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Abstract: Background: Endurance training (ET) and resistance training (RT) are known to be effective
in improving anthropometric/body composition and lipid panel indicators, but there is an evident
lack of studies on differential effects of these two forms of physical exercise (PE). This study aimed
to evaluate the differential effects of 8-week ET and RT among young adult women. Methods:
Participants were women (n = 57; age: 23 + 3 years; initial body height: 165 + 6 cm; body mass:
66.79 + 7.23 kg; BMI: 24.37 + 2.57 kg/mz) divided into the ET group (n = 20), RT group (n = 19), and
non-exercising control group (n = 18). All participants were tested for cardiovascular risk factors
(CRF), including total cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL),
triglycerides, glucose, and anthropometric/body composition (body mass, body mass index, skinfold
measures, body fat %) at the beginning and at the end of the study. Over the 8 weeks, the ET
group trained three times/week on a treadmill while the RT group participated in equal number
of circuit weight training sessions. Both types of training were planned according to participants’
pre-study fitness status. Results: A two-factor analysis of variance for repeated measurements
(“group” X “measurement”) revealed significant main effects for “measurement” in CRF. The “group
X measurement” interaction was significant for CRF. The post-hoc analysis indicated significant
improvements in CRF for RT and ET. No significant differential effects between RT and ET were
evidenced. Conclusions: The results of this study evidence improvements of CRF in young adult
women as a result of 8-week ET and RT. The lack of differential training-effects may be attributed to
the fact that all participants underwent pre-study screening of their fitness status, which resulted in
application of accurate training loads.
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1. Introduction

The “lipid panel” (i.e., lipid profile, lipid test) is a term used to describe levels of lipids in the blood
and includes total cholesterol (TC), low-density lipoprotein cholesterol (LDL), high-density lipoprotein
cholesterol (HDL), and triglycerides (TG). Because of its importance in evaluating cardiovascular status,
the lipid panel is frequently called the “coronary risk panel”, with LDL and TG being strong risk factors
for cardiovascular insult [1]. The high-risk profile is correlated with indices of overweight/obesity
(independently of other factors such as race, gender, and environment), with higher risk in overweight

Int. . Environ. Res. Public Health 2020, 17, 1222; doi:10.3390/ijerph17041222 www.mdpi.com/journal/ijerph


http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
http://dx.doi.org/10.3390/ijerph17041222
http://www.mdpi.com/journal/ijerph
https://www.mdpi.com/1660-4601/17/4/1222?type=check_update&version=2

Int. |. Environ. Res. Public Health 2020, 17, 1222 2 of 15

and obese individuals [2-5]. Therefore, evaluations of both anthropometric/body composition indices
and the lipid panel are valuable tools in assessing risk for cardiovascular problems [6,7].

In the last decade or two, there has been a worldwide increase in obesity and a parallel decrease in
cardiovascular fitness. The treatments for this health issue are various such as lifestyle modifications,
pharmacological therapies, and surgery [8]. While a low level of physical activity is one of the factors
known to be directly related to such trends, studies regularly evidence that increasing physical activity
levels (which is often assured by incorporation of physical exercise programs in everyday lifestyle)
significantly improves health indices and are advocated as important elements of primary or adjunctive
therapy [9]. For better understanding, the difference between “physical activity (PA)” and “physical
exercise (PE)” is important [10]. In short, while PA refers to any bodily movement produced and
Prevention) vary when it comes to type, intensity, volume, and frequency of PE [11]. This is not
surprising knowing that different types of PE have differential effects on specific health indices [2].

For example, aerobic exercise (i.e., exercise that involves cardiorespiratory endurance exercises
(cyclic activities) such as jogging, walking, dance aerobics, treadmill running, cycling) has been shown
to improve the cardiovascular fitness of participants, and such findings are relatively consistent
irrespective of participants’ age, sex, and/or fitness status [12-16]. At the same time, resistance training
(PE performed in an acyclic manner by exercising a muscle or a muscle group against external resistance)
is primarily oriented toward muscular fitness. Consequently, participation in such a form of PE directly
improves strength and power capacities [17-19].

While the benefits of PA in everyday life are relatively well documented, the problem of regularity
in PA is crucial. Modern life offers many advantages, but many young adults are facing the problems of
extremely busy schedules, including “overload” and or “increased stress levels” [20,21]. Therefore, it
is of high importance to find the most appropriate type of PE for the various needs of different subjects.
This is a particularly important problem in women. Briefly, there is conclusive body of evidence that
“being female” was negatively associated to PA and PE in all age categories (e.g., children, adolescents,
and adults) [22] Moreover, it has been hypothesized that discouraging family/social environments
could be a significant factor preventing, which is supportive to European Union survey which indicates
a consistent decrease in PE in women, particularly those older than 24 years [22,23]. Indeed, women
are nowadays frequently employed but at the same time, face greater home duties and parental
responsibilities than males. This altogether limits their possibility to achieve regularity of PE, even if
they are well informed about the necessity and importance of PE.

Another factor that directly contributes to PE effectiveness is regularity of exercise (i.e., exercise
consistency—EC) [24,25]. The majority of studies that have examined the effects of PE in women have
been based on a random sampling experimental approach, where participants were grouped into
experimental and control groups by random selection [26,27]. Although undoubtedly methodologically
justified, such an experimental approach does not reflect the behavioristic nature of PE. Namely,
individuals’ choice of PE type is strongly influenced by self-preferences [28]. Therefore, in order
to evaluate the effects of PE that will be transferable to the real world (in other words that will be
“ecologically valid”), it is of the upmost importance to identify the possible effects of PE type that were
chosen individually by each participant. Meanwhile, there is a limited body of knowledge about the
effectiveness of PE when the type of PE is chosen according to participants’ own preferences.

From the literature overview, it is clear that a limited number of studies have examined and
compared the effects of resistance training and endurance training in young adult women, especially
with regard to important health-related indices such as the lipid panel and anthropometric/body
composition indices. Next, information about the effectiveness of resistance training and endurance
training in women who deliberately participate in certain PE programs is particularly scarce. Specifically,
the initiation and consistency in PE is strongly correlated to different psychological and behavioral
characteristics (including self-motivation, personal characteristics, environmental specifics), and it
is hard to expect that individuals will partake in exercise program they do not prefer [29,30]. This
study aimed to evaluate the differential effects of 8 weeks of endurance training or resistance training
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on the lipid profile and anthropometric/body composition indices of young adult healthy women
who self-decided to participate in one of the studied PE programs. Initially, we hypothesized that (i)
endurance and resistance training will induce positive changes in studied variables; (ii) endurance
training will reveal better results, with regard to positive changes in the lipid profile of the participants,
than resistance training; and (iii) resistance training will reveal more superior results with regard to
positive changes in anthropometric/body composition indices than endurance training.

2. Materials and Methods

2.1. Participants

The participants in this study were young healthy adult women (n = 57; age: 23 + 3 years; initial
body height: 165 + 6 cm; body mass: 66.79 + 7.23 kg; BMI: 24.37 + 2.57 kg/mz). They were all members
of one fitness center in Pristina, Kosovo and participated in this study between February and June 2018.
None of them had any training history and they were mostly University students. All participants
deliberately chose one of the examined PE programs; therefore, the total sample was divided into the
resistance training group (n = 19), endurance training group (n = 20), and control (non-exercising)
group (n = 18). The control group consisted of those women who were interested in being involved
in some of the studied PE programs, but at the moment of their first visit to fitness center their
preferred PE program was unavailable (due to limited space/equipment and/or currently large number
of participants). On the basis of the pre-testing lipid-profile results (please see later for details on
testing), the above optimal level of TC was evidenced in 25% of participants (5% with high levels of
TC), 23% of participants had above optimal level of LDL (6% with high levels of LDL), and <10% of
participants had above optimal levels of TC [31]. A total of 32% of participants were overweight/obese
(BMI > 25 kg/m?). All participants were informed of the benefits and risks of participating in the study
and they signed informed consent forms for their participation. They were informed that they could
leave the program at any time. The study was conducted in accordance with the Helsinki declaration
and was approved by the Ethical Board of the University of Split, Faculty of Kinesiology, Split, Croatia
(EBO: 2141-6775-234).

2.2. Testing and Variables

All the participants were tested at two time points: initial testing (pre-testing) and at the end of
the two-month period (post-testing). Variables included anthropometric/body composition indices,
lipid panel, and nutritional intake. Anthropometrics were tested in an accredited medical laboratory
where blood samples were also drawn (Biohem Laboratory, Gjakové, Kosovo).

Anthropometric/body composition variables were measured with a Seca stadiometer and scale
(Seca, Birmingham, UK) and skinfold caliper (Holtain, London, UK), and measurements included
body height, body mass, triceps skinfold, thigh skinfold, and suprailiac skinfold. An experienced
technician measured all anthropometric variables in the morning, prior to blood sampling. Later, the
body mass index (BMI) was calculated by dividing participants” body mass (kg) by their squared body
height (m). The body fat percentage was calculated by the Jackson-Pollock formula for body density,
and Siri equation for body fat percentage (BF%) [32]:

Body density = 1.0994921 — (0.0009929 x [triceps skinfold + thigh skinfold + suprailiac skinfold])
+ (0.0000023 X [triceps skinfold + thigh skinfold + suprailiac skinfold] 2) — (0.0001392 x age),

BF% = (4.95/body density — 4.5) x 100.

Blood samples were taken after anthropometric measurements, after overnight fasting, from
the antecubital vein. Samples were collected in BD Vacutainer® SSTII Advance vacuum tubes (BD,
Plymouth, UK) and centrifuged at 3500 rpm for 10 min (Centrifugal Hettich, Tuttlingen, Germany).
Plasma glucose (GLU), total cholesterol (TC), high-density lipoprotein (HDL), and triglycerides (TGs)
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were analyzed with the COBAS Integra 400+ analyzer (Roche Diagnostics International Ltd., Rotkreuz,
Switzerland). The Friedewald equation was used for estimating concentrations of LDL [33].

Nutritional intake was controlled at study baseline and at the end of the study. Participants were
asked to fill out food diaries over 3 days at the beginning and at the end of the study (see Figure 1).
Later, energy intake was analyzed using nutritional tables and software [34]. The study protocol is
presented in Figure 1.

Preparation of participants

(Conconi test for endurance-group;

instruction, familiarization, and

testing for resistance-group) 2-week control of fitness status in exercising groups
(modifications of the training programs)

@ Pre-testing ‘ | | Post-testing

8-week study period
Resistance- and endurance-training: 3-times a week; 24 training sessions
Control: Non-exercising period

Post-study
week

Pre-study
week

3-day nutrition diary prior
to study period (including
one weekend day)

3-day nutrition diary at the end of
the study period (including one
weekend day)

Figure 1. Study protocol.

2.3. Physical Exercise Programs

Both PE programs lasted two months (8 weeks), with a training frequency of 3 sessions per week
(Monday, Wednesday, Friday). Initially, the authors discussed the duration of the experiment and
agreed that the majority of females participated in 2-month (8-week) training, and after that moment,
significant drop-out regularly occurs. While the authors were interested to investigate the effects of
real-life training, the duration of 8-weeks was identified as being appropriate. Altogether, participants
performed a maximum of 24 sessions, but herein, we included all the participants who were present
for a minimum of 21 training sessions. All the sessions took place from 16:00 to 21:00. In this study,
training programs were not matched on the basis of energy expenditure but in terms of duration.
Therefore, both training programs lasted for 45-60 min and progressed over the course of the study
(i.e., from 45 min from the beginning, up to 70 min at the study end).

Endurance training consisted of aerobic endurance treadmill walking/running exercises performed
on Nova 450 equipment (Nova Sport, Istanbul, Turkey). This training equipment allows inclination
of the surface from 0% and 15%, speed range from 1 to 20 km/h, and an effective running surface of
56 x 150 cm. Before the pre-testing first training session, each participant was tested by the Conconi
test, a noninvasive method for assessing individual anaerobic thresholds by the heart rate threshold
(i.e., deflection point from the linear relationship between work load and heart rate) [35]. The heart
rate threshold has been shown to be correlated significantly with the anaerobic threshold in healthy
individuals and later, it was shown to be applicable for evaluating the anaerobic threshold even in
participants with certain health problems [36]. This protocol allowed us to determine the individual
heart rate threshold for each participant, which was later used as an indicator of maximal individual
training load. Participants exercised in a range of 5-30 beats bellow the anaerobic threshold, which
corresponds to 120-155 beats/min (60%-80% of maximal heart rate) on average. The Conconi test
was applied every two weeks in order to track the progress and to eventually redefine training
loads. Throughout the course of the study, participants involved in endurance training performed
treadmill walk/run exercises while heart rate values were monitored by a heart rate monitor. During
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the endurance exercise, participants performed different forms of endurance-based training protocols
(i.e., continuous, interval (starting from 2 min exercise + 1 min rest in first week up to 4 min exercise +
1 min rest last week), Fartlek) but heart rate values were constantly kept to at least 5 bpm below the
identified threshold. In general, participants were instructed to perform one form of endurance-based
training protocol throughout the one week and then to use another one (i.e., continuous training first
week, Fartlek, the next week, and so on), but this was not mandatory, and participants frequently
changed training forms within the single week. Generally, all participants participated in different
forms of endurance exercise, meaning that none of the participants performed only one modality of
exercise over the study course. Training sessions were programmed and controlled according to the
individual needs of each participant and intensity was modified by inclination and/or speed of the
treadmill carpet.

Resistance training was organized and performed as circuit weight training using handheld
weights, weight machines (Technogym, Cesena, Italy) and participants’ own body weight. Prior to
the study, each participant performed two training sessions in order to accommodate herself with
the training equipment and to familiarize herself with proper techniques and execution of exercise.
Moreover, throughout these “familiarization sessions”, the training instructor noted the appropriate
weights for each exercise and each participant. This allowed us to make the chart where weights
(resistances) were evidenced and later used in the resistance training. Every two weeks (3 times over
the study course), participants were invited to participate in an additional individual training session
where first author of the study tested them on exercises used in circuit-weight-training in order to
re-define individual training loads for the upcoming period of two weeks. The general structure of the
applied circuit weight training is presented in Table 1. Resistance exercise was performed in groups of
4-6 participants but each participant followed individual guidelines (i.e., specific technique, weight)
that were posted at each exercise station.



Int. |. Environ. Res. Public Health 2020, 17, 1222 6 of 15

Table 1. Characteristics of the applied resistance training (circuit-weight-training).

Exercise Equipment used Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Abdominal curls OBW X X X X
Abdominal curls
(added weights) OBW + FW XX XX XX XX
Leg raises OBW X
Hyperextension bench OBW X X X XX XX XX X X
Knee extension WM X X
Hamstring curl WM X X X X X X X
Lunges OBW X X X
Lunges (added OBW + FW X X
weights)
Squats OBW X X X
Squats (added weights) OBW + FW X X
Legg adductions WM X X X X X
Legg abductions WM X X X X X
Latt pulldowns WM X X X X
Rowing torso WM X X X X
Biceps curls X X X X X
Triceps extension WM X X X
Butterfly bench WM X X X
Bench press WM & FW X X X X X
Inclined bench press WM & FW
Overhead press WM & FW X X X
Number of circuits per training session 2 2 3 3 2 3 3 2
Time of work per set (in seconds) 30 30 25 30 30 30 30 30
Rest between sets (in seconds) 30 30 35 30 30 30 30 30
Rest between circuits (in minutes) 5 5 5 5 5 5 5 5
Warm-up (in minutes) 10 10 10 10 10 10 10 10
Cool-down (in minutes) 10 10 10 10 10 10 10 10

LEGEND: WM-weight machines, FW-free weights, OBW-own body weight, “x” indicates the number of sets for each exercise in one circuit.
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2.4. Statistics

Kolmogorov-Smirnov tests were used to evaluate the normality of the distributions for all
variables, and descriptive statistics included means and standard deviations. Levene’s test was used to
assess the homoscedasticity of variables.

A two-way analysis of variance (ANOVA) with repeated measures (Time (pre- and post-training)
x Group (resistance training conditioning, endurance training, control)) was used to determine the
effects of PE on the studied variables, with Scheffe’s post-hoc analyses. To evaluate the effect sizes,
the partial eta squared values (17*) were also reported (small effect size [ES]: >0.02; medium ES: >0.13;
large ES: >0.26) [37,38]. A significance level of p < 0.05 was applied and Statistica 13 (TIBCO Software
Inc. Palo Alto, CA, USA) was used.

3. Results

Descriptive statistics for the studied anthropometric/body composition-, and lipid panel-variables
are presented in Table 2.

Table 2. Descriptive statistics of the variables in Pre- and Post-testing for study groups (data are
presented as Means + Standard Deviations; * presents significant pre—post-testing differences in

each group).
Resistance-Training Endurance-Training Control
Variables (n=19) (n = 20) (n=18)
Pre- Post- Pre- Post- Pre- Post-
BM (kg) 6653 +6.51 624+658* 6735+839 6238+856* 64.89+7.05  64.06+7.78
BMI (kg/m?) 24.02+239 2282+239*% 25114269 23.09+279* 2355+232 2399 +232
Tr_SF (mm) 2471+63 2056 +£3.56* 2678 +£6.58 21.39+4.03* 23.09+9.84  23.47+9.56
Th_SF (mm) 23.68+9.99 21.06+488* 2574+752 2387+546*  2256+5.2 22.58 + 8.83
SI_SF (mm) 1827 +7.04 1524 +3.02* 20.57 +4.41 17.7 +3.7* 17.76 + 5.68 17.56 + 6.4
BF (%) 3492+579 29.89+441* 3643+543 3014+4.04* 3399+592 34.05=+6.11
TC (mmol/L) 4.57 £0.6 3.98 £0.55* 4.94 + 0.56 3.77 £ 047 % 4.63 + 0.59 4.51 +0.57
HDL (mmol/L) 1.63 +0.25 1.09+0.16* 1.74 +0.27 1.25 +0.18* 157 +0.21 1.59 +0.26
LDL (mmol/L) 3.42 +0.48 258+ 047* 3.36 + 0.43 221+046* 3.14 £ 0.62 2.96 +0.51
TG (mmol/L) 1.15+0.15 0.6 +£0.13* 1.18 +0.23 072+0.16*% 1.19 +0.22 1.01+0.23*
PG (mmol/L) 5.19 + 0.55 4.06 +£0.42* 4.89 + 0.54 425+06* 5.04 £ 0.51 4.92 +0.36

LEGEND: BM-body mass, BMI-body mass index, Tr_SF-triceps skinfold, Th_SF-thigh skinfold, SI_SF-suprailiac
skinfold, BF-body fat, TC-total cholesterol, HDL-high density lipoprotein, LDL-low density lipoprotein,
TG-triglycerides, PG-plasma glucose.

Significant ANOVA main effects for “Group” were evidenced for thigh skinfold (medium ES),
BF% (medium ES), and HDL (medium ES). The main effects for “Measurement” were significant for
all studied variables, namely body mass (large ES), BMI (large ES), triceps skinfold (large ES), thigh
skinfold (large ES), suprailiac skinfold (large ES), BF% (large ES), TC (large ES), HDL (large ES), LDL
(large ES), TG (large ES), and PG (large ES) (Table 3).

The “Measurement X Group” interaction effects reached statistical significance for all studied
anthropometric/body composition and lipid-panel-variables, namely body mass (large ES), BMI (large
ES), triceps skinfold (large ES), thigh skinfold (large ES), suprailiac skinfold (large ES), BF% (large ES),
TC (large ES), HDL (large ES), LDL (large ES), TG (large ES), and PG (large ES) (Table 3).

The post-hoc Scheffe test revealed significant within-group differences (e.g., pre- to post-testing
differences) for both training-groups in body mass, BMI, triceps skinfold, thigh skinfold, subscapular
skinfold, BF%, TC, HDL, LDL, PG, and TG (significant decrease in numerical results for all variables in
training-groups). For the controls, significant post-hoc within-group differences were found for TG
(significant decrease of TG over the course of the study). Between-group post-hoc analysis showed
higher BMI for resistance- than for endurance-training-group in pre-testing results. When post-hoc
analyses were calculated for post-testing results, significant between-group differences were found for
triceps skinfold, BF%, HDL, TG, and PG (all larger in control-group than in both training groups); TC
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and LDL (both larger in control-group than in endurance-training). No significant post-hoc differences
were found between resistance-training and endurance-training group in post-testing.

Table 3. Results of the analysis of variance for main effects (Group and Measurement), and interaction
(Group x Measurement) with effect size values (r]2).

Main Effects Interaction
Variables Group Measurement Group X Measurement
F-Test p n? F-Test p 1> F-Test 4 n?

BM (kg) 0.1 0.88 0.01 3271 0.001 0.87 128 0.001 0.72
BMI (kg/m?) 0.63 0.53 0.02 14397 0.001 073 60.77  0.001 0.69
Tr_SF (mm) 0.93 0.39 0.03 7373 0001 058 21.36  0.001 0.44
Th_SF (mm) 6.31 0.01 019 14663 0.001 073 3625  0.001 0.57
SI_SF (mm) 1.75 0.18 0.06 391 0.001 042 8.73 0.001 0.25
BF (%) 3.98 0.03 013 18391 0.001 077 4645  0.001 0.63

TC (mmol/L) 1.75 0.18 0.06 84.62 0.001 0.61 19.45 0.001 0.42
HDL (mmol/L) 5.63 0.01 017 13933 0.001 0.72 38.17 0.001 0.59
LDL (mmol/L) 1.97 0.15 0.07 17377 0.001 0.77 26.66 0.001 0.49

TG (mmol/L) 7.37 0.01 021 46425 0.001 0.89 35.41 0.001 0.57

PG (mmol/L) 4.54 0.02 0.14 98.08 0.001 0.65 20.65 0.001 0.43

LEGEND: BM-body mass, BMI-body mass index, Tr_SF-triceps skinfold, Th_SF-thigh skinfold, SI_SF-suprailiac
skinfold, BF-body fat, TC-total cholesterol, HDL-high density lipoprotein, LDL-low density lipoprotein,
TG-triglycerides, PG-plasma glucose.

Caloric intake and nutrient intake (in kcal), did not differ between groups nor among groups
(Figure 2).

3000
2500 |
2000 —
1500 =
1000

500 I

, Ml I §
C p F Total C P F Total
Pre- Post-
M Resistance training ~ OEndurance training Control

Figure 2. Caloric intake (Total, Carbohydrates-C, Proteins-P, Fats-F; all in kcal) for the resistance-
training-, endurance-training-, and control-group at the beginning (Pre-), and at the end of the study
(Post-).

4. Discussion

This study aimed to evaluate the differential effects of endurance training and resistance training
on the lipid panel and anthropometric indices of adult healthy women. There were the two most
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important findings. First, both training modalities induced positive changes in all studied variables.
Therefore, the first study hypothesis may be accepted. Secondly, there was no evidence of differential
effects of observed training modalities on studied variables. As a result, the second and third study
hypotheses were not confirmed.

4.1. Positive Effects of Endurance and Resistance Training on Anthropometric/Body Composition Indices

Endurance training induced significant positive effects on anthropometric/body composition
indices. Such results were expected and similar improvements were reported in other studies where
different forms of endurance (aerobic) training were studied in women. For example, a recent Spanish
study with sedentary females investigated the effects of a 16-week Zumba aerobic dance program
and revealed positive effects on BMI and body fat percentage [27]. The Lithuanian study where the
authors examined the effects of a two-month endurance exercise program performed by indoor cycling,
induced a significant reduction of body mass of 1 kg in young health females (in our study, 4 kg),
but in this study’s authors examined participants with initially lower BMI and BF% than we have
observed herein (BMI: 23 and 24 kg/m?, BF: 31 and 35% in Lithuanian and our study, respectively),
which naturally resulted in smaller numerical changes in body mass [39]. Positive results of endurance
training on different indices of body build have been reported in other studies with young health
females as well [40]. On the other hand, it is important to note that the duration of our study was
evidently shorter (i.e., 8 weeks) than the durations for the majority of previous studies, which regularly
lasted 3 months or more [27,40]. In explaining the significant effects on body composition indices
in our study, irrespective of the relatively short duration, the two most important issues should be
highlighted and discussed: (i) controlled intensity and (ii) type of endurance exercise.

It is well known that moderate aerobic exercise for > 150 or 200-300 min per week can significantly
reduce body mass (weight), even without controlling diet [41]. Proper intensity of endurance exercise is
one of the most important factors of exercise effectiveness. Specifically, when exercise intensities differ,
exercise expenditure is not the only factor responsible for reducing body mass [42]. High-intensity
training may effectively reduce body fat and when energy expenditure is held equal (as it was the case in
our endurance group), high-intensity exercise is more beneficial for improving body composition than
low-intensity exercise [43]. Prior to the study, each participant involved in endurance PE underwent
initial screening where their anaerobic threshold was evidenced (see Methods for details). This allowed
us to determine the intensity level (using the treadmill belt speed and heart rate) at which participants
would most effectively exercise.

Secondly, it must not be ignored that treadmill exercise was highly convenient for the purposes of
this investigation. The treadmill equipment allows inclination of the platform which increases the
exercise intensity without increasing the step frequency. As a result, our participants were able to
exercise while “walking uphill”. This minimized the stress on the locomotor system [44,45] and allowed
convenient and effective endurance exercise. Together with continuous control of exercise intensity
by heart rate monitoring, treadmill use almost certainly contributed to the significant effects seen in
endurance training, irrespective of the relative short duration of the training program (i.e., 8 weeks).

Resistance training is a popular and convenient form of exercise and its positive effects on
anthropometric/body composition status in women of different ages and with various health conditions
have already been documented [46,47]. In our study, we applied organized circuit weight training as a
form of resistance training. This form of training was developed in the early 1950s and the term “circuit”
refers to a series of specific and organized exercises arranged in a sequence [48,49]. Selected exercises
can involve different forms of “resistance exercises”, including elastic resistance, weight machines,
handheld weights, etc. Participants perform one exercise in a pre-defined order and a number of
repetitions (or in a pre-defined time) and after a relatively strict pause, they move to another exercise
(for details on circuit resistance training applied in this study, please see Methods). Although originally
designed with the main intention to improve strength and cardiorespiratory function, changes in
body build and body composition indices are also regularly achieved because of the relatively high
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metabolic costs of this form of training [48]. However, it must be noted that high-intensity (heavy load)
training was previously not effective when it came to changes in anthropometric/body composition
parameters in the low-trained women [50].

The effects of circuit resistance training in our study were positive, with significant reductions of
body mass, BMI, and BF%. Therefore, the changes achieved as a result of circuit weight-training are
comparable to those reported in other research with female participants. In brief, Brazilian authors
applied the same type of resistance training in sedentary women (33-45 years of age) who had a
similar body composition status as our participants, and evidenced significant decreases in BF% (from
37% to 31) [51]. Further, similar results were reported in an Australian study with obese women [52],
while an Iranian team confirmed the effects of 8-week circuit weight training on body weight reduction
in postmenopausal women [53]. On the other hand, the positive effects of 8-week circuit resistance
training on body composition were not confirmed in a US study on premenopausal women, although
numerical values of BMI and BF indices showed promising trends [52]. However, it must be noted
that participants in the latter study trained two times a week, which probably explains the lack of
effectiveness due to the lower energy expenditure (metabolic demands).

4.2. Positive Effects of Endurance and Resistance Training on Plasma Glucose and Lipid Profile

The significant reduction of the PG levels in our participants was expected because:
(i) carbohydrates (e.g., PG and muscle glycogen) are one of the main energy sources during PA,
and (ii) PA increases insulin sensitivity, which reduces the PG concentration in trained subjects [54-56].
On the other hand, the differential effects of studied PE-programs were also possible. In brief, the PG
utilization increases with the intensity of PE because of the increase in glucose utilization by muscles.
Throughout the PE, the utilization is affected (e.g., increased) by (i) the intensity of the activation
of each muscle unit and (ii) the increase in the number of active muscle units, and/or (iii) both [57].
Although we cannot ignore the fact that both of these mechanisms are more prevalent in resistance
training (i.e., resistance training increase the intensity and number of activated muscle unites to a
greater extent than endurance-training), plasma glucose utilization also increases with the duration of
exercise. It therefore may at least partially compensate the theoretically expected superior effects of
resistance-training in our study.

The association between high cholesterol levels and ischemic heart disease has been known for
almost 20 years. Results of studies that aimed to reduce cholesterol levels showed reduced risk of
cardiovascular diseases as a consequence of lower cholesterol levels [58]. It is important to note that the
prevalence of high cholesterol has decreased globally over the last 20 years but a significant proportion
of this decrease may be attributed to the use of cholesterol-lowering substances. For example, it is
estimated that usage of cholesterol-lowering substances in US citizens has increased more than 400%
starting from the early 1990s [59]. Therefore, our results of the significant effects of both observed PE
modalities on lowering cholesterol levels are encouraging, especially knowing that our participants
did not use cholesterol-lowering substances, were not involved in a specific nutrition program, and/or,
to the best of our knowledge, did not change their caloric intake over the course of the study.

Our results show positive effects of aerobic endurance exercise on changes in lipid profile, and this
is generally consistent with previous reports where authors examined longer training programs. For
example, a 6-month study of Dunn et al., who examined a mixed sample of healthy, sedentary men and
women, showed promising results, with significantly positive changes in total cholesterol, LDL, and
the total/HDL ratio [60]. One of the rare studies exclusively examining females evaluated the effects of
16 weeks of endurance exercise and a significant increase in HDL and decrease in the concentration
of triglycerides were reported [40]. In a recent study with healthy young females (25-30 years of
age), Kyrolainen et al. evidenced changes in lipid panel indicators as a result of 9-week endurance
training [11]. More specifically, TG changes were not significant (1.17 + 0.34 and 1.01 + 0.29 mmol/L),
TC was significantly reduced (5.0 + 0.05 mmol/L and 4.4 + 0.7 mmol/L), while HDL levels significantly
increased (1.37 + 0.29 and 1.51 + 0.27 mmol/L, before and after study period, respectively) [11]. The
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somewhat better improvements in our study may be explained by the fact that our participants
performed treadmill-endurance training, while Kyrolainen et al. applied indoor cycling as a type
of endurance training. Knowing the differences in overall energy expenditure between these two
forms of exercising (i.e., treadmill walking/running engage larger percentage of the musculature than
cycling), the somewhat better effects in our study are understandable [61]. However, despite some
differences, our results support previous findings which evidenced the positive effects of exercise in
healthy young females.

Interestingly, in our study, the resistance training program induced similar positive changes in lipid
profile as endurance training. Although we expected that endurance training would have better effects
on lipid profile variables than resistance-training, reports which highlight significant improvements in
cardiovascular risk factors as a result of resistance-based PE are not rare. For example, Prabhakaran et al.
studied premenopausal women and reported significant decreases in total cholesterol (from 4.6 to 4.26
mmol/L) and LDL cholesterol (from 2.99 to 2.57 mmol/L) as a result of 14-week resistance training [62].
Similarly, in a study with healthy males, high-resistance training and moderate-intensity resistance
PE performed over 6 weeks were equally effective with regard to reductions of LDL, total cholesterol,
and the total cholesterol: HDL ratio [63]. Finally, circuit weight training, very similar to the one applied
in our study, resulted in significant reductions in total cholesterol and triglycerides in a study of obese
women [26], altogether indicating clear benefits of resistance training on improving the lipid profile of
female participants.

4.3. Study Limitations and Strengths

This study has several limitations that must be mentioned. First, we compared three-day logs
obtained at the beginning and at the end of the study, but did not continuously monitor diets, and this
investigation did not include strict control of the participants’ diet. Next, we did not observe daily
physical activity of women involved in the investigation, which may also contribute to changes in
studied variables. Moreover, the study was not based on total randomization, but participants were
involved in PE types according to their preferences. Although this may be observed as a study
limitation, the authors believe that it may also contribute to the ecological validity of the investigation.
Namely, self-motivation for PE is among the most important factors of initiation, and consistency
in PE [24,29,30]. Therefore, since participants autonomously selected the type of exercise they will
participate in, our results may actually reflect the effects that may be expected in “real-life”.

This is one of the rare studies where programmed and controlled endurance and circuit resistance
training were observed as methods of PE in young adult women. This allowed us to clearly identify the
effects of PE itself, irrespective of eventual confounding effects of individual characteristics (technical
knowledge of exercise execution, monitoring of exercise intensity, etc.). In addition, participants were
women who self-decided to start physical exercise and who deliberately chose the PE-type; therefore,
the results obtained may be observed as plausible for the general population of young healthy women.

5. Conclusions

Our results confirm the positive effects of endurance training, performed on treadmill, and circuit
resistance training on lipid panel and anthropometric/body composition indices in adult healthy
women. Moreover, no differential effects between the applied PE programs were evidenced. Since the
applied PE programs lasted 8 weeks, it may be concluded that both types of exercise were equally
effective with regard to changes in the observed parameters of cardiovascular risk. However, it must
be mentioned that both PE programs had several specifics that probably influenced their effectiveness
despite the differences in exercise character (e.g., resistance vs. endurance training).

Circuit resistance training included exercises done with own body weight, weight machines
and handheld weights. Since all participants were tested on their strength capacity prior to the
study, individualized training programs were developed and applied throughout the study course.
In addition, every two weeks, additional screening of the strength capacities was done, which allowed
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us to redesign the volume and intensity of training. Endurance training consisted of treadmill exercising,
and prior to study, all participants were tested for their initial endurance capacity. The result of each
participant was then recorded and used in the training design, which, together with training load
monitoring, resulted in appropriate and precise workloads in each training session. Altogether, this
design almost certainly influenced the efficacy of both PE modalities.

This study involved apparently healthy female participants 32% of whom were overweight/obese
and 25% of participants who had above-optimal levels of lipid-panel indicators. Therefore, the
necessity of the study may be questioned. However, because of the alarming trends of increase in
cardiovascular-risks, it is important to determine the eventual positive effects of PE even in low-risk
populations. Namely, this study demonstrates that exposure to individually preferred PE can induce
significant health benefits and can therefore prevent the occurrence of various cardiovascular risks.
This information can be used in targeted and preventive public health efforts.

In future studies, the observed forms of PE here should be evaluated with regard to their effects on
other important fitness-related variables. In doing so, special attention should be placed on strength,
endurance, and flexibility components. In addition, similar studies for other types of PE are warranted.

Author Contributions: Data curation, N.Z.,, G.B.A. and L.O.; Investigation, G.B.A., KI,, AEE. and L.O,;
Methodology, N.Z. and G.B.A.; Project administration, A.E.; Supervision, K.I. and A.E.; Writing—original
draft, N.Z., K.I. and L.O. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Authors are particularly grateful to all participants for their voluntary participation in
the study.

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

References

1.  Crews, W.D,, Jr.; Harrison, D.W.; Wright, ].W. A double-blind, placebo-controlled, randomized trial of
the effects of dark chocolate and cocoa on variables associated with neuropsychological functioning and
cardiovascular health: Clinical findings from a sample of healthy, cognitively intact older adults. Am. J. Clin.
Nutr. 2008, 87, 872-880. [PubMed]

2. 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]

3. Marandi, S.M.; Abadi, N.G.; Esfarjani, F.; Mojtahedi, H.; Ghasemi, G. Effects of intensity of aerobics on body
composition and blood lipid profile in obese/overweight females. Int. |. Prev. Med. 2013, 4, S118-5125.
[PubMed]

4.  Saghafi-Asl, M.; Pirouzpanah, S.; Ebrahimi-Mameghani, M.; Asghari-Jafarabadi, M.; Aliashrafi, S.; Sadein, B.
Lipid profile in relation to anthropometric indices and insulin resistance in overweight women with polycystic
ovary syndrome. Health Promot. Perspect. 2013, 3, 206-216. [CrossRef] [PubMed]

5. Alnasir, FA.; Masuadi, E.M. The effect of loss of body weight on lipid profile in overweight individuals.
Saudi Med. ]. 2006, 27, 687-692.

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

7. 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]

8. Tran, B.X,; Dang, K.A.; Le, H.T,; Ha, G.H.; Nguyen, L.H.; Nguyen, TH.; Tran, T.H.; Latkin, C.A.; Ho, C.S.H.;
Ho, R.C.M. Global Evolution of Obesity Research in Children and Youths: Setting Priorities for Interventions
and Policies. Obes. Facts 2019, 12, 137-149. [CrossRef]

9.  Swift, D.L,; Johannsen, N.M.; Lavie, C.].; 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]


http://www.ncbi.nlm.nih.gov/pubmed/18400709
http://dx.doi.org/10.1007/s40279-013-0110-5
http://www.ncbi.nlm.nih.gov/pubmed/24174305
http://www.ncbi.nlm.nih.gov/pubmed/23717761
http://dx.doi.org/10.5681/hpp.2013.024
http://www.ncbi.nlm.nih.gov/pubmed/24688970
http://dx.doi.org/10.3390/ijerph16244958
http://dx.doi.org/10.3390/ijerph16214291
http://dx.doi.org/10.1159/000497121
http://dx.doi.org/10.1016/j.pcad.2013.09.012

Int. |. Environ. Res. Public Health 2020, 17, 1222 13 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

World Health Organization. Global Recommendations on Physical Activity for Health; World Health Organization:
Geneva, Switzerland, 2010.

Kyrolainen, H.; Hackney, A.C.; Salminen, R.; Repola, J.; Hakkinen, K.; Haimi, J. Effects of Combined Strength
and Endurance Training on Physical Performance and Biomarkers of Healthy Young Women. ]. Strength
Cond. Res. 2018, 32, 1554-1561. [CrossRef]

Alberga, A.S.; Farnesi, B.C.; Lafleche, A.; Legault, L.; Komorowski, ]J. The effects of resistance exercise
training on body composition and strength in obese prepubertal children. Phys. Sportsmed. 2013, 41, 103-109.
[CrossRef] [PubMed]

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]
Hottenrott, K.; Ludyga, S.; Schulze, S. Effects of high intensity training and continuous endurance training on
aerobic capacity and body composition in recreationally active runners. J. Sports Sci. Med. 2012, 11, 483-488.
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]

Paoli, A.; Pacelli, Q.F.; Moro, T.; Marcolin, G.; Neri, M.; Battaglia, G.; Sergi, G.; Bolzetta, F; Bianco, A. Effects
of high-intensity circuit training, low-intensity circuit training and endurance training on blood pressure
and lipoproteins in middle-aged overweight men. Lipids Health Dis. 2013, 12, 131. [CrossRef] [PubMed]
Hagstrom, A.D.; Marshall, PW.; Halaki, M.; Hackett, D.A. The Effect of Resistance Training in Women on
Dynamic Strength and Muscular Hypertrophy: A Systematic Review with Meta-analysis. Sports Med. 2019.
[CrossRef]

Evans, ].W. Periodized Resistance Training for Enhancing Skeletal Muscle Hypertrophy and Strength:
A Mini-Review. Front. Physiol. 2019, 10, 13. [CrossRef]

Schoenfeld, B.].; Grgic, J.; Ogborn, D.; Krieger, ] 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]

Duxbury, L. Work-life conflict in Canada in the new millennium-A status report. Sydney Papers 2003, 15, 78.
American Psychiatric Association. Annual Convention Report; American Psychiatric Association: Arlongton,
VA, USA, 2013; No. 8.

Aleksovska, K.; Puggina, A.; Giraldi, L.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.; Chantal, S.; Ciarapica, D.;
Colotto, M,; et al. Biological determinants of physical activity across the life course: A “Determinants of
Diet and Physical Activity” (DEDIPAC) umbrella systematic literature review. Sports Med. Open 2019, 5, 2.
[CrossRef]

EU Special Eurobarometer 412 on“Sport and Physical Activity” Special Eurobarometer. Available online:
https://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/ebs_412_en.pdf (accessed on 11 February 2020).
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 Exerc. Perform. Psychol. 2016, 5, 247. [CrossRef]

Locke, S.R.; Brawley, L.R. Perceptions of exercise consistency: Relation to exercise-related cognitive errors
and cognitions. J. Health Psychol. 2017, 22, 684-694. [CrossRef] [PubMed]

Fett, C.A.; Fett, W.C.; Marchini, J.S. Circuit weight training vs jogging in metabolic risk factors of
overweight/obese women. Arq. Bras. Cardiol. 2009, 93, 519-525. [CrossRef] [PubMed]

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. |. Environ. Res. Public Health 2019, 16, 4986. [CrossRef]

Zenic, N.; Rausavljevic, N.; Bercic, H. Leisure-time physical activities: The anthropological benefits and
health risks. Kinesiol. Slov. 2006, 12, 75-83.

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
Dlet and Physical ACtivity” (DEDIPAC) umbrella systematic literature review. Int. J. Behav. Nutr. Phys. Act.
2017, 14, 58. [CrossRef]

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


http://dx.doi.org/10.1519/JSC.0000000000002034
http://dx.doi.org/10.3810/psm.2013.09.2028
http://www.ncbi.nlm.nih.gov/pubmed/24113708
http://www.ncbi.nlm.nih.gov/pubmed/26957925
http://dx.doi.org/10.1016/j.jesf.2018.11.003
http://www.ncbi.nlm.nih.gov/pubmed/30740131
http://dx.doi.org/10.1186/1476-511X-12-131
http://www.ncbi.nlm.nih.gov/pubmed/24004639
http://dx.doi.org/10.1007/s40279-019-01247-x
http://dx.doi.org/10.3389/fphys.2019.00013
http://dx.doi.org/10.1519/JSC.0000000000002200
http://dx.doi.org/10.1186/s40798-018-0173-9
https://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/ebs_412_en.pdf
http://dx.doi.org/10.1037/spy0000064
http://dx.doi.org/10.1177/1359105315611956
http://www.ncbi.nlm.nih.gov/pubmed/26537522
http://dx.doi.org/10.1590/S0066-782X2009001100013
http://www.ncbi.nlm.nih.gov/pubmed/20084314
http://dx.doi.org/10.3390/ijerph16244986
http://dx.doi.org/10.1186/s12966-017-0510-2

Int. |. Environ. Res. Public Health 2020, 17, 1222 14 of 15

31.

32.
33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Dlet and Physical ACtivity” (DEDIPAC) umbrella systematic literature review. PLoS ONE 2017, 12, e0182709.
[CrossRef]

Stone, N.J.; Robinson, J.G.; Lichtenstein, A.H.; Merz, C.N.B.; 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]
Heyward, V.H.; Stolarczyk, L.M. Applied Body Composition Assessment; Human Kinetics: Padsey, UK, 1996.
Friedewald, W.T.; Levy, R.I; Fredrickson, D.S. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin. Chem. 1972, 18, 499-502.
[CrossRef]

Kulier, I. Prehrambene Tablice (Kemijski Sastav Namirnica); Hrvatski Farmer: Zagreb, Croatia, 1996.

Conconi, F.; Grazzi, G.; Casoni, I.; Guglielmini, C.; Borsetto, C.; Ballarin, E.; Mazzoni, G.; Patracchini, M.;
Manfredini, F. The Conconi test: Methodology after 12 years of application. Int. . Sports Med. 1996, 17,
509-519. [CrossRef]

Nikolaizik, W.H.; Knopfli, B.; Leister, E.; de Boer, P; Sievers, B.; Schoni, M.H. The anaerobic threshold in
cystic fibrosis: Comparison of V-slope method, lactate turn points, and Conconi test. Pediatr. Pulmonol. 1998,
25,147-153. [CrossRef]

Ferguson, CJ. An effect size primer: A guide for clinicians and researchers. Prof. Psychol. Res. Pract. 2009, 40, 532.
[CrossRef]

Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Lawrence Erlbaum Assosiates: New York, NY,
USA, 1988.

Stasiulis, A.; Mockiene, A.; Vizbaraite, D.; Mockus, P. Aerobic exercise-induced changes in body composition
and blood lipids in young women. Medicina (Kaunas) 2010, 46, 129-134. [CrossRef] [PubMed]

LeMura, L.M.; von Duvillard, S.P.; Andreacci, J.; Klebez, ] M.; Chelland, S.A.; Russo, J. Lipid and lipoprotein
profiles, cardiovascular 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]

Donnelly, J.E.; Blair, S.N.; Jakicic, ].M.; Manore, M.M.; Rankin, ].W.; Smith, B.K.; American College of Sports
Medicine. American College of Sports Medicine Position Stand. Appropriate physical activity intervention
strategies for weight loss and prevention of weight regain for adults. Med. Sci. Sports Exerc. 2009, 41, 459-471.
[CrossRef]

Williams, C.B.; Zelt, J.G.; Castellani, L.N.; Little, ].P; Jung, M.E.; Wright, D.C.; Tschakovsky, M.E.; Gurd, B.].
Changes in mechanisms proposed to mediate fat loss following an acute bout of high-intensity interval and
endurance exercise. Appl. Physiol. Nutr. Metab. 2013, 38, 1236-1244. [CrossRef]

Lee, M.G,; Park, K.S.; Kim, D.U.; Choi, S.M.; Kim, H.]. Effects of high-intensity exercise training on body
composition, abdominal fat loss, and cardiorespiratory fitness in middle-aged Korean females. Appl. Physiol.
Nutr. Metab. 2012, 37, 1019-1027. [CrossRef]

Millet, G.; Perrey, S.; Divert, C.; Foissac, M. The role of engineering in fatigue reduction during human
locomotion—A review. Sports Eng. 2006, 9, 209-220. [CrossRef]

Grampp, J.; Willson, J.; Kernozek, T. The plantar loading variations to uphill and downhill gradients during
treadmill walking. Foot Ankle Int. 2000, 21, 227-231. [CrossRef]

Cunha, PM.; Tomeleri, C.M.; Nascimento, M.A.; Mayhew, ].L.; Fungari, E.; Trindade, L.; Barbosa, D.S.;
Venturini, D.; Cyrino, E.S. Comparision of Low and High Volume of Resistance Training on Body Fat and
Blood Biomarkers in Untrained Older Women: A Randomized Clinical Trial. ]. Strength Cond. Res. 2019.
[CrossRef]

Franco, C.M.C,; Carneiro, M.; Alves, L.T.H.; Junior, G.N.O.; de Sousa, ]J.ER.; Orsatti, EL. Lower-Load is More
Effective Than Higher-Load Resistance Training in Increasing Muscle Mass in Young Women. J. Strength
Cond. Res. 2019, 33 (Suppl. S1), S152-5158. [CrossRef]

Gettman, L.R.; Pollock, M.L. Circuit Weight Training: A Critical Review of Its Physiological Benefits.
Phys. Sportsmed. 1981, 9, 44-60. [CrossRef] [PubMed]

Gettman, L.R.; Ayres, J.J.; Pollock, M.L.; Jackson, A. The effect of circuit weight training on strength,
cardiorespiratory function, and body composition of adult men. Med. Sci. Sports 1978, 10, 171-176. [PubMed]


http://dx.doi.org/10.1371/journal.pone.0182709
http://dx.doi.org/10.1016/j.jacc.2013.11.002
http://dx.doi.org/10.1093/clinchem/18.6.499
http://dx.doi.org/10.1055/s-2007-972887
http://dx.doi.org/10.1002/(SICI)1099-0496(199803)25:3&lt;147::AID-PPUL3&gt;3.0.CO;2-J
http://dx.doi.org/10.1037/a0015808
http://dx.doi.org/10.3390/medicina46020019
http://www.ncbi.nlm.nih.gov/pubmed/20440087
http://dx.doi.org/10.1007/s004210000234
http://dx.doi.org/10.1249/MSS.0b013e3181949333
http://dx.doi.org/10.1139/apnm-2013-0101
http://dx.doi.org/10.1139/h2012-084
http://dx.doi.org/10.1007/BF02866059
http://dx.doi.org/10.1177/107110070002100308
http://dx.doi.org/10.1519/JSC.0000000000003245
http://dx.doi.org/10.1519/JSC.0000000000002970
http://dx.doi.org/10.1080/00913847.1981.11710988
http://www.ncbi.nlm.nih.gov/pubmed/27462744
http://www.ncbi.nlm.nih.gov/pubmed/723506

Int. |. Environ. Res. Public Health 2020, 17, 1222 15 of 15

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Dinyer, TK.; Byrd, M.T.; Garver, M.].; Rickard, A.J.; Miller, WM.; Burns, S.; Clasey, J.L.; Bergstrom, H.C.
Low-Load vs. High-Load Resistance Training to Failure on One Repetition Maximum Strength and Body
Composition in Untrained Women. J. Strength Cond. Res. 2019, 33, 1737-1744. [CrossRef] [PubMed]
Ferreira, F.C.; de Medeiros, A.L; Nicioli, C.; Nunes, J.E.; Shiguemoto, G.E.; Prestes, J.; Verzola, RM.;
Baldissera, V.; Perez, S.E. Circuit resistance training in sedentary women: Body composition and serum
cytokine levels. Appl. Physiol. Nutr. Metab. 2010, 35, 163-171. [CrossRef] [PubMed]

Franklin, N.C.; Robinson, A.T.; Bian, ].T.; Ali, M.M.; Norkeviciute, E.; McGinty, P.; Phillips, S.A. Circuit
resistance training attenuates acute exertion-induced reductions in arterial function but not inflammation in
obese women. Metab. Syndr. Relat. Disord. 2015, 13, 227-234. [CrossRef]

Ghanbari-Niaki, A.; Saeidi, A.; Ahmadian, M.; Gharahcholo, L.; Naghavi, N.; Fazelzadeh, M.; Mahjoub, S.;
Myers, S.; Williams, A. The combination of exercise training and Zataria multiflora supplementation increase
serum irisin levels in postmenopausal women. Integr. Med. Res. 2018, 7, 44-52. [CrossRef]

Holloszy, J.O.; Kohrt, W.M. Regulation of carbohydrate and fat metabolism during and after exercise.
Annu. Rev. Nutr. 1996, 16, 121-138. [CrossRef]

Borghouts, L.B.; Keizer, H.A. Exercise and insulin sensitivity: A review. Int. ]. Sports Med. 2000, 21, 1-12.
[CrossRef]

Conn, V.S.; Koopman, R.J.; Ruppar, T.M.; Phillips, L.].; Mehr, D.R.; Hafdahl, A.R. Insulin Sensitivity Following
Exercise Interventions: Systematic Review and Meta-Analysis of Outcomes Among Healthy Adults. J. Prim.
Care Community Health 2014, 5, 211-222. [CrossRef]

Coggan, A.R. Plasma glucose metabolism during exercise in humans. Sports Med. 1991, 11, 102-124.
[CrossRef] [PubMed]

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]

Go, A.S.; Mozaffarian, D.; Roger, V.L.; Benjamin, E.J.; Berry, ].D.; Blaha, M.].; Dai, S.; Ford, E.S.; Fox, C.S.;
Franco, S.; et al. Executive summary: Heart disease and stroke statistics—2014 update: A report from the
American Heart Association. Circulation 2014, 129, 399-410. [CrossRef] [PubMed]

Dunn, A.L.; Marcus, B.H.; Kampert, ].B.; Garcia, M.E.; Kohl, H.W.,, 3rd; Blair, S.N. Reduction in cardiovascular
disease risk factors: 6-month results from Project Active. Prev. Med. 1997, 26, 883-892. [CrossRef]

Millet, G.P; Vleck, V.E.; Bentley, D.J. Physiological differences between cycling and running. Sports Med.
2009, 39, 179-206. [CrossRef]

Prabhakaran, B.; Dowling, E.A.; Branch, ].D.; Swain, D.P,; Leutholtz, B.C. Effect of 14 weeks of resistance
training on lipid profile and body fat percentage in premenopausal women. Br. J. Sports Med. 1999, 33,
190-195. [CrossRef]

Sheikholeslami Vatani, D.; Ahmadi, S.; Ahmadi Dehrashid, K.; Gharibi, F. Changes in cardiovascular risk
factors and inflammatory markers of young, healthy, men after six weeks of moderate or high intensity
resistance training. J. Sports Med. Phys. Fit. 2011, 51, 695-700.

@ © 2020 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 (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1519/JSC.0000000000003194
http://www.ncbi.nlm.nih.gov/pubmed/31136545
http://dx.doi.org/10.1139/H09-136
http://www.ncbi.nlm.nih.gov/pubmed/20383226
http://dx.doi.org/10.1089/met.2014.0135
http://dx.doi.org/10.1016/j.imr.2018.01.007
http://dx.doi.org/10.1146/annurev.nu.16.070196.001005
http://dx.doi.org/10.1055/s-2000-8847
http://dx.doi.org/10.1177/2150131913520328
http://dx.doi.org/10.2165/00007256-199111020-00003
http://www.ncbi.nlm.nih.gov/pubmed/2017604
http://dx.doi.org/10.1016/S0140-6736(03)12655-4
http://dx.doi.org/10.1161/01.cir.0000442015.53336.12
http://www.ncbi.nlm.nih.gov/pubmed/24446411
http://dx.doi.org/10.1006/pmed.1997.0218
http://dx.doi.org/10.2165/00007256-200939030-00002
http://dx.doi.org/10.1136/bjsm.33.3.190
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Testing and Variables 
	Physical Exercise Programs 
	Statistics 

	Results 
	Discussion 
	Positive Effects of Endurance and Resistance Training on Anthropometric/Body Composition Indices 
	Positive Effects of Endurance and Resistance Training on Plasma Glucose and Lipid Profile 
	Study Limitations and Strengths 

	Conclusions 
	References

