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a b s t r a c t

The purpose of this study is to investigate the effect of 16 weeks step-aerobic exercises and core exercises
on left ventricular structure and function with some physiological parameters in sedentary women.
Methods: To achieve the purpose of this study, a total of 45 volunteers including (step-aerobic group
(SAG, n ¼ 25), core exercise group (CEG, n ¼ 20) were selected as participants. Two different exercises
were applied for 4 days a week, throughout 16 weeks, within 60 minutes for each exercise with the
intensity of heart rate (HR) 60-70 percent. The HR was measured using a heart rate monitor for each
subject. The physical, biochemical and echocardiographic characteristics of the women were measured
before and after the exercise.
Results: During the exercise periods, there were a meaningful decrease in the body weight, BMI, value of
waist region and hip circumference of the women in both intervention groups as well as in the values of
HR, DBP, SBP (p < 0,05). In addition, serum homocysteine (Hcy) and high-sensitivity C-reactive protein
(Hs-CRP) levels decreased and the VO2max and left ventricular diastolic end-diastolic dimension
increased in both SAG and CEG (p < 0.05). The left ventricular diastolic functions of the SAG improved
more than CEG. Left ventricular systolic ejection time and fractional shortening meaningfully improved
in both SAG and CEG (p < 0.01).
Conclusion: 16 weeks of step-aerobic and core exercise showed significant changes of inflammatory and
lipid markers with cardiac dimensions and had favorable effects on both left ventricular systolic function.
Left ventricular diastolic function had more improved in SAG than the CEG.

© 2017 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

An increasing number of factors making life easier have brought
have brought about an increased physical inactivity globally.1

Sedentary life is one of the biggest public health problems in the
21st century.2 There is strong evidence that physical weakness
caused by inactivity decreases resistance to various diseases, in-
creases risk of many diseases such as type 2 diabetes and obesity,
and that coronary heart disease and hypertension are among the
most important causes of death and disability.3,4 The importance of
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regular physical activity is emphasized in order to maintain a
healthy life and to have both preventive and healing effects for
many diseases.5,6 It is known that cardiovascular risk factors are
greatly improved through the cardiovascular changes that occur
with regular and long-term exercise.3,7

Many studies have shown that structural and functional changes
in the left ventricle during exercise are greater than other parts of
the heart.8,9 Long-term exercises leading to morphological adap-
tation in the left ventricle may vary according to the type of sport
being performed, its severity and extent. Regular endurance
training can cause different changes in the structure and function of
the heart and skeletal muscle.10,11 Using conventional echocardio-
graphic methods, both left ventricular (LV) diastolic and systolic
functions have been shown to develop with training.12e14
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Many people who want to do sports practice in different exer-
cises under the leadership of sports trainers. But what kind of
cardiovascular exercise is more effective than it is important to
clearly specify.

The present study determined whether step-aerobic or core
exercises are more effective in left ventricular cardiac function
development and reducing cardiovascular risk factors in middle-
aged women.

2. Material and methods

2.1. Participants

Forty-five healthy sedentary women participated voluntarily in
this study. We asked face to face all candidates self-reported. They
did not attend regularly sports activities (more than one hour per
week), before this study. All participants underwent health exams
to ensure that they were not taking any medications and cigarettes
or anti-pregnancy drugs and were free of any kind of heart disease,
respiratory, metabolic or inflammatory disorders. All selected par-
ticipants were randomly divided into two groups as step-aerobic
group (SAG, n ¼ 25, age 34.04 ± 3.74), core exercise group (CEG,
n ¼ 20, age 35.15 ± 6.25) years. The Clinical Research Ethics Com-
mittee in Medical Faculty of Ondokuz Mayis University approved
the study (2012/141) in accordancewith the policy statement of the
Turkey Ministry of Health. The principles set out by the Declaration
of Helsinki and national and local ethical guidelines for research
were also followed. All participants completed a medical ques-
tionnaire and check up in the hospital then they were informed
about the possible risks and discomfort involved before giving their
written consent to participate.

3. Experimental procedure

3.1. Exercise intervention

The exercise program for two groups was undertaken 4 days of
each week during 16 consecutive weeks. In both exercise group
performed the exercise program in the gym under the leadership of
sports trainers. Training intensity was calculated with Karvonen
methods separately for each participant.15 The target heart rate
(THR) was controlled using a heartbeat monitor for each subject
(Polar, made in Finland), and throughout the 16-week, exercise
intensity was increased progressively from HR 60% to 70 % (be-
tween 1st and 4th week was HR 60%, between 5th and 8th week
was HR 65% and 9th and 16th was HR 70%). Each exercise session
was of 1h duration and consisted of warm-up exercises (10min),
primary exercises (30-40min, basic movements step-aerobic) and
cold-down (10 min). CE; warm-up exercises (10 min), primary ex-
ercises (30-40 min core exercises provide basically more strength
for lower and upper extremities include 3 sets/day, 10 repetitions/
set, 1e2min resting interval) and cold-down (10 min).16,17

3.2. Procedure and measurement

Height was measured to the nearest 0.1cm on a stadiometer
when the participants were shoeless. Body weight of subjects in
bare feet, t-shirts and tights was measured by the weighing in-
strument in kilograms ±0.01 kg. Body height of participants in bare
feet was measured by the ruler in centimeters ±0.01 cm. Bodymass
index (BMI) was calculated as weight/height2 (kg/m2). The fatmass
to determine Bodystat 1500 MDD equipment was used. The par-
ticipants were asked to breathe out for measurement of their waist
circumference (WC), which was measured to the nearest 0.1cm at
the iliac crest. When viewed from the side, hip circumference (HC)
was evaluated at the level of the maximum extension of the thigh,
and waist-hip ratio (WHR) equals the waist circumference (WC)
divided by the hip circumference (HC); WC (cm)/height (m).

3.2.1. Resting heart rate
12-lead electrocardiogram, and blood pressure (BP) were

recorded in the sitting position. The participants were told to sit
upright in a straight backed chair. Both feet were placed flat on the
floor and the right arm was resting on a table with the elbow in a
flexed position. BP at rest was obtained from the right arm by
auscultation using a mercury sphygmomanometer and the resting
heart rate (HR) was recorded from a 12-lead electrocardiogram
with the subject sitting in an armchair just before the upright ex-
ercise test.

3.2.2. Maximal oxygen uptake
Maximal oxygen uptake (VO2max) was determined by 20 m

shuttle run test. For this aim, Powertimer PC 1.9.5 Version Newest
device was used. This consisted of shuttle running between two
met alters placed 20m apart at increasing fast speeds. Two photo-
cells has been placed on the starting and ending at the 20 meters
running distance.

3.2.3. Blood sample analyses
Blood was drawn from the deep arm vein in the morning after

overnight fasting at the pre and post 16 weeks. Total cholesterol
(TC), High density lipoprotein-cholesterol (HDL-C), triglyceride
(TG) was assessed by the enzymatic colorimetric test (Roche di-
agnostics Moduler P 800).

Low density lipoprotein-cholesterol (LDL-C) was calculated by
the formula TC2 (HDL-C1TG/5).

Serum Homocysteine (Hcy) and high-sensitivity C-reactive
protein (Hs-CRP) were measured using immunodiffusion (EL_IZA
Perkın Elmer Vıctor).

3.3. Echocardiography

The participants underwent a standard echocardiographic ex-
amination M-mode, two-dimensional echocardiographic and pulse
Doppler studies were performed using (Vivid 7 scanner with a 2.5
MHz transducer (GE Vingmed Ultrasound, Horten, Norway) with a
2.5 MHz transducer. Examinations were performed by one expe-
rienced cardiologists, who is blinded to the group intervention,
with subjects resting in the left lateral supine position.

Two dimensional echocardiography was performed at the time
of the baseline assessment and at 16 weeks. Echocardiograms were
performed by experienced cardiologists and repeated by the same
technicianwithin each center wherever possible, with care taken to
obtain similar serial images. Images were videotaped at the end of
the expiration phase of normal respiration. A standard protocol was
used based on apical four and two-chamber views according to the
recommendations of the American Society of Echocardiogra-
phy.18,19 The following variables weremeasured or derived: LV end-
diastolic dimension (LVDD), end-systolic dimension (LVSD), inter-
ventricular septum thickness (IVS), left ventricular posterior Wall
(LVPW), MDT ¼ mitral deceleration time, left ventricular ejection
fraction (LVEF), left ventricular Fractional shortening (LVFS).

(LVEF) was calculated as quotient LVEF ¼ (LVEDV�LVESV)/
LVEDV � 100

(LVFS) was calculated as the quotient LVFS ¼ (LVEDD�LVESD)/
LVEDD � 100

Pulsed Doppler mitral flow was recorded in an apical two



Table 2
Anthropometric data (mean ± SD).

SAG (n ¼ 25) CEG (n ¼ 20)

Age (years) 34 ± 3.7 35.1 ± 6.2
Height (cm) 159.3 ± 5.8 159 ± 6.1
Weight (kg) 74.2 ± 8.7 74.9 ± 8.1
BMI (kg/m2) 29.3 ± 3.5 29.6 ± 2.2
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dimensional four-chamber view with the sample volume placed at
the tips of the mitral valve leaflets opened during diastole. Early
peak (E), atrial peak (A) LV filling velocities and the E/A ratio were
used as indexes of global diastolic function.20

3.4. Statistical analysis

All statistical data obtained from the study was calculated with
licensed.

SPSS 19.0 packet program. Arithmetic means and standard de-
viationwere calculated with this program. Test of normality for the
data's were made by Shopiro-Wilcoxon test. And then parametric
tests applied. The evaluation inside the group was made by Paired
Samples-t test, and evaluations between-group differences in
baseline values and intervention induced changes were tested by
analyses of variance independent-t test. Statistical significance
were accepted as and p < 0.05, p < 0.01.

4. Results

In intragroup comparison before and after 16 weeks of exercise
(Table 3), significant decrease in weight, BMI, fat mass, waist, hip,
SBP and HR values (p < 0.01) and DBP value (p < 0.05) of SAG and
CEG was detected. VO2max values also showed significant increases
in both groups (p < 0.01). In intergroup comparisons (Table 3); The
CEG programwas found to bemore effective in improving hip value
than SAG (p < 0.05).

Serum lipids and inflammatory markers after 16 weeks of ex-
ercise (Table 4); significant decrease in TC, Hcy and Hs-CRP values
(p < 0.05) of SAG and CEG was detected. LDL-C values also showed
significant decrease in SAG (P < 0.01) and CEG (p < 0.05).

When looked at echocardiography results after 16 weeks of
exercise (Table 5); Left ventricular cardiac structural parameters of
SAG improved better than CEG (p < 0.05). Significant improvement
in left ventricular diastolic function parameters was observed only
in Mitral A (p < 0.05) and Mitral E/A (p < 0.01). While there was a
significant improvement in EF and FS in left ventricular systolic
function of both exercise groups (p < 0.05). When we comparison
between groups left ventricular posterior wall parameter of CEG
improved better than CEG (p < 0.05).

5. Discussion

5.1. Physical and physiological parameters

In this study, middle-aged sedentary women were given a 16-
week aerobic-step and core exercise program, and the effects of
Table 1
Core exercises program.17

Exercises pProgram Intensity

Warm eup (10 min) RPE, 7e9
Main exercise
(35-40 min)

60%-70% 3 sets/10 repetitions/set,
(1e2min resting interval)

Cooldown (10 min) RPE, 7e9
exercise programs applied to prevent left ventricular diastolic and
systolic functions and cardiovascular risk diseases as well as
changes in physical, anthropometric and physiological parameters
of both exercise groups were examined.

In our study, both groups of exercise caused significant changes
in body mass, BMI, fat mass, waist and hip parameters positively,
and that regular aerobic and strength exercises were effective on
physical and anthropometric parameters positively.3,21e23

Comparing the two groups, it can be concluded that CEG causes
more decrease around the hip than SAG because core exercises
mainly provide more force production to the upper and lower
limbs, and mainly involve regional exercises.24,25 The most impor-
tant risk factor for cardiovascular morbidity and mortality is hy-
pertension26 and it is also known that increased resting heart rate is
an independent risk factor associated with cardiovascular
morbidity and mortality.27 In addition, increased heart rate may
also increase atherosclerosis, cardiac ischemia, cardiac hypertrophy
and heart failure.28,29 In the Framingham heart study, patients with
high-normal blood pressure (systolic blood pressure 130-
139 mmHg, diastolic blood pressure 85-89 mmHg, or both) were
twice as likely to have a cardiovascular disease risk compared to
those at low levels.30,31 In this study, SBP decreased from 127 ± 6 to
122.7 ± 5.9 mmHg, DBP decreased from 75.8 ± 4.6 to
73.2 ± 5.2 mmHg in SAG, and SBP decreased from 130 ± 9 to
126.4 ± 7.6 mmHg, DBP decreased from 78 ± 6.6 to
73.7 ± 4.3 mmHg in CEG. It was also observed that systolic and
diastolic blood pressures of SAG and CEG were closed to cardio-
vascular disease risk before exercise, but at the end of the study
there was a positive improvement indicating that subjects in both
exercise groups were away from the risk of cardiovascular disease.
It can be argued that the regular exercise of aerobic and strength
exercises causes positive developments in systolic and diastolic
blood pressures.3,32 Significant reductions in HR of SAG and CEG
were observed in our study. It can be thought that aerobic and
resistance exercises cause significant reductions in heart rate with
regular training in sedentary middle-aged women33 and the
contraction strength of the heart is caused by increases in the pulse
volume.34,35
Core exercise Frequency

Hip lifts with knee 4 Times/wk
Crunches
Side crunch
Double crunch
Reverse crunch
Legs straight up crunches
Side-lying crunch
Half-up twists
Bicycles
Push-ups on knees
Plank leg lifts
Superman d opposite arm and leg extension
Squats
Side lunge, left and right
Stretching



Table 3
The comparison of physical and physiological parameters between baseline and after 16 weeks.

Variables Step-aerobic group (SAG) Core exercise group (CEG)

Pre (0 wks.) Post (16 wks.) Pre (0 wks.) Post (16 wks.)

Weight (kg) 74.2 ± 8.7 69.5 ± 8.7** 74.9 ± 8.1 70.6 ± 7.8**

BMI (kg/m2) 29.3 ± 3.5 27.5 ± 3.6** 29.6 ± 2.2 27.9 ± 2.3**
Fat Mass (kg) 29.5 ± 7.8 24.8 ± 6.8** 30.2 ± 5.1 24.9 ± 4.8**
Waist (cm) 93.8 ± 11.8 88.1 ± 9.8** 94 ± 6.8 87.1 ± 6.4**
Hip (cm) 113.6 ± 7.6 108.3 ± 8.7** 113 ± 5.7 106.2 ± 5.9**
WHR (cm) 0.8 ± 0.1 0.8 ± 0.1 0.8 ± 0.1 0.8 ± 0.1
SBP (mmHg) 127 ± 6 122.7 ± 5.9** 130.1 ± 9 126.4 ± 7.6**
DBP (mmHg) 75.8 ± 4.6 73.2 ± 5.2* 78 ± 6.6 73.7 ± 4.3*
Rest HR (beats/min) 84 ± 10.9 76.4 ± 8** 85.6 ± 10.6 78.2 ± 7.6**
VO2max (ml/kg/min) 25.7 ± 1.3 33.3 ± 3.8** 25.1 ± 1.7 31.2 ± 4.1**

Values are means ± SD. *P < 0.05: The mean difference is significant at the 0.05 level (paired t-test); **P < 0.01: The mean difference is significant at the 0.01 level (paired t-
test).
#p < 0.05: The mean difference is significant at the 0.05 level (Independent-t test).
Abbreviation: BMI: body mass index, WHR: waist/hip ratio, SBP:systolic blood pressure, DBP:diastolic blood pressure, HR: hearth rate, VO2max: maximal oxygen uptake.

Table 4
The comparison of serum lipids and inflammatory markers between baseline and
after 16 weeks.

Variables Step-aerobic group (SAG) Core exercise group (CEG)

Pre (0 wks.) Post (16 wks.) Pre (0 wks.) Post (16 wks.)

TC (mg/dl) 181.2 ± 35.8 169.0 ± 25* 178.4 ± 38.9 167.9 ± 34.8*
TG (mg/dl) 112.5 ± 61.2 109.3 ± 43.3 102.0 ± 55.1 91.1 ± 27.5
HDL-C (mg/dl) 52.9 ± 10.4 52.4 ± 9.1 58.4 ± 12.9 58.5 ± 10.2
LDL-C (mg/dl) 105.2 ± 30.4 94.3 ± 22.3** 99.0 ± 33.7 90.5 ± 31.4*
Hcy (mmol/L) 10.1 ± 6.1 7.5 ± 3.9* 10.2 ± 4.4 8.2 ± 2.8*
Hs CRP (mg/L) 1.5 ± 1.5 0.6 ± 1.0* 1.2 ± 0.9 0.4 ± 0.9*

Values are means ± SD. *P < 0.05: The mean difference is significant at the 0.05 level
(paired t-test); **P < 0.01: The mean difference is significant at the 0.01 level paired
(t-test); #p < 0.05: Themean difference is significant at the 0.05 level (Independent-
t test; X±SD: mean ± standard deviation.
Abbreviation: TC: Total cholesterol; TG: Triglyceride; HDL-C: high density lipo-
protein- cholesterol; LDL-C:Low density lipoprotein; Hcy: Homocysteine; Hs-CRP:
high-sensitivity C-reactive protein.

Table 5
The comparison of left ventricular (LV) function between baseline and 16 weeks.

Variables Step-aerobic group (SAG) Core exercise group (CEG)

Pre (0 wks.) Post (16 wks.) Pre (0 wks.) Post (16 wks.)

LVEDD (mm) 46.2 ± 2.1 47.1 ± 2.8* 45.0 ± 2.7 46.5 ± 2.8*
LVESD (mm) 28.3 ± 2.3 28.3 ± 2.0 27.5 ± 2.4 27.3 ± 1.9
IVS (mm) 10.6 ± 0.6 11.0 ± 0.6* 10.5 ± 0.7 10.6 ± 0.6
LVPW (mm) 10.2 ± 0.8 11.0 ± 0.6** 10.1 ± 0.9 10.4 ± 0.7#
Mitral E (m/s) 0.78 ± 0.1 0.82 ± 0.1 0.80 ± 0.2 0.85 ± 0.1
Mitral A (m/s) 0.66 ± 0.1 0.57 ± 0.1* 0.62 ± 0.1 0.63 ± 0.1
Mitral E/A 1.19 ± 0.2 1.44 ± 0.2** 1.34 ± 0.4 1.38 ± 0.3
LVEF (%) 68.4 ± 3.7 70.4 ± 3.3* 68.5 ± 4.7 70.5 ± 3.4*
LVFS (%) 39.0 ± 3.1 40.2 ± 3.2* 38.1 ± 3.7 40.1 ± 3.2*

Values are means ± SD. *P < 0.05: The mean difference is significant at the 0.05 level
(paired t-test); **P < 0.01: The mean difference is significant at the 0.01 level (paired
t-test); #p < 0.05: Themean difference is significant at the 0.05 level (Independent-t
test; X±SD: mean ± standard deviation.
Abbreviation: LVEDD: left ventricular end-diastolic dimension, LVESD: left ven-
tricular end-systolic dimension, IVS: interventricular septum thickness, LVPW: Left
ventricular posterior wall, E: peak early diastolic mitral flow velocity, A: peak late
diastolic mitral flow velocity, LVEF: left ventricular ejection fraction, LVFS: left
ventricular Fractional shortening (Tables 1 and 2).
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VO2max is accepted as a demonstration of cardiovascular health
and cardiopulmonary fitness.36 One of the aims of our study was to
increase women's VO2max by applying step-aerobic and core exer-
cise programs at 60-70%37e39 in addition, improving left ventricular
cardiac parameters.40,41 At the end of the study, therewas a positive
increase in VO2max in SAG and CEG42 and resulting in positive im-
provements in some cardiac parameters of the left ventricle. For
this reason, we can say that regular exercises on women in both
exercise groups benefit cardiorespiratory fitness and primary and
secondary protection of cardiovascular diseases.43

Lipid and lipoprotein abnormalities play a major role in the
development and progression of coronary artery disease.44 Benefits
include improved serum lipid profiles, blood pressure and inflam-
matory markers as well as reduced risk of stroke, acute coronary
syndrome and overall cardiovascular mortality45

Several studies have shown that exercise can cause improving
effect on serum HDL-C, LDL-C and TG46,47 while some other studies
didn't found any significant differences after exercises.48,49 We
found significant decrease in serum TC and LDL-C levels in SAG and
CEG after 16-week exercise period. Our study showed that both
exercise interventions have lowered serum bad cholesterol profile,
which are related to atherosclerosis. On the other hand, HDL-C is
called “good” cholesterol. Its level that are below 50 mg/dL for
women indicate an increased risk of atherosclerotic cardiac disease.
We didn't find any significant change in HDL-C levels after exercise
period. But serumHDL-C levels in both exercise groups werewithin
normal limits (52.9 ± 10.4 for SAG and 58.4 ± 12.9 for CEG) before
the exercise period in our study. We can say that exercise inter-
vention can not affect HDL-C levels in women with normal HDL-C
values. These finding also suggest that women with lower levels
of HDL-C are more likely to benefit from exercise training.

Serum Hcy and Hs-CRP levels are well known risk factor for
atherosclerosis and related cardiovascular diseases.50 The cut-off
points of low risk (<1.0 mg/L), average risk (1.0 to 3.0 mg/L), and
high risk (<3.0 mg/L) correspond approximately of hs-CRP tertile in
the adult population.51 Our study have significantly improved
serum Hs-CRP level in SAG of 1.5 ± 1.5 to 0.6 ± 1.0 and CEG of
1.2 ± 0.9 to 0.4 ± 0.9 after 16-week exercise period and also Hcy
levels significantly decreased in both groups. These findings sug-
gest that both of the aerobic and core exercise interventions have
efficiently reduced the serum inflammatory markers even at low
concentrations.

5.2. Left ventricular function

The effects of regular exercise on the heart have been known for
many years.4 It is generally accepted that intensive and long-term
physical training stimulates heart-balanced hypertrophy with
increased cavity dimensions of right and left ventricles with
increased left ventricular wall thickness.14,52 In our study, as a result
of SAG and CEG 16-week programs, the improvement in left
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ventricular cardiac parameters in both groups may be attributed to
the ability of long-term aerobic and force exercises to increase the
left ventricular dimension and ventricular septum to thicken the
posterior wall, as well as to alter eccentric left ventricular hyper-
trophy.53,54 Significant increases were observed in the LVEDD, IVS
and LVPW values of SAG, while the LVEDD value of CEG was
significantly increased, but the IVS and LVPW values were slightly
improved. In contrast to SAG improved in left ventricular cardiac
structural functions than CEG, no significant improvement was
found in the LVESD values of both groups. This is because of that
some studies do not show significant changes in heart size with
exercise, but some may cause significant increases.55,56 In addition,
these changes may show some changes depending on the intensity
and duration of the exercise.57

Regular exercise increases venous return to heart and thus in-
creases cardiac output (CO).58 This index represents the ejection
fraction (EF), which is the systolic capacity of the left ventricle. Left
ventricular EF is assessed using the total amount of blood entering
the left ventricle and the amount of blood remaining after a beat.4

Briefly, EF shows the state of contraction of the heart.59 EF and FS
values of both groups increased significantly in our study. This can
be attributed to the fact that in both groups, after long-term exer-
cise, aerobic capacity development and VO2max value were
increased, and both groups were well adapted to the exercises
applied, resulting in improved left ventricular systolic function.57

Various studies such as durability, combined dynamics and
strength sports have shown that they improve diastolic perfor-
mance indices.60e62 As a result of our regular 16-week exercises, it
was found that there was increase in E/A ratio of only SAG,14,63 and
Mitral A value was decreased.14 For this reason, we can say that
aerobic exercises are more effective in improving the diastolic
function of the heart in sedentary women.

6. Conclusion

In this study, regular step-aerobics and core exercises have been
shown to reduce the risk of cardiovascular disease with the
development of VO2max in sedentary women and a significant
improvement in systolic and diastolic blood pressures as well as
reduction of LDL-C with inflammatory markers such as hs-CRP and
Hcy. In addition, improvement in left ventricular cardiac parame-
ters and systolic functionwas observed in both exercise types. Step-
aerobic exercise can be said to be a more effective exercise in
improving left ventricular diastolic function. One limitation of our
study is that we did not perform nutritional restriction in our study
groups and focused on the effect of only exercise intervention in
sedentary women. Further studies are needed to evaluate the
combined effect of both exercise and diet on atherosclerotic risk
factors.

References

1. Bauman AE, Reis RS, Sallis JF, et al. For the Lancet Physical Activity Series
Working Group. Correlates of physical activity: why are some people physically
active and others not? The Lancet. 2012;380(9838):258e271.

2. Pederson A, Haworth-Brockman MJ, Clow B, et al. Rethinking Women and
Healthy Living in Canada. Vancouver: British Columbia Centre of Excellence for
Women’s Health; February-2013:165.

3. Sillanp€a€a E, H€akkinen A, Punnonen K, et al. Effects of strength and endurance
training on metabolic risk factors in healthy 40e65-year-old men. Scand J Med
Sci Sports. 2009;19(6):885e895.

4. Lee IM, Shirom EJ, Lobelo F, et al. Effect of physical inactivity on maj€or non-
communicable diseases worldwide: an analysis of burden of disease and life
expectancy. The Lancet. 2012;380(9838):219e229.

5. BrownWJ, McLaughlin D, Leung J, et al. Physical activity and all-cause mortality
in older women and men. Br J Sports Med. 2012;46(9):664e668.

6. Hillsdon MM, Brunner EJ, Guralnik JM, et al. Prospective study of physical ac-
tivity and physical function in early old age. Am J Prev Med. 2005;28(3):
245e250.
7. Yalın S, G€ok H, Telli HH. Duzenli Egzersiz ve Fibrinojen. Turkiye Klinikleri J
Cardiol. 2001;14(6):338e344.

8. Hosseini M, Piri M, Agha-Alinejad H, et al. The effect of endurance, resistance
and concurrent training on the heart structure of female students. Biol Sport.
2012;29:17e21.

9. Mahdiabadi J, Gaeini AA, Kazemi T, et al. The effect of aerobic continuous and
interval training on left ventricular structure and function in male non-ath-
letes. Biol Sport. 2013;30(3):207e211.

10. Howden EJ, Perhonen M, Peshock RM, et al. Females have a blunted cardio-
vascular response to one year of intensive supervised endurance training.
J Appl Physiol (1985). 2015 Jul 1;119(1):37e46.

11. Utomi V, Oxborough D, Whyte GP, et al. Systematic review and meta-analysis
of training mode, imaging modality and body size influences on the
morphology and function of the male athlete's heart. Heart. 2013;99(23):
1727e1733.

12. Ehsani AA, Biello DR, Schultz J, et al. Improvement of left ventricular contractile
function by exercise training in patients with coronary artery disease. Circu-
lation. 1986;74(2):350e358.

13. Yu CM, Li LS, Lam MF, et al. Effect of a cardiac rehabilitation program on left
ventricular diastolic function and its relationship to exercise capacity in pa-
tients with coronary heart disease: experience from a randomized, controlled
study. Am Heart J. 2004;147(5):24.

14. Andersen LJ, Hansen PR, Søgaard P, et al. Improvement of systolic and diastolic
heart function after physical training in sedentary women. Scand J Med Sci
Sports. 2010;20(1):50e57.

15. Karvonen MJ, Kentala E, Mustala O. The effects of training on heart rate.
A Longitudinal Study Ann Med Exp Biol Fenn. 1957;35:307e315.

16. Arslan F. The effects of an eight-week step-aerobic dance exercise programme
on body composition parameters in middle-aged sedentary obese women. Int
Sport Med J. 2011;12(4):160e168.

17. Chabut L. Core Strength for Dummies. Indianapolis, Indiana: Wiley Publishing,
Inc.; 2009:66e101.

18. Quinone’s MA, Otto CM, Stoddard M, et al. Doppler quantification task force of
the nomenclature and standards committee of the American society of echo-
cardiography. J Am Soc Echocardiogr. 2002;15(2):167e184.

19. Nagueh SF, Appleton CP, Gillebert TC, et al. Evangelista A. Recommendations
for the evaluation of left ventricular diastolic function by echocardiography.
Eur J Echocardiogr. 2009;10(2):165e193.

20. Huonker M, K€onig D, Keul J. Assessment of left ventricular dimensions and
functions in athletes and sedentary subjects at rest and during exercise using
echocardiography, Doppler sonography and radionuclide ventriculography. Int
J Sports Med. 1996;17:173e179.

21. Morencos E, Romero B, Peinado AB, et al. Effects of dietary restriction combined
with different exercise programs or physical activity recommendations on
blood lipids in overweight adults. Nutr Hosp. 2012;27(6):1916e1927.

22. Martins RA, Veríssimo MT, Coelho e Silva MJ, et al. Effects of aerobic and
strength-based training on metabolic health indicators in older adults. Lipids
Health Dis. 2010;9(1):76.

23. Pil-Byung C, Shin-Hwan Y, K.Il-Gyu, et al. Effects of exercise program on
appetite-regulating hormones, inflammatory mediators, lipid profiles, and
body composition in healthy men. J Sports Med Phys Fitness. 2011;51(4):
654e663.

24. Willardson JM. Core stability training: applications to sports conditioning
programs. J Strength Conditioning Res. 2007;21(3):979e985.

25. Schilling JF, Murphy JC, Bonney JR, et al. Effect of core strength and endurance
training on performance in college students: randomized pilot study. J Bodyw
Mov Ther. 2013;17(3):278e290.

26. Kearney PM, Whelton M, Reynolds K, et al. Global burden of hypertension:
analysis of worldwide data. Lancet. 2005;365(9455):217e223.

27. Brito Díaz -B, Alem�an S�anchez JJ, Cabrera de Le�on A. Resting heart rate and
cardiovascular disease. Med Clin (Barc). 2014;143(1):34e38.

28. Palatini P. Heart rate as an independent risk factor for cardiovascular disease.
Drugs. 2007;67(2):3e13.

29. Zhang GQ, Zhan W. Heart rate, lifespan, and mortality risk. Ageing Res Rev.
2009;8(1):52e60.

30. Vasan RS, Larson MG, Leip EP, et al. Impact of high-normal blood pressure on
the risk of cardiovascular disease. N Engl J Med. 2001;345(18):1291e1297.

31. Ridker PM, Pradhan A, MacFadyen JG, et al. Cardiovascular benefits and dia-
betes risks of statin therapy in primary prevention: an analysis from the
JUPITER trial. Lancet. 2012;380(9841):565e571.

32. Fagard RH. Exercise characteristics and blood pressure response to dynamic
physical training. Med Sci Sports Exerc. 2001;33(6):484e492.

33. Chaudhary S, Kang MK, Sandhu JS. The effects of aerobic versus resistance
training on cardiovascular fitness in obese sedentary females. Asian J Sports
Med. 2010;1(4):177e184.

34. Donal E, Rozoy T, Kervio G, et al. Comparison of the heart function adaptation
in trained and sedentary men after 50 and before 35 years of age. Am J Cardiol.
2011;108(7):1029e1037.

35. Molmen HE, Wisloff U, Aamot IL, et al. Aerobic interval training compensates
age related decline in cardiac function. Scand Cardiovasc J. 2012;46(3):
163e171.

36. Doijad VP, Kample P, Surdi AD. Effect of Yogic exercises on aerobic capacity
(VO2 max). Int J Recent Trends Sci Technol. 2013;6(3):119e121.

37. De Backer IC, Van Breda E, Vreugdenhil A, et al. High-intensity strength training
improves quality of life in cancer survivors. Acta Oncologica. 2007;46(8):

http://refhub.elsevier.com/S1728-869X(17)30095-3/sref1
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref1
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref1
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref1
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref2
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref2
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref2
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref3
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref3
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref3
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref3
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref3
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref3
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref3
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref4
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref4
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref4
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref4
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref4
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref5
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref5
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref5
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref6
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref6
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref6
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref6
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref7
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref7
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref7
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref7
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref7
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref8
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref8
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref8
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref8
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref9
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref9
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref9
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref9
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref10
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref10
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref10
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref10
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref11
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref11
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref11
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref11
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref11
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref12
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref12
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref12
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref12
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref13
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref13
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref13
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref13
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref14
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref14
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref14
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref14
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref14
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref15
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref15
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref15
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref16
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref16
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref16
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref16
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref17
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref17
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref17
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref18
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref18
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref18
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref18
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref19
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref19
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref19
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref19
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref20
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref20
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref20
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref20
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref20
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref20
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref21
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref21
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref21
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref21
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref22
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref22
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref22
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref23
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref23
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref23
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref23
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref23
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref24
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref24
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref24
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref25
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref25
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref25
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref25
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref26
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref26
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref26
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref27
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref27
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref27
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref27
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref27
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref27
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref28
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref28
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref28
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref29
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref29
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref29
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref30
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref30
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref30
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref31
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref31
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref31
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref31
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref32
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref32
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref32
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref33
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref33
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref33
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref33
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref34
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref34
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref34
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref34
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref35
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref35
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref35
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref35
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref36
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref36
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref36
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref37
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref37


G. Cicek et al. / Journal of Exercise Science & Fitness 15 (2017) 70e75 75
1143e1151.
38. Lovell DI, Cuneo R, Gass GC. Strength training improves submaximum car-

diovascular performance in older men. J Geriatr Phys Ther. 2009;32(3):
117e124.

39. Karavirta L, H€akkinen K, Kauhanen A, et al. Individual responses to combined
endurance and strength training in older adults. Med Sci Sports Exercises.
2011;43(3):484e490.

40. Kiyonaga A, Arakawa K, Tanaka H, et al. Blood pressure and hormonal re-
sponses to aerobic exercise. Hypertension. 1985;7(1):125e131.

41. Åstrand PO, Rodahl K. Textbook of Work Physiology : Physiological Bases of Ex-
ercise. New York: McGraw-Hill; 1986:327e334.

42. Brentano MA, Cadore EL, Da Silva EM, et al. Physiological adaptations to
strength and circuit training in postmenopausal women with bone loss.
J Strength Cond Res. 2008;22(6):1816e1825.

43. Lavie CJ, Church TS, Milani RV, et al. Impact of physical activity, cardiorespi-
ratory fitness, and exercise training on markers of inflammation. J Cardiopulm
Rehabil Prev. 2011;31(3):137e145.

44. Skoumas J, Pitsavos C, Panagiotakos DB, et al. Physical activity, high density
lipoprotein cholesterol and other lipids levels, in men and women from the
ATTICA study. Lipids Health Dis. 2003;2(3):1e7.

45. Shiraev T, Barclay G. Evidence based exercise. Aust Fam Physician. 2012;41(12):
960e962.

46. Gullu E, Gullu A, Cicek G, et al. The effects of aerobic exercises on cardiovas-
cular risk factors of sedentary women. Int J Acad Res. 2013;5(3):160e167.

47. Boardley D, Fahlman M, Topp R, et al. The impact of exercise training on blood
lipids in older adults. Am J Geriatr Cardiol. 2007;16(1):30e35.

48. Stefanick ML, Mackey S, Sheehan M, et al. Effects of diet and exercise in men
and postmenopausal women with low levels of HDL cholesterol and high levels
of LDL cholesterol. New Engl J Med. 1998;339(1):12e20.

49. Thomas EL, Brynes AE, McCarthy J, et al. Preferential loss of visceral fat
following aerobic exercise, measured by magnetic resonance imaging. Lipids.
2000;35(7):769e776.

50. Maroto-S�anchez B, Valtue~na J, Albers U, et al. El ejercicio agudo aumenta las
concentraciones de homocisteína en varones físicamente activos. Nutr Hosp.
2013;28(2):325e332.

51. Pearson TA, Blair SN, Daniels SR, et al. AHA guidelines for primary prevention of
cardiovascular disease and stroke. Circulation. 2002;106(3):388e391.

52. Kasikcioglu E. The incognita of the known: the athlete’s heart syndrome.
Anadolu Kardiyol Dergisi. 2011;11(4):351e359.

53. Barbier J, Lebiller E, Ville N, et al. Relationships between sports-specific char-
acteristics of athlete's heart and maximal oxygen uptake. Eur J Cardiovasc Prev
Rehabil. 2006;13(1):115e121.

54. Cox ML, Bennett JB, Dudley GA. Exercise training-induced alterations of cardiac
morphology. J Appl Physiol. 1986;61(3):926e931.

55. Rubal BJ, Al-Muhailani AR, Rosentswieg J. Effects of physical conditioning on
the heart size and wall thickness of college women. Med Sci Sports Exerc.
1987;19(5):423e429.

56. Slørdahl SA, Madslien VO, Støylen A, et al. Atrioventricular plane displacement
in untrained and trained females. Med Sci Sports Exerc. 2004;36(11):
1871e1875.

57. Pluim BM, Zwinderman AH, Van der Laarse A, et al. The athlete’s heart. A meta-
analysis of cardiac structure and function. Circulation. 2000;101(3):336e344.

58. Maron BJ. Structural features of the athlete heart as defined by echocardiog-
raphy. J Am Coll Cardiol. 1986;7(1):190e203.

59. Goodman JM, Liu PP, Green HJ. Left ventricular adaptations following short-
term endurance training. J Appl Physiol. 2005;98(2):454e460.

60. Claessens PJ, Claessens CW, Claessens MM, et al. Supernormal left ventricular
diastolic function in triathletes. Tex Heart Inst J. 2001;28(2):102e110.

61. Kasikcioglu E, Kayserilioglu A, Oflaz H, et al. Aortic distensibility and left
ventricular diastolic functions in endurance athletes. Int J Sports Med.
2005;26(3):165e170.

62. Vinereanu D, Florescu N, Sculthorpe N, et al. Left ventricular long-axis diastolic
function is augmented in the hearts of endurance-trained compared with
strength-trained athletes. Clin Sci (Lond). 2002;103(3):249e257.

63. Rodrigues AC, de Melo Costa J, Alves GB, et al. Left ventricular function after
exercise training in young men. Am J Cardiol. 2006;97(7):1089e1092.

http://refhub.elsevier.com/S1728-869X(17)30095-3/sref37
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref37
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref38
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref38
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref38
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref38
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref39
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref39
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref39
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref39
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref39
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref40
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref40
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref40
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref41
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref41
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref41
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref42
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref42
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref42
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref42
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref43
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref43
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref43
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref43
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref44
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref44
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref44
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref44
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref45
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref45
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref45
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref46
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref46
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref46
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref47
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref47
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref47
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref48
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref48
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref48
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref48
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref49
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref49
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref49
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref49
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref50
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref50
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref50
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref50
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref50
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref50
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref51
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref51
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref51
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref52
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref52
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref52
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref53
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref53
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref53
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref53
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref54
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref54
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref54
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref55
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref55
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref55
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref55
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref56
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref56
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref56
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref56
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref56
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref56
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref57
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref57
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref57
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref58
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref58
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref58
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref59
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref59
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref59
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref60
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref60
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref60
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref61
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref61
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref61
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref61
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref62
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref62
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref62
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref62
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref63
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref63
http://refhub.elsevier.com/S1728-869X(17)30095-3/sref63

	The effect of exercises on left ventricular systolic and diastolic heart function in sedentary women: Step-aerobic vs core  ...
	1. Introduction
	2. Material and methods
	2.1. Participants

	3. Experimental procedure
	3.1. Exercise intervention
	3.2. Procedure and measurement
	3.2.1. Resting heart rate
	3.2.2. Maximal oxygen uptake
	3.2.3. Blood sample analyses

	3.3. Echocardiography
	3.4. Statistical analysis

	4. Results
	5. Discussion
	5.1. Physical and physiological parameters
	5.2. Left ventricular function

	6. Conclusion
	References


