
which were not present in CG, may be the indicators of
beneficial effects of walking programs on reducing risk
factors against CHD.

Blood lipids, Body Composition, and VO

2max
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Studies have revealed that regular physical activity is
related with lower TC, LDL-C, TG and higher HDL-C
levels (27,28,29). However, we found no changes in any
of the measured blood lipids, which is parallel to the
results of Murphy et al, who determined no significant
changes in any of the measured blood lipids as a result of
walking programs (30). These results may be related to
the exercise intensities since walking exercises are not as
effective as competitive training programs or marathon
run to cause significant changes in blood lipids. Longer
duration, higher intensity training programs preferably
together with a low-calorie diet are necessitated for
significant blood lipid changes. We detected significant
changes in both exercise groups in terms of body weight,
body fat and BMI. The changes observed in the body
weight of the exercise groups were found to be more

Esen et al.



Table 5. The comparison of the differences obtained in the groups

CG (n=13) HIWG (n= 14) MIWG (n= 13)
. Median Median Median
Test/unit Min-Max Min-Max Min-Max P
18.0 15 -6.0
TG (mg/dL) -87.0-76.0 -64.0-85.0 -96.0-105.0 NS
4.0 45 -4.0
TC (mg/dL) -36.0-8.0 -35.0-28.0 -35.0-40.0 NS
1.0 2.0 2.0
HDL-C (mg/dL) 12.0-5.0 12.0-6.0 -10.0-10.0 NS
-8.0 5.0 8.0
LDL-C (mg/dL) -28.0-27.0 -32.0-28.0 -89.0-28.0 NS
04 05 o8
hs-CRP (mg/L) 2127 -41-07 598 NS
(n=11) (n=12) . .
0.8 01 1.0
OPG (pmoliL) 2243 1.2-3.0 -6.9-3.5 NS
5750 -118.05* -44.50*
SRANKL (pmol/L) s s -468.20-348.70 -290(.80-221)1 10 <05
’ : n=1

CG= Control Group; HIWG= High-intensity Walking Group; MIWG= Moderate-intensity Walking Group

Group comparisons were made using Kruskall-Wallis and Bonferroni-corrected Mann-Whitney U tests; Intervention data are presented as

median-min-max; NS= No significant; *p< .0167 different from CG

than the changes in their body fat and BMI. This might
have resulted from the water and mineral loss during
exercise. It is known that people lose not only fat but also
water and minerals during exercise and diet. In addition,
a calorie-restriction diet may be more effective to cause
more reductions in the fat mass (31). According to Blair
et al. (32) a target of a “good enough” level of fitness for
people in the age range of 40-60 yrs, VO, of 35 mLkg".
min! for men can be accepted as the optimal functional
capacity to confer a decrease in the risk of CHD. With
an average VO, of 33.23+5.21 mLkg'min"', the HIWG
members seem to reach a better fitness level than MIWG
(30.3444.96 ml.kg'min™); therefore, walking programs
of high-intensity may be followed by middle-aged men
since they resulted in more increases in VO —an

2max

important determinant of cardiovascular health.

Hs-CRP

Resent research has shown that the development of the
atherosclerotic plaque is associated with inflammation
(33,34). Research has suggested that hs-CRP, an
inflammation marker, is a strong and independent index
for CHD (35). Auer et al determined high CRP levels in
patients after unstable angina and after acute myocardial
infarction (36). Physical activity may be effective in
modifying the inflammatory process. Thus, research
has indicated that physical activity and physical fitness
have inverse associations with the levels of CRP (37).
Geffken et al determined that physical activity is in
inverse correlation with CRP levels in physically active
elderly population (13). hs-CRP levels were found to be
decreased with a 9-week endurance training (8). Some
researchers indicated that lower hs-CRP levels were
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related to the reduction in body weight and generally
moderate intensity endurance training is effective in
reducinghs-CRPlevels (8, 11, 13). Wecouldnotdetermine
any significant reductions in hs-CRP levels in our study;
yet the nearly significant reduction observed in MIWG
(p=0.087) may be accepted important and is parallel
to the literature (8, 11, 13). Previous studies suggested
that longer duration endurance training causing weight
loss after the subjects undergo weight-loss programs is
effective in lowering hs-CRP levels (31, 38). Despite
significant weight reductions in our exercise groups,
we could not observe any reductions in their hs-CRP
levels. Weight loss can be accelerated in individuals who
start exercise for the first time, but longer duration and
higher intensity exercise programs may be necessary to
cause changes in inflammatory markers. Therefore, this
marker needs further investigation with more crowded
groups following longer-period training programs with
an accompanying calorie-restriction diet.

OPG-RANKL

OPG is known to be secreted by bone (17), but it
could also be produced by a variety of cells including
coronary artery smooth muscle cells and endothelial
cells of the cardiovascular system (19,39). In recent
years, research has suggested that OPG, which has an
important role in bone remodeling, is also effective in
human atherogenesis (18). Various studies have shown
that OPG may have important roles in the vasculature.
Genetically modified OPG—/— mice with deficient OPG
production exhibit a postnatal decrease in total bone
density and unexpectedly develop medial calcification
of the aorta and renal arteries, suggesting that regulation
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of OPG, its signaling pathway, or its ligand(s) may
play a role in the long observed association between
osteoporosis and vascular calcification. The arteries
exhibiting calcification in OPG—/— mice are sites of
endogenous OPG expression, suggesting that OPG
may have a role in protecting these arteries from
pathological calcification (40). Increased OPG was
observed in subgroups of Type 1 diabetic patients with
neuropathy and with signs of CVD (41). A prospective
study in elderly women pointed out an association
between high levels of OPG with all cause mortality and
cardiovascular mortality (42). Rhee et al in their study
reported that mean OPG levels increased significantly
as the number of stenotic vessels increased, and OPG
levels were related to the severity of stenotic coronary
arteries. Therefore OPG was found to be a risk factor
for progressive atherosclerosis (20). However, Gannage-
Yared did not find a statistical difference in OPG values
between men with or without coronary artery disease.
They suggested that OPG may have a link with fat mass
and glucose homeostasis independently of its association
with atherosclerosis (43). Ueland et al hypothesized that
the OPG/RANK/RANKL axis could be involved in the
pathogenesis of heart failure (HF). In their clinical and
experimental studies, they found that in a rat model of
post-infarction HF, OPG, RANK, and RANKL gene
expression was increased in the ischemic part of the left
ventricle. Enhanced myocardial protein levels of OPG,
RANK, and RANKL were also seen in human HF (21).
Therefore, the increases in OPG and RANKL levels
may be interpreted as the vascular calcification and/or
the heart failure. In order to protect from atherosclerosis
or HF, it is important that OPG and RANKL levels
should be low. The significant reduction we observed in
sRANKL levels in our HIWG is therefore considerable.

In recent years, the role of physical activity on OPG-
sRANKL system has taken attraction; however, the
majority of the studies aimed to point out the role of
physical activity on OPG-RANKL system as bone
remodeling determinants (22-24). To us, examining
the role of physical activity on OPG-sRANKL system
is considerably important since the studies revealed
associations between OPG-sRANKL pathway, vascular
calcification, atherosclerosis and HF (21,39-41,43).
However, we could not find studies examining the
response of the OPG-RANKL system as cardiovascular
risk determinants on physical activity. Therefore, this
study is of great importance since it is the first one
trying to look at exercise and OPG-RANKL system
from this point of view. As the aforementioned studies
have confirmed the relationship between increased
levels of OPG — RANKL system on CHD (21,40-42),
the unchanged levels of OPG in our exercise groups
and the reduction observed in SRANKL levels in the
HIWG may be interpreted as the beneficial effects of
physical activity, particularly high-intensity walking, as
a protective mechanism.
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Despite being the first trial examining the effects of
different-intensity walking programs on hs-CRP —an
important inflammation marker, and OPG-RANKL
pathway as CHD determinants, our study has some
limitations. Its small sample size and relatively short
period make it difficult to generalize the findings. In
addition, lack of similar studies examining the effects
of different type of exercise on OPG-sRANKL system
as CHD determinants prevents us from comparing
our findings with the previous research. Even so, our
findings may be beneficial for future researchers;
however, the results need further investigation in more
crowded groups, with participants from different age
groups, considering the biological variance of the OPG-
RANKL system and preferably with an accompanying
diet program of low-calorie food.

Conclusion

The significant improvements we obtained in VO,
levels, body weight, BMI, and percent body fat support
the currentrecommendations to increase physical activity
to reduce the risk of cardiovascular diseases. However,
we found no significant changes in serum lipids, hs-
CRP and OPG levels. Even so, it is possible to consider
high-intensity walking programs more beneficial for
protective effects against cardiac risk factors and arterial
calcification due to the higher increases in VO, and
significant reductions in SRANKL levels as a result of
high-intensity walking.

References

[1] American Heart Association. (2002) Heart disease and stroke
statistics — 2003 update, American Heart Association, Dallas
(Tex):1-42.

[2] Lakka TA, Venalainen JM, Raumaraa R, Salonen R, Tuomilehto
J, Salonen JT. (1994) Relation of leisure-time physical activity
and cardiorespiratory fitness to the risk of acute myocardial in-
farction. N. Engl J Med. 330:1549-54.

[3] Thompson PD, Buchner D, Pina IL, Balady GJ, Williams MA,
Marcus BH, Berra K, Blair SN, Costa F, Franklin B, Fletcher GF,
Gordon NF, Pate RR, Rodriguez BL, Yancey AK, Wenger NK.
(2003) Exercise and physical activity in the prevention and treat-
ment of atherosclerotic cardiovascular disease: a statement from
the Council on Clinical Cardiology and the Council on Nutrition,
Physical Activity, and Metabolism. Circulation. 107:3109-16.

[4] Koh KK, Ahn JY, Choi YM, Han SH, Kim DS, Kim HS, Ahn
TH, Choi IS, Shin EK. (2003) Vascular effects of step I diet in
hypercholesterolemic patients with coronary artery disease. Am
J Cardiol. 92:708-10.

[5] Ridker PM, Buring JE, Shih J, Matias M, Hennekens CH. (1998)
Prospective study of C-reactive protein and the risk of future
cardiovascular events among apparently healthy women. Circu-
lation. 98:731-3.

[6] Ridker PM, Stampfer MJ, Rifai N. (2001) Novel risk factors for
systemic atherosclerosis: a comparison of C-reactive protein, fi-
brinogen, homocysteine, lipoprotein(a), and standard cholesterol
screening as predictors of peripheral arterial disease. JAMA.
285:2481-5.

184 Esen et al.



[7] Ridker PM. (2003) High-sensitivity C-reactive protein and car-

diovascular risk: Rationale for screening and primary preven-
tion. Am J Cardiol. 92:17K-22K.

[23] Hinton PS, Rector RS, Thomas TR. (2006) Weight-bearing,

aerobic exercise increases markers of bone formation during
short-term weight loss in overweight and obese men and women.

[8] Mattusch F, Dufaux B, Heine O, Mertens I, Rost R. (2000) Re- Metabolism. 55(12):1616-8.

duction of the plasma concentration of C-reactive protein fol-  [24] Ziegler S, Niessner A, Richter B, Wirth S, Billensteiner E, Wolo-
lowing nine months of endurance training. Int J Sports Med. szczuk W, Slany J, Geyer G. (2005) Endurance running acutely
21:21-4. raises plasma osteoprotegerin and lowers plasma receptor acti-
[9] Criswell D, Powers S, Dodd S, Lawler J, Edwards W. (1993) vator of nuclear factor kappa B ligand. Metabolism. 54(7):935-8.
High intensity training-induced changes in skeletal muscle anti-  [25] Walker SN, Sechrist KR, Pender JN. (1995) The health- promot-
oxidant enzyme activity. Med Sci Sports Exerc. 25:1135-40. ing lifestyle profile: Development and psychometric character-

[10] Lecuwenburgh C, Fiebig R, Chandwaney R, Ji LL. (1994) Aging istics. Nurs Res. 36:76-81.
and exercise training in skeletal muscle: responses of glutathi-  [26] American College of Sports Medicine Position Stand. (1998)
one and antioxidant enzyme systems. Am J Physiol. 267: R439- The recommended quantity and quality of exercise for develop-
R445. ing and maintaining cardiorespiratory and muscular fitness, and
[11] Smith JK, Dykes R, Dougles JE, Krishnaswamy G, Berk S. flexibility in healthy adults. Med Sci Sports Exerc. 30:975-91.
(1999) Long-term exercise and atherogenic activity of blood [27] Wei M, Macera CA, Hornung CA, Blair SN. (1997) Changes in

monom.lclear cells in persons at risk of developing ischemic lipids associated with change in regular exercise in free-living
heart disease. JAMA. 281:1722-7. man. J Clin Epidemiol. 50:1137-42.

[12] Fallon KE, Fallon SK, Boston T. (2001) The acute phase [28] Gayda M, Brum C, Juneau M, Levesque S, Nigam A. (2008)
response and exercise: court and field sports. Br J Sports Med. Long-term cardiac rehabilitation and exercise training programs
35:170-3. improve metabolic parameters in metabolic syndrome patients

[13] Geffken DF, Cushman M, Burke GL, Polak JF, Sakkinen with and without coronary heart disease. Nutr Metab Cardio-
PA, Tracy RP. (2001) Association between physical activity and vasc Dis. 18:142-51.

ma.rkers. of inflammation in a healthy elderly population. Am J [29] Adner MM, Castelli WP. (1980) Elevated high-density lipopro-
Epidemiol. 153:242-50. tein levels in marathon runners. JAMA. 243:534-6.

[14] Chu‘rch TS, Barlow C]_E’ -Earnest CP, Kampert J_B’ Prie§t EL, [30] Murphy MH, Murtagh EM, Boreham CAG, Hare LG, Nevill
Blair SN. (2902) Assc')m.atlons betweer.l cardiorespiratory fltne.ss AM. (2006) The effect of a worksite based walking programme
and C-reactive protein in men. Arterioscler Thromb Vasc Biol. : s : -

) on cardiovascular risk in previously sedentary civil servants.
22:1869-76. BMC Public Health. 6:136-43.

Abramson  JL, Vaccarino V. (2002) Relationship be- Tehernof A, Nolan A, Sites CK, Ades PA, Poehlman ET. (2002)
tween physical activity and inflammation among apparently Weight loss reduces C-reactive protein levels in obese post-
healthy middle-aged and older US adults. Arch Intern Med. menopausal women. Circulation. 105:564-9

162(11):1286-92. )
[16] Bassuk SS, Rifai N, Ridker PM. (2004) High-sensitivity 2 Diair SN, KohIHW, Paffenbarger RS, Clark DG, Cooper
. . . . . KH, Gibbons LW. (1989) Physical fitness and all-cause mor-
C-reactive protein: Clinical importance. Curr Probl Cardiol. tality: Aprospective study of healthy men and women. JAMA
29:439-93. : ' '
I N 262:2395-401.
[17] Simonet WS, Lacey DL, Dunstan CR, Kelley M, Chang X . .
MS, Luthy R, Nguyen HQ, Wooden S, Bennett L, Boone T, Shi- Trasy .R' (13197) t{%lt'hiroscl‘;r.c;)m.s, 1th1'”orr;t1>‘0151ss and inflam-
mamto G, DeRose M, Elliott R, Colombero A, Tan HL, Trail G, mation: a probiem ol finkage. F1orinolysts. 11:1-o.
Sullivan J, Davy E, Bucay N, Renshaw-Gegg L, Hughes TM, [34] Munro J, Cotran R. (1988) The pathogenesis of atherosclerosis:
Hill D, Pattison W, Campbell P, Boyle WJ. (1997) Osteoprote- atherogenesis and inflammation. Lab Invest. 58:249-61.
geriq: anovel secreted protein involved in the regulation of bone  [35] Libby P, Ridker PM. (2004) Inflammation and atherosclero-
density, Cell. 89:309-319. sis: Role of C-reactive protein in risk assessment. Am J Med.
[18] Emery JG, McDonnell P, Burke MB, Deen KC, Lyn S, Silver- 116(6):9-16.
man C, Dul E, Appelbaum ER, Eichman C, DiPrinzio R, Dodds 361 Auer J, Berent R, Lassnig E, Eber B. (2002) C-reactive protein
RA, James IE, Rosenberg M, Lee JC, Young PR. (1998) Osteo- and coronary artery disease. Jpn Heart J. 43:607-19.
protegerin is a receptor for the cytotoxic ligand TRAIL, J Biol . .
Tisi F, Hulse M, Chulakadabba A, Gosling P, Shearman CP.

Chem. 273:14363-7. . . . . " .
(1997) Exercise training for intermittent claudication: does it

=

[t

[15

—

[31

—

[33

=

[37

—

[19] Schoppet M" Sattler AM, SChaefer ‘JR' (2003) lncrease:d adversely affect biochemical markers of the exercise-induced
osteoprotc.:germ serum levels in men with coronary artery dis- inflammatory response? Eur J Vasc Endovasc Surg. 14:344-50.
ease. J Clin Endocrin Metabol. 88:1024-8.

. . . [38] Wegge JK, Roberts CK, Ngo TH, Barnard RJ. (2004) Effect of

[20] Rhee EJ, Lee WY, Kim SY, Kim BJ, Sung KC, Kim BS, Kang

diet and exercise intervention on inflammatory and adhesion

JH, Oh KW, Oh ES, Baek KH, Kang MI, Woo HY, Park HS, .
molecules in postmenopausal women on hormone replacement

Kim SW, Lee MH, Park JR. (2005) The relationship of serum . . .
. . . . therapy and at risk for coronary artery disease. Metabolism.
osteoprotegerin levels with coronary artery disease severity, left

. . . e 53:377-81.
ventricular hypertrophy and C-reactive protein. Clin Sci (Lond).
108:237-43. [39] Collin-Osdoby P, Rothe L, Anderson F, Nelson M, Malo-

ney W, Osdoby P. (2001) Receptor activator of NF-B and osteo-
protegerin expression by human microvascular endothelial cells,
regulation by inflammatory cytokines, and role in human osteo-
clastogenesis. J Biol Chem. 276:20659-72.

Bucay N, Sarosi I, Dunstan CR, Morony S, Tarpley J, Cappar-
elli C, Scully S, Tan HL, Xu W, Lacey DL, Boyle WJ, Simonet
WS. (1998) Osteoprotegerin-deficient mice develop early onset
osteoporosis and arterial calcification. Genes Dev. 12:1260-8.

[21] Ueland T, Yndestad A, Oie E, Florholmen G, Halvorsen B,
Froland SS, Simonsen S, Christensen G, Gullestad L, Aukrust
P. (2005) Dysregulated osteoprotegerin/RANK ligand/RANK
axis in clinical and experimental heart failure. Circulation.
111:2461-8. (40

Herrmann M, Herrmann W. (2004) The assessment of bone me-
tabolism in female elite endurance athletes by biochemical bone
markers. Clin Chem Lab Med. 42(12):1384-9.

=

[22

—

Turk J Biochem, 2009; 34 (3) ; 178-186. 185 Esen et al.



[41] Rasmussen LM, Tarnow L, Hansen TK, Parving HH, Flyvbjerg
A. (2006) Plasma osteoprotegerin levels are associated with
glycaemic status, systolic blood pressure, kidney function and
cardiovascular morbidity in type 1 diabetic patients. Eur J En-
docrinol. 154:75-81.

[42] Browner WS, Liu LY, Cummings SR. (2001) Associations
of serum osteoprotegerin levels with diabetes, stroke, bone den-
sity, fractures, and mortality in elderly women. J Clin Endocri-
nol Metab. 86:631-7.

[43] Gannage-Yared MH, Fares F, Semaan M, Khalife S, Jambart S.
(2006) Circulating osteoprotegerin is correlated with lipid pro-
file, insulin sensitivity, adiponectin and sex stereoids in an age-
ing male population. Clin Endocrinol. 64:652-8.

Turk J Biochem, 2009; 34 (3) ; 178-186. 186 Esen et al.



