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INTRODUCTION

Induced by insulin resistance, metabolic syndrome
(MetS) is a fatal endocrinopathy that can be accom-
panied by systemic disorders such as abdominal obesity,
glucose intolerance, increase in serum lipid levels,
hypertension and coronary artery disease (Alberti et al.,
2006). World Health Organization criteria for the
diagnosis of MetS require one of impaired fasting blood
glucose, diabetes or impaired glucose tolerance and two
of the following conditions: hypertension, hyperlipidemia,
central obesity and micro albuminemia (Akram et al.,
2002). About a third of the adult population in the world
has MetS (Ford et al., 2002). Age and sedentary lifestyle
are associated with the increase in the number of people

with MetS and mortality rate among them. This, in turn,
made MetS a bigger community health problem.
Cardiovascular mortality among patients with and without
MetS is 12 and 2.2%, respectively (Grundy et al., 2004).

Besides changes in lifestyle, there is not a single
medication that can treat MetS alone. The most appro-
priate approach, alternative to medical treatment, would
be a total change in lifestyle with the help of healthy
nutrition, cessation of smoking, loss of weight and regular
exercise (Pyorala et al., 2000).

It has been shown that chronic adaptation to exercise,
especially regularly performed, long term, medium
intensity aerobic exercise, lowered risk factors of
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Table 1. Criteria of national cholesterol education ATP Ill. American Heart Association

Treatment Panel Ill, 2002).

Parameter Females Males
Abdominal obesity (Waist length) >88 cm >102 cm
Triglyceride 2150 mg/dL 2150 mg/dl
HDL <50 mg/dL <40 mg/dl
Fasting blood glucose 2100 mg/dL 2100 mg/dl

Blood pressure

>130/85 mmHg

>130/85 mmHg

coronary artery disease such as total cholesterol, LDL-C,
and triglyceride while increasing high-density lipoproteins.
In the meantime, researchers also emphasized that
exercise reduced high blood pressure and obesity related
diseases (Linda et al., 2000). Regular physical activity
reduces the risks of heart attack, ischemic stroke, early
cardiovascular disorders and mortality. It is also known
that exercise decreases the mortality risk due to coronary
heart disease (Timo et al., 2005; Gunter et al., 1996).
Regular, well-planned exercise of no less than 45 to 60
min in duration is required for the prevention of weight
gain.

In related studies the exercises’ frequency and intensity
was determined in terms of the percentage of the heart
rate. However, tolerance to the intensity of the exercise
varies between individuals. Exercise programs prepared
based on resting heart rate or the Karvonen method
(Timo et al., 2005; Arnt et al., 2008) could be perceived
as high intensity by some individuals while others per-
ceive it as low-intensity. Individual differences, especially
genotype, motivation and ability to exercise may affect
the tolerance to intensity (Janine et al., 2006).

The aim of the present study was to examine the
effects on metabolic syndrome components and CRP
level of a 12 week walking/running exercise, which
started with 40 to 60% of resting heart rate and the
intensity is adjusted between easy and somewhat hard
on OMNI scale.

MATERIALS AND METHODS
Study population and design

This study was carried out on 24 males with MetS who fulfilled at
least 3 of the five criteria published in the National Cholesterol
Education ATP Il (Table 1), (American Heart Association
Treatment Panel Ill, 2002). The control and exercise groups were
randomized. Four subjects of the control group were excluded from
study due to various reasons, rendering the control group
comprising 20 male subjects. Mean ages of the exercise and
control groups were 42.08+3.08 and 41.37+2.66 years, res-
pectively. Mean height of the exercise group was 172.83+5.42 cm
while that of the control group was 172.384+8.08 cm. The volunteers
participating in the study were informed about this study and they
signed informed consent form. Every stage of the study was carried
out according to Helsinki Degleration. Ethics approval was obtained
from the Nigde University Ethics Board. In order to keeps the
exercise program to be the only factor affecting the volunteers, diet
and daily routines were not altered throughout the study. None of

the subjects used any medication or consumed cigarette throughout
the study. Health of the subjects was supervised by physicians
during the study.

Measurements

Weight, height and waist measurements were taken by calibrated
tools in the Physiology Laboratory of Nigde University School of
Physical Education and Sports. Weight was measured while the
subjects were bare foot, wearing t-shirt and shorts using a scale
(holtain limited) sensitive to 0.01 kg. Height was measured using a
metal meter sensitive to 0.01 cm while the subjects were bare-foot,
standing straight, with the heels and the head in normal anatomical
position. Waist and hip measurements were taken using inelastic
Gulick measuring tape. While the subjects were standing, with
upper limbs hanging freely, waist measurements were taken after a
normal exhalation on a horizontal plane passing through the
superior-most point of the iliac bone using inelastic Gulick
measuring tape. Hip region was measured at the level of maximal
extension of the buttocks. All measurements were made in the
morning, while the subjects were hungry (Grundy et al., 2005).

Body mass index of the subjects was calculated by the formula
[(weight (kg)/height® (m?)]. Visceral fat rating (VFR) was determined
using bioelectric impedance analyzer (BIA, Tanita Body-Fat
Analyzer model TBF 300). Resting heart rate (RHR) was measured
in the morning from the carotid artery while the subjects lay in the
supine position. Following a 5 min resting, systolic and diastolic
arterial blood pressures were measured in mmHg by the same
researcher over the left arm, using a calibrated aneroid sphygmo-
manometer and stethoscope, while the subjects were in sitting
position.

Laboratory procedures

Blood samples were taken 24 h before the onset of the exercise
program and 48 h after the end of the 12 week exercise program.
After a 12 h fasting, 5 cc of blood was drawn from the antecubital
vein between 8 to 10 am and collected in tubes. Samples were
centrifuged at 3000 rpm for 15 min. The supernatant was
transferred to an eppendorf tube and store at -70C. F asting blood
glucose (FG), total cholesterol (TC), triglyceride, high density
lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol
(LDL-C) levels of the exercise and control groups were measured
by Roche Sismex 2000 XLI kit and analyzer. C- reactive protein (C-
RP) was measured using Olympus AU-600 Autoanalyzer and
relevant test kits. Blood samples were taken by a registered nurse
under the supervision of an Internist in Nigde State Hospital.
Samples were analyzed in the laboratories of the same hospital.

Exercise protocol

The exercise group, comprised of 12 males with MetS, performed
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Variable Exercise group Control group Z P

Age (years) 42.08+3.08 41.3742.66 -1.290 0.197
Height (cm) 172.8345.42 172.3848.08 -0.348 0.728
Weight (kg) 96.41+13.35 94.93+10.54 -0.270 0.787

There were no statistically significant differences between the subjects in terms of physical characteristics

(P>0.05).

walking/ running exercise with loading intensity of 60%, three times
performed the exercise for 60 min and in subsequent weeks, as
endurance and adaptation increased, the duration gradually
increased to 120 min between 7 to 12 weeks. Subjects started the
exercise program with Training Heart Rate Range (THRR),
calculated as THRR=220-age x 60, set between 106 to 110 bpm.
The intensity of exercise was increased by increasing the THRR 5%
every two weeks, taking care not to exceed 70% of the maximal
heart rate. As the exercise program progressed, heart rate
increased to a level of 140 to 150 bpm (American College of Sports
Medicine Position Stand, 2004). Increases in loading intensity were
determined according to OMNI scale two weeks after the start of
the exercise program. The level of exertion neither fell below easy
nor exceeded somewhat hard (Utter et al., 2004).

Applied exercise

In the exercise group, subjects performed 5 min of walking, 5 min of
warming up and 5 min of stretching before each training. Main
training phase comprised of walking/running, followed by 5 to 10
minutes of stretching. To determine the intensity of training, heart
rate was continuously monitored by telemetry. In the first two
weeks, subjects walked at a normal pace three times a week for 3
to 4 km. In weeks 3 and 4, pace was increased and subjects
walked for 5 to 6 km. In weeks 5 and 6, duration of walking and,
therefore, distance was increased. Subjects walked for 1.5 to 2 h
and covered a 7 to 8 km distance. Between weeks 7 and 12, in
addition to walking, subjects participated in group jogging. At the
end of 12 weeks, measurements were repeated and compared to
the first measurements.

Statistical analysis

Statistical analyses were carried out using SPSS (version 16.0)
statistical package. Means and standard deviations of the
parameters were calculated. Wilcoxon and Mann-Whitney U tests
were used to examine the relationships between parameters in
dependent and independent groups, respectively. A p-value less
than 0.05 or 0.01 was considered statistically significant.

Findings

When the pre- and post-exercise measurements were compared in
the exercise group, significant differences were found in weight,
waist, BMI, VFR, RHR, systolic pressure, FG, TC, triglyceride, HDL-
C, LDL-C, and C-RP (P<0.05) while that in diastolic pressure was
not statistically significant (P>0.05).

When the pre- and post-exercise parameters were compared
between the exercise and control groups, significant differences in
RHR, FG, triglyceride, HDL-C, C-RP (P<0.05) was found. On the
other hand, weight, waist, BMI, VFR, systolic and diastolic

pressures, TC, and LDL-C were not statistically different (P>0.05).

DISCUSSION

MetS represents a group of metabolic disorders (Alberti
and Zimmet, 1998). It is an important cause of morbidity
that affects more and more people around the world
(Meigs, 2002). Besides environmental factors such as
sedentary lifestyle and changes in nutritional habits,
some genetic factors play roles in MetS becoming more
prevalent (Janssen et al., 2002; Speakman, 2004).

In the present study, we determined the intensity of
exercise based on the hypotheses that tolerance to
exercise showed personal variations and that variations
in perception of intensity, genetics, motivation and
training ability (Jannie et al., 2006) affected the tolerance
to exercise. At the beginning of the exercise program, the
intensity was adjusted with respect to 60% of the resting
heart rate and during the course of the program adjust-
ments were made between easy and somewhat hard on
OMNI scale. Therefore, while the duration and intensity of
exercise was determined according to RHR at the
beginning of the program, with adaptation to exercise, it
was determined based on OMNI Scale taking into
account the perceived exertion. Following exercise,
subjects in the exercise group experienced 5.67, 8.68,
6.25, 4.55 and 15.89% reductions in body weight, waist
measurement, waist/hip ratio, BMI and VFR, respectively.
These decreases in males of the exercise group were
significant (P<0.002, Table 2). Comparison of the post-
exercise parameters between exercise and control
groups yielded a 6.67% difference in waist-hip ratio
(P<0.05, Table 3) while differences in other parameters
were not statistically significant (P>0.05; Table 4).
Significant reductions in body weight, waist-hip ratio and
BMI following exercise programs have been reported in
numerous studies (Leslie et al., 1995; Sang et al., 2003;
Barbara et al., 2009; David et al., 2002). Amano et al.
(2001) in their study gave a 12 week aerobic exercise
program to obese males and females whose mean age
was 41.6 years. The authors reported significant
reduction in BMI when the subjects exercised for 30 min,
three times a week (Amano et al.,, 2001). Maison et al.
(2001) argued that visceral obesity played a key role in
the development of MetS (Patrick et al., 2001). The
findings of our study are consistent with the literature.
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Table 3. Comparisons of MetS components and C-RP measurements before and after exercise.

Variable Exercise groups Mean + SD Min. Max. Z P
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*P<0.05, *P<0.01.

Ajlan and Mehdi (2005) reported an inverse relation
between BMI and exercise (Al-Ajlan et al., 2005).
Reductions in weight, waist size, waist/hip ratio and
BMI following exercise program are indicators of benefits
of exercise on these parameters. The risk of CVD
increases when BMI is over 30 kg/m2 and decreases
when it is under 20 kg/m* (Zhengming et al., 2006).

Reductions in these parameters can be explained by
increased utilization of fat for the basal metabolism during
the process of moderate intensity exercise or increased
utilization of fat as a source of energy during aerobic
exercise (Jacops et al., 2000).

In the present study, a 4.11% decrease in RHR and
5.8% decrease in systolic pressure was found after the
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Table 4. Comparison of the exercise and control groups with respect to pre-exercise and post-exercise MetS components and CRP

measurements.

Variable Groups Pre-exercise (Mean+SD) Z P Post-exercise (Me an+SD) Z P
Systolic (mmHg) E)(;irtfcl)slzgorssp 11?2;:1?.87 197 04713 11?352?31 0.788  0.473
e Domewan 1999 amroom SESN am omo
e Bomewow MBIy oa SIS g oo
g DomeOoR  ZIOL ng oo DEET L o
P eedon ISHO oo g RIT s o

*P<0.05, **P<0.01. (RHR beat/min 0.001** , FG (mg/dl) 0.000**, HDL-C (mg/dl) 0.000** and C-RP (mg/dl) 0.000%**).

exercise program, both of which were statistically
significant (P<0.05, Table 3). Diastolic pressure before
and after exercise did not change significantly (P>0.05,
Table 3). Comparisons of the pre- and post-exercise
RHR between exercise and control groups revealed a

6.21% difference in RHR (P<0.05, Table 4) while
differences in systolic and diastolic pressures were not
statistically significant (P>0.05, Table 4).

In a study that examined the effects of regular exercise
on cardiovascular risk factors, researchers found that
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resting heart rate of people who exercised was lower
than resting heart rate of people who did not (Mahanonda
et al., 2000). Kerrie et al. (2001) noted a significant
decrease in systolic but not in diastolic blood pressure
after a 12 week walking exercise. Authors did not find
significant changes in blood pressures in the control
group (Kerrie et al., 2001). Janssen et al. (2001) reported
a systolic pressure of 125 mmHg and a diastolic pressure
of 77 mmHg. In another study, heart patients performed
circuit training which resulted in a significant decrease in
systolic blood pressure after exercise (Green et al.,
2001). Fagard (2001) observed decreases in blood
pressures following training three to five times a week,
lasting 30 to 60 min per session, at an intensity of about
40 to 50% of net maximal exercise performance (Fagard,
2001). Oksliz (2004) reported 4 to 8 mmHg decrease in
systolic blood pressure in people who exercised
regularly. The author argued that walking 3 to 4 times a
week for 30 to 45 min, at 60 to 70% of target heart rate
was more effective than jogging. The decrease in RHR in
response to aerobic exercise and the significant decrease
in systolic blood pressure as opposed to insignificant
decrease in diastolic pressure could be attributed to
physiological adaptation to exercise (Wiliams et al.,
2007) and, alleviation of arterial stiffness, total systemic
arterial compliance and, consequently, decrease in blood
pressure (Tanaka et al., 2000).

In the exercise group, pre- and post-exercise FG levels
were 111.33+£7.19 and 91.25+5.70 mg/dl, respectively.
This 11.13% decrease was statistically significant
(P<0.002, Table 3). Even though pre-exercise FG level
was not significantly different between the exercise and
control groups (P>0.05, Table 4), the 18.77% post-
exercise difference between exercise and control groups
was statistically very significant (P<0.00, Table 4).

Normand et al. (2005) carried out a study in which 280
males conducted a 20 week endurance exercise,
whereby the subjects started the exercise with 55% of
maxVO2 and ended with 75% of MaxVO?2 after gradual
increases and noted significant change in FG. In a 6
week treadmill exercise study (2005) on 20 subjects with
a mean age of 52, Nayak et al. (2005) reported a 39.4%
decrease. The authors argued that aerobic exercise was
a means to regulated blood glucose level, attributing this
to endurance exercise, facilitating glucose uptake and
working muscle being more sensitive to insulin than
muscle at rest.

As defined in the AHA ATP lIl, one of the MetS criteria,
FG should exceed 110. In order to gain a metabolic
benefit from exercise and have an impact on insulin
resistance, the intensity of the exercise programs should
be over 60% (Ronald et al., 2006). Researchers have
emphasized that FG is decreased significantly and
sensitivity to insulin was increased after structured,
regular, long-term exercise (lan et al., 2007).

In the exercise group, there were 8.37, 15.65 and
12.34% decreases and 15.65% increase in Total-C,

triglyceride, LDL-C and HDL-C levels, respectively,
between before and after exercise, with all changes being
statistically significant (P<0.05, Table 3). When the post-
exercise values were compared between exercise and
control groups, changes in the triglyceride (19.22%) and
HDL-C (18.72%) levels in the exercise group were
statistically significant (P<0.05, Table 4).

The study of Frohlich et al. (2000) showed that Total-C,
triglyceride, LDL-C levels were elevated and HDL-C level
was lowered in MetS. In a study by Linda et al. (2000), a
16 week aerobic, resistance or combined training given to
three groups showed a decrease in triglyceride and
increase in HDL-C levels in the aerobic training group.
The authors reported improvements in lipoprotein and
lipid profiles and body composition of the subjects in the
aerobic training group at the end of the program while
there were no changes in the resistance group (Linda et
al., 2000). In another study, Arthur et al. (2000)
investigated the effects of a 20-week bicycle ergometer
exercise on plasma lipid levels on a total of 675 males
and females, and reported decreases in Total-C and
triglyceride levels, increase in HDL-C level after the
exercise and a negative correlation between HDL-C
increase and body fat in males. Our results are consistent
with their findings.

The study of Couillard et al. (2001) on 200 males
revealed that regular endurance exercise was useful in
elevating HDL-C while decreasing triglyceride levels and
excessive abdominal fat. They argued that the increase
in HDL-C with endurance exercises was as a result of the
decrease in body weight or body fat. In another study on
444 subjects with a mean age of 5819 years, significant
decreases in the levels of Total-C, triglyceride and LDL-C
and a significant increase in HDL-C were reported follow-
ing a 3-week cardiac rehabilitation program 3. Significant
and beneficial, relationships have been reported between
regular, moderate physical activity and plasma lipids,
leading to the conclusion that physical activity could
prevent coronary heart disease (Lakusic et al., 2004).
Kim et al. (2001) studied the effects of frequency and
intensity of exercise on lipid levels in male coronary heart
disease patients demonstrated that increase in the
number of exercise sessions being attended caused an
increase in HDL-C, which, in turn, improved LDL-C and
Total-C ratios. It has been argued that performing
exercise more frequently was more effective on serum
lipid levels than on the intensity of training (Kim et al.,
2001) and that the level of physical activity strongly
correlated with plasma HDL-C level (Al-Ajlan et al.,
2005). It has been reported that regular physical activity
of aerobic nature had positive effects on lipid metabolism
and lipid profile, resulting in lowered Total-C, LDL-C and
triglyceride levels and elevated HDL-C level (Lakusic et
al., 2004; Kim et al, 2001). In the present study,
significant decreases in serum lipid levels observed in the
experiment group (P<0.05, Table 3) suggested an
improvement in CVD risk, which is in line with the



literature findings (Scott et al., 2002).

In a study, C-RP decreased from 1.91+0.34 to
1.01+0.19 mg/d! following a 12 week exercise program.
This corresponded to a statistically significant 47.12%
decrease (P<0.05, Table 3). Comparison of the after-
exercise values of the exercise and control groups
showed 86.14% difference in C-RP in favor of the
exercise group (P<0.001, Table 4).

Donges et al. (2010) carried out a study on 102
sedentary subjects and investigated the effects of
resistance or aerobic exercise training on Interleukin-6,
C-RP and body composition. They found that C-RP level
in the aerobic exercise group was 32.8% lower. Another
study reported high CRP levels in subjects with MetS
(Ridker et al., 2001). C-reactive protein is a major acute
phase reactant that has been identified a long time ago.
Serum concentration of C-RP increases in the presence
of inflammation, infection and tissue damage. As an
acute phase reactant, C-RP facilitates removal of
damaged cells by binding to phosphocholine (Gabay et
al., 1999). C-RP adds to the predictive capacity of
cardiovascular risk factors (Pearson et al., 2003).
Numerous studies reported associations between high C-
RP and low physical activity levels (Nicklas et al., 2005;
Fischer et al., 2005). Kasapis and Thompson (2005) and
Fallon et al. (2001) reported that chronic physical activity
lowered C-RP significantly. Long-term, regular physical
exercise also result in a decrease in C-RP as physical
activity suppresses low grade inflammation (Keller et al.,
2004). Low grade inflammation and long-term regular
exercise protect people against the syndrome (Pedersen
et al., 2003). In another study, Ford (2002) argued that
physical activity reduced inflammation and had a critical
impact on preventing the development of CVD. Despite
certain constraints of the study such as small sample
size, the results are consistent with previous findings
such that it demonstrates the benefits of physical activity
on known adverse effects of infection and obesity on
chronic systemic inflammation in healthy individuals.

By implementing a 12 week long walking/running
exercise program and adjusting the loading intensity
between easy-somewhat hard, significant changes in the
MetS components and C-RP levels were achieved in the
subjects (P<0.05). Following the exercise program,
comparison of the exercise and control groups showed
significant differences in the MetS components and CRP
in favor of the exercise group (P<0.05). By using OMNI
scale, we excluded changes outside of these values and
achieved a standard exercise.

To date, different and effective drugs are being used for
the control of each of the components in people with
MetS. However, persuading patients to exercise and
getting into a habit of exercising regularly is a more
potent and effective way. Moreover, patients need to be
educated with regard to habit of exercising. One of the
secondary protective measures in patients with MetS is
personalized, regular and structured exercise. In various
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studies (Al-Ajlan et al., 2005; Fagard, 2001; Normand et
al., 2005; Ridker et al., 2001), loading intensity was
based on certain criteria. In the present study, loading
intensity of the walking/running program was assessed
by OMNI scale. We noted that the beneficial effects
observed in MetS components and C-RP during classical
practice was comparable to those when OMNI Scale was
used.

In conclusion, by using OMNI scale to determine the
loading intensity, people can plan and perform an
exercise program without the need for a trainer or a gym
by adjusting the intensity of exercise based on perceived
exertion. This, in turn, will help get rid of the adverse
effects of MetS and reduce inflammation that leads to
development and progression of CVD.
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