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The aim of this study was to compare the effects of an aerobic training program with a strength training
program on body composition and energy expenditure in overweight or obese (29.06 4 3.49 kg/m?)
young adults (21.96 £ 1.90 years). Subjects (N =109) were randomly assigned to one of three

groups: a control group (CG), an aerobic training (AT) group and a strength training (ST) group.
Training took place over twelve weeks comprising three sessions per week with each session lasting

60 to 90 minutes. Before and after the program, weight, height, body mass index, lean mass
percentage and fat mass percentage were evaluated. In addition, The International Physical Activity
Questionnaire-Short Form (IPAQ-SF) was used to estimate energy expenditure. The results of both
aerobic training and strength training produced statistically significant improvements in weight (AT-
CG=—2.892kg; ST-CG = —2.986 kg); BMI (AT-CG = —1.075 kg/m?; ST-CG = —1.118 kg/m?); total body
fat (AT-CG= —1529.172 g; ST-CG = —763.815); and total body fat percentage (AT-CG = —1.421%;
AT-ST = —0.855%). These two exercise prescription models were therefore useful in reducing
overweight and obesity, which could have an impact on improving the health and quality of life of
individuals with these characteristics.

In the current population, a number of non-communicable diseases are strongly linked to overweight and obesity
and affect a wide range of people in all age groups, including young adults’. A determining factor in the increased
weight of present-day society is sedentary behavior, i.e. physical inactivity occupies a considerable part of leisure
time, which, as indicated by Salonen et al. (2015) and Silva et al. (2019), leads to a low level of METs (Metabolic
Equivalent of Task), and a worsening of body composition, which is directly related to an increased likelihood
of different diseases!'~>. In fact, physical inactivity is identified by the WHO as the fourth leading risk factor for
mortality worldwide*.

Overweight and obesity have become a serious global public health problem, to the extent that currently more
than 38% (39% of men and 40% of women) of the adult population is overweight or obese’, and the trend is for
this percentage to increase in the coming years®’. Although weight gain occurs at all ages in both developed and
developing countries, it is most rapid in young adults’. This increased weight, carrying excess weight, and obesity
are associated with poorer quality of life® and with different diseases®”, whereas weight loss due to physical activ-
ity leads to cognitive® and metabolic'®'> improvements.

Different methods have been used to treat overweight and obesity in adults'*-!* these have included training
and diet programs'>-', diet programs alone'®-%, and training exclusively, the latter being the focus of our study.
Among training programs, those based on aerobic training (AT)?!-*? and strength training (ST)**-** are of par-
ticular note. The human body is a highly dynamic and plastic system in terms of adaptation responses to exercise
since, according to the type of exercise and strain on muscle fibers, an improvement in functional, structural or
metabolic properties is demonstrated*®. Aerobic endurance and strength training stimuli represent two important
extremes®.
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Good results have been obtained with AT largely due to improved mitochondrial function and the oxidation
of fatty acids'®?. The results of AT on anthropometric variables are contradictory, since improvements occur in
some studies*!~2* but not in others?*?”?. It should also be noted that in several studies it is not possible to deter-
mine whether the improvement is produced by physical activity, diet or a combination of both?*?**-*, The majority
of the studies on ST show improvements in anthropometric parameters®**-*. However, similar to the studies on
AT, some do not determine whether this improvement is due to diet or training®®*’. There are also studies in
which no improvements are seen®**. The improvements found lead to better health*0-#,

In recent years, physical activity has become a pillar for public health strategies and programs due to the
many benefits as well as the consequences of physical inactivity, which is considered the fourth risk factor for
global mortality*’. The International Physical Activity Questionnaire-Short Form (IPAQ-SF) has been used to
determine the level of physical activity carried out by individuals. This questionnaire is supported by the WHO, is
validated at the international level*, and has been used in various intervention studies in adults with satisfactory
results®-1,

The information on weekly activity received through the questionnaire is recorded in METs per minute and
week®?. METs are a method of calculating energy requirements and are multiples of the resting metabolic rate.
The unit used, the MET-minute, is calculated by multiplying the MET corresponding to the type of activity by
the minutes the activity is performed in a day or in a week. In this study, results are expressed in MET-minutes
per week®?. Through this registry we obtain a series of values that allow us to estimate the quantity and quality of
physical activity carried out and that, in our case, was controlled before and after the twelve-week training period,
following the same model that has been used in other studies®**>.

Currently, few studies exist in which the participants were overweight or obese young adults who participated
in a training program with no influence on their diet. These studies showed weight loss, reduced body mass
index (BMI) and total body fat percentage after a 12-week AT program??2. Several studies have been identified
involving overweight and obese subjects who undertook AT programs who were not young adults, in which sta-
tistically significant improvements were detected in weight loss (—1.60kg and —1.69kg) and BMI (—1.36 kg/m?
and —2.03kg/m?)?*2. Other studies that carried out AT programs in young people who were not classified as
overweight or obese, and as in previous research in which AT was prescribed, reported weight loss (—4.3 kg and
—2.1kg)*** and an improvement in BMI (—1.3kg/m?)?. In the literature, the same results have been found with
ST. Some studies in overweight and obese subjects who participated in ST programs, although not in young adults,
detected weight loss (—4 kg; —3 kg; —2.5kg) and a decrease in BMI (—1.6kg/m? —1.2kg/m? —2.1 kg/m?)¥73840,
The studies by Galvez (2017) and Ibrahim et al. (2018) carried out ST interventions in young people who were not
overweight or obese, resulting in weight loss (—2.4kg and —1.1kg) and a slight improvement in BMI (—0.8 kg/m?
and —0,3 kg/m?)*44,

The main innovation provided by our study is the treatment of overweight and obesity in young adults
through the exclusive implementation of a physical exercise program, without diet modification. Accordingly,
the main objective of this study was to compare the effects of an AT program and an ST program on body com-
position and energy expenditure in a target population of overweight or obese young adults aged 18-25 years.

Methods

Design and participants. To participate in the REPHASO (Rejecting Obesity and Overweight through
Healthy Habits) research project, the subjects had to have a BMI > 25kg/m?, a figure that the WHO considers
overweight®. The sample comprised 109 young adults between the ages of 18 and 25 years (21.96 £ 1.90 years)
with a BMI=29.06 + 3.49 kg/m?, calculated from reported weight and height. Proportional allocation was per-
formed for male and female participants in all groups.

Participants were recruited from a variety of sources and completed an online form in order to be initially
selected based on their BMI. Once selected, they met with the project coordinator who explained the nature
of the study, indicating that their anonymity would be preserved at all times, following the ethical considera-
tions of Sport and Exercise Science Research®® and with the principles included in the Declaration of Helsinky®’,
which defines the ethical guidelines for research involving human subjects. In addition, the present study has
been approved by the Ethical Committee of experimentation of the University of Malaga (CEUMA). Written
inform consent was taken from the participants. Similarly, throughout the intervention and thereafter, we acted
in accordance with the Spanish regulations established in the Organic Law 15/1999, of 13 December, regarding
the protection of personal data.

Instruments. Weight was measured to the nearest 0.1 kg using a Tanita model BC730 scale. Height was meas-
ured to the nearest 0.1 cm with a SECA model 213 portable stadiometer. Body fat, lean mass, percentage of total
fat and total body mass were assessed using a dual-energy x-ray densitometer (DXA, Hologic Explorer, United
States) (DXA). In addition, the participants completed a 24-hour dietary recall®* and the IPAQ-SE. This ques-
tionnaire consists of seven questions which have acceptable measurement properties for monitoring physical
activity levels for adults aged 18 to 65 in various settings and also reports the number of METs®. Several studies
have validated the reliability of the IPAQ-SF to report the number of METs, as significant results were obtained

compared to other tests such as accelerometry or podometry®>¢-62,

Procedure. Each participant, while barefoot and wearing light clothing, underwent an initial anthropometric
evaluation of weight and height to calculate BMI. Subsequently, whole-body densitometry was performed. At the
end of the evaluation, each participant completed the self-administered version of the IPAQ-SF questionnaire and
a 24-hour dietary recall.

Following the initial evaluation, the subjects were randomly divided into three groups: The Control Group
(CG), which did not carry out a physical activity program, and the experimental group, which in turn was divided
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Stage Content

1 Training for 60-90’ walking and cycling with no gradient. Borg scale 5-6.

Training for 60-90’ walking, running and cycling alternating phases with a

2 slight gradient and no gradient. Borg scale 6-7.

Training for 60-90’ walking, running and cycling with most phases with a
gradient. Borg scale 7-8.

Table 1. Exercise prescription design for the AT group.

Stage Content

1 Exercises with a maximum of 10 repetitions, with a recovery of 10-15” between series. Borg scale 5-6.

Exercises with a maximum of 12 repetitions, with a recovery of 10-15” between series. The number of repetitions
and the difficulty of the exercises increase slightly with respect to the previous stage. Borg scale 6-7.

Exercises with a maximum of 12 repetitions, with a recovery of 10-15" between series. The difficulty of the
exercises increases with respect to the previous stage. Borg scale 6-7.

Exercises with a maximum of 15 repetitions, with a recovery of 5-10” between series. The difficulty of the exercises
increases with respect to the previous stage and the recovery time decreases. Bérg scale 7-8.

Table 2. Exercise prescription design for the ST group.

into two groups. Both experimental groups were prescribed a program of 12 consecutive weeks. The AT group
performed aerobic training (Table 1) and the ST group performed strength training (Table 2). For both programs,
each week included three days of training lasting between 60-90 minutes per session. These sessions were super-
vised by a personal trainer who ensured attendance, the correct execution of tasks and the intensity of the sessions
as well as excluding from the study those subjects who did not comply with at least 90% participation. The train-
ing period was divided into three stages for the AT and four for the ST, which increased in intensity. These stages
were regulated according to the subjective perception of exertion of the participants, through the Borg scale®.

At the end of the twelve-week training period, the participants were re-evaluated using the same procedure
used in the initial evaluation.

Data analysis. The data were collected in an Excel spreadsheet, including age, height, weight, BMI, 24-hour
dietary recall reponses, IPAQ-SF responses, and participant affiliations. Statistical analyses were performed using
the Statistical Package for Social Sciences, version 20 (IBM Corp., NY, USA).

An analysis of covariance (ANCOVA) between the experimental groups was performed on several dependent
variables: weight, BMI, total body fat, total lean mass, total body mass and total body fat percentage. The type of
training was considered as an independent variable with three levels (CG and two experimental groups: AT and
ST) and the respective pretest scores of each dependent variable as the covariate. Although randomization results
in well-balanced treatment groups, covariate adjustment is desirable when pretest and posttest data are strongly
correlated®. In this case, the use of pretest scores reduces the variance error and tests are more powerful®. With
the aim of analyzing physical differences, the differences between the groups were estimated. Data were checked
for normality using the Kolmogorov-Smirnov test. To analyze multiple comparisons between pairs of means
of the dependent variables adjusted for the covariance, Bonferroni tests were carried out. Through this test, we
evaluated the differences among multiple means. Finally, with the aim of analyzing the differences between the
responses.

Results

Table 3 shows the adjusted means, F statistics and p-values. The analysis shows significant differences between the
different groups in the variables weight (F=9.35; p=0.000), BMI (F = 11.13; p=0.000), total body fat (F = 3.228;
p=0.044) and total body fat percentage (F =4.543; p=0.013). For the variables weight and BMI posttest, the
adjusted means were lower in the ST group; and for the variables total body fat and total body fat percentage, the
adjusted means were lower in the AT group. No significant changes were observed in total lean mass and total
body mass.

Table 4 analyzes multiple comparisons between pairs of means of the dependent variables adjusted for the
covariance by the Bonferroni test.

A decrease in weight was seen in both the AT group and the ST group, with the loss being significant com-
pared with the CG (AT-CG = —2.892kg; ST-CG = —2.986 kg). When we compared both training programs, how-
ever, we found that weight loss was greater in the ST group, but the difference was minimal and not significant
(AT-ST =0.093kg). BMI was also reduced in both the AT and the ST groups, and this decrease was significant
compared with the CG (AT-CG = —1.075kg/m? ST-CG = —1.118 kg/m?). Comparison of both training programs
showed that BMI was lower in the ST group, but the difference did not reach significance (AT-ST = 0.043 kg/m?).

An improvement in total body fat was observed in both the AT and the ST groups, but the only significant
improvement occurred in the AT group compared to the CG (AT-CG = —1529.172 g). It should be noted that
there was a greater loss of total body fat in the AT group compared to the ST group (AT-ST =—765.358 g).

No significant differences were found in total lean mass. Nonetheless, an increase in lean mass was seen
in the AT group compared to the ST group and the CG (AT-ST =515.571g; AT-CG = —178.018 g), whereas
the ST group had a decrease in total lean mass compared to the CG and the AT group (ST-CG = —337.554g;
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Variables Control group | Aerobic group | Strength group | F P
Weight (kg) 85.520 82.627 82.534 9.35 0.000%*%
BMI (kg/m?) 29.617 28.542 28.500 11.137 0.000%*%*
Total body fat (g) 28497.048 26967.876 27733.234 3.228 0.044%*
Total lean mass (g) 55179.274 55357.291 54841.72 1.179 0.312
Total body mass (g) 83668.268 82337.86 82567.789 1.421 0.246
ggigg‘g f(i/z) 34356 32,935 33.79 4543 | 0.013%

Table 3. Adjusted means for the control group, the aerobic group and the strength group for each dependent
variable, F-statistic and p-value. *p < 0.1; ¥*p < 0.05; ***p < 0.01.

Bonferroni Multiple | Mean
Variable Comparison Test Difference ?
Aerobic - Control —2.892 0.001%%*
Weight (kg) Strength - Control —2.986 0.000%%*
Aerobic - Strength 0.093 1.000
Aerobic - Control —1.075 0.000%**
BMI (kg/m?) Strength - Control —1.118 0.000%
Aerobic - Strength 0.043 1.000
Aerobic - Control —1529.172 0.056*
Total body fat (g) Strength - Control —763.815 0.655
Aerobic - Strength —765.358 0.257
Aerobic - Control 178.018 1.000
Total Lean Mass (g) Strength - Control —337.554 1.000
Aerobic - Strength 515.571 0.401
Aerobic - Control —1330.408 0.298
Total body mass (g) Strength - Control —1100.479 0.463
Aerobic - Strength —229.929 1.000
Aerobic - Control —1.421 0.027%*
Total body fat (%) Strength — Control —0.566 0.817
Aerobic - Strength —0.855 0.063*

Table 4. Statistical Analysis: Bonferroni Multiple Comparison Test. *p < 0.1; **p < 0.05; ***p < 0.01.

ST-AT = —515.571 g). Total body mass decreased in both the AT and the ST groups compared to the CG but
with no significant improvements (AT-CG = —1330.408 g; ST-CG = —1100.479 g). Furthermore, it should be
noted that the AT group had a greater loss compared with the ST group (AT-ST = —229.929 g). Finally, total
body fat percentage decreased in both the AT and the ST groups compared with the CG (AT-CG = —1.421%;
ST-CG=—0.566%). However, only the losses in the AT group were significant in comparison with both the CG
and the ST group (AT-CG = —1.421%; AT-ST = —0.855%).

Table 5 lists the means of all the variables comprising the IPAQ-SF according to each group and both before
and after training. In addition, the Wilcoxon test was performed to determine whether the differences were sig-
nificant between the pretest and the posttest in each group. No significant differences were observed in the control
group (p-value greater than 0.1 in all cases), but in the AT and ST groups significant differences were observed
in each of the variables (p =0.000), which means that after training, the results on the IPAQ-SF were statistically
better. In more detail, we can observe that in the AT group the number of METs increased in greater proportion in
moderate, vigorous and total physical activity compared to both the ST group and the CG. Concerning the varia-
ble walking, the difference compared to the ST group and the CG did not reach significance but was nevertheless
greater in the AT group.

Regarding diet, a paired samples test was performed for comparison of the means to determine whether there
were possible differences in the diet before and after the treatment. No empirical evidence of statistically signif-
icant differences was found between the diet before and after treatment in the CG (difference pre-post = 12.13,
t=1,175; p=0.260), the AT group (difference pre-post = 8.68, t=0.975; p=0.336) or the ST group (difference
pre-post =13.17,t=1.416; p=0.163).

Discussion

The American College of Sports Medicine states that the minimum recommended amount of exercise to achieve
health benefits is 30 minutes of moderate-intensity physical activity or 20 minutes of vigorous physical activity
three times per week. With regard to weight loss, it has yet to be fully clarified whether specific types and amounts
of exercises are more appropriate for this purpose, as there are individual variations. However, in general, any
physical activity increases the probability of success in this regard®. The International Association for the Study
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Mean

Pretest Posttest z p
Control Group
Walking 1016.4 1004.3 —0.14 0.888
Moderate 344 370.67 —1.254 0.21
Vigorous 557.3 578.67 —0.71 0.478
Total 1917.7 1953.6 —1.068 0.286
Aerobic Group
Walking 940.3 1527.1 —3.88 0.0007%*%*
Moderate 433.5 1437.5 —5.425 0.000%**
Vigorous 878 3638 —5.402 0.000%**
Total 2251.8 6602.6 —5.511 0.0007%**
Strength Group
Walking 990.9 1626.2 —5.047 0.0007%*%
Moderate 487 987 —4.299 0.000%**
Vigorous 1017.8 1932.6 —4.728 0.0007%%*%*
Total 2495.7 4545.8 —5.644 0.000%**

Table 5. Statistical Analysis: IPAQ-SE Comparison of two related samples: Means (MET-mins/week) and
Wilcoxon Test. *p < 0.1; **p < 0.05; ***p < 0.01.

of Obesity affirms that this amount of exercise is probably insufficient to bring about improvements in body com-
position and recommends 60-90 minutes of moderate physical activity per day®’. The duration of our training
programs is 60-90 minutes, three sessions per week and with increasing intensity throughout the twelve weeks of
training, in accordance with the previous recommendations.

Several studies that have used both AT and ST detected no significant improvements in physical performance
or adaptations of body composition, such as the studies by Izquierdo et al. (2004) and Sanal et al. (2013) in which
DXA was used to analyze the different anthropometric variables as in our study, but with the difference that our
study obtained significant improvements in weight loss, BMI, total body fat percentage and total body fat®®%*. The
results of our study, however, are consistent with other research in which mixed training programs are imple-
mented’®”! with two and three weekly sessions, respectively, resulting in statistically significant improvements in
body composition, specifically in weight and fat mass loss and increased lean mass.

It should be mentioned that most of the studies of overweight or obese young adults implemented mixed
programs®®® or a single training program while also intervening in dietary habits'®1772. These studies were not
focused exclusively on aerobic or strength work, which is the key innovative feature of our research.

A significant increase in metabolic expenditure was observed in both the AT and ST groups, results consistent
with those of Vilaca et al. (2011) and Branco et al. (2019). Both of these studies involved concurrent training pro-
grams and recorded an increase in metabolic expenditure following the programs. This increase, however, was
smaller, rising by a mean of 1200 MET-mins/week’>”, than that of our study in which a mean increase of 3200
MET-mins/week was recorded (Table 5). In our study, the AT group had a higher metabolic expenditure than the
ST group and the CG, results that are in line with research by Bakker et al. (2017), Scharhag-Rosenberger (2017),
Ramirez-Vélez (2017) and Ostendorf (2019) in which it was detected that in AT programs, metabolic expend-
iture is higher than when ST or mixed training is implemented, especially in moderate physical activity”>-%.
Nonetheless, significant improvements were found in moderate, vigorous and total physical activity.

The main findings of this research were that both AT and ST produce improvements in body composition
and increase metabolic expenditure compared to the CG. In our study, based solely on administering AT or ST,
improvements were observed in all the body composition parameters evaluated through DXA, which were a
decrease in weight, BMI, total body fat, total body fat percentage, and total body mass as well as an increase in
lean mass (Table 3), noting significant improvements in weight, BMI, total body fat and body fat percentage. The
improvements in BMI and weight were greater in the ST group compared to the AT group and the CG. However,
total body fat, total lean mass, total body mass and percentage of total body fat decreased more in the AT group
compared to the other groups, and therefore the improvements in these variables were greater (Table 4).

Opverall, the results in the AT group were better than those in the ST group since, despite this group obtaining
greater improvements in two areas of body composition, the AT group showed improvements in all the anthro-
pometric variables. Consequently, the results our study may contribute to improve the health and quality of life of
young adults who are overweight or obese and offer them a possible solution to the problem affecting 38% of the
current population, i.e., overweight. Potential associated health problems, such as cardiovascular or respiratory
problems, can also indirectly be avoided without influencing diet.

Conclusions

The data obtained in this study suggest that the 12-week training programs in both AT and ST were well tolerated,
as the dropout rate was minimal, and generated significant improvements in the anthropometric variables of body
weight, BMI, total body fat and total body fat percentage, highlighting that the ST group had a greater improve-
ment in BMI and weight, while the AT group had better results in total body fat, total lean mass, total body mass
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and total body fat percentage. Thus it can be indicated that AT enabled better overall results to be obtained than
ST both in comparison with the CG and between the two training groups.

Both training groups achieved an increase in metabolic expenditure, although the AT group showed greater
increases compared to the ST group and the CG. These results suggest that the health and quality of life of over-
weight or obese individuals could be improved in a short period of time with exercise therapy alone. Future
research should apply different physical exercise prescription models combining the two methodologies used in
this research, such as high intensity interval exercises (HIIT), in order to examine their possible effects in this type
of population and compare results.
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References

1. Salonen, M. K. et al. Physical Activity, Body Composition and Metabolic Syndrome in Young Adults. PLoS One 10(5), 0126737,
https://doi.org/10.1371/journal.pone.0126737 (2015).

2. Silva, B. G. Cd. et al. Associations of physical activity and sedentary time with body composition in Brazilian young adults. Sci. Rep.
9, 5444, https://doi.org/10.1038/s41598-019-41935-2 (2019).

3. Dumith, S. C,, Hallal, P. C., Reis, R. S., Kohl, H. W. 3rd. Worldwide prevalence of physical inactivity and its association with human
development index in 76 countries. Prev Med, 53: 24-28. https://doi.org/10.1016/j.ypmed.2011.02.017 (2011)

4. WHO: Global recommendations on physical activity for health. World health organization. [accessed May 20, 2019]. Available
at:https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf (2010).

5. WHO. Obesity and overweight. Updated February 2018. https://www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight (2018)

6. Derraik, J. G. B., de Bock, M., Hofman, P. L. & Cutfield, W. S. Increasing BMI is associated with a progressive reduction in physical
quality of life among overweight middle-aged men. Sci. Rep. 4, 3677, https://doi.org/10.1038/srep03677 (2014).

7. Katzmarzyk, P. T. et al. International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE): Contributions to
Understanding the Global Obesity Epidemic. Nutrients 11, 848 (2019).

8. Trapp, E. G., Chisholm, D. J., Freund, J. & Boutcher, S. H. The effects of high-intensity intermittent exercise training on fat loss and
fasting insulin levels of young women. Int. J. Obes. 32(4), 684-91, https://doi.org/10.1038/s].ij0.0803781 (2008).

9. Ho, S., Gooderham, G. K. & Handy, T. C. Self-reported free-living physical activity and executive control in young adults. PLoS One
13(12), e0209616, https://doi.org/10.1371/journal.pone.0209616 (2018).

10. Ohkawara, K., Tanaka, S., Miyachi, M., Ishikawa-Takata, K. & Tabata, I. A dose-response relation be- tween aerobic exercise and
visceral fat reduction: Systematic review of clinical trials. Int. J. Obes. 31, 1786-1797, https://doi.org/10.1038/sj.ij0.0803683 (2007).

11. Hall-Lopez, J. A., Ochoa-Martinez, P. Y., Meza, E, Sanchez, R. & Sdenz-Lopez, P. Comparison of physical activity by gender and body
fat in mexican schoolchildren. Rev.Ib.CC. Act. Fis. Dep. 8(1), 1-14, https://doi.org/10.24310/riccafd.2019.v8i1.5763 (2019).

12. Garber, C. E. et al. Quantity and Quality of Exercise for Developing and Maintaining Cardiorespiratory, Musculoskeletal, and
Neuromotor Fitness in Apparently Healthy Adults: Guidance for Prescribing Exercise. Med. Sci. Sport. Exer. 43(7), 1334-59, https://
doi.org/10.1249/MSS.0b013e318213fefb (2011).

13. Seo, Y., Noh, H. & Kim, S. Y. Weight loss effects of circuit training interventions: A systematic review and meta-analysis. Obesity
Reviews. https://doi.org/10.1111/0br.12911 (2019)

14. Northey, J. M., Cherbuin, N., Pumpa, K. L., Smee, D. J. & Rattray, B. Exercise interventions for cognitive function in adults older than
50: a systematic review with meta-analysis. Br. J. Sports Med. 52(3), 154-160, https://doi.org/10.1136/bjsports-2016-096587 (2018).

15. Colcombe, S. & Kramer, A. F. Fitness effects on the cognitive function of older adults: a meta-analytic study. Psychol. Sci. 14(2),
125-130 (2003).

16. Koehler, K. & Drenowatz, C. Integrated Role of Nutrition and Physical Activity for Lifelong Health. Nutrients 11, 1437 (2019).

17. Manz, K. et al. Associations between Physical Activity and Food Intake among Children and Adolescents: Results of KiGGS Wave
2. Nutrients 11, 1060 (2019).

18. Leverrier, A., Daguet, D., Calame, W., Dhoye, P. & Kodimule, S. P. Helianthus annuus Seed Extract Affects Weight and Body
Composition of Healthy Obese Adults during 12 Weeks of Consumption: A Randomized, Double-Blind, Placebo-Controlled Pilot
Study. Nutrients 11, 1080 (2019).

19. Anton, S. D. et al. The Effects of Time Restricted Feeding on Overweight, Older Adults: A Pilot Study. Nutrients 11(7), 1500, https://
doi.org/10.3390/nu11071500 (2019).

20. Tromba, L., Perla, E, Carbotta, G., Chiesa, C. & Pacifico, L. Effect of Alpha-Lipoic Acid Supplementation on Endothelial Function
and Cardiovascular Risk Factors in Overweight/Obese Youths: A Double-Blind, Placebo-Controlled Randomized Trial. Nutrients
11(2), 375, https://doi.org/10.3390/nu11020375 (2019).

21. Fernandez-Garcia, J. C., Galvez-Fernandez, I. & Gavala-Gonzalez, J. Estudio longitudinal sobre la pérdida de peso en mujeres
jovenes. J. Sport. Health Res. 11(Supl 1), 105-114 (2019).

22. Galvez, I, Fernandez, J.C., Gavala, J. Energy expenditure and weight loss with aerobic exercise: A longitudinal study in young adults.
Journal of Human Sport and Exercise, 14(4proc), S713-S723, https://doi.org/10.14198/jhse.2019.14.Proc4.32 (2019).

23. Patel, H. et al. Aerobic vs anaerobic exercise training effects on the cardiovascular system. World J. Cardiol. 9(2), 134-138, https://
doi.org/10.4330/wjc.v9.i2.134 (2017).

24. Pang, M. Y., Eng, J. ]., Dawson, A. S. & Gylfadoéttir, S. The use of aerobic exercise training in improving aerobic capacity in individuals
with stroke: a meta-analysis. Clin. Rehabil. 20(2), 97-111, https://doi.org/10.1191/0269215506cr9260a (2006).

25. Kostrzewa-Nowak, D. et al. Effect of 12-week-long aerobic training programme on body composition, aerobic capacity, complete
blood count and blood lipid profile among young women. Biochem. Med. 25(1), 103-13, https://doi.org/10.11613/BM.2015.013
(2005).

26. Higa, T. S., Spinola, A. V., Fonseca-Alaniz, M. H. & Evangelista, F. S. Remodeling of white adipose tissue metabolism by physical
training prevents insulin resistance. Life Sciences. 103(1), 41-8, https://doi.org/10.1016/j.1fs.2014.02.039 (2014).

27. Lehnig, A. C. & Stanford, K. I. Exercise-induced adaptations to white and brown adipose tissue. ] Exp Biol. 7, 221(Pt Suppl 1). Pii:
jeb161570, https://doi.org/10.1242/jeb.161570 (2018).

28. Américo, A. et al. Aerobic exercise training prevents obesity and insulin resistance independent of the renin angiotensin system
modulation in the subcutaneous white adipose tissue. PLoS One 14(4), €0215896, https://doi.org/10.1371/journal.pone.0215896
(2019).

29. Alves, J. G, Gale, C. R., Mutrie, N., Correia, J. B. & Batty, G. D. A 6-month exercise intervention among inactive and overweight
favela-residing women in Brazil: the Caranguejo Exercise Trial. Am. J. Public. Health 99, 76-80 (2009).

30. Donnelly, J. E. et al. Aerobic exercise alone results in clinically significant weight loss for men and women: Midwest Exercise Trial 2.
Obesity 21, E219-E228 (2013).

SCIENTIFIC REPORTS |

(2020) 10:5305 | https://doi.org/10.1038/s41598-020-62249-8


https://doi.org/10.1038/s41598-020-62249-8
https://doi.org/10.1371/journal.pone.0126737
https://doi.org/10.1038/s41598-019-41935-2
https://doi.org/10.1016/j.ypmed.2011.02.017
https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1038/srep03677
https://doi.org/10.1038/sj.ijo.0803781
https://doi.org/10.1371/journal.pone.0209616
https://doi.org/10.1038/sj.ijo.0803683
https://doi.org/10.24310/riccafd.2019.v8i1.5763
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1111/obr.12911
https://doi.org/10.1136/bjsports-2016-096587
https://doi.org/10.3390/nu11071500
https://doi.org/10.3390/nu11071500
https://doi.org/10.3390/nu11020375
https://doi.org/10.14198/jhse.2019.14.Proc4.32
https://doi.org/10.4330/wjc.v9.i2.134
https://doi.org/10.4330/wjc.v9.i2.134
https://doi.org/10.1191/0269215506cr926oa
https://doi.org/10.11613/BM.2015.013
https://doi.org/10.1016/j.lfs.2014.02.039
https://doi.org/10.1242/jeb.161570
https://doi.org/10.1371/journal.pone.0215896

www.nature.com/scientificreports/

31.

32.
33.
34.
35.
36.

37.

38.
39.
40.

41.

42.
43.

44.
45,

46.
47.
48.
49.
50.
51.
52.
53.

54.

55.
56.
57.
. The Validity of 24-Hour Dietary Recalls, Nutr. Rev., 34 (10), 310-311, https://doi.org/10.1111/j.1753-4887.1976.tb05680.x (1976).
59.

60.

61.

62.
63.
64.
65.
66.

67.

68.

Myers, T. R., Schneider, M. G., Schmale, M. S. & Hazell, T. ]. Whole-Body Aerobic Resistance Training Circuit Improves Aerobic
Fitness and Muscle Strength in Sedentary Young Females. J. Strength. Conditioning Res. 29(6), 1592-1600, https://doi.org/10.1519/
j5€.0000000000000790 (2015).

Nishijima, H. et al. Effects of exercise in overweight Japanese with multiple cardiovascular risk factors. Med. Sci. Sports Exerc. 39,
926-933 (2007).

Kelley, G. A. & Sharpe Kelley, K. Aerobic exercise and resting blood pressure in older adults: a meta- analytic review of randomized
controlled trials. The journals of gerontology, 56(5), M298-303. PMID: 11320110 (2001).

Franklin, N. C. et al. Circuit resistance training attenuates acute exertion-induced reductions in arterial function but not
inflammation in obese women. Metab. Syndr. Relat. Disord. 13(5), 227-234, https://doi.org/10.1089/met.2014.0135 (2015).
Schumann, M., Yli-Peltola, K., Abbiss, C. R. & Hakkinen, K. Cardiorespiratory Adaptations during Concurrent Aerobic and
Strength Training in Men and Women. PLoS One 10(9), €0139279, https://doi.org/10.1371/journal.pone.0139279 (2015).
Morente-Oria, H. Alternatives to traditional methodology to combat obesity in schoolchildren: polarized concurrent training. Rev.
Ib. CC. Act. Fis. Dep. 8(3), 45-51, https://doi.org/10.24310/10.24310/riccafd.2019.v8i3.7489. (2019).

Batrakoulis, A. et al. High intensity, circuit-type integrated neuromuscular training alters energy balance and reduces body mass and
fat in obese women: a 10-month training-detraining randomized controlled trial. PLoS One 13(8), 0202390, https://doi.
org/10.1371/journal.pone.0202390 (2018).

Bocalini, D. S. et al. Effects of circuit-based exercise programs on the body composition of elderly obese women. Clin. Interv. Aging
7, 551-556, https://doi.org/10.2147/CIA.S33893 (2012).

Kim, K. H. & Lee, H. B. Effects of circuit training interventions on bone metabolism markers and bone density of old women with
osteopenia. J. Exerc. Rehabil. 15(2), 302-307, https://doi.org/10.12965/jer.1836640.320 (2019).

Kolahdouzi, S. et al. Progressive circuit resistance training improves inflammatory biomarkers and insulin resistance in obese men.
Physiol. Behav. 205, 15-21, https://doi.org/10.1016/j.physbeh.2018.11.033 (2018).

Ibrahim, N. S., Muhamad, A. S., Ooi, E K., Meor-Osman, J. & Chen, C. K. The effects of combined probiotic ingestion and circuit
training on muscular strength and power and cytokine responses in young males. Appl. Physiol. Nutr. Metab, 43(2), 180-186, https://
doi.org/10.1139/apnm-2017-0464 (2018).

D’Antona, G., Lanfranconi, E, Pellegrino, M. A., Brocca, L. & Adami, R. Skeletal muscle hypertrophy and structure and function of
skeletal muscle fibres in male body builders. J. Physiol. 570(Pt 3), 611-2, https://doi.org/10.1111/j.1748-1716.2010.02118 (2006).
Conn, V. S, Hafdahl, A., Phillips, L. J., Ruppar, T. M. & Chase, ]. A. Impact of physical activity interventions on anthropometric
outcomes: systematic review and meta-analysis. J. Prim. Prev. 5, 203-215, https://doi.org/10.1007/s10935-014-0352-5 (2014).
Galvez Fernandez, I. Pérdida de peso y masa grasa con auto-cargas en mujeres. Rev. Ib. CC. Act. Fis. Dep. 6(2), 30-37 (2017).
Hedermann, G. ef al. Aerobic Training in Patients with Congenital Myopathy. PLoS One 11(1), 0146036, https://doi.org/10.1371/
journal.pone.0146036 (2016).

Farup, J. et al. Muscle morphological and strength adaptations to endurance vs. resistance training. J. Strength. Cond. Res. 26(2),
398-407, https://doi.org/10.1519/JSC.0b013e318225a26f (2012).

Organizacién Mundial de la Salud. Recomendaciones mundiales sobre la actividad fisica para la salud [Online Monograph]. Suiza,
[accessed May 20, 2019]. Available at: https://apps.who.int/iris/bitstream/handle/10665/44441/9789243599977_spa.pdf (2010).
Craig, C. L. et al. International Physical Activity Questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 35(8),
1381-1395, https://doi.org/10.1249/01.MSS.0000078924.61453.FB (2003).

Chor, D. et al. Association between Perceived Neighbourhood Characteristics, Physical Activity and Diet Quality: Results of the
Brazilian Longitudinal Study of Adult Health (ELSA-Brasil). BMC Public. Health 16(1), 751-761 (2016).

Lee, P. H., Macfarlane, D. ], Lam, T. & Stewart, S. M. Validity of the international physical activity questionnaire short form (IPAQ-
SF): A systematic review. Int. J. Behav. Nutr. Phys. Act. 8(1), 115, https://doi.org/10.1186/1479-5868-8-115 (2011).

Vanhelst, J., Fardy, P. S., Mikulovic, J., Bui-Xuan, G. & Béghin, L. Concurrent Validity of the Modified International Physical Activity
Questionnaire for French Obese Adolescents. Percept. Mot. Skills 116(1), 123-131, https://doi.org/10.2466/03.06.pms.116.1.123-131
(2013).

Carrera Y. Cuestionario Internacional de actividad fisica (IPAQ). Revista Enfermeria del Trabajo, 7, 11(49-54) (2017)

Guidelines for the data processing and analysis of the “International Physical Activity Questionnaire”. [accessed May 19 2019].
Available at: http://www.ipaq.ki.se/scoring.htm (2009).

Moseng, T., Tveter, A. T., Holm, I. & Dagfinrud, H. Patients with musculoskeletal conditions do less vigorous physical activity and
have poorer physical fitness than population controls: a cross-sectional study. Physiotherapy 100(4), 319-324, https://doi.
org/10.1016/j.physio.2013.11.005 (2014).

Sanda, B. et al Reliability and concurrent validity of the International Physical Activity Questionnaire short form among pregnant
women. BMC Sports Science, Medicine and Rehabilitation, 9(1), https://doi.org/10.1186/s13102-017-0070-4 (2017).

Harriss, D., Macsween, A. & Atkinson, G. Standards for Ethics in Sport and Exercise Science Research: 2018 Update. Int. J. Sports
Med. 38(14), 1126-1131, https://doi.org/10.1055/s-0043-124001 (2017).

World Medical Association Declaration of Helsinki. JAMA, 310(20), 2191, https://doi.org/10.1001/jama.2013.281053 (2013).

Gersovitz, M., Madden, J. & Smiciklas-Wright, H. Validity of the 24-hr. dietary recall and seven-day record for group comparisons.
J. Am. Diet. Assoc. 73, 48-55 (1978).

Kurtze, N., Rangul, V. & Hustvedt, B. E. Reliability and validity of the international physical activity questionnaire in the Nord-
Trendelag health study (HUNT) population of men. BMC Medical Research Methodology, 8(1), https://doi.org/10.1186/1471-2288-
8-63 (2008).

Kathleen, Y., Wolin, D., Heil, S., Charles, E. & Gary, G. Validation of the International Physical Activity Questionnaire-Short Among
Blacks. J. Phys. Act. Health. 5(5), 746-760 (2008).

Cleland, C., Ferguson, C., Ellis, C. & Hunter, R. Validity of the International Physical Activity Questionnaire (IPAQ) for assessing
moderate-to-vigorous physical activity and sedentary behaviour of older adults in the United Kingdom. BMC Med. Res. Methodol.
18,176 (2018).

Borg, G. Psychophysical bases of perceived exertion. Med. Sci. Sports Exerc. 14(5), 337-381 (1982).

Pocock, S.J., Assmann, S. E., Enos, L. E. & Kasten, L. E. Subgroup analysis, covariate adjustment and baseline comparisons in clinical
trial reporting: current practiceand problems. Stat. Med. 21(19), 2917-2930, https://doi.org/10.1002/sim.1296 (2002).

Dimitrov, D. M. & Rumrill, P. D. Jr. Pretest-posttest designs and measurement of change. Work 20(2), 159-165 (2003).

Garber, C. E. et al. Quantity and Quality of Exercise for Developing and Maintaining Cardiorespiratory, Musculoskeletal, and
Neuromotor Fitness in Apparently Healthy Adults. Med. Sci. Sports Exerc. 43(7), 1334-1359, https://doi.org/10.1249/
mss.0b013e318213fefb (2011).

Alberti, K. G. et al. Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task
Force on Epidemiology and Prevention, National Heart, Lung, and Blood Institute, American Heart Association, World Heart
Federation, International Atherosclerosis Society, and International Association for the Study of Obesity. Circulation 120, 1640-5
(2009).

Izquierdo, M. et al. Once weekly combined resistance and cardiovascular training in healthy older men. Med. Sci. Sports Exerc. 36(3),
435-43 (2004).

SCIENTIFIC REPORTS |

(2020) 10:5305 | https://doi.org/10.1038/s41598-020-62249-8


https://doi.org/10.1038/s41598-020-62249-8
https://doi.org/10.1519/jsc.0000000000000790
https://doi.org/10.1519/jsc.0000000000000790
https://doi.org/10.1089/met.2014.0135
https://doi.org/10.1371/journal.pone.0139279
https://doi.org/10.24310/10.24310/riccafd.2019.v8i3.7489.
https://doi.org/10.1371/journal.pone.0202390
https://doi.org/10.1371/journal.pone.0202390
https://doi.org/10.2147/CIA.S33893
https://doi.org/10.12965/jer.1836640.320
https://doi.org/10.1016/j.physbeh.2018.11.033
https://doi.org/10.1139/apnm-2017-0464
https://doi.org/10.1139/apnm-2017-0464
https://doi.org/10.1111/j.1748-1716.2010.02118
https://doi.org/10.1007/s10935-014-0352-5
https://doi.org/10.1371/journal.pone.0146036
https://doi.org/10.1371/journal.pone.0146036
https://doi.org/10.1519/JSC.0b013e318225a26f
https://apps.who.int/iris/bitstream/handle/10665/44441/9789243599977_spa.pdf
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1186/1479-5868-8-115
https://doi.org/10.2466/03.06.pms.116.1.123-131
http://www.ipaq.ki.se/scoring.htm
https://doi.org/10.1016/j.physio.2013.11.005
https://doi.org/10.1016/j.physio.2013.11.005
https://doi.org/10.1186/s13102-017-0070-4
https://doi.org/10.1055/s-0043-124001
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1111/j.1753-4887.1976.tb05680.x
https://doi.org/10.1186/1471-2288-8-63
https://doi.org/10.1186/1471-2288-8-63
https://doi.org/10.1002/sim.1296
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1249/mss.0b013e318213fefb

www.nature.com/scientificreports/

69. Sanal, E., Ardic, F. & Kirac, S. Effects of aerobic or combined aerobic resistance exercise on body composition in overweight and
obese adults: gender differences. Eur. J. Phys. Rehabilitation Med. 49(1), 1-11 (2013).

70. Hakkinen, K. et al. Neuromuscular adaptations during concurrent strength and endurance training versus strength training. Eur. J.
Appl. Physiology. 89, 42-52, https://doi.org/10.1007/s00421-002-0751-9 (2003).

71. Eklund, D. et al. Acute Endocrine and Force Responses and Long-Term Adaptations to Same-Session Combined Strength and
Endurance Training in Women. J. Strength. Conditioning Res. 30(1), 164-175, https://doi.org/10.1519/JSC.0000000000001022
(2016).

72. Sanchez, M. et al. On behalf of the ILERVAS project collaborators. Dissimilar Impact of a Mediterranean Diet and Physical Activity
on Anthropometric Indices: A Cross-Sectional Study from the ILERVAS Project. Nutrients 11, 1359 (2019).

73. Vilaga, J., Bottaro, M. & Santos, C. Energy expenditure combining strength and aerobic training. J. Hum. Kinet. 29A, 21-25, https://
doi.org/10.2478/v10078-011-0054-5 (2011).

74. Branco, B. et al. Effects of the Order of Physical Exercises on Body Composition, Physical Fitness, and Cardiometabolic Risk in
Adolescents Participating in an Interdisciplinary Program Focusing on the Treatment of Obesity. Front. Physiol. 10, 1013, https://
doi.org/10.3389/fphys.2019.01013 (2019).

75. Bakker, E. A. et al. Association of Resistance Exercise, Independent of and Combined With Aerobic Exercise, With the Incidence of
Metabolic Syndrome. Mayo Clin. Proc, Aug 92(8), 1214-1222, https://doi.org/10.1016/j.mayocp.2017.02.018 (2017).

76. Ostendorf, M. D. M. et al. Physical Activity Energy Expenditure and Total Daily Energy Expenditure in Successful Weight Loss
Maintainers. Obesity 27, 496-504 (2019).

77. Scharhag-Rosenberger, ., Meyer, T., Walitzek, S. & Kindermann, W. Effects of One Year Aerobic Endurance Training on Resting
Metabolic Rate and Exercise Fat Oxidation in Previously Untrained Men and Women. Int. J. Sports Med. 31(07), 498-504, https://
doi.org/10.1055/5-0030-1249621 (2010).

78. Shim, Y. S. The Relationship Between Tri-ponderal Mass Index and Metabolic Syndrome and Its Components in Youth Aged 10-20
Years. Sci. Rep. 9, 14462, https://doi.org/10.1038/s41598-019-50987-3 (2019).

79. Ramirez-Vélez, R. et al. Percentage of Body Fat and Fat Mass Index as a Screening Tool for Metabolic Syndrome Prediction in
Colombian University Students. Nutrients, 9 (9) (2017).

80. Ng, M. et al. Global, regional, and national prevalence of overweight and obesity in children and adults during 1980-2013: a
systematic analysis for the Global Burden of Disease Study 2013. Lancet 384(9945), 766-81, https://doi.org/10.1016/S0140-
6736(14)60460-8 (2014).

Acknowledgements
We would like to thank Maria Repice for her help with the English version of this manuscript.

Author contributions

I.G. and J.G. conceived and conceptualized the study. I.G. and P.M. collected and analyzed the data. I.G., ].C.E,
J.G. and PM. conducted the necessary literature reviews and drafted the first manuscript. J.C.F. provided critical
feedback and helped shape the analysis and manuscript. All authors contributed towards the revision and writing
of the final draft.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.G.-G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFIC REPORTS |

(2020) 10:5305 | https://doi.org/10.1038/s41598-020-62249-8


https://doi.org/10.1038/s41598-020-62249-8
https://doi.org/10.1007/s00421-002-0751-9
https://doi.org/10.1519/JSC.0000000000001022
https://doi.org/10.2478/v10078-011-0054-5
https://doi.org/10.2478/v10078-011-0054-5
https://doi.org/10.3389/fphys.2019.01013
https://doi.org/10.3389/fphys.2019.01013
https://doi.org/10.1016/j.mayocp.2017.02.018
https://doi.org/10.1055/s-0030-1249621
https://doi.org/10.1055/s-0030-1249621
https://doi.org/10.1038/s41598-019-50987-3
https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1016/S0140-6736(14)60460-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Longitudinal Study of Body Composition and Energy Expenditure in Overweight or Obese Young Adults

	Methods

	Design and participants. 
	Instruments. 
	Procedure. 
	Data analysis. 

	Results

	Discussion

	Conclusions

	Acknowledgements

	Table 1 Exercise prescription design for the AT group.
	Table 2 Exercise prescription design for the ST group.
	Table 3 Adjusted means for the control group, the aerobic group and the strength group for each dependent variable, F-statistic and p-value.
	Table 4 Statistical Analysis: Bonferroni Multiple Comparison Test.
	Table 5 Statistical Analysis: IPAQ-SF.




