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Abstract.	 [Purpose] The aim of this study was to examine the effects of a complex exercise program on the body 
composition and cardiorespiratory system of female college students. [Subjects and Methods] This study included 
20 female college students who had not participated in any particular sports in the last 3 months. The complex exer-
cise program consisted of two parts, aerobic exercise and weight training. First, aerobic exercise was implemented 
(30 min 5 times a week for 12 weeks) according to the participants’ exercise tolerance. Second, weight training was 
implemented (40 min 5 times a week for 12 weeks) with 60% of 1 repetition maximum (RM). [Results] The t-test 
results showed significant differences in body composition between the before and after the complex exercise pro-
gram. The subjects’ body weights and body fat percentages were decreased, and their skeletal muscle masses were 
increased. Increased levels of maximal oxygen uptake (VO2max), maximal expiratory volume (VEmax), and maximal 
heart rate (HRmax) were also observed. [Conclusion] In conclusion, the 12-week complex exercise program, includ-
ing aerobic and weight training, had positive effects on the body composition and cardiorespiratory system of the 
female college students.
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INTRODUCTION

The incidence of various adult diseases in young adults has increased because of the decrease in physical activity as 
students aged between 18 and 24 years move from high school to college1, 2). In general, the physical activity levels of 
females tend to be lower than that of males3). Numerous factors contribute to adult diseases, but obesity caused by reduced 
physical activity is regarded as one of the most important factors of the development of adult diseases4, 5). The 5 negative 
effects of obesity—disfigurement, discomfort, disability, disease, and death—are also referred to as the 5-Ds4). Therefore, 
proper management of body weight through regular physical activity that balances the body composition, including body fat 
and skeletal muscle, is required to prevent various adult diseases and maintain psychological well-being3–5). In particular, 
complex training is considered an effective exercise program for improving both body composition and the cardiorespiratory 
system6–8). Complex training is defined as a “complex of exercises for the development of reactive ability which is fulfilled 
in a background of heightened excitability of the central nervous system, brought about by preliminary fulfillment of exercise 
requiring great power”9). Despite its growing popularity10), the study of complex training is relatively limited. Therefore, the 
aim of this study was to examine the effects of complex training on body composition and the cardiorespiratory system of 
female college students in an effort to provide fundamental data for establishing a training program to improve the health of 
young adults, particularly with respect to body composition and the cardiorespiratory system.

J. Phys. Ther. Sci. 28: 2376–2378, 2016

*Corresponding author. Gunsoo Han (E-mail: gunsoo@gmail.com)
©2016 The Society of Physical Therapy Science. Published by IPEC Inc.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) 
License <http://creativecommons.org/licenses/by-nc-nd/4.0/>.

Original Article

 The Journal of Physical Therapy Science

http://creativecommons.org/licenses/by-nc-nd/4.0/


2377

SUBJECTS AND METHODS

This study included 20 female college students from D university in D city who had not participated in any particular 
sports in the last 3 months (Table 1). All the subjects were informed of the content and purpose of the experiment, and written 
informed consent was obtained before beginning the study. Body composition was examined, and an exercise tolerance 
test was performed twice, at the beginning and end of the study. For estimation of body composition, weight (kg), body fat 
percentage (%), and skeletal muscle mass (kg) were measured by using bioelectrical impedance analysis equipment (Salus, 
Bio-Space, Korea). The subjects were instructed to fast for 4 hours, rest for 13 hours without exercise, and urinate (30 min 
before) prior to the measurement. Exercise tolerance was estimated by using the Bruce Protocol with an initial speed of 1.7 
mph, which was increased by 0.8 mph every 3 min, and gradient of 10%, which was increased by 2% every 3 min. Maximum 
heart rate (HRmax), maximum oxygen uptake (VO2max), and maximum ventilation (VEmax) were estimated by using a breath-
by-breath respiration analysis assembly with a gas analyzer (Quark b2, Italy) in the peak mode. Blood pressure was measured 
every 2 min by using an automated blood pressure monitor (Tango, Suntech, USA). Electrocardiography was performed by 
using the CH 2000 system (Cambridge Heart, MA, USA) during exercise. The complex exercise program consisted of two 
parts, aerobic exercise and weight training. First, aerobic exercise (walking and running) was implemented (30 min 5 times 
a week for 12 weeks) according to the participants’ exercise tolerance. Heart rate was recorded throughout the exercise by 
using a portable recordable HR monitor (Polar Electro, Technogym, Finland). The exercise intensity was increased from 
50% HRmax in the first week of training to 70% HRmax at the end of training. Second, weight training was implemented 
(40 min 5 times a week for 12 weeks) with 60% of 1 repetition maximum (RM), calculated by using Kuramoto and Payne’s 
formula. Weight training included lower back extension, shoulder press, rotary torso, abdominal, chest press, leg curl, leg 
extension, and leg press. SPSS 20.0 was used for data processing. Differences between before and after the exercise program 
(12-week) were calculated by using a t-test. A p value of<0.05 was considered statistically significant. All the experiments 
were thoroughly reviewed and approved by the institutional review board of Daegu University.

RESULTS

The t-test results showed significant differences in body composition and cardiorespiratory system between before and 
after the complex exercise program (Table 2). In detail, the subjects’ body weight decreased (p<0.01) from 55.4 ± 1.3 kg 
to 49.5 ± 1.1 kg, body fat percentage decreased (p<0.01) from 29.6%  ± 1.2% to 24.1%  ± 1.3%, and skeletal muscle mass 
increased (p<0.05) from 20.5 ± 1.6 kg to 23.9 ± 0.7 kg. VO2max increased (p<0.01) from 28.3 ± 1.4 ml/(kg·min) to 33.8 ± 
0.4 ml/(kg·min), VEmax increased (p<0.05) from 25.6 ± 0.5 l/min to 29.6 ± 0.4 l/min, and HRmax increased (p<0.05) from 
187.2 ± 2.3 beats/min to 193.5 ± 2.5 beats/min.

DISCUSSION

In today’s society, strong emphasis is placed on physical appearance. In particular, females tend to focus more on body 
shape, even resorting to unverified diet plans in the hope of losing body fat and weight. Therefore, psychological and physical 
health problems arise as a result of stress, anxiety, depression, menstrual irregularity, and unbalance of body composition 

Table 1.	General characteristics of the study subjects (n=20)

Age (yrs) Height (cm) Weight (kg) Body fat (%) Skeletal muscle (kg)
20.5 ± 1.1 163.1 ± 2.3 55.4 ± 1.3 9.6 ± 1.2 20.5 ± 1.6

Data are expressed as mean  ± SD.

Table 2.	Pre- and post-exercise program weight, body fat, skeletal muscle, and 
cardiorespiratory system

Items Pre Post
Weight (kg) 55.4 ± 1.3 49.5 ± 1.1**
Body fat (%) 29.6 ± 1.2 24.1 ± 1.3**
Skeletal muscle (kg) 20.5 ± 1.6 23.9 ± 0.7*
VO2max (mL/[kg·min]) 28.3 ± 1.4 33.8 ± 0.4**
HRmax (beats/min) 187.2 ± 2.3 193.5 ± 2.5*
VEmax (L/min) 25.6 ± 0.5 29.6 ± 0.4*
Data are expressed as mean  ± SD. Significant differences (**p<0.01, *p<0.05) be-
tween before and after the complex exercise training program are indicated.
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by the weakening of muscle functions, neuororegulation, and immune system11–16). For this reason, prestigious sport and 
medical societies, including the American College of Sports Medicine17) and the Korean Society for the Study of Obesity 
(KSSO)18), suggest regular exercise (30 to 60 min, 3 to 5 times a week) with moderate intensity (50–60% of VO2max) to 
balance body composition, lose body fat while developing skeletal muscle, and maintain psychological health. In this study, 
a 12-week complex exercise program that included aerobic and weight training significantly improved the body composition 
and cardiorespiratory system of female college students. This result can be explained as follows: loss of body fat increases 
the lipoclasis rate and the amount of fatty acid in the muscle, activating the β-oxidation process19), and increased skeletal 
muscle mass and basal metabolic rate by weight training are thought to burn more body fat4, 20). In terms of improvement in 
the cardiorespiratory system, the 12-week complex exercise program increased VO2max and VEmax at the cellular level21–23). 
Thus, circular breathing capacity, oxygen transport ability, and capillary density would also be improved21–23). The results of 
this study are consistent with those of previous studies that suggested a positive effect of aerobic and weight training on body 
composition and the cardiorespiratory system4, 20–22).

In conclusion, although a regular complex exercise program consisting of aerobic and weight training cannot change 
the structure of the body and the respiratory system, 12 weeks of regular participation in the complex exercise program can 
maintain or improve the respiratory circulation function and strengthen the overall skeletal muscle, which in turn burns body 
fat. Therefore, more-active development and application of this effective and practical complex exercise program are needed. 
Specifically, exercise programs aimed at people whose goal is to maintain their general mental and physical health should 
be differentiated from those that focus on improvement of athletic performance. In addition, personalized exercise programs 
should be developed based on gender and lifestyle.

REFERENCES

1)	 Seo DC, Torabi MR, Chin MK, et al.: A comparison of factors associated with physical inactivity among East Asian college students. Int J Behav Med, 2012, 
19: 316–323. [Medline]  [CrossRef]

2)	 World Health Organization: Global Strategy on Diet, Physical Activity and Health. http://www.who.int/dietphysicalactivity/factsheet_young_people/en/ (Ac-
cessed Jan. 26, 2015)

3)	 Choi JY, Chang AK, Choi EJ: Sex differences in social cognitive factors and physical activity in Korean college students. J Phys Ther Sci, 2015, 27: 1659–1664. 
[Medline]  [CrossRef]

4)	 Kim WJ, Hwang MH: The effect of six weeks resistance training on the body composition of college-age women. Kor Soc Wellness, 2006, 1: 15–21.
5)	 American Heart Association: Heart and Stroke A-Z Guide. http://www.americanheart.org (Accessed Jan. 26, 2015)
6)	 Kim JS, Lee DJ, Lee YS, et al.: A study of abdominal ultrasound therapy combined with complex exercise for effective obesity management among shift work 

employees. J Phys Ther Sci, 2015, 27: 231–233. [Medline]  [CrossRef]
7)	 Yang CH: Effects of combined exercise on body composition, bloods lipid and cardiovascular fitness in obese collegiate students. Kor J Kinesiol, 2011, 13: 

63–75.
8)	 Kim DY, Seo BD, Kim DJ: Effect of walking exercise on changes in cardiorespiratory fitness, metabolic syndrome markers, and high-molecular-weight adipo-

nectin in obese middle-aged women. J Phys Ther Sci, 2014, 26: 1723–1727. [Medline]  [CrossRef]
9)	 Verkhoshansky Y: Perspectives in the improvement of speed-strength preparation of jumpers. Track Field, 1966, 9: 11–12.
10)	 Ebben WP, Jensen RL, Blackard DO: Electromyographic and kinetic analysis of complex training variables. J Strength Cond Res, 2000, 14: 451–456.
11)	 Stice E, Shaw H: Adverse effects of the media portrayed thin-ideal on women and linkages to bulimic symptomatology. J Soc Clin Psychol, 1994, 13: 288–308.  

[CrossRef]
12)	 Cho MA, Kim CW, Park JW: The effects of upward comparison and fear on weight on female of poster advertisement on driver for thinness and depression. J 

Outdoor Advert Res, 2009, 6: 77–96.
13)	 Sung DJ: Exercise Prescription. Seoul: Korea Medical Book, 2000.
14)	 Jang JW, Kwon CK, Lee SH: A study on body composition and anaerobic exercise capacities according to the body weight reduction method. Kor J Sport Sci, 

2011, 20: 1457–1467.
15)	 Fogelholm GM, Koskinen R, Laakso J, et al.: Gradual and rapid weight loss: effects on nutrition and performance in male athletes. Med Sci Sports Exerc, 1993, 

25: 371–377. [Medline]  [CrossRef]
16)	 Steen SN, Oppliger RA, Brownell KD: Metabolic effects of repeated weight loss and regain in adolescent wrestlers. JAMA, 1988, 260: 47–50. [Medline]  

[CrossRef]
17)	 American College of Sports Medicine: ACSM’s Resources for the personal trainer. Lippincott Williams & Wilkins, 2007.
18)	 Korean Society for the Study of Obesity. http://www.kosso.or.kr (Accessed Jan. 26, 2015)
19)	 Horowitz JF: Fatty acid mobilization from adipose tissue during exercise. Trends Endocrinol Metab, 2003, 14: 386–392. [Medline]  [CrossRef]
20)	 Ha CH, So WY: Effect of a 12-week combined exercise program on body composition and metabolic syndrome factors in female college students. Kor J Sport 

Sci, 2012, 21: 865–875.
21)	 Kim KB, Kim SB: Effects of swimming and health exercise on body composition, cardiopulmonary function in middle-aged women. Kor Sport Res, 2004, 15: 

877–886.
22)	 Park SK, Kim EH: The effect of multicomponent exercise on the health-related physical fitness and hormone in elderly women. Kor Sport Res, 2005, 16: 

307–318.
23)	 Short KR, Nair KS: Muscle protein metabolism and the sarcopenia of aging. Int J Sport Nutr Exerc Metab, 2001, 11: S119–S127. [Medline]

http://www.ncbi.nlm.nih.gov/pubmed/21562780?dopt=Abstract
http://dx.doi.org/10.1007/s12529-011-9167-4
http://www.ncbi.nlm.nih.gov/pubmed/26180293?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1659
http://www.ncbi.nlm.nih.gov/pubmed/25642080?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.231
http://www.ncbi.nlm.nih.gov/pubmed/25435686?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1723
http://dx.doi.org/10.1521/jscp.1994.13.3.288
http://www.ncbi.nlm.nih.gov/pubmed/8455453?dopt=Abstract
http://dx.doi.org/10.1249/00005768-199303000-00012
http://www.ncbi.nlm.nih.gov/pubmed/3214488?dopt=Abstract
http://dx.doi.org/10.1001/jama.1988.03410010055034
http://www.ncbi.nlm.nih.gov/pubmed/14516937?dopt=Abstract
http://dx.doi.org/10.1016/S1043-2760(03)00143-7
http://www.ncbi.nlm.nih.gov/pubmed/11915910?dopt=Abstract

