
lable at ScienceDirect

Journal of Exercise Science & Fitness 19 (2021) 98e103
Contents lists avai
Journal of Exercise Science & Fitness

journal homepage: www.elsevier .com/locate/ jesf
Regular training has a greater effect on aerobic capacity, fasting blood
glucose and blood lipids in obese adolescent males compared to
irregular training*

Hosein Karami a, Vahid Valipour Dehnou a, *, Afshin Nazari b, c, Daniel Gahreman d

a Sports Sciences Department, Faculty of Literature & Human Sciences, Lorestan University, Khorramabad, Iran
b Razi Herbal Medicines Research Center, Department of Physiology, Lorestan University of Medical Sciences, Khoramabad, Iran
c Cardiovascular Research Center, Shahid Rahimi Hospital, Lorestan University of Medical Sciences, Khoramabad, Iran
d College of Health and Human Sciences, Charles Darwin University, Northern Territory, Australia
a r t i c l e i n f o

Article history:
Received 13 May 2020
Received in revised form
19 November 2020
Accepted 20 November 2020
Available online 26 November 2020

Keywords:
Blood lipids
Fitness
Exercise
Obesity
Adolescent
Diabetes
* This study was carried out at: Sports sciences dep
& human sciences, Lorestan University, Khorramab
postal code: 6815144316.
* Corresponding author. PO Box 465, Sports scie

literature & human sciences, Lorestan University, Kho
PoBox: 6815144316, Iran.

E-mail addresses: najikarami1362@gmail.com (H
(V.V. Dehnou), nazari257@yahoo.com (A. Nazari), D
(D. Gahreman).

https://doi.org/10.1016/j.jesf.2020.11.003
1728-869X/© 2020 The Society of Chinese Scholars on
BY-NC-ND license (http://creativecommons.org/licens
a b s t r a c t

Background/objective: It is not clear whether the regularity of training affects the outcomes of aerobic
exercise. This study aimed to compare the effects of regular with irregular training on aerobic fitness,
blood markers, and anthropometric characteristics of obese adolescent males.
Methods: Twenty three male students between 16 and 17 years old were randomly assigned into regular
exercise (RE) group and performed exercises on specific time and days each week, or irregular exercise
(IE) group and performed exercise on randomly selected days each week. The intervention programs
consisted of self-paced progressive running program (20 min in week one and 44 min in week 8), three
times per week for eight weeks. Anthropometric characteristics, blood lipids, fasting blood glucose, and
aerobic capacity were assessed before and after the intervention using a two-way ANOVA.
Results: There was a significant interaction of time and condition on total cholesterol (TC) F (1,
21) ¼ 5.427, p ¼ 0.030, h2P ¼ 0.205, and high-density lipoprotein to low-density lipoprotein ratio (HDL)/

(LDL) F (1, 21) ¼ 5.951, p ¼ 0.024, h2P ¼ 0.221), with a greater reduction observed in RE group. LDL
decreased only in RE group demonstrating a significant effect of time F (1, 21) ¼ 4.897, p ¼ 0.038,
h2P ¼ 0.189. Body mass, body mass index (BMI), and waist circumference decreased, and VO2peak
increased in both groups with no significant difference between groups. There was no significant effect of
time or condition on waist to hip ratio (WHR), fasting blood glucose (FBG), triglycerides (TG), HDL, TC/
HDL, or TG/HDL (p > 0.05).
Conclusion: Although both RE and IE improved VO2peak and some anthropometric measures, changes in
TC, LDL, and HDL/LDL were more predominant in response to RE. Therefore, to achieve greater adap-
tations to aerobic exercise, overweight and obese adolescents should perform exercise regularly.

© 2020 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommo

ns.org/licenses/by-nc-nd/4.0/).
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Introduction

Obesity in children and adolescents is a major health concern in
the 21st century. Over 340 million children and adolescents
worldwide were reported overweight or obese in 2016,1 and this
epidemic is on the rise. This rate of obesity does not only affect
affluent nations, but also has a large impact on low- and -middle-
income countries.2 Data shows a dramatic increase in obesity, and
this trend suggests that by 2022, the world will have more obese
children and adolescents than underweight.3 The implications are
that obese children and adolescents are at a higher risk of being
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obese adults4 who suffer from comorbidities associatedwith excess
weight.

Recommendations for reducing the risk of obesity include
eating healthier food and increasing the level of physical activity
through active recreation and sports.5,6 Physical activity, besides
diminishing the risk of obesity and improving physical and mental
health, enhances cardiovascular and respiratory functions in chil-
dren and adolescents.7,8 Furthermore, exercise improves blood
lipids profile, fasting blood glucose, and insulin sensitivity by
increasing daily energy expenditure that regulates metabolic ac-
tivities and energy balance.

Nevertheless, positive adaptations to exercise depend on a
balance between several training variables such as frequency, in-
tensity, and recovery between exercise sessions. For example, the
dose-response relationship between physical activity and health
benefits suggests that greater health benefits are achieved in
response to a larger training volume.9,10 Indeed, the guidelines for
healthy growth and development for children and young people
between the ages of 5-17 years suggests a minimum of 60 min of
moderate to vigorous activity per day involving aerobic activities.11

As a result of these recommendations, typical training programs
involve blocks of sustained medium to high-intensity activity on
defined days - a model that is difficult to adhere to in modern life.12

This lack of adherence to regular physical activity could be the
result of limited unstructured free play options, availability of
playgrounds and open spaces, and proximities to training facilities
and fitness centres.

Previous researchers have identified several barriers that may
jeopardise the sustainability of daily exercise in children and ado-
lescents. Technology related activities, academic priorities, family
and social responsibilities, lack of self-confidence and motivation,
and the cost of organised activities have been listed as barriers to
regular physical activity.13,14 Moreover, lack of time was reported as
the top barrier to physical activity in most research on
adolescents.13e17 Hence, strategies to mitigate the influence of
these barriers (i.e. flexible training time)may enhance adherence to
physical activity.

Availability of activities and flexibility in training time may
enhance adherence to physical activity. Flexible training (exercising
when possible) likely encourages more individuals to be physically
active and could lead to a greater training volume per week.
However, flexibility (exercising irregularly) may also have draw-
backs. That is, irregular exercise may not be as effective because of
variability in stimuli or inadequate recovery between exercise
sessions.18

A balance between training stimuli and recovery is essential for
improving subsequent training quality19,20 and prevention of in-
juries.18 This recovery time is essential for the removal of metabolic
by-products, restoration of glycogen stores, repair of muscle dam-
age, and rehydration. Inadequate recovery may reduce the quality
of subsequent training sessions and potentially blunt training
adaptations.21

No previous study has compared the outcomes of load-equated
regular training with irregular training in obese adolescents.
Therefore, this study compared aerobic fitness, body composition,
and blood lipids profile of obese high school male students who
participated in strictly scheduled regular training vs. more flexible
irregular training. We hypothesized that regular training that re-
quires adhering to specific training time results in greater health
VO2peak ¼65:404þ 7:707�ðmale¼1; female¼0Þ�0:159 � body ma
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and fitness adaptations than irregular training.

Methods

This study adopted a single-blind randomised controlled trial
design in which participants were not aware of the alternative
training group. Participants were randomly assigned to one of two
groups using a random sequence generator and performed either
regular or irregular training for eight weeks. The subsequent ana-
lyses were used to assess the effectiveness of training regularly or
irregularly on health benefits and cardiovascular outcomes.

Participants

In this study, non-probability convenience sampling was used.
For this purpose, invitations for expression of interest were
distributed through flyers in community centres and on schools’
noticeboards for three weeks, and 31 male students aged 16e17
years, enquired about the study. The inclusion criteria were having
a BMI over 25 kg.m�2, no chronic diseases, no use of medication,
and no regular exercise (more than once a week) in the past six
months before the study. Four individuals did not meet these in-
clusion criteria and were excluded (Fig. 1.). The remaining partici-
pants were informed about the benefits and risks involved in this
study, read the plain language statement, and provided signed
informed consent. This research project was approved by the
relevant Human Ethics Committee (approval number: IR.LUMS.-
REC.1397.045) and was performed in accordance with the decla-
ration of Helsinki.

Anthropometric assessments

Height was measured with participants barefoot on a flat sur-
face using a standard stadiometer to the nearest 0.01 m. Body mass
was measured with participants in lightweight clothing to the
nearest 0.1 kg using a calibrated digital scale. Body mass index
(BMI) z-scores were calculated using the following formula22:

Z-score (or SD-score) ¼ (observed value - median value of the
reference population)/standard deviation value of reference
population

Waist and hip circumferences were measured to the nearest
0.01 m following the procedure outlined by the International So-
ciety for the Advancement of Kinanthropometry (ISAK).23 Anthro-
pometric measurements were taken 72 h before the first and 72 h
following the final training session. Following anthropometrical
assessments, participants were randomly assigned to regular ex-
ercise (RE; n ¼ 13) and irregular exercise (IE; n ¼ 14) groups.

Assessment of the maximum aerobic capacity

Participants performed a 2.4 km run on an outdoor 400 m
polyurethane track following a 10-min warm-up (brisk walking,
jogging and low-intensity static stretches). The researchers
encouraged participants verbally to complete the test in the
shortest possible time (recorded in minutes and decimal seconds),
and this time was used to estimate the maximum aerobic capacity
(VO2peak) of participants using the following formula.24
ss ðkgÞ�0:843� elapsed exercise time ðminÞ



Fig. 1. The flowchart for the study protocol.
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Blood sampling and analysis

Blood samples were collected after an 8e10 h overnight fast,
between 0730 to 0830 from the median antecubital vein. The
samples were collected 48 h before the intervention and 48 h
following the final training session. Serum was separated by spin-
ning the blood samples at 3000 rpm for 15 min in a refrigerated
centrifuge and stored at �80�c for later analyses. Triglycerides (TG),
glucose, total cholesterol (TC), high-density lipoprotein (HDL) and
low-density lipoprotein (LDL) were analysed using commercially
available enzyme-linked immunosorbent assay (ELISA) kits (Audit
Diagnostics, Ireland) following protocols supplied alongside the
kits. Each sample was measured in duplicate and the mean value
used in subsequent analyses.
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Exercise protocol

The regular exercise (RE) group trained at 1700 on specific days
(Mondays, Wednesdays, and Fridays) every week. However, as
demonstrated in Table 1, the irregular exercise (IE) group per-
formed three exercise sessions on randomly selected days each
week. That is, the exercise days for IE group were selected by a
random generator and there was no pattern for the selection of
exercise days. Accordingly, the recovery time between regular
training sessions was between 48 and 72 h, whilst the recovery
time in irregular training group varied from 24 to 120 h. Both RE
and IE groups performed three exercise sessions per week at the
same intensity (as assessed by the Borg scale) and volume under
the supervision of a qualified fitness coach.

Each exercise session consisted of a 10-min warm-up and cool-



Table 1
Training days for the irregular exercise group was selected randomly for eight weeks.

Weeks Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Week 1 * * *
Week 2 * * *
Week 3 * * *
Week 4 * * *
Week 5 * * *
Week 6 * * *
Week 7 * * *
Week 8 * * *
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down (brisk walking and static stretching) with the main exercise
period of 20 min running on a track. Following the initial exercise
session, each subsequent main exercise period was increased by
1min, thus the final session had a 44-minmain exercise period. The
intensity was controlled via the rating of perceived exertion (RPE),
with participants encouraged to maintain an intensity of 13e14 on
the Borg scale.25

The protocols used in this study have not been previously pre-
scribed. These protocols developed by the authors while consid-
ering the initial fitness level of the participants, and the availability
of fitness facilities and equipment. We aimed to develop a training
protocol that required minimum equipment and could be per-
formed outdoor with minimum to no supervision.

Statistics

Data were analysed using SPSS 24.0 (SPSS Inc, Chicago, IL) and
the results are presented in mean and standard deviation (SD). A
two-way (time� condition) analysis of variance (ANOVA) was used
to compare differences within and between the two groups. The
effect sizes (ES) were calculated and reported as h2P and values 0.01,
0.09 and 0.25 considered small, medium, and large, respectively.26

The relationship between physiological changes and blood markers
were assessed using Pearson’s bivariate correlation. The probability
level of statistical significance was set at p� 0.05 for all analyses. To
estimate the number of participants needed in the study, a sample
size calculation was performed using G*Power Software version
3.1.9.6 (Düsseldorf, Germany) for repeated measure within-
between interaction, using a rejection criterion of 0.05 and 0.9 (1-
b) power, and large effect (f ¼ 0.4).29 The power calculation indi-
cated that a minimum of 18 participants was required to be able to
find such an effect.

Results

Two participants from RE group and two participants from IE
group did not complete 90% of all training sessions or dropped out
of the study. The results presented in this studywere collected from
the remaining 23 participants in RE group (N ¼ 11; age: 17.3 ± 0.6
years; height: 1.8 ± 0.1 m) and IE group (N ¼ 12; age: 16.8 ± 0.6
years; height: 1.8 ± 0.1 m).

There was a significant effect of time on body mass F (1,
21) ¼ 16.34, p ¼ 0.001, h2P ¼ 0.438, BMI F (1, 21) ¼ 16.38, p ¼ 0.001,

h2P ¼ 0.438, BMI Z-score F (1, 21)¼ 15.73, p¼ 0.001, h2P ¼ 0.428, and

waist circumference F (1, 21)¼ 12.37, p¼ 0.002, h2P ¼ 0.371. Further
analysis of these results showed that body mass, BMI, BMI Z-score
and waist circumference were decreased in both groups with no
significant differences observed between groups (Table 2).
Furthermore, there was a significant effect of time on VO2peak and
participants in both groups experienced an increase in aerobic ca-
pacity. However, the difference between the two groups was not
statistically significant.
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The analyses of blood variables demonstrated a significant
interaction of time and condition effect on cholesterol F (1,
21) ¼ 5.427, p ¼ 0.030, h2P ¼ 0.205 and HDL/LDL F (1, 21) ¼ 5.951,

p ¼ 0.024, h2P ¼ 0.221. Both cholesterol and HDL/LDL were reduced
in RE group but did not change in response to IE. Similarly, LDL
decreased only in RE group demonstrating a significant effect of
time on LDL F (1, 21) ¼ 4.897, p ¼ 0.038, h2P ¼ 0.189.

There was no significant effect of time or condition on WHR,
FBG, TG, HDL, TC/HDL, or TG/HDL (p > 0.05).

Discussion

Previous research highlighted the positive effects of exercise on
cardiorespiratory factors, body composition, and blood lipids among
overweight and obese children and adolescents.30 However, it was
not clear whether these positive changes are affected by the regu-
larity of training stimuli. This study compared the effectiveness of
regular training with irregular training on aerobic capacity and car-
diovascular markers in overweight and obese adolescent males. The
results of this study showed that despite no statistical differences
between the two groups, themagnitude of changes in RE groupwere
greater than IE group in bodymass (2.2% vs.1.6%), BMI (2.1% vs.1.7%),
and waist circumference (1.9% vs. 0.9%). Similarly, the magnitude of
changes in response to regular training was greater in FBG (3.8% vs.
1%), cholesterol (8.8% vs. 0.1%), TG (13.2% vs. 10.2%), LDL (16.2% vs.
1.8%), HDL (4.7% vs. 1.6%), and HDL/LDL (12.2% vs. 0.0%). In addition,
participants in RE group experienced a greater improvement in
VO2peak compared to participants in IE group (5.3% vs. 3.3%).

Despite greater changes in RE group compared to IE group,
training irregularly also resulted in positive changes in anthropo-
metric characteristics, aerobic capacity and blood lipids. Therefore,
irregular training could be considered a suitable training option for
individuals with limited time and those who cannot commit to
regular training. Previous research has consistently indicated a lack
of time to be a major barrier to engagement and adherence to ex-
ercise programs.31 Flexible training, therefore, may be an option for
casual employees with unpredictable rosters, shift workers, and
time-poor individuals.

Loss in weight may be the result of reduced fat mass, water
volume or muscle mass, the variation of which depends to some
extent on the exercise intervention. Aerobic based interventions
tend to reduce weight to a larger degree with a more even distri-
bution between the aforementioned factors, whereas resistance
based interventions tend to maintain or increase muscle mass but
reduce fat mass resulting in typically lower absolute weight loss.32

The loss in weight in the current study was significant though
minor with an average of 2.2% reduction in RE group and 1.6%
reduction in IE group. A major limitation of the current study was
the lack of information regarding the body composition of partic-
ipants. However, a significant reduction in waist circumference in
this study may indicate a reduction of abdominal fat which has
proven health benefits.



Table 2
Changes in anthropometrical and blood lipids measures in response to an 8-week regular or irregular training.

Regular (N ¼ 11) Irregular (N ¼ 12)

Pre post ES Pre Post ES

Cholesterol (mg/dl) 158.27 ± 29.07 144.27 ± 30.14 0.47 151.25 ± 30.25 151.17 ± 33.08 0.00
TG (mg/dl) 154.45 ± 98.65 134.09 ± 63.97 0.25 113.00 ± 39.55 101.42 ± 41.10 0.29
LDL (mg/dl) 103.09 ± 27.19 86.36 ± 21.86 0.68 102.00 ± 27.10 100.17 ± 33.64 0.06
HDL (mg/dl) 38.45 ± 6.35 36.64 ± 5.82 0.30 41.08 ± 10.52 40.42 ± 8.60 0.07
HDL/LDL 0.41 ± 0.18 0.46 ± 0.20 0.30 0.44 ± 0.19 0.44 ± 0.17 0.01
Glucose (mg/dl) 97.18 ± 8.69 93.45 ± 7.16 0.47 91.17 ± 9.10 90.25 ± 5.08 0.13
Body mass 101.55 ± 9.04 99.36 ± 8.18 0.25 98.75 ± 15.18 97.17 ± 15.30 0.10
BMI (kg/m2) 31.79 ± 2.92 31.11 ± 2.55 0.25 31.84 ± 4.04 31.31 ± 4.00 0.13
BMI Z-Score 2.04 ± 0.30 1.97 ± 0.29 0.24 2.05 ± 0.45 1.98 ± 0.48 0.14
Waist Circumference (cm) 102.18 ± 7.03 100.27 ± 5.26 0.31 99.67 ± 7.76 98.75 ± 8.21 0.11
WHR 0.94 ± 0.03 0.94 ± 0.04 0.03 0.93 ± 0.04 0.93 ± 0.04 0.06
VO2peak (ml/kg/min) 39.98 ± 3.63 42.09 ± 3.61 0.58 41.73 ± 4.35 43.10 ± 4.10 0.32

TG ¼ triglyceride; LDL ¼ low density lipoprotein; HDL ¼ high density lipoprotein; BMI ¼ body mass index; WHR ¼ waist-to-hip ratio; VO2peak ¼ peak oxygen uptake.
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A common BMI classification for children and adolescent is the
Z-score or standard deviation classification. In this study, the z-
scores decreased significantly after the intervention (p� 0.05) with
a greater reduction observed in RE group. According to the world
health organization (WHO) classification, participants in RE and IE
groups were classified obese prior to the intervention program.
However, after the 8-week training intervention, participants in
both groups were less than 2SD above the reference population and
hence classified overweight.33 This change, although small, may
have significant implications in reducing risk factors associated
with excess weight in adolescent males.

The aerobic capacity of participants in this study was improved
by 5.3% in RE group and by 3.3% in IE group. This improvement in
aerobic capacity following the intervention remained clinically
minor for both groups, with no significant difference between
groups. Previous intervention studies have recorded greater im-
provements in aerobic capacity.30,34 However, the current study
was limited in duration and evidence suggests a non-linear change
over time in aerobic capacity.30 Training volume, intensity, and
initial level of fitness are factors that affect the magnitude of
adaptation to aerobic exercise.35 The data of this study showed that
in addition to these factors, the regularity of exercisemay also affect
the magnitude of changes. Improvements in aerobic capacity in the
current study could additionally be confounded by weight loss and
improvement in running economy e factors which both influence
performance in the 2.4 km test.35

An important finding of the current study was a significant
reduction in circulatory blood lipids in response to training inter-
vention. Similar to other variables measured in this study, the
changes in blood lipids were greater in RE group compared to IE
groups. The exact mechanisms for greater adaptations in RE group
compared to IE group remain unknown. However, acute inflam-
matory markers may be responsible for these differences. Re-
searchers showed that the level of inflammatory markers remained
elevated even two days after an acute bout of game-based activ-
ity.36 It has been suggested that affecting specific inflammatory
signalling pathways may interfere with the signalling pathway for
glucose uptake.37 Furthermore, regular exercise could have a pos-
itive effect on homeostasis of cells, by reducing the basal levels of
oxidative damage and increasing resistance to oxidative stress.38 In
fact, regular exercise causes adaptations in the antioxidant capacity,
protecting cells against the harmful effects of oxidative stress, thus
preventing cellular damage.39,40 It is plausible that regular training,
which offers a better balance between training and recovery, re-
sults in greater adaptations compared to irregular training by
diminishing the negative effects of oxidative stress and inflam-
matory responses.
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The effects of exercise on cholesterol appear dependent upon
the type, duration and intensity of exercise.41 Aerobic exercises are
more common due to availability, ease of use and minimal equip-
ment needed. Within aerobic training, however, low- to moderate
intensity training improves LDL levels, while high-intensity
training also improves HDL levels.41 This is in line with the re-
sults from the current study, where only moderate-intensity
training was undertaken, and only LDL significantly improved.
Like glucose metabolism, however, there is no evidence why reg-
ular exercise may be superior to irregular exercise.

The aforementioned differences in change for key biomarkers
may reflect the use of the Borg-scale as a measure of intensity for
regular and irregular exercise. It is noteworthy that exercise ses-
sions, in the current study, were conducted after school hours.
Previous research in school children showed that mental fatigue
builds linearly through the school day.42 Mental fatigue is known to
influence physical performance and has been noted to particularly
raise perceived exertion.43 Therefore, though participants were
encouraged to maintain an RPE of 13e14 (assumed to be equivalent
to a heart rate of 130e140bpm), the objective loadmay be up to 16%
lower.44 In the case of the irregular exercise group, consecutive
days of exercise and resultant progressive fatigue may have altered
their perception of effort further, resulting in a greater objective
difference in training load.45

The current studywas limited by a lack of dietary information and
non-exercise physical activity whichmay underscore key differences
noted between the groups. Future studies should control for these
variables and compare the effect of regular exercise with irregular
exercise in a more robust design. Furthermore, is it not clear how sex
could affect adaptations to regular and irregular exercise, and future
research should also consider including female participants.
Conclusion

This is the first study to address the potential issue of the ir-
regularity of exercise in response to adopting a flexible training
schedule to overcome the time barrier for physical activity. Both
regular and irregular training groups displayed significant im-
provements in anthropometric characteristics, aerobic capacity and
some blood lipids. Regular training, however, appeared to result in
greater adaptations compared to irregular training. Regular training
also showed significantly greater improvements in cholesterol, LDL,
and HDL/LDL compared to irregular training. Thus, the current
study suggests performing regular training when possible. How-
ever, irregular training could also offer lesser benefits and should
still be considered by time-poor individuals or those unable to
perform training regularly.
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