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ABSTRACT

The primary objective of the study is to compare the effect of endurance and endurance-strength training
on endothelial function in women with abdominal obesity. The secondary objectives include the assess-
ment of the effect of both types of training on anthropometric, densitometric and biochemical parameters.
In total, at least 100 women will be recruited for the study. The study population will be randomly divid-
ed into two groups according to the type of training: endurance and endurance-strength training. During
the 3-month of intervention, both groups will be performed three times a week training of an equal exer-
cise volume and duration of 60 minutes. Before and after the intervention selected anthropometric and
densitometric parameters will be measured and body composition will be analysed. In addition, biochemi-
cal parameters related to glucose and insulin homeostasis, lipid metabolism, antioxidant status, oxidative
stress, inflammatory markers and endothelial function will be assessed.

Keywords: endurance training; endurance-strength training; endothelial function; cardiovascular risk.

Research Project Objectives endothelial function in women with abdominal

obesity. The secondary aims include the assess-
The primary aim of the study is to assess the effect ment of the effect of both types of training on
of endurance and endurance-strength training on anthropometric parameters, body composition,
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densitometric parameters, glucose and insulin
homeostasis, lipid metabolism, oxidative stress,
antioxidant status and inflammatory markers.

Research Plan and Basic Concept

Basic Concept
Itis well known that excessive body weightincreas-
es the progression of atherosclerosis [1]. One of
the indicators of atherosclerosis is endothelial
dysfunction which is also an independent risk fac-
tor for cardiovascular diseases [2, 3]. Several, albe-
it not all, studies have shown that regular physi-
cal activity may reduce the risk of atherosclero-
sis by the improvement of endothelial function [4,
5]. Regular training has also been shown to have
other health-promoting properties such as: weight
reduction, lowering blood pressure, improving lipid
profile and glucose-insulin metabolism [4].
Current guidelines suggest that endurance
training should be recommended for obese sub-
jects [6-9]. It has been shown that this type of
exercise has a beneficial effect on the reduction
of body weight and improves cardiometabol-
ic parameters [10]. On the other hand, strength
training also contributes to the reduction in body
weight, has a positive effect on body composition
and reduces the risk of metabolic abnormalities
related to obesity [10, 11]. Therefore, we suppose
that the implementation of strength components

Table 1. The inclusion and exclusion criteria

Inclusion criteria

for endurance training might intensify the benefi-
cial effects of physical activity. However, results
of studies comparing the effect of endurance and
endurance-strength training on cardiovascu-
lar risk and endothelial function parameters are
equivocal [10-12]. Therefore, randomised con-
trolled trials are needed, which would compare
the effects of endurance and endurance-strength
training in obese subjects.

Study population

Adult women with abdominal obesity will be
recruited to the study. The inclusion and exclu-
sion criteria are presented in Table 1. The study
population will be informed that participation is
voluntary and that each participant can withdraw
at any time without providing reasons, as well as
all the subjects will receive the detailed informa-
tion about the study protocol. Written informed
consent will be obtained from all participants.
The present study will be conducted according to
the guidelines of the Declaration of Helsinki. The
protocol was approved by the Ethics Commit-
tee of the Poznan University of Medical Sciences
(refs. 1077/12 with supplement 753/13).

Study design

The study is designed as a prospective ran-
domised trial. Subjects will be randomly divid-
ed into two groups: endurance and endur-
ance-strength training, using a randomisation

Exclusion criteria

— Age 50-60 years — Secondary form of obesity

— Obesity (body mass — Secondary form of hypertension
index (BMI) > 30 kg/m?) — Type 2 diabetes mellitus
— Waist circumference >  — History of coronary artery disease
80 cm — Stroke
— Apercentage of body ~ — Congestive heart failure, clinically significant arrhythmias or conduction disorders
fat assessed by — Malignancy
bioimpedance > 33% — History of use of any dietary supplements within 3 months before the study
— Stable body weightin ~ — Poorly controlled hypertension (mean systolic blood pressure > 140 mmHg and/or mean diastolic

the month prior to the

blood pressure > 90 mmHg) during the month prior to the trial and/or necessity to modify

trial antihypertensive treatment in the last 3 months
— Lipid disorders requiring the implementation of drug treatment in the last 3 months
— Abnormal liver, kidney, or thyroid gland function
— Clinically significant acute or chronic inflammatory process within the respiratory, digestive or
genitourinary tract or in the oral cavity, pharynx or paranasal sinuses or connective tissue disease

or arthritis
— History of infection in the month
— Nicotine, alcohol or drug abuse

— Pregnancy or childbirth at enrolment or in the 3 months before enrolment, breast-feeding in the 3

months prior to enrolment

— Any other condition that would make participation not in the best interest of the subject, or could
prevent, limit or confound the efficacy of the study
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Study schema
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/
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Figure 1. Scheme of the study

list. Both groups will perform 3-month of physi-
cal training which will vary only in the nature of
the effort but have a comparable exercise vol-
ume. Aside from the training, all subjects will be
instructed to maintain the physical activity and
they dietary habits as they have previously led.
At the baseline and after the 3-month of inter-
vention anthropometric parameters, body com-
position, densitometric parameters, markers of
endothelial function, oxidative stress, antioxidant
status and inflammatory markers, as well as glu-
cose and insulin homeostasis and lipid metabo-
lism will be assessed. The scheme of the study is
presented in Figure 1.

Intervention

The 3-month intervention will consist of a physi-
cal exercise programme, including three sessions
of training per week. The training will be per-
formed under the supervision of a qualified and
certified fitness instructor and medical supervi-

v

Statistical analysis
Publication of results

sion. A single workout will last 60 minutes The
endurance group will undergo training on cycle
ergometers (Schwinn Evolution, Schwinn Bicy-
cle Company, Boulder, Colorado, USA). Training
sessions will consist of 5 minutes of warm-up,
45 minutes of training at an intensity between
50-70% of maximum heart rate (HR), 5 minutes
of cycling without load and 5 minutes of clos-
ing stretching and breathing exercises. Simi-
larly, endurance-strength training will consist of
5 minutes of warm-up, 20 minutes of strength
exercises at 50—60% of one repetition maximum,
25 minutes of endurance exercises on cycle
ergometers (Schwinn Evolution, Schwinn Bicycle
Company, Boulder, Colorado, USA) of intensity
between 50-70% of maximum HR, 5 minutes of
cycling without load and 5 minutes of closing
exercises. The strength component will involve
exercises with a neck barbell and a gymnastic
ball. The general scheme of the training plan is
presented in Figure 2.
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Research Methodology

Graded Exercise Test (GXT)

To determine the subjects’ physical capacity, GXT
will be performed at the beginning of the inter-
vention on an electronically braked cycle ergom-
eter (Kettler DX1 Pro, Ense-Parsit, Germany). GXT
will begin at a work rate of 25 W. The work rate
will be incremented by 25 W every 2 minutes until
the subject could no longer maintain the required
pedal cadence. Expired gases and minute ventila-
tion will be monitored continuously with an auto-
mated system (Oxycon Mobile; Viasys Health-
care, Hoechberg, Germany). Oxygen intake (VO,)
and carbon dioxide output (VCO,) will be mea-
sured. VO, peak, HR peak, time to exhaustion and
maximal work rate will be assessed. To determine
the ventilatory threshold, the V-slope method and
the ventilatory equivalent method will be used.

Physiological parameters and markers related to
the function of endothelium

Blood pressure will be measured at baseline
and after the intervention period according to
guidelines of the European Society of Hyperten-
sion [13]. Artery flow mediated dilatation will be
assessed. Pulse wave analysis will be performed
by SphygmoCor system (EINST Technology Pte
Ltd., Singapore).

Anthropometry parameters

Anthropometry parameters (body weight, body
height, waist and hip circumferences) will be
measured [14] and BMI will be calculated before
and after the intervention period [15]. In this study,
abdominal obesity will be recognised according
to the International Diabetes Federation criteria
with a waist circumference exceeding 80 cm in
women [16].

The 3-month intervention consisted of
physical exercise program,
including 3 sessions of training per week

Group 1
endurance training

S

physical capacity mesurement
Graded Exercise Test (GXT)

Group 2
endurance-strenght

- training<

( 5 minutes of warm-up (stretching exercises) of low intensity )

45 minutes of training
(cycle ergonometer)

S minutes cycling
without load

20 minutes of strenght
exercises

(neck barbell, gymnastic ball)

variable, repeated every week

25 minutes training
(cycle ergonometer)

5 minutes cycling
without load

( 5 minutes of closing stretching and breathing exercises of low intensity ]

physical capacity mesurement
Graded Exercise Test (GXT)

( End of the training program ]

Figure 2. Scheme of a single training session
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Body composition

Body composition will be assessed by bioelectri-
cal impedance analysis with InBody 370 analyser
(InBody Co. Ltd., Seoul, South Korea) during the
recruitment process to check if subjects meet the
inclusion criteria [17].

Densitometry

At baseline and after the intervention period den-
sitometric measurement will be performed using
Dual X-Ray Absorptiometry (Hologic Discov-
ery QDR). The assessment will be carried out in
accordance with the methodology recommended
by the International Society for Clinical Densitom-
etry [18]. Body composition (fat mass and free-fat
mass) will be assessed for total body and sepa-
rately for each part of the body. Visceral adipose
tissue will be measured. Appendicular lean mass
index and lean mass index will be calculated. Bone
mineral content and bone mineral density will be
assessed for the whole skeleton and additionally
at the lumbar (L1-L4) spine and hip regions.

Biochemical measurements

Fasting blood samples will be collected from all
study participants before and after the interven-
tion period. Markers of endothelial function, glu-
cose and insulin homeostasis, lipid metabolism.
oxidative stress, antioxidant status and inflam-
mation will be analysed by standard clinical
chemical assays (see Supplementary Table 1).

Measurable Effects

Data from this study will potentially provide addi-
tional information that allows more efficient and
precise planning of training regimes for obese
subjects and may result in, beyond body weight
reduction, prevention of endothelial dysfunction
and improvement of cardiovascular health.

Expected Results

Previous studies have shown that exercise may
decrease the risk of cardiovascular disease by pre-
venting endothelial dysfunction [19-21]. However,
it is supposed that the beneficial effect of physi-
cal activity may depend on the intensity of train-
ing. While strenuous exercise increases oxidative

stress, regular and moderate physical activity pro-
motes an antioxidant state and preserves endothe-
lial function [22]. It is also suggested that the effect
of physical activity on endothelial function may also
depend on the type of training. However, results of
studies comparing the effects of endurance and
strength training on endothelial function are con-
flicting. Schjerve et al. [10] observed that both
types of training significantly improve endothe-
lial function in obese subjects after 12 weeks of
intervention. However, high-intensity aerobic
training was more effective in the improvement of
endothelial function compared with strength train-
ing and moderate-intensity groups. On the other
hand, Rakobowchuk et al. [23] noted that 12 weeks
of resistance training in healthy young men did
not change endothelial function, but the increased
arterial diameter and, hence, blood flow. @stergard
et al. [24] also reported no changes in endothelial
function after 10-week of aerobic training in obese
subjects with type 2 diabetes.

We suppose that the implementation of
strength components for endurance training
might intensify the beneficial effects of physical
activity. Comparison of the effects of endurance
and endurance-strength training programmes on
endothelial function and other metabolic parame-
ters in obese women will allow to verify the hypoth-
esis and will answer the question of which type of
training is more effective in the improvement of
endothelial function and cardio-metabolic param-
eters. In addition, the results of this study should
give a better insight into the effect of endurance
and endurance strength training on human health.
The expected findings may enable to construct
first special physical activity guidelines for obese
subjects to prevent endothelial dysfunction.
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Supplementary Table 1. List of biochemical parameters that will be analysed in the study

Parameter Method of analysis
Endothelial function
Asymmetric dimethylarginine (ADMA) Immunoenzymatic method (SunRed Human (ADMA) ELISA Kit, China)
Endothelial nitric oxide synthase (eNOS) Immunoenzymatic method (MyBioSource Human Endothelial Nitric Oxide Synthase
ELISA kit, US)A
Homocysteine (Hcy) Immunoenzymatic method (Axis Homocysteine EIA kit, United Kingdom)
NO, Method described by Tsikas'
NO, Method described by Tsikas'
Plasminogen activator inhibitor-1 (PAI-1) Immunoenzymatic method (Human Total Serpin E1/PAI-1 Quantikine ELISA, R&D

Systems a biotechne brand, USA)

Vascular endothelial growth factor (VEGF) Immunoenzymatic method (Human VEGF, Quantikine ELISA, R&D Systems
a biotechne brand, USA)

Glucose and insulin homeostasis

Glucose Enzymatic method with hexokinase

Insulin Electrochemiluminescence method

Glycated haemoglobin (HbA1c) Turbidimetric immunoinhibitory method in hemolysate prepared from blood

Insulin-like growth factor (IGF-1) Immunoenzymatic method (IGF-1 600 ELISA kit, DRG Intruments GmbH, Germany)
Lipid metabolism

Total cholesterol Enzymatic colorimetric method

(TC)

Low-density lipoprotein cholesterol (LDL-C)  Friedewald formula: LDL-C = TC — (HDL-C + TG/5)

High-density lipoprotein cholesterol (HDL-C) Homogeneous enzymatic colorimetric method

Triglycerides (TG) Enzymatic colorimetric method

Oxidized low-density lipoprotein (ox-LDL) Immunoenzymatic method (Human ox-LDL ELISA kit, SunRed, China)
Apolipoprotein A1 (ApoAl) Nephelometric method

Apolipoprotein B (ApoB) Nephelometric method

Apolipoprotein E (ApoE) Immunoenzymatic method (Human Apolipoprotein E ELISA Kit, Assaypro, USA)

Oxidative stress

Advanced glycation end products (AGEs) Immunoenzymatic method (Human AGEs ELISA Kit, MyBiosource, USA)

Antioxidant status

Glutathione (GSH) Immunoenzymatic method (Human Reduced GSH), ELISA Kit, MyBiosource, USA)
Superoxide dismutase (SOD) Colorimetric method (SOD Assay Kit, Cayman Chemical, USA)

Total antioxidant status (TAS) Immunoenzymatic method (Human TAS ELISA kit, Qayee-bio, China)
Paraoxonases (PON) Immunoenzymatic method (Human PON ELISA Kit, MyBiosource, USA)

Inflammatory markers

High-sensitivity C reactive protein (hs-CRP)  Latex enhanced turbidimetric immunoassay method

Interleukin-6 (IL-6) Immunoenzymatic method (Human IL-6 Immunoassay, Quantikine HS ELISA, R&D
Systems a biotechne brand, USA)

Interleukin-8 (IL-8) Immunoenzymatic method (Human CXCL8/IL-8 Immunoassay, Quantikine HS
ELISA, R&D Systems a biotechne brand, USA)

Monocyte chemoattractant protein 1 Immunoenzymatic method (MCP-1 human ELISA, DRG Intruments GmbH, Germany)

(MCP-1)

Matrix metalloproteinase-2 (MMP-2) Immunoenzymatic method (Total MMP-2 Immunoassay, Quantikine ELISA, R&D
Systems a biotechne brand, USA)

Matrix metalloproteinase-9 (MMP-9) Immunoenzymatic method (Human MMP-9 Immunoassay, Quantikine ELISA, R&D
Systems a biotechne brand, USA)

Tumor necrosis factor-a (TNF-a) Immunoenzymatic method (Human tumor necrosis factor alfa, ELISA kit,

Qayee-bio, China)

'Tsikas D. Simultaneous derivatization and quantification of the nitric oxide metabolites nitrite and nitrate in biological fluids by gas chroma-
tography/mass spectrometry. Anal Chem. 2000 Sep;72(17):4064-4072.
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