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Abstract---The objectives of this study were to study and compare the
effects of moderate-intensity continuous and interval training on
physical fitness in obesity. The participants were 48 male and female
(fat % over 20 in men and 30 in women, aged between 20 — 25 years)
and were randomized into three groups: 12 weeks of continuous along
exercise (CA), 60-65% MHR (7 men and 8 women); 12 weeks interval
exercise (IG), 60-65% MHR (208 - (0.7 x Age) alternate with 70-75%
MHR every 1 minute (9 men and 8 women); and control group (CG) (8
men and 8 women). At baseline VOomax, total body weight, body fat
percentage, and visceral fat data did not differ significantly between
the three groups (p > 0.05). After 12 weeks of exercise intervention,
both men and women participants in CA and IG had significantly
improved in VOomax, total body weight, body fat percentage, no
significantly in CG. There is no significant between CA and IG in every
variable but significantly between CA and CG and between IG and CG
in both men and women participants. it could be concluded, that
moderate intensity of continuous and interval exercise is possible to
improve cardiovascular fitness and body composition in overweight
men and women.

Keywords---Aerobic Exercise, Physical Fitness Training, Targets Heart
Rate.

Introduction

Obesity is a major health risk factor (Kenchaiah& et al., 2002; Okura& et al.,
2005). It is associated with non-communicable diseases (NCDs) and leads to low
quality of life. At present, the prevalence of obesity continues globally rise
(Okura& et al., 2005; Ren, J. 2004). Lack of exercise and lower daily active
activities is associated with obesity (Saif& Alsenany, 2015).

The obesity management guidelines emphasize the importance of exercise
(Armstrong& et al., 2022). Although decreasing body weight is not the first
outcome of exercise (Pinckard& et al., 2019). Several studies reported that aerobic
exercise training does not always play an important role in weight loss (Okura& et
al., 2005). But exercise can improve body composition including reducing the risk
factors of obesity (Donnelly& et al., 2009) increasing fatty acid oxidation (Tao& et
al., 20195), increasing glucose uptake, and improving muscle insulin secretion and
sensitivity (Moghetti& et al., 2016), increased skeletal muscle metabolism and
metabolic adaptations in other tissues (Thyfault& Bergouignan, 2020).
endurance exercise an effective increase in total daily energy expenditure (TDEE),
and possibly an increase in resting metabolic rate (RMR) (Sevits& et al., 2013).
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Regular active exercise habits promote positive physical fitness. Whether to
increase cardiovascular fitness, muscular endurance, muscular strength, and
body composition and reduce the risk of non-communicable diseases (NCDs) (Aga,
2022; Lollgen& et al., 2009; Mazurek& et al., 2008). It was many pieces of
evidence showing that habitual exercise is effective physically and promotes the
quality of life (Rugbumrung& et al., 2022, Chodzko-Zajko& et al., 2009; Karlsen&
et al., 2013; Martin& et al., 2009) On the other hand, never or lack of exercise for
a long time the body will become weak and vulnerable to various diseases easily.
Appropriate exercise programs including frequency, intensity, time, and type were
important to improve physical fitness (ACSM., 2018; Mason& et al., 2013; Garber,
& et al., 2011),

Aerobic exercise is the continuous physical activity that uses large muscle groups
(Wahid& et al., 2016), it is the type of exercise that uses energy from amino acids,
carbohydrates, and fatty acids such as cycling, dancing, hiking, jogging/long-
distance running, swimming and walking (Patel& et al., 2017). Aerobic exercise
reduces fat mass and causes decreased body weight (Okura& et al., 2005;
Stasiulis& et al., 2010). The data from the meta-analysis, it was founded that
aerobic exercise showed a statistically significant 9% increase in HDL-C and an
11% decline in triglycerides (TG), but no statistically significant changes in total
cholesterol (TC) and LDL-C (Kelley& et al., 2006; Patel& et al., 2017).

Continuous and interval training is the most popular aerobic exercise because
they are easy to work out anywhere and anytime. Continuous exercise is the
activity, for example, walking or running continuously along the distance without
a break up to the given time or distance (Smart& Steele, 2012; Mazoochi& et al.,
2013) with moderate intensity of exercise (around 50-69 % of maximum heart rate
or heart rate zone 1-2). While continuous training is a long period of moderate
intensity of exercise, Interval training is the exercise with alternate periods of high
and low intensity of exercise, for example, running at 60-65% MHR alternate with
80-85% MHR every 30 seconds or every 1 minute. This exercise is powered by an
anaerobic system as well as aerobic systems. Meanwhile, the periods of high and
low-intensity between exercises are a time to restore the energy sources. (Borel&
et al., 2010; Katch& et al., 2010)

Thus, the objective of this study was to study and compare the effects of
moderate-intensity continuous and interval training on Maximum Oxygen
Consumption and Body Composition in obesity. Moreover, the data from the
study will useable able to design an appropriate exercise program for each
individual.

Methods

Study design and participants

This study is a 12-weeks randomized controlled trial research. The participants
were 48 male and female young adults recruited from the students and staff and

general public age between 20 — 25 years old. All subjects had body fat % over 20
in men and 30 in women without coronary heart disease; or cardiovascular,
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pulmonary, or metabolic disease (ACSM., 2018). All participants pass the ed
Physical Activity Readiness Questionnaire Plus — PAR-Q+.

The sample size was calculated by G*Power 3.1 software. Base on, power of test
(B) at 0.8, probable error; (a) at 0.05 and effect size at 0.5 (Cohen,1988; Leppinké&
et al, 2016; Mendonca& et al., 2022). The minimum sample size was 11 people
per group. To prevent drop-out during follow-up, we added 18 people per group.
Total the sample group was 54 people. The participants were randomized into
groups. 1) Control group (CG); 9 male 9 female, 2) Continuous along group (CA); 9
male 9 female, 3) Interval group (IG); 9 male 9 female.

The study team consisted of fitness coach assistants, 4t year of sports science
bachelor degree students, who assisted the fitness coach to deliver the exercise
training program; Fitness coach graduated in sports science or physical
education, delivered the exercise training program, and the researchers, who
prescribed and controlled exercise training program and analyzed the results.
Data were collected at two time points; 1) @baseline, 72 h before the start of the
exercise training program 2) @ post- exercise training program 72 h after the last
session of the exercise training program (Mendonca& et al., 2022).

Exercise Intervention

The experimental group trained 4 days a week, for 12 weeks at the sport and
exercise science fitness center; at Phayao University. Group 1) Continuous along
group (CA), trained exercise program with S-minute warm-up by treadmill walking
at 3-4 km/hr., follow by 30 minutes of treadmill exercise at 60-65% MHR (208 -
(0.7 x Age)) in 1st — 4th week then, 45 minutes in Sth -12th week and 10 minutes
cool down with dynamic and static stretching. The total volume of training is 120
minutes/ week in the 1st — 4th week and 180 minutes/ week in the 5th-12th week.
Group 2) Interval group (IG), trained exercise program with 5-minute warm-up by
treadmill walking at 3-4 km/hr., followed by 20 minutes of treadmill exercise at
running at 60-65% MHR (208 - (0.7 x Age)) alternate with 70-75% MHR every 1
minute in 1st — 4th week then, 45 minutes in 5th -12th week and 10 minutes cool
down with dynamic and static stretching. The total volume of training is 80
minutes/ week in the 1st — 4th week and 120 minutes/ week in the 5th -12th week.
Each experimental group performed the exercise at the same time of day (3:30
p-m. and 7:00 p.m.) under the control of fitness coach assistants, fitness coach,
and the researchers. All-time heart rate monitor (Polar H10) during exercise.

Testing

The participants were recommended to avoid alcohol, tobacco use, and vigorous
physical activity at least 48 hours before the physical fitness testing. Consume a
meal 2-3 hours before testing. The baseline testing was conducted 72 hr. before
the start of the exercise training program. And the post-test was conducted 72 hr.
after the last session of the exercise training program

Maximum Oxygen Consumption

The Astrand-Rhyming cycle ergometer test was selected for the participant.
Because it is a safe protocol with a constant load for overweight. This protocol
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had a high relationship with gas analysis in both healthy cases and health
problem cases (Reed& et al., 2020; Noonan & Dean, 2000; Astrand, 1960).

Body composition and height

Body composition was measured without shoes and performed using bioelectrical
impedance analysis (BIA) by ACCUNIQ BC380 (Yang, Kim& Choi,2018) to assess
the body weight, body fat %, and visceral fat.

Statistical analysis

The data were collected focusing on maximum oxygen consumption, body weight,
body fat %, and visceral fat. Data analysis was conducted using three statistical
values: percentage, Mean, and Standard Deviation. Paired sample test was used
to compare the effects of the time with the exercise training program within the
group at baseline and post-intervention. One-way repeated ANOVA was used to
compare the effects of an exercise intervention on maximum oxygen consumption,
body weight, body fat percentage, and visceral fat between groups post-
intervention. When the F test identified interaction, the Bon-ferroni post hoc was
used to identify the means differences (Mendonca& et al., 2022). Effect sizes
between groups were calculated by Cohen. The thresholds considered were:
insignificant (<0.19); small (0.20; 0.49); moderate (0.50; 0,79); and large (>0.80)
(Cohen,1988; Mendonca& et al., 2022). The SPSS version 25 software was used
for data analysis. And the GPower 3.1 software was used for effect size
calculations. The significance alpha levels are set at p < 0.05(Cohen,1988;
Mendonca& et al., 2022).

Results

At the end of 12 -weeks, thirty-two of a trained group (7 men and 8 women,
Continuous exercise; 9 men and 8 women Interval exercise) completed the
exercise training program. Due to the injury concerned, four participants of the
trained group withdrew from the study and two of the control group doesn’t
continue the study because their daily physical activity had changed. This is the
results of 32 participants with continuous exercise and interval exercise and 16 of
the control group.

Table 1 Participants’ general information, separated by gender at the baseline

Item Men (n=24) Women (n=24)
CGn=8 CAMm=7) IGMNn=9) CGMNn=8) CAMNn=8 IG(n =8
Age 21.39 + 21.20 + 20.13 <+ 20.32 + 21.15 <+ 2035 =
0.53 0.72 0.45 0.52 0.63 0.45
Height 171.85 = 170.63 + 172.50 £ 160.36 = 161.62 = 161.48 +
3.13 3.72 2.51 4.87 3.45 4.78
Weight 81.23 + 8226 + 8127 + 7026 * 7125 £ 72. 48
10.78 12.03 11.47 9.43 11.27 10.77

* CG = control group, CA = continuous along group, IG = interval group
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At the baseline men participants in CG, CA and IG had the baseline average age:
21.39 + 0.53 yrs., 21.20 = 0.72 yrs. and 20.13 + 0.45, respectively; average
height: 171.85 + 3.13 cm, 170.63 + 3.72 cm and 172.50 + 2.51 cm, respectively;
average weight: 81.23 + 10.78 kg, 82.26 + 12.03 kg and 81.27 + 11.47 kg.

The women participants in CG, CA, and IG had a baseline average age: of 20.32 *
0.52 yrs., 21.15 + 0.63 yrs. and 20.35 + 0.45, respectively; average height: 160.36
* 4.87 cm, 161.62 £ 3.45 cm and 161.48 + 4.78 cm, respectively; average weight:
70.26 £+ 9.43 kg, 71.25 £ 11.27 kg and 72. 48 £ 10.77 kg.

Table 2 Participants’ VO,max and Body Composition of the (men)

Variable Control Group (CG) Continuous Group(CA) Interval Group (TG) post
Before After t Before After t Before After t hoc
VoZmax 281 % 27.7¢ . 092 3049: .. 20me D198 casce
(ml/kg/min) 4.1 3.89 395 4.14 4.20 454 TG>CG
BW 2128 gross . %22 q9g0e 81T 7gase . casca
(kg) 10.78 10.53 12.03 12.88 11.47 12.93 TG>CG
32.71
33.45+ 31.70+ 27.70% 30.31+ 28.70+ CA>CG*
0, * *
fat % t,e 608 M7 ana sa7 %% 580 617 2 teecor
12.00+ 12.98+ 12.75+ 12.14+ 11.95+ 11.5%
- 0 -
V-Fat (%) 2.94 3.18 32 4.35 2.27 21 3.59 3.44 18

*p < 0.05 ** BW = body weight, fat % = body fat percentage, V-Fat = visceral fat

In the continuous exercise program men participants, the VOomax significant
increased from the baseline of 28.02 + 3.95 ml/kg/min to 30.49 £ 4.14
ml/kg/min at the end of the exercise program, total body weight was significantly
decreased from 82.26 + 12.03 kg to 79.89 + 12.88 kg, body fat percentage was
significant decreased form 31.70 + 4.14 % to 27.70 £ 5.17. But there was no
significant change in the visceral fat data. Regarding the interval exercise program
for men, the VOsmax significant increased from the baseline of 29.32 + 4.20
ml/kg/min to 31.98 + 4.54 ml/kg/min at the end of the exercise program, total
body weight was significantly decreased from 81.27 + 11.47 kg to 78.48+ 12.93
kg, body fat percentage was significant decreased form 30.31 + 5.89 % to 28.70+
6.17. No significant change in the visceral fat data. There was no significant
change in the VOsmax, the total body weight, the body fat percentage, and the
visceral fat in the control group.

The data from the study showed no significant difference in the VOomax, the total
body weight, body fat percentage, visceral fat between continuous exercise and
interval exercise. But significant differences between continuous exercise and
control group and interval exercise and control group in the VO2max, the total
body weight, and the body fat percentage variable.
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Variable Control Group (CG) Continuous Group(CA) Interval Group (TG) post
Before After t Before After t Before After t hoc
VO2max 2518 2498t . 9% o7ose o 2503x 2008 casco
(ml/kg/min) *3.41 3.97 356 4.89 4.20 4.54 TG>CG
BW 7026 7135t 7125 6800z b als 7298 65411 5 7e CA>CG*
(kg) £9.43 10.13 11.27 11.28 10.77 11.95 TG>CG*
37.21
37.58+ 38.27+ 35.17+ 38.31+ 35.29+ CA>CG*
0] * *
fat % tos 542 % sse ss3 27 612 517 2% tesco
12.00+ 12.45+ 11.98+ 11.53% 12.68t 12.15%
- 0 -
V-Fat (%) 1.38 2.35 76 2.24 2.17 99 2.95 2.58 34
*p < 0.05 ** BW = body weight, fat % = body fat percentage, V-Fat = visceral fat

Regarding women participants, in the continuous exercise group, the VO,max
significant increased from the baseline of 24.92 + 3.56 ml/kg/min to 27.25 £ 4.89
ml/kg/min at the end of the exercise program, total body weight was significantly
decreased from 71.25 + 11.27 kg to 68.09 = 11.28 kg, body fat percentage was
significant decreased form 38.27 + 5.56 % to 35.17 £ 5.83. But there was no
significant change in the visceral fat data. Interval exercise program group, the
VOomax significant increased from the baseline of 25.93 * 4.20 ml/kg/min to
28.08 * 4.54 ml/kg/min at the end of the exercise program, total body weight was
significantly decreased from 72.48 * 10.77 kg to 68.41 + 11.95 kg at the end of
exercise program, the body fat percentage was significant decreased form 38.31 *
6.12 to 35.29 = 5.17. No significant change in the visceral fat data. There was no
significantly changed in the VOgmax, the total body weight, the body fat
percentage, and the visceral fat in the control group.

In the same way as men participants, the data of women no significant difference
in the VO;max, the total body weight, body fat percentage, and visceral fat
between continuous exercise and interval exercise. But its significant differences
between continuous exercise and control group and interval exercise and control
group in the VO2max, the total body weight, and the body fat percentage variable.

Discussion and Conclusion

From the result of this study, we found that continuous exercise and interval
exercise are effective for maximum oxygen consumption, total body weight, and
body fat percentage. After completing a 12-weeks exercise program the
continuous exercise and interval exercise led to significant changes in the various
variable compared with non-exercise (control group). Both the continuous and
interval exercise results also show a significant positive change in maximum
oxygen consumption, total body weight, and body fat percentage from the baseline
to the end of the program.

Regarding maximum oxygen consumption, aerobic exercise at 50-75% MHR is A
positive influence on maximal oxygen consumption (Park& et al., 2003; ACSM.,
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2018; Gormley& et al., 2008). Aerobic exercise improves VO, max by increasing
the cardiac output, stroke volume, and arterio-venous O, differences (Angane&
Navre, 2015). In addition, exercise-induced vasodilation and angiogenesis (Hoier&
Hellsten, 2014; Pinckard& et al, 2019; Olver& et al., 2015). These adaptations
lead to positive changes in maximal oxygen consumption with regular exercise
people. The finding of this study was that continuous exercise and interval
training are similar in improving VOomax. Some studies have found higher
intensities of exercise are more effective for improving VOsmax than lower
intensities (Gormley& et al., 2008) but they are a study on healthy men and
women. For obesity, the concern about the intensity of the exercise program could
affect body injury. We designed the intensity of exercise at 60 - 65% MHR for
continuous exercise and 1 minute at 60 — 65 % and 1 minute at 70 — 75% for
interval exercise. But in the healthy participant's study, the intensity of exercise
is 4 min at 93% MHR for the interval group and 3 min at 70% MHR for the
continuous group (Helgerud&, et al. 2007). Another study uses 4 min at 93%
MHR and 3 min at 60% MHR for the interval group and 73% MHR for the
continuous group (Wisloff & et al., 2007). With closely exercise intensity between
continuous and interval in this study, could be a reason that cardiovascular
fitness in the trained group was significantly improved but not different between
groups.

According to body composition results, it showed a reduction in total body weight
and body fat percentage. Because exercise improves metabolic rate (Hawley& et
al., 2014). Aerobic exercise training plays an important role in weight loss factor
by reducing the risk factors of obesity (Donnelly& et al., 2009), increasing fatty
acid oxidation (Tao& et al., 2015), increasing glucose uptake, improving muscle
insulin secretion and sensitivity (Moghetti& et al., 2016), increased skeletal
muscle metabolism and metabolic adaptations in other tissues (Thyfault&
Bergouignan, 2020). endurance exercise an effective increase in total daily energy
expenditure (TDEE), and possibly an increase in resting metabolic rate (RMR)
(Sevits& et al., 2013). low-intensity exercise without diet control is possible to
improve improved body composition (Chiu& et al., 2017). In some studies, when
the energy expenditure was equal high-intensity exercise seemed to be reduced
the total body weight significantly more than low-intensity exercise (Chiu & et al.,
2017; Lee& et al., 2012; Irving& et al., 2008). In this study, concerned about
obese participants we adjust exercise intensity closely between continuous
exercise and interval exercise. It could be a reason that total body weight and
body fat percentage in the exercise intervention group were significantly improved
but not different between groups.

From the data of this study, it could be concluded, that moderate intensity of
continuous and interval exercise is possible to improve cardiovascular fitness and
body composition in overweight. But it is necessary to design an appropriate
exercise program due to individual for promoting physical fitness and possible to
do in obesity.



8899
Reference

ACSM. (2018). ACSM's Guidelines for Exercise Testing and Prescription. tenth ed.

Aga, A. H. (2022). Twelve-week effects of circuit exercise training on selected
health related physical fitness: In case of Dambi Dollo University Second Year
Students, Oromia, Ethiopia.International Journal of Health Sciences. 6(S1),
7035-7040.

Angane, E.Y.& Navre, A.A. (2015). Effects of Aerobic Exercise on Maximum
Oxygen Uptake (Voomax) in Healthy Adults. Medical Science. 4(5). 3-5

Armstrong, A., Rodriguez, J.R., Sabag, A.& et al. (2022). Effect of aerobic exercise
on waist circumference in adults with overweight or obesity: A systematic
review and meta-analysis. 23(8), 1-17.

Astrand I. (1960). Aerobic work capacity in men and women with special reference
to age. Acta Physiol. Scand. Suppl. 49, 1-92.

Baltimore, Philadelphia: Wolters Kluwe

Borel, B., Leclair, E., Thevenet, D.& et al. (2010). Comparison of mechanical
ventilatory constraints between continuous and intermittent exercises in
healthy prepubescent children. Pediatric pulmonology. 46: 785-94.
Cardiovascular Health. Front. Cardiovasc. Med. Volume 6; Article 69.

Cardiovascular Rehabilitation Settings (BEST Study). Front Physiol. 2020 Jan
8;10: 1517.

Chiu CH., Ko MC., Wu LS& et al. (2017). Benefits of different intensity of aerobic
exercise in modulating body composition among obese young adults: a pilot
randomized controlled trial. Health Qual Life Outcomes. 2017; 15(1): 168.

Chodzko-Zajko, W. J, Proctor, D. N., Fiatarone Singh, M. A.& et al. (2009).
Exercise and Physical activity for older adults. Medicine & Science in Sports
and Exercise. 41(7), 1510-1530.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Lawrence
Erlbaum Associates Inc. distribution of cardiovascular system diseases risk
factors among youth with different levels of physical activity. Med Sport, 12(3):
86-91.

Donnelly, J.E., Blair, S.N., Jakicic, J.M.& et al. (2009) 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 41(2):459-471.

Garber, C. E., Blissmer, B., Deschenes, M. R& et al. (2011). Quantity and quality
of exercise for developing and maintaining cardiorespiratory, musculoskeletal,
and neuromotor fitness in apparently healthy adults: Guidance for
prescribing exercise. Medicine and Science in Sports and Exercise. 43(7),
1334-1359.

Gormley, S.E., Swain, D.P., High, R.& et al. (2008). Effect of intensity of aerobic
training on VOomax. Med Sci Sports Exerc. 40(7):1336-43.

Hawley, J.A., Hargreaves, M., Joyner, M.J.& et al. (2014). Integrative biology of
exercise. Cell. 159:738-49.

Helgerud, J., Hoydal, K., Wang, E& et al. (2007). Aerobic high-intensity intervals
improve VOs;max more than moderate training. Med Sci Sports Exerc.
2007;39(4):665-71.

Herliah, A., Baso, Y. S., Hidayanty, H., Syarif, S., Aminuddin, A., & Bahar, B.
(2022). Effect of web-based she smart education models on adolescent girl’s
knowledge, attitudes, and practice about obesity. International Journal of



8900

Health & Medical Sciences, 5(1), 50-55.
https://doi.org/10.21744 /ijhms.v5n1.1832

Hoier, B.& Hellsten, Y. (2014). Exercise-induced capillary growth in human
skeletal muscle and the dynamics of VEGF. Microcirculation21:301-14.

Irving, B.A., Davis, C.K., Brock, D.W.& et al. (2008). Effect of exercise training
intensity on abdominal visceral fat and body composition. Med Sci Sports
Exerc. 40(11):1863-72.

Karlsen, T.I., Lund, R.S., Reislien, J.& et al. (2013). Health related quality of life
after gastric By pass or intensive lifestyle intervention: a controlled clinical
study. Health Qual Life Outcomes. 11, Article number.

Kelley, G.A., Kelley, K.S.& Franklin, B. (20006). Aerobic exercise and lipids and
lipoproteins in patients with cardiovascular disease: a meta-analysis of
randomized controlled trials. J Cardiopulm Rehabil. 26:131-139

Kenchaiah, S., Evans, J.C., Levy, D.& et al. (2002). Obesity and the risk of heart
failure. N Engl J Med. 347: 305-313.

Lee, M.G., Park, K.S., Kim, D.U.& et al. (2012). 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(6):1019-27.

Leppink, J., O’Sullivan, P.& KalWinston, K. (2016). Effect size — large, medium,
and small. Perspect Med Educ, 5:347-349.

Lollgen, H., Bockenhoff, A.& Knapp, G. (2009). Physical activity and all-cause
mortality: an updated meta-analysis with different intensity categories. Int J
Sports Med, 30(3): 13-224.

Martin, C.K., Church, T.S., Thompson, A.M.& et al. (2009). Earnest CP, Blair SN.
Exercise dose and quality of life: a randomized controlled trial. Arch Intern
Med, 169(3): 269-78.

Mason, R. C., Horvat, M.& Nocera, J., N.& Sonthiratana, S. (2013). The Effects of
Exercise on the Physical Fitness of High and Moderate-Low Functioning Older
Adult Women. Journal of Aging Research, Volume 2016, 1-7.

Mazoochi, M., Fateminezhad, S.E.& Mazoochi, T. (2013). Effects of Continuous
and Interval Training on Different Fitness Parameters in Athletes. World
Applied Sciences Journal. 28(3), 312-315.

Mazurek, K., Czajkowska, A., Lutostawska, G.& et al. (2008). The occurrence and

Mendonca, F.R., Ferreira de Faria, W., Marcio da Silva, J.& et al. (2022). Effects of
aerobic exercise combined with resistance training on health-related physical
fitness in adolescents: A randomized controlled trial. Journal of Exercise
Science & Fitness. 20: 182-189

Moghetti, P., Bacchi, E., Brangani, C.& et al. (2016). Metabolic Effects of Exercise.
Front Horm Res. 47:44-57

Noonan, V.& Dean, E. (2000). Submaximal Exercise Testing: Clinical Application
and Interpretation. PHYS THER. 2000; 80:782-807

Okura, T., Nakata, Y., Lee, D.J.& et al. (2005). Effects of aerobic exercise and
obesity phenotype on abdominal fat reduction in response to weight loss.
International Journal of Obesity. 29: 1259-1266.

Olver, T.D., Ferguson, B.S.& Laughlin, M.H. (2015). Molecular mechanisms for
exercise training-induced changes in vascular structure and function:
skeletal muscle, cardiac muscle, and the brain. Prog Mol Biol Transl Sci.
(2015) 135:227-57.



8901

Park, S.K., Park, J.H., Kwon, Y.C.& et al. (2003). The effect of long-term aerobic
exercise on maximal oxygen consumption, left ventricular function and serum
lipids in elderly women. J Physiol Anthropol Appl Human Sci. 22(1): 11-7.

Patel, H., Alkhawam, H., Madanieh, R.& et al. (2017). Aerobic vs anaerobic
exercise training affects on the cardiovascular system. World J Cardiol. 26;
9(2): 134-138.

Pinckard, K., Baskin, K. K.& Stanford, K. I. (2019). Effects of Exercise to Improve

Reed, J.L., Cotie, L.M., Cole, C.A.& et al. (2020). Submaximal Exercise Testing in

Ren, J. (2004). Leptin and hyperleptinemia-From friend to foe for cardiovascular
function. J Endocrinol. 181:1-10.

Rugbumrung M. (2020). Learning Management Model to Aging Health Promotion.
Doctoral Dissertation of Education. Graduate School, Chiang Mai University.
Rugbumrung M., Impanya S., Thurayot A.& et al. (2022). The Quality of Life of
The Ageing in Phayao Province. Journal of Positive School Psychology. 2022;

6(8), 1474-1480.

Rugbumrung, M., Dibyamandala, J., Mangkhang, C.& Kamsiripiman, K. (2021).
The Ability to Help Themselves and Depression of the Ageing. International
Journal of Crime, Law and Social Issues, 7(1), 26-33.

Saif, A. A.& Alsenany, S. (2015). Aerobic and anaerobic exercise training in obese
adults. J Phys Ther Sci. 27(6): 1697-1700.

Sevits, K.J., Melanson, E.L., Swibas, T.& et al. (2013). Total daily energy
expenditure is increased following a single bout of sprint interval training.
Physiol Rep, 1(5), 1-9.

Smart, N.A.& Steele, M. (2012). A comparison of 16 weeks of continuous vs
intermittent exercise training in chronic heart failure patients. Congestive
heart. failure, 18: 205-211.

Stasiulis, A., Mockiene, A., Vizbaraite, D.& Mockus, P. (2010). Aerobic exercise-
induced changes in body composition and blood lipids in young women.
Medicina (Kaunas).46:129-34.

Suryasa, I. W., Rodriguez-Gamez, M., & Koldoris, T. (2021). Health and treatment
of diabetes mellitus. International Journal of Health Sciences, 5(1), i-v.
https://doi.org/10.53730/ijhs.vSn1.2864

Tao, L., Bei, Y., Lin, S.& et al. (2015). Exercise training protects against acute
myocardial infarction via improving myocardial energy metabolism and
mitochondrial biogenesis. Cell Physiol Biochem. 37:162-75.

Thyfault, J.P.& Bergouignan, A. (2020). Exercise and metabolic health: beyond
skeletal Muscle. Diabetologia (2020) 63:1464-1474.

Wahid, A., Manek, N., Nichols, M.& et al. (2016). Quantifying the Association
Between Physical Activity and Cardiovascular Disease and Diabetes: A
Systematic Review and Meta-Analysis. J Am Heart Assoc. S:pii: €002495

Wisloff, U., Stoylen, A., Loennechen, J.P.& et al. (2007). Superior cardiovascular
effect of aerobic interval training versus moderate continuous training in heart
failure patients. Circulation. 115: 3086-94.



