
healthcare

Article

Indices of Cardiovascular Health, Body Composition and
Aerobic Endurance in Young Women; Differential Effects of
Two Endurance-Based Training Modalities

Kemal Idrizovic 1, Gentiana Beqa Ahmeti 2, Damir Sekulic 3 , Ante Zevrnja 4,5, Ljerka Ostojic 3,4, Sime Versic 3

and Natasa Zenic 3,*

����������
�������

Citation: Idrizovic, K.; Ahmeti, G.B.;

Sekulic, D.; Zevrnja, A.; Ostojic, L.;

Versic, S.; Zenic, N. Indices of

Cardiovascular Health, Body

Composition and Aerobic Endurance

in Young Women; Differential Effects

of Two Endurance-Based Training

Modalities. Healthcare 2021, 9, 449.

https://doi.org/10.3390/

healthcare9040449

Academic Editor: Eric Sobolewski

Received: 20 March 2021

Accepted: 9 April 2021

Published: 11 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Faculty for Sport and Physical Education, University of Montenegro, 81400 Niksic, Montenegro;
kemo@t-com.me

2 Faculty of Physical Education and Sport, University of Prishtina, 10000 Prishtina, Kosovo;
gentiana.beqa@uni-pr.edu

3 Faculty of Kinesiology, University of Split, 21000 Split, Croatia; dado@kifst.hr (D.S.);
ljerka.ostojic@mef.sum.ba (L.O.); sime.versic@kifst.hr (S.V.)

4 Faculty of Medicine, University of Mostar, 88000 Mostar, Bosnia and Herzegovina; antezevrnja17@gmail.com
5 Clinical Hospital Split, 21000 Split, Croatia
* Correspondence: natasa@kifst.hr

Abstract: Endurance training (ET) has multiple beneficial effects on cardiovascular health (CVH), but
there is an evident lack of knowledge on differential effects of various types of ET on indices of CVH
in women. The aim of this study was to analyse the effectiveness of two different types of ET on
changes in indicators of CVH in apparently healthy adult women. The sample included 58 women
(24 ± 3 years; height: 165 ± 6 cm, mass: 66.7 ± 7.2 kg, BMI: 24.3 ± 2.5 kg/m2, at baseline) divided
into one control non-exercising group (n = 19), and two exercising experimental groups (EE). The
first EE participated in choreographed aerobic-endurance training (CAT; n = 19), while the second
participated in treadmill-based endurance exercise (TEE; n = 20) during the experimental protocol
(8 weeks, 24 training sessions). The testing included pre- and post-exercise protocols and measures of
anthropometric/body composition indices, lipid panel, and endurance capacity. Two-way analysis of
variance for repeated measurements with consecutive post hoc analysis was applied to the “group”
and “measurement” variables. The main significant ANOVA effects found for measurement, and
“Group x Measurement” interaction (p < 0.05) were found for all variables but body height. The EE
induced positive changes in lipid panel variables, anthropometric/body-build status, and endurance
capacity. However, TEE improved endurance capacity to a greater extent than CAT. The results
suggest that that the optimal exercise intensity and self-chosen type of physical-activity may result in
positive effects on indices of CVH, even in women of young age and good health status.

Keywords: aerobic endurance; exercise; health indicators; aerobic dance; physical capacity

1. Introduction

Physical activity (PA) has a positive effect on various indices of health status, including
the entire locomotor system, and quality of life [1]. It also helps with controlling body
weight and has positive effects on psychological status [2]. Moreover, studies regularly
confirm the positive preventive and therapeutic effects of increased PA on many chronic
diseases, such as cardiovascular and tumour diseases [3,4]. Therefore, increase in PA is
recognised as a worldwide public health priority [5–7]. Nowadays, increase in PA activity
is most commonly associated with the inclusion of a certain type of physical exercise
(PE) in the individuals’ daily rhythm. More specifically, while PA is a broader term and
refers to any movement performed with the help of the skeletal muscles during which the
energy expenditure exceeds the resting level, PE implies a planned and programmed PA
performed with a specific goal [8].
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There are many different variations of PE, but the most basic classification scheme
includes resistance training, endurance training, and combined training [8]. Indeed, it is
well known that different forms of exercise have different effects on overall health and
anthropological status and, consequently, recommendations regarding the type, amount,
intensity, and frequency of exercise vary [9]. Specifically, endurance training develops
cardiovascular and respiratory functions the most, while resistance training primarily
influences strength and power, and other muscular capacities [10,11]. Moreover, within
the same type of PE there are certain differences in activity, so the impact of endurance
training varies depending on the extent, intensity, and structure of movement [12].

One of the most important benefits of endurance training is the decrease in cardio-
vascular risk (e.g., probability of developing a cardiovascular disease), and improvement
of cardiovascular health [13]. Although the cardiovascular risk is higher in men [14],
low levels of PA in women today highlight the importance of PE in reducing cardiovas-
cular risk factors in this group [15,16]. Among the many indicators of cardiovascular
health, several variables deserve special attention, including variables of lipid panel, and
anthropometric/body build status.

Lipid panel (i.e., lipid test, lipid profile) is a set of variables describing the lipid levels
in the blood, including total cholesterol (TC), high-density lipoprotein cholesterol (HDL),
low-density lipoprotein cholesterol (LDL), and triglycerides (TG) [17]. The strategies to
reduce cardiovascular risk in primary and secondary prevention regularly focus on control
(i.e., reduction) of lipid panel variables, particularly LDL [18]. Additionally, there is a global
consensus that poor cardiovascular health is strongly correlated with overweight/obesity,
with higher cardiovascular risk in overweight and obese individuals [8,19]. Therefore,
evaluations of lipid panel, and anthropometric/body built status are valuable tools in
assessing risk for cardiovascular problems [20,21]. Among other types of interventions,
studies even have evaluated the effects of different types of PE on various indices of
cardiovascular health status in women [8,16,22].

For example, Barranco-Ruiz et al. studied sedentary females and evidenced improve-
ment in various cardiovascular risk variables as a result of 4-month long choreographed
endurance PE (e.g., Zumba fitness program) [22]. Cebula et al. applied 6-week Nordic
walking endurance exercise and evidenced significant improvement in cardiovascular
function of sedentary postmenopausal women [23]. Chovanec and Gropel confirmed the
positive effects of 8-week endurance-based training on cardiovascular stress responses in
untrained healthy female students [24]. The effects of combined-type training (45 min of
aerobic exercise and 20min of resistance training) in women were also studied, and positive
effects on morphological measures, blood pressure, and lipid panel were found [15]. Finally,
a recent study showed that both resistance training and endurance training have a positive
impact on the cardiovascular health indices of healthy young women, with no significant
differences between groups conducting different forms of PE [16].

Evidently, studies regularly confirmed the positive effects of endurance-based PE on
cardiovascular health in women [16,23–25]. However, there is an obvious lack of studies
which simultaneously examined the effects of different forms of endurance exercise on
cardiovascular health indices in young adult women. This is especially important given
the fact that PE programs are primarily chosen on the basis of personal preferences [26].
Additionally, motivation for PE is one of the most important predictors of persistence in
PE and, consequently, it directly defines the efficiency of PE [27,28]. Moreover, personal
preferences toward a certain type of PE are hardly modifiable, so it would be important to
evaluate the effects of different forms of endurance exercise on indicators of cardiovascular
health. This will provide us with a better understanding of the potential benefits of various
types of PE, and therefore a more accurate prescription of the PE as a method of reducing
the health risks associated with low PA.

The aim of this study was to evaluate the effectiveness of two modalities of endurance-
exercise on changes in indicators of cardiovascular health in apparently healthy adult
women. Specifically, we examined the effects of choreographed aerobic-endurance training
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(CAT) and treadmill-based endurance exercise (EET) on anthropometric/body-build in-
dices and lipid profile variables in young adult females. We hypothesised that the studied
PE programs will have a positive influence on the studied variables, with no differential
effects regarding PE type.

2. Materials and Methods
2.1. Participants

Participants were 58 apparently healthy young women (24.1 ± 2.0 years; height:
166 ± 5.9 cm, mass: 66.9 ± 7.6 kg, BMI: 24.4 ± 2.7 kg/m2, at baseline). The participants
were generally inexperienced in terms of PE, and all were members of one fitness centre
in Prishtina, Kosovo. The participants were offered several types of PE, and based on
their self-preferences they were divided into two exercising experimental groups (EE) and
one age-matched non-exercising group (n = 19; 23.8 ± 2.0 years; height: 167 ± 6.1 cm,
mass: 65.4 ± 8.3 kg, BMI: 23.8 ± 2.7 kg/m2, at baseline). The first EE performed chore-
ographed aerobic-endurance training (CAT; n = 19; 24 ± 2 years; height: 166 ± 6.0 cm,
mass: 67.9 ± 5.9 kg, BMI: 24.5 ± 2.5 kg/m2, at baseline). The second EE participated in
treadmill-based endurance exercise (TEE; n = 20: 25 ± 2 years; height: 168.1 ± 7.2 cm,
mass: 67.4 ± 8.4 kg, BMI: 25.1 ± 2.7 kg/m2, at baseline). Initially, the CAT group consisted
of 23 participants, and 24 participants were involved in TEE program at the beginning.
However, at the end of the study we included only those participants who participated in
a minimum of 80% of training sessions, resulting in a drop-out rate of 17% (18% and 16%
for CAT and TEE, respectively). The non-exercising group was formed of participants that
showed interest in some of the observed types of PE but, at the moment of their arrival at
the fitness centre, the selected program was unavailable due to limited space. The design
of the study is presented in Figure 1
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Figure 1. Design of the study.

Regarding the participants’ health profiles, pre-treatment measurements showed that
approximately 1/3 (32%) were overweight (BMI > 25 kg/m2), and every fourth had total
cholesterol (TC) levels elevated above the optimal threshold [29]. All participants were
informed about the aims and procedures of the study and agreed to participate by signing
informed consent forms. The study was approved by the Ethical Board of the University of
Split, Faculty of Kinesiology, Split, Croatia (EBO: 2141-6775-234).
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2.2. Testing and Variables

Given the study design, testing occurred between two time points: before the treat-
ment and 8 weeks after at the end of the PE protocols. The set of variables included (i)
anthropometric body composition indices, (ii) lipid panel, and (iii) endurance capacity.

The lipid panel and anthropometric variables were measured in an accredited medical
laboratory Biohem, (Gjakovë, Kosovo). Anthropometric/body indices included body
height (BH), body mass (BM), and body mass index (BMI) derived from participants’ BH
and BM, and three skinfolds on the triceps, thigh, and suprailiac. The skinfolds were used
for the Jackson–Pollock and Siri formula to estimate body fat percentage (BF%) [30].

Body density = 1.0994921 − (0.0009929 × [triceps skinfold + thigh skinfold + suprailiac
skinfold]) + (0.0000023 × [triceps skinfold + thigh skinfold + suprailiac skinfold] 2) −
(0.0001392 × age),

BF% = (4.95/body density − 4.5) × 100

Anthropometric variables were measured according to the standard procedures of the
International Society for the Advancement of Kinanthropometry [31]. A Seca stadiometer
and scale (Seca, Birmingham, UK) and skinfold caliper (Holtain, London, UK) were used
for measurements that occurred in the morning, before blood sampling. Blood samples
were taken after overnight fasting in order to analyse plasma glucose (PG), TC, HDL, and
TG. The LDL was calculated with The Friedwald equation [32]. Samples were collected in
BD Vacutainer fi SSTII Advance vacuum tubes (BD, Plymouth, UK), centrifuged at 3500
rpm for 10 min (Centrifugal Hettich, Tuttlingen, Germany), and analysed using the COBAS
Integra 400+ analyser (Roche Diagnostics International Ltd., Rotkreuz, Switzerland).

For the evaluation of endurance capacities, participants performed the Rockport
Test on a treadmill. This test is used to indirectly estimate the level of maximal oxygen
consumption (VO2max). The purpose of the test is to cover one mile via fast walking
or running. Participants perform the test with heart rate chest belts and, after the test is
finished, a VO2max score is calculated using the following equation for females [33]:

VO2 = 139.168 − (0.388 × age) − (0.077 × weight in lb.) − (3.265 × walk time in minutes) −(0.156 × heart rate)

The testing of endurance capacities was organised in the same fitness centre in which
the PE 8-week protocols occurred.

2.3. Physical Exercise Programs

PE programs occurred during an 8-week period, with three trainings per week and
one day off between them. This time frame for PE interventions was selected as most
drop-outs occur after two months of training [34]. Both PE programs had 24 sessions, and
the inclusion criteria for participants was a minimum of 21 conducted training sessions.
Training sessions were organised on Mondays, Wednesdays, and Fridays, between 16:00
and 21:00, and lasted from 45 min in the first weeks to 60 min at the end of the protocol,
given the adaptation and improvement of the participants.

Nova 450 treadmills (Nova Sport, Istanbul, Turkey) were used for the TEE group, with
speed ranging from 1 to 20 km/h and an incline between 0% and 15%. Prior to the first
training sessions, all participants in the TEE group conducted a Conconi test. This test is
used as an indirect method for evaluating the anaerobic threshold that can be seen as a
deflection point in the linear association between running speed and heart rate [35]. This
information allowed for the individualisation of training loads as participants wore heart
rate chest belts every session and had to maintain their heart rates in the range of 5–30 beats
below the anaerobic threshold. In order to maintain the desired thresholds, participants
were allowed to change running speeds and incline based on the heart rate displayed on the
treadmill monitor. Since adaptations of the cardiorespiratory and locomotor systems were
expected due to training, participants had been introduced with continuous, interval, and
fartlek running protocols and were given the instructions to choose one form of training
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per each week but were also left with the possibility of changing the running protocol
during every training session. In general, all participants performed all types of running
protocols, but always at an intensity below the anaerobic threshold. The intensity of
exercise in the TEE groups was controlled during each training session using the heart rate
monitors, and participants were instructed to keep the heart rate between 60% and 80% of
the maximal heart rate (approximately 120–160 beats/min, depending on the participant’s
characteristics). The Conconi test was repeated every 2 weeks in order to adequately correct
the training load.

In the CAT group, participants performed aerobic dance routines. Generally, all CAT
classes consisted of: (i) 5–10 min of warm-up (exercising at lower intensity, using the usual
warm-up simple moves, and slower music tempo (120–145 beats per minute), followed by
(ii) light dynamic pre-stretching (2–3 min), (ii) 30–40 min of the main part of the class (more
choreographed movements performed at higher music pace of 140–180 bpm), and (iv)
5–15 min of cool down, and passive stretching. All participants, regardless of health and
fitness status, performed the same protocol for the whole 8 weeks, which was controlled in
real time by an experienced aerobic dance instructor who eventually increased/decreased
the intensity of the exercise depending on perceived capacities of the group members.
Specifically, at each training session three participants regularly wore heart rate monitors
and controlled the intensity of exercise at each training session. They were instructed to
report if their heart rate was below 120 beats/min, and/or raised above 160 beats/min.
When two of three participants who wore a chest belt and controlled the training intensity
reported the same discrepancy in heart rate (bellow or above the required frequencies), the
instructor modified the training program either by increasing the exercise demands (i.e., by
changing the amplitude of movement, adding/avoiding the jumps, increasing/decreasing
the music tempo), which consequently resulted in increased/decreased intensity of the
exercise. However, it cannot be said that the intensity of the CAT was individualised
because the characteristics of the group-exercise program generally do not allow more
accurate interventions in exercise intensity [34].

2.4. Statistics

The statistical analysis included (i) descriptive statistic parameters and (ii) methods
for determining differences between groups and measurements.

Descriptive statistics included means and standard deviations, and Kolmogorov–
Smirnov tests were used to evaluate the normality of the distributions for all observed
variables. The homoscedasticity of the variables was checked with Levene’s test.

For the analyses of training effects, a two-way analysis of variance for repeated
measurements (ANOVA) for the group (control—C, TEE and CAT) and measurement (pre-
and post-treatment) variables was applied with consecutive Scheffe’s post hoc analysis.
The partial eta squared values (η2) were also reported (small effect size (ES): >0.02; medium
ES: >0.13; large ES: >0.26) as measures of effect sizes.

Statistica 13.5 (TIBCO Software Inc. Palo Alto, CA, USA) was used, and a significance
level of p < 0.05 was applied for all calculations.

3. Results

Table 1 presents ANOVA results. In short, significant (p < 0.05) main effects with large
ES for “Measurement” were evidenced for all study variables. Significant main effects
for “Group” were found for PG (large ES), TC (small ES), TG (medium ES), and Rockport
endurance capacity test (END) (medium ES). “Group x Measurement” interaction was sig-
nificant for all variables with medium ES for PG, and large ES for the remaining variables.
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Table 1. Results of the analysis of variance for main effects (Group and Measurement), and interaction
(Group x Measurement) with effect size values (η2).

Measurement Group Interaction
F Test p η2 F Test p η2 F test p η2

BM 426.1 0.001 0.88 0.26 0’.77 0.01 85.1 0.001 0.75
BMI 178.04 0.001 0.76 0.74 0.48 0.03 68.29 0.001 0.71
BF 112.1 0.001 0.66 2.43 0.09 0.08 28.93 0.001 0.5

END 534.52 0.001 0.9 5.41 0.01 0.16 128.39 0.001 0.81
PG 47.49 0.001 0.45 47.49 0.001 0.45 7.48 0.01 0.2
TC 137.05 0.001 0.7 1.45 0.23 0.04 25.5 0.001 0.47

HDL 151.39 0.001 0.73 3.36 0.03 0.12 41.09 0.001 0.59
LDL 205.59 0.001 0.78 2.63 0.08 0.08 31.11 0.001 0.52
TG 700.96 0.001 0.92 7.97 0.001 0.22 67.57 0.001 0.7

LEGEND: BM—body mass, BMI—body mass index, BF—body fat, END—Rockport endurance capacity test,
PG—plasma glucose, TC—total cholesterol, HDL—high density lipoprotein, LDL—low density lipoprotein,
TG—triglycerides.

Apart from significant decrease in BM for TEE and CAT, no significant post hoc
differences were found for BM, and BMI. BF% decreased significantly in TEE and CAT,
and both experimental groups had lower BF% than the C-group at post-test. All groups
achieved better results in END at post-testing, with significant between-group differences
when TEE was compared to C, and when TEE was compered to CAT (better results
achieved by TEE in both cases). Significant within-group post hoc differences for both
training groups were found for PG, TC, HDL, and LDL, with significant differences between
TEE and C for post-testing (for all mentioned variables), and significant difference between
CAT and C (for LDL only). TG decreased significantly in all three groups over the study
course, with significant differences between TEE and C, and CAT and C in post-testing,
with lower levels in training groups (Table 2).

Table 2. Descriptive statistics and post hoc differences for study variables in each group (C—Control, CAT—choreographed
aerobic training, TEE—treadmill-based endurance training).

C (n = 19) CAT (n = 19) TEE (n = 20)
Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test

BM (kg) 65.38 ± 8.32 64.79 ± 9.1 * 67.88 ± 5.86 59.91 ± 5.87 * 67.35 ± 8.39 59.38 ± 8.56 *
BMI (kg/m2) 23.77 ± 2.71 24.2 ± 2.49 24.45 ± 2.49 21.58 ± 2.32 * 25.11 ± 2.69 22.09 ± 2.79 *

BF (%) 33.94 ± 6.06 34.02 ± 6.22 34.77 ± 5.79 26.15 ± 5.41 * 36.43 ± 5.43 27.14 ± 4.04 *

END (mL/O2) 27.08 ± 2.26 28.17 ± 2.29 * 17.49 ± 1.53 29.76 ± 1.57 * 26.31 ± 1.58 32.62 ± 1.68
*, C, CAT

PG (mmol/L) 5.04 ± 0.55 4.94 ± 0.36 4.94 ± 0.48 4.52 ± 0.41 * 4.89 ± 0.54 4.25 ± 0.6
*, C, CAT

TC (mmol/L) 4.67 ± 0.57 4.52 ± 0.54 4.75 ± 0.47 4.03 ± 0.53 * 4.94 ± 0.56 3.77 ± 0.47
*, C, CAT

HDL (mmol/L) 1.6 ± 0.23 1.6 ± 0.26 1.63 ± 0.15 1.23 ± 0.16 * 1.74 ± 0.27 1.25 ± 0.18
*, C, CAT

LDL (mmol/L) 3.18 ± 0.6 2.99 ± 0.49 3.25 ± 0.47 2.44 ± 0.41 *, C 3.36 ± 0.43 2.21 ± 0.46
*, C, CAT

TG (mmol/L) 1.2 ± 0.22 1.02 ± 0.22 * 1.2 ± 0.17 0.57 ± 0.12 *, C 1.18 ± 0.23 0.72 ± 0.16
*, C, CAT

LEGEND: BH—body height, BM—body mass, BMI—body mass index, BF—body fat, END—Rockport endurance capacity test, PG—plasma
glucose, TC—total cholesterol, HDL—high density lipoprotein, LDL—low density lipoprotein, TG—triglycerides, *—significant (p < 0.05)
within group difference, c significantly (p < 0.05) different when compared to C, CAT—significantly (p < 0.05) different when compared
to CAT.

Although the study did not include specific interventions in participants’ diet, nutrient
intake, and caloric intake (in kcal) for all groups are evidenced before and at the end of the
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study period, and the results are presented in Figure 2. In brief, no significant differences
between groups were evidenced.

Healthcare 2021, 9, x  7 of 13 
 

 

 
Figure 2. Caloric intake for the treadmill endurance exercise groups (TEE), choreographed aerobic 
training group (CAT), and control-group (C) at the beginning (Pre-), and at the end of the study 
(Post-). 

4. Discussion 
The main aim of this study was to evaluate the effectiveness of two different types of 

endurance training on various indices of cardiovascular health in healthy young women. 
Accordingly, there are several important findings. First, endurance-based exercise modal-
ities induced positive changes in lipid panel and glucose variables. Moreover, both exper-
imental groups progressed in their endurance capacities, while positive changes were 
shown in anthropometric/body-build status as well. Finally, participants who performed 
endurance-training on the treadmill improved their endurance capacity to a greater extent 
than participants who performed aerobic dance routines. Due to some differential effects 
of PE programs, our initial study hypothesis may be partially accepted. 

4.1. Endurance Exercise, Lipid Panel, and Plasma Glucose Levels 
With more than 7.5 million deaths per year, which amounts to 31% of all global 

deaths, cardiovascular diseases are the leading cause of death in developed countries 
[36,37]. Among others, high cholesterol concentrations and physical inactivity stand out 
as the most important factors contributing to the risk of cardiovascular death [38]. Studies 
have confirmed that even a small decrease in cholesterol levels directly reduces risks to 
cardiovascular health [36]. In addition to cholesterol-lowering substances, one of the most 
important factors in decreasing its values is regular and appropriate PE [8]. The results of 
our study are consistent with previous findings that regularly indicated a decrease in the 
value of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL) as a result of 
regular PE [39]. Briefly, PE affects the production and activity of several enzymes that 
function to enhance the reverse cholesterol transport system, resulting in an increase in 
HDL and a decrease in LDL (the latter generally being the main source of artery-clogging 
plaque) [40]. 

Few studies have analysed the effects of PE on young, healthy women, but our results 
are generally in agreement with the results reported so far, which indicate positive effects 
of PE on cardiovascular health status, including lipid panel [41–43]. In particular, a study 
on a combined sample of healthy, inactive men and women showed significant reductions 
in total cholesterol, total cholesterol/HDL-C ratio, and diastolic blood pressure due to a 6-

Carbs Proteins Fats Total Carbs Proteins Fats Total
Pre-testing Post-testing

TEE 1429 253 753 2427 1728 289 662 2679
CAT 1410 377 780 2567 1882 576 277 2735
Control 1608 179 764 2551 1478 182 835 2496

0

500

1000

1500

2000

2500

3000

Kc
al
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4. Discussion

The main aim of this study was to evaluate the effectiveness of two different types of
endurance training on various indices of cardiovascular health in healthy young women.
Accordingly, there are several important findings. First, endurance-based exercise modal-
ities induced positive changes in lipid panel and glucose variables. Moreover, both ex-
perimental groups progressed in their endurance capacities, while positive changes were
shown in anthropometric/body-build status as well. Finally, participants who performed
endurance-training on the treadmill improved their endurance capacity to a greater extent
than participants who performed aerobic dance routines. Due to some differential effects
of PE programs, our initial study hypothesis may be partially accepted.

4.1. Endurance Exercise, Lipid Panel, and Plasma Glucose Levels

With more than 7.5 million deaths per year, which amounts to 31% of all global deaths,
cardiovascular diseases are the leading cause of death in developed countries [36,37].
Among others, high cholesterol concentrations and physical inactivity stand out as the
most important factors contributing to the risk of cardiovascular death [38]. Studies
have confirmed that even a small decrease in cholesterol levels directly reduces risks to
cardiovascular health [36]. In addition to cholesterol-lowering substances, one of the most
important factors in decreasing its values is regular and appropriate PE [8]. The results
of our study are consistent with previous findings that regularly indicated a decrease in
the value of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL) as a result
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of regular PE [39]. Briefly, PE affects the production and activity of several enzymes that
function to enhance the reverse cholesterol transport system, resulting in an increase in
HDL and a decrease in LDL (the latter generally being the main source of artery-clogging
plaque) [40].

Few studies have analysed the effects of PE on young, healthy women, but our results
are generally in agreement with the results reported so far, which indicate positive effects
of PE on cardiovascular health status, including lipid panel [41–43]. In particular, a study
on a combined sample of healthy, inactive men and women showed significant reductions
in total cholesterol, total cholesterol/HDL-C ratio, and diastolic blood pressure due to a
6-month intervention [41]. Reduced blood concentrations of triglycerides and significantly
increased blood concentrations of HDL have been reported in young women after 16 weeks
of aerobic training [44]. The results of our study indicate a positive influence of endurance-
based exercise on reduction in plasma glucose (PG). These results are explainable by the
knowledge that that carbohydrates, including PG, are the main source of energy in PE [45].
As key factors in the utilisation of PG, the authors highlight the intensity of exercise, which
is reflected in the number of muscle fibres involved, and exercise extensity, as this partially
compensates for the progressive decrease in muscle glycogen concentration [46].

Additionally, PE increases insulin sensitivity, which directly affects the reduction
in PG [45,47]. In accordance with our results, previous studies confirm the influence of
different types of PE on PG metabolism [48]. For example, a study in a combined sample
of men and women found significant improvement in glucose metabolism and insulin
sensitivity after a 4-week treatment that included combined endurance and resistance
training [49]. Similar effects have been confirmed in different endurance training modalities
like walking [50], running [51], cycling [52] and rowing [53].

One could argue that changes in PG levels could be a result of changes in nutritional
habits as well. Indeed, changes in nutrition are known to be another influence on PG, even
in young healthy people. However, it is not likely that nutrition significantly influenced
our results, simply because our participants did not change their nutritional habits and
caloric intake significantly (please see Results for details). On the other hand, each training
session resulted in a caloric expenditure of 300–400 kcal. Therefore, we are of the opinion
that changes in PG levels are mostly related to (i) the utilisation of the PG during exercise
and (ii) increases insulin sensitivity.

4.2. Endurance Exercise, Anthropometric/Body-Built Indices and Endurance Capacity

Both groups that conducted endurance training intervention achieved positive changes
in anthropometric/body-build indices. We believe these changes mostly result from
(i) increased energy consumption and the resulting caloric deficit and (ii) the increased
metabolism of endogenous energy stores (i.e., adipose tissue triglyceride) [54]. Generally,
our results are consistent with previous findings, where aerobic activity has regularly been
shown to be effective in inducing changes in anthropometric measures, especially in terms
of subcutaneous adipose tissue reduction [25,42].

Specifically, in a study with sedentary but healthy women, the authors recorded
positive changes in anthropometric/morphological parameters after 16 weeks of aerobic
training [42]. Additionally, Spanish authors reported a significant loss of body fat after a
16-week intervention, which included aerobic-dance training [22]. One of the few studies
in which no changes were found in anthropometric/body-build indices as a result of
endurance training was on a sample of young women without weight problems (BMI
below 26) [55]. In brief, despite six months of treatment, no significant decline in body fat
and BMI was found, which was explained by the inability to control energy intake and
a potential ceiling effect [55]. Specifically, Poelhman et al. stated that given the already
low baseline levels, it was difficult to reduce total or visceral fat in young women [55].
Given the similarity between participants (healthy young women in both studies), a
possible explanation for the differences between the obtained results (significant changes
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for anthropometric/body-build indices in our study vs. no changes in the investigation of
Poelhman et al.) is provided next.

As presented in the Methods section, one of the intentions of our study was to
investigate the effects of training programs that were personally chosen by each participant.
In other words, our participants were not randomly allocated into the exercise programs,
but selected PE based on their own preferences. Previous research that has analysed
the training effects of PE randomly allocated the participants in the study groups, and
this was done irrespective of the personal preferences towards some types of physical
exercise [22,42,51,52]. One of the more important assumptions of the effectiveness of PE is
regularity [26]. In order to achieve this, an individual must be interested in a particular
type of training, and therefore they should choose it based on personal preferences [27,28].
We can therefore assume that the results achieved in our study, especially those related
to changes in anthropometric/body-build indices, were at least partially caused via the
personal choice of PE type, which contributed to participants’ motivation. One could
argue that the changes we obtained can be partially a result of type of measurement, and
questionable reliability of the method (i.e., we estimated BF% on the basis of skinfold
measurement. However, the fact that all participants were measured by same evaluator,
together with significant changes in training groups in comparison to non-significant
changes of BF% in control group at least partially reduce the possibility that type of the
measurement influenced our result.

Both PE programs improved aerobic endurance capacity. Similar findings were ob-
tained by Finnish authors in a study on healthy middle-aged women [56]. The group that
did aerobic endurance training on bicycles, with the load individualised as in our study,
achieved an average VO2max increase of 23% after 21 weeks [56]. These changes are due
to the adaptation to aerobic training and have been regularly reported elsewhere [57–60].
VO2max is influenced by the maximal cardiac output and the maximal arterial-mixed
venous oxygen difference [58]. Aerobic training results in an increase in maximal stroke
volume and skeletal muscle capillarisation, which consequently leads to an improvement
in VO2max [57,61]. Therefore, although in our study the intervention was relatively short
(i.e., 8 weeks), it is obvious that this was sufficient for adaptations of the cardiorespiratory
system of our participants.

4.3. Differential Effects of Two Types of Endurance Exercise

Although both experimental groups made significant progress in endurance capacity,
a superior improvement was evident in the TEE group. The authors are of the opinion that
such differential effects are mainly the result of certain mechanisms: (i) the individualised
training intensity exclusively applied in TEE, and (ii) the improvement of the running
economy in TEE.

Since the response to physical interventions (including PE) depends on many influenc-
ing factors, individualisation is vital in maximising the efficiency of PE intervention [62].
Indeed, irrespective of the fact that both experimental groups exercised in the aerobic
zone (i.e., bellow the anaerobic threshold), it cannot be ignored that strictly individualised
workload could be practically applied only in the TEE group. Prior to the exercise pro-
tocols observed herein, the subjects were tested via the Conconi test to determine their
anaerobic threshold. The test was repeated every two weeks to adjust the training load
to the adaptations of the cardiorespiratory system. The use of heart rate chest belts and
easy adjustment of the speed of movement and incline of the treadmill allowed the TEE
participants to consistently exercise beneath the proper thresholds.

On the other hand, participants in the CAT group performed the PE based on dance
choreography. Choreographed aerobic exercise (i.e., aerobic dance) is a highly motivational
form of exercise, but the physiological demands of the exercise cannot be individualised
with regard to intensity [63]. While participants in the CAT program logically differed in
their fitness status, the intensity could not be adequately optimised for all participants,
although the instructor modified the intensity on the basis of the feedback received by
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participants (please see the Methods for more details). However, during the CAT it is
practically impossible to meet the demands for each single participant, which is known to
be one of the most important factors for reaching appropriate training goals [64]. As a result,
some participants did not exercise according to designated thresholds. Consequently, they
could not optimally improve their endurance capacity, the possibility of which is already
demonstrated for similar forms of aerobic dance exercises [65].

Another reason for the differential effect of the two types of PE is found in the
measurement tool we used to assess endurance (Rockport walk/run test). It can be assumed
that the TEE group improved the walking/running economy more than participants
from the CAT group simply because TEE training mimics the testing protocol of the
Rockport test. Logically, after 8 weeks of TEE, the participants familiarised themselves
with walking/running on the treadmill, which almost certainly improved their walk/run
economy and positively influenced their achievement on tests. Indeed, studies have
confirmed that long-term endurance training improves the running economy in untrained
and sedentary individuals [66]. This improvement certainly led to better performance on
the Rockport test conducted via walking and/or running on the treadmill, consequently
having superior effects in TEE. Again, the reliability of the Rockport test as a field testing
procedure could be questioned, and because of that there is no doubt that the values of VO2
we reported should not be considered as absolutely relevant. However, as for previously
discussed body composition, we believe that the measurement tool did could not greatly
influence the fact that training groups improved their capacity to a greater extent than
control group.

4.4. Strengths and Limitations

The most important limitation of the study is the fact that endurance capacity was
not measured in a laboratory, but rather was estimated using a field testing procedure.
Additionally, body composition (BF%) was estimated on the basis of skinfold measurement
at only three sites (e.g., triceps, thigh, and suprailiac), while more reliable calculations
include skinfold measurement on up to seven body sites. Moreover, participants were not
randomly allocated into each group, but participated in each training program based on
their own preferences. Finally, the study did not observe important motor variables (i.e.,
strength, flexibility) which are known to be important determinants of overall health status
and are directly related to quality of life outcomes.

This is one of the few studies examining the effects of two different endurance-based
exercise programs on indices of cardiovascular health in young women, and included a
relatively large set of variables. We hope that the investigation herein will support further
research in this area.

5. Conclusions

The results of this study confirmed the positive effects of both endurance exercise
programs on anthropometry indices, the lipid panel, and endurance capacities. Positive
changes occurred, although PE interventions were relatively short in duration (i.e., 8 weeks).
Since the participants in this study were grouped based on their personal preferences
concerning different forms of PE, we can conclude that this study design contributed to the
effectiveness of the exercise.

The significant importance of the positive effects of exercise is highlighted by the fact
that we observed young, healthy women. Naturally, they had a relatively low ceiling for
improvement. Therefore, the obtained results indicate that the optimal exercise intensity
and self-chosen type of PE may result in positive effects, regardless of health and fitness
status. The differential effects of the observed endurance programs regarding improve-
ments in endurance capacity could be related to the strictly individualised training in the
TEE group and their familiarisation with treadmill equipment, which was used to assess
endurance capacity.
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Given the prevalence of obesity and cardiovascular diseases, our results provide
clear practical guidelines for preventing such health problems. In future studies, the
effects of the observed types of PE on other fitness and health parameters should be
analysed. Considering the importance of motoric indices (i.e., strength, flexibility) in
everyday functioning, future studies evidencing the effects of various forms of PE on these
indices are warranted. Additionally, further studies where effects of dietary interventions
(including the control of type of fat consumed) and exercise programs will be evaluated
are warranted.

Author Contributions: Conceptualization, K.I. and G.B.A.; methodology, D.S. and N.Z.; validation,
A.Z., S.V., L.O.; formal analysis, S.V. and A.Z.; investigation, K.I. and G.B.A.; resources, K.I., L.O.,
N.Z., and G.B.A.; data curation, K.I. and G.B.A.; writing—original draft preparation, D.S., and S.V.;
writing—review and editing, D.S., and N.Z. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of University of Split,
Faculty of Kinesiology ((EBO: 2141-6775-234, 10 March 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be provided to all interested parties upon reasonable request.

Acknowledgments: Authors are particularly grateful to all participants.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lim, H.S.; Yoo, J.J. Association between Health Indicators and Health-Related Quality of Life according to Physical Activity of

Older Women. Healthcare 2020, 8, 507. [CrossRef] [PubMed]
2. Maric, D.; Kvesic, I.; Lujan, I.K.; Bianco, A.; Zenic, N.; Separovic, V.; Terzic, A.; Versic, S.; Sekulic, D. Parental and Familial Factors

Influencing Physical Activity Levels in Early Adolescence: A Prospective Study. Healthcare 2020, 8, 532. [CrossRef] [PubMed]
3. Bauman, A.E. Updating the evidence that physical activity is good for health: An epidemiological review 2000–2003. J. Sci. Med.

Sport 2004, 7, 6–19. [CrossRef]
4. Swift, D.L.; Johannsen, N.M.; Lavie, C.J.; Earnest, C.P.; Church, T.S. The role of exercise and physical activity in weight loss and

maintenance. Prog. Cardiovasc. Dis. 2014, 56, 441–447. [CrossRef] [PubMed]
5. World Health Organization. Global Recommendations on Physical Activity for Health; World Health Organization: Geneva, Switzer-

land, 2010.
6. Wieser, H.; Vittadello, F.; Comploj, E.; Stummer, H. Do Health Professionals Sufficiently Address Patients’ Disposition Toward

Changing Their Nutritional and Physical Activity Habits? Findings from a Pilot Study among People with Type 2 Diabetes in
Northern Italy. Healthcare 2020, 8, 524. [CrossRef]

7. Sekulic, D.; Maric, D.; Versic, S.; Zevrnja, A.; Terzic, A.; Zenic, N. Familial and Parental Predictors of Physical Activity in Late
Adolescence: Prospective Analysis over a Two-Year Period. Healthcare 2021, 9, 132. [CrossRef] [PubMed]

8. Mann, S.; Beedie, C.; Jimenez, A. Differential effects of aerobic exercise, resistance training and combined exercise modalities on
cholesterol and the lipid profile: Review, synthesis and recommendations. Sports Med. 2014, 44, 211–221. [CrossRef] [PubMed]

9. Mo-suwan, L.; Ekpalakorn, V.; Ruengdarakanon, N. The 4th report on National Health Examination Survey (child health) V.
Ekpalakorn Ed. 2008, 2009.

10. Delgado-Floody, P.; Latorre-Roman, P.; Jerez-Mayorga, D.; Caamano-Navarrete, F.; Garcia-Pinillos, F. Feasibility of incorporating
high-intensity interval training into physical education programs to improve body composition and cardiorespiratory capacity of
overweight and obese children: A systematic review. J. Exerc. Sci. Fit. 2019, 17, 35–40. [CrossRef] [PubMed]

11. Schoenfeld, B.J.; Grgic, J.; Ogborn, D.; Krieger, J.W. Strength and Hypertrophy Adaptations Between Low- vs. High-Load
Resistance Training: A Systematic Review and Meta-analysis. J. Strength Cond. Res. 2017, 31, 3508–3523. [CrossRef]

12. Stangier, C.; Abel, T.; Mierau, J.; Hollmann, W.; Struder, H.K. Effects of Cycling Versus Running Training on Sprint and Endurance
Capacity in Inline Speed Skating. J. Sports Sci. Med. 2016, 15, 41–49. [PubMed]

13. Myers, J. Exercise and cardiovascular health. Circulation 2003, 107, e2–e5. [CrossRef] [PubMed]
14. Khamis, R.Y.; Ammari, T.; Mikhail, G.W. Gender differences in coronary heart disease. Heart 2016, 102, 1142–1149. [CrossRef]

[PubMed]

http://doi.org/10.3390/healthcare8040507
http://www.ncbi.nlm.nih.gov/pubmed/33266507
http://doi.org/10.3390/healthcare8040532
http://www.ncbi.nlm.nih.gov/pubmed/33276633
http://doi.org/10.1016/S1440-2440(04)80273-1
http://doi.org/10.1016/j.pcad.2013.09.012
http://www.ncbi.nlm.nih.gov/pubmed/24438736
http://doi.org/10.3390/healthcare8040524
http://doi.org/10.3390/healthcare9020132
http://www.ncbi.nlm.nih.gov/pubmed/33572769
http://doi.org/10.1007/s40279-013-0110-5
http://www.ncbi.nlm.nih.gov/pubmed/24174305
http://doi.org/10.1016/j.jesf.2018.11.003
http://www.ncbi.nlm.nih.gov/pubmed/30740131
http://doi.org/10.1519/JSC.0000000000002200
http://www.ncbi.nlm.nih.gov/pubmed/26957925
http://doi.org/10.1161/01.CIR.0000048890.59383.8D
http://www.ncbi.nlm.nih.gov/pubmed/12515760
http://doi.org/10.1136/heartjnl-2014-306463
http://www.ncbi.nlm.nih.gov/pubmed/27126397


Healthcare 2021, 9, 449 12 of 14

15. Yang, S.J.; Hong, H.C.; Choi, H.Y.; Yoo, H.J.; Cho, G.J.; Hwang, T.G.; Baik, S.H.; Choi, D.S.; Kim, S.M.; Choi, K.M. Effects of a
three-month combined exercise programme on fibroblast growth factor 21 and fetuin-A levels and arterial stiffness in obese
women. Clin. Endocrinol. 2011, 75, 464–469. [CrossRef] [PubMed]

16. Beqa Ahmeti, G.; Idrizovic, K.; Elezi, A.; Zenic, N.; Ostojic, L. Endurance Training vs. Circuit Resistance Training: Effects on Lipid
Profile and Anthropometric/Body Composition Status in Healthy Young Adult Women. Int. J. Environ. Res. Public Health 2020,
17, 1222. [CrossRef] [PubMed]

17. Vanhees, L.; Geladas, N.; Hansen, D.; Kouidi, E.; Niebauer, J.; Reiner, Z.; Cornelissen, V.; Adamopoulos, S.; Prescott, E.; Borjesson,
M.; et al. Importance of characteristics and modalities of physical activity and exercise in the management of cardiovascular
health in individuals with cardiovascular risk factors: Recommendations from the EACPR. Part II. Eur. J. Prev. Cardiol. 2012, 19,
1005–1033. [CrossRef]

18. Gotto, A.M., Jr.; Moon, J.E. Management of cardiovascular risk: The importance of meeting lipid targets. Am. J. Cardiol. 2012, 110,
3A–14A. [CrossRef] [PubMed]

19. Alnasir, F.A.; Masuadi, E.M. The effect of loss of body weight on lipid profile in overweight individuals. Saudi. Med. J. 2006, 27,
687–692. [PubMed]

20. Hwang, W.J.; Kim, J.A. Developing a Health-Promotion Program Based on the Action Research Paradigm to Reduce Cardiovascu-
lar Disease Risk Factors among Blue Collar Workers. Int. J. Environ. Res. Public Health 2019, 16, 4958. [CrossRef]

21. Ratajczak, M.; Skrypnik, D.; Bogdanski, P.; Madry, E.; Walkowiak, J.; Szulinska, M.; Maciaszek, J.; Kregielska-Narozna, M.;
Karolkiewicz, J. Effects of Endurance and Endurance-Strength Training on Endothelial Function in Women with Obesity: A
Randomized Trial. Int. J. Environ. Res. Public Health 2019, 16, 4291. [CrossRef] [PubMed]

22. Barranco-Ruiz, Y.; Ramirez-Velez, R.; Martinez-Amat, A.; Villa-Gonzalez, E. Effect of Two Choreographed Fitness Group-Workouts
on the Body Composition, Cardiovascular and Metabolic Health of Sedentary Female Workers. Int. J. Environ. Res. Public Health
2019, 16, 4986. [CrossRef] [PubMed]

23. Cebula, A.; Tyka, A.K.; Tyka, A.; Palka, T.; Pilch, W.; Luty, L.; Mucha, D. Physiological response and cardiorespiratory adaptation
after a 6-week Nordic Walking training targeted at lipid oxidation in a group of post-menopausal women. PloS ONE 2020, 15,
e0230917. [CrossRef]

24. Chovanec, L.; Gropel, P. Effects of 8-week endurance and resistance training programmes on cardiovascular stress responses, life
stress and coping. J. Sports Sci. 2020, 38, 1699–1707. [CrossRef] [PubMed]

25. Kim, Y.H.; Jeong, M.K.; Park, H.; Park, S.K. Effects of Regular Taekwondo Intervention on Health-Related Physical Fitness,
Cardiovascular Disease Risk Factors and Epicardial Adipose Tissue in Elderly Women with Hypertension. Int. J. Environ. Res.
Public Health 2021, 18, 2935. [CrossRef]

26. Strachan, S.M.; Perras, M.G.; Brawley, L.R.; Spink, K.S. Exercise in challenging times: The predictive utility of identity, self-efficacy,
and past exercise. Sport Exercise Perform. Psychol. 2016, 5, 247. [CrossRef]

27. Condello, G.; Puggina, A.; Aleksovska, K.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.; Simon, C.; Ciarapica, D.; Coppinger, T.; et al.
Behavioral determinants of physical activity across the life course: A "DEterminants of DIet and Physical ACtivity" (DEDIPAC)
umbrella systematic literature review. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 58. [CrossRef]

28. Cortis, C.; Puggina, A.; Pesce, C.; Aleksovska, K.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.; Simon, C.; Ciarapica, D.; et al.
Psychological determinants of physical activity across the life course: A "DEterminants of DIet and Physical ACtivity" (DEDIPAC)
umbrella systematic literature review. PloS ONE 2017, 12, e0182709. [CrossRef]

29. Stone, N.J.; Robinson, J.G.; Lichtenstein, A.H.; Bairey Merz, C.N.; Blum, C.B.; Eckel, R.H.; Goldberg, A.C.; Gordon, D.; Levy, D.;
Lloyd-Jones, D.M. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk
in adults: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. J. Am.
Coll. Cardiol. 2014, 63, 2889–2934. [CrossRef]

30. Jackson, A.S.; Pollock, M.L. Generalized equations for predicting body density of men. Br. J. Nutr. 1978, 40, 497–504. [CrossRef]
[PubMed]

31. Stewart, A.; Marfell-Jones, M.; Olds, T.; de Ridder, H. International Society for the Advancement of Kinantropometry. Int. Stand.
Anthr. Assessment. Aust. Low. Hutt New Zeal. Int. Soc. Adv. Kinanthropometry 2001, 1, 57–72.

32. Warnick, G.R.; Knopp, R.H.; Fitzpatrick, V.; Branson, L. Estimating low-density lipoprotein cholesterol by the Friedewald equation
is adequate for classifying patients on the basis of nationally recommended cutpoints. Clin. Chem. 1990, 36, 15–19. [CrossRef]
[PubMed]

33. McSwegin, P.J.; Plowman, S.A.; Wolff, G.M.; Guttenberg, G.L. The validity of a one-mile walk test for high school age individuals.
Meas. Phys. Educ. Exerc. Sci. 1998, 2, 47–63. [CrossRef]

34. Sekulić, D.; Rausavljević, N.; Zenić, N. Changes in motor and morphological measures of young women induced by the HI-LO
and Step aerobic dance programs. Kinesiology 2003, 35, 48–58.

35. Jeukendrup, A.; Hesselink, M.; Kuipers, H.; Keizer, H. The Conconi test. Inter. J. Sports Med. 1997, 18, 393–394. [CrossRef]
36. Murray, C.J.; Lauer, J.A.; Hutubessy, R.C.; Niessen, L.; Tomijima, N.; Rodgers, A.; Lawes, C.M.; Evans, D.B. Effectiveness

and costs of interventions to lower systolic blood pressure and cholesterol: A global and regional analysis on reduction of
cardiovascular-disease risk. Lancet 2003, 361, 717–725. [CrossRef]

http://doi.org/10.1111/j.1365-2265.2011.04078.x
http://www.ncbi.nlm.nih.gov/pubmed/21521346
http://doi.org/10.3390/ijerph17041222
http://www.ncbi.nlm.nih.gov/pubmed/32074953
http://doi.org/10.1177/1741826711430926
http://doi.org/10.1016/j.amjcard.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/22697390
http://www.ncbi.nlm.nih.gov/pubmed/16680261
http://doi.org/10.3390/ijerph16244958
http://doi.org/10.3390/ijerph16214291
http://www.ncbi.nlm.nih.gov/pubmed/31694237
http://doi.org/10.3390/ijerph16244986
http://www.ncbi.nlm.nih.gov/pubmed/31817936
http://doi.org/10.1371/journal.pone.0230917
http://doi.org/10.1080/02640414.2020.1756672
http://www.ncbi.nlm.nih.gov/pubmed/32321385
http://doi.org/10.3390/ijerph18062935
http://doi.org/10.1037/spy0000064
http://doi.org/10.1186/s12966-017-0510-2
http://doi.org/10.1371/journal.pone.0182709
http://doi.org/10.1016/j.jacc.2013.11.002
http://doi.org/10.1079/BJN19780152
http://www.ncbi.nlm.nih.gov/pubmed/718832
http://doi.org/10.1093/clinchem/36.1.15
http://www.ncbi.nlm.nih.gov/pubmed/2297909
http://doi.org/10.1207/s15327841mpee0201_4
http://doi.org/10.1055/s-2007-972652
http://doi.org/10.1016/S0140-6736(03)12655-4


Healthcare 2021, 9, 449 13 of 14

37. Duarte-Clíments, G.; Mauricio, T.F.; Gómez-Salgado, J.; Moreira, R.P.; Romero-Martín, M.; Sánchez-Gómez, M.B. Assessment
of Cardiovascular Risk Factors in Young Adults through the Nursing Diagnosis: A Cross-Sectional Study among International
University Students. Healthcare 2021, 9, 91. [CrossRef] [PubMed]

38. Ezzati, M.; Lopez, A.D.; Rodgers, A.; Vander Hoorn, S.; Murray, C.J.; Group, C.R.A.C. Selected major risk factors and global and
regional burden of disease. The Lancet 2002, 360, 1347–1360. [CrossRef]

39. Ma, H.; Shieh, K.-J. Cholesterol and human health. J. Am. Sci. 2006, 2, 46–50.
40. Leaf, D.A. The effect of physical exercise on reverse cholesterol transport. Metabolism 2003, 52, 950–957. [CrossRef]
41. Dunn, A.L.; Marcus, B.H.; Kampert, J.B.; Garcia, M.E.; Kohl, H.W., III; Blair, S.N. Reduction in cardiovascular disease risk factors:

6-month results from ProjectActive. Prev. Med. 1997, 26, 883–892. [CrossRef] [PubMed]
42. LeMura, L.M.; von Duvillard, S.P.; Andreacci, J.; Klebez, J.M.; Chelland, S.A.; Russo, J. Lipid and lipoprotein profiles, cardiovascu-

lar fitness, body composition, and diet during and after resistance, aerobic and combination training in young women. Eur. J.
Appl. Physiol. 2000, 82, 451–458. [CrossRef] [PubMed]
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