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ABSTRACT 

 

Irisin, a novel myokine, has been reported as a therapeutic target for obesity and 

metabolic diseases. Circulating irisin is stimulated by exercise and the activation of irisin 

increases gene expression of brown adipose tissue thereby elevates energy expenditure. 

However, there is only small evidence of the effect of exercise on expression of 

circulating irisin level. In addition, there is no study how different exercise effect on 

circulating irisin level in obese adults. Therefore, the purpose of this study is enlightening 

the effects of aerobic exercise (AE) and resistance exercise (RE) on expression of 

circulating irisin level in obese adults. The study sample was composed of twenty eight 

obese adults (20-30yrs). The 60 min exercise data were analyzed before and after 8 week 

exercise. In anthropometric and biochemistry measures, the participants were 

significantly improved in both AE and RE. Furthermore, the exercise capability such as 

muscle strength in lower body, grip strength and maximal oxygen uptake was improved 

in both exercises training group. Interestingly, the circulating irisin was remarkably 

increased only in RE. Moreover, the exercise-induced change of the circulating irisin 

level showed association with change of muscle mass, fat mass and body fat percentage. 

These finding indicates that resistance training might play key role in circulating irisin 

level in obese adults. 
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I. INTRODUCTION 

1.1. Significance of the study 

The increased prevalence of obesity is the one of the major public health issues for the 

21st century(Flegal, Carroll, Kit, & Ogden, 2012). Obesity is frequently associated with 

metabolic diseases and is a key risk factor for type 2 diabetes, cardiovascular diseases, 

and cancer (Li et al., 2009; Mokdad et al., 2003).   

The increased prevalence of overweight and obesity has been one of the public health 

issues in Korea. According to「Korea Health Statistics 2010: Korea National Health 

and Nutrition Examination Survey」, the prevalence of overweight and obesity has 

increased nearly 10% from 25.1% in1988 to 36.3% in 2010 in males and the prevalence 

has been maintained 26% for ten years in females. Increased prevalence of obesity is not 

only personal problem but also social and economic burden. Therefore, considerable 

approaches have been made in dietary, exercise, pharmacologic, and bariatric surgery to 

manage obesity. 

Exercise is recommended as an important intervention which leads an increase in 

lipolysis, promotion of fat oxidation and insulin-sensitizing (Chatzinikolaou et al., 2008; 

Lazzer et al., 2010; S.J.Kang, 2010). Also, exercise induces myokine which are 

produced and secreted by skeletal muscle. Myokine has been suggested as a mediator in 

muscle and adipose tissue interaction (Argiles, Lopez-Soriano, Almendro, Busquets, & 

Lopez-Soriano, 2005). This mediator, therefore, could be involved in interceding the 

multiple health benefits of exercise(Pedersen & Febbraio, 2012).   

Irisin is a novel myokine that drives brown-fat –like development of white adipose 
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tissue. According to Boström et al 2012, this myokine is regulated by PPARγ co 

activator 1 alpha (PGC1-α) and cleaved from the product of the FNDC5 gene before 

being released into the circulation. FNDC5 has been suggested as an inducer of 

browning in subcutaneous adipocytes and thermogenesis by increasing expression of 

uncoupling protein (UCP1) levels. The previous study showed that UCP1 level 

increased seven fold by FNDC5 compared to other PGC1-α target genes. FNDC5 is 

proteolytically cleaved and secreted from cells as irisin.  

Irisin is present in human plasma and is promoted by acute and endurance exercise 

(Bostrom et al., 2012; Huh et al., 2012). The elevated irisin level in the blood causes an 

enhancement in energy expenditure in mice with no changes in movement or food 

intake. Furthermore, increased expression of irisin promoted mitochondrial genes and 

improved glucose tolerance in obese mice. 

Although, irisin is known as myokine only few studies investigated the effect of 

exercise on expression of irisin. Furthermore, there is small evidence of effect of exercise 

on expression of irisin in obese human even though irisin has shown great improvement 

in energy expenditure and mitochondrial gene expression in mice.  

Therefore, to satisfy an essential knowledge gap in this area, this study will 

demonstrate beneficial effect of exercise on expression of irisin in young obese adults. 

1.2. Purpose of the study 

This study is designed to evaluate the effects of 8 week aerobic exercise and resistance 

exercise on expression of circulating irisin in obese adults.  
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1.3. Research Hypothesis 

1) There would be significant difference in anthropometric parameters such as body 

weight, muscle mass, body fat mass, body fat percentage, BMI, blood lipids, and 

subcutaneous fat thickness between pre- and post-exercise. 

2) There would be significant difference in exercise capabilities such as muscle strength, 

grip strength, and cardiopulmonary function.  

3) There would be significant difference in circulating irisin level pre- and post-exercise. 

4) There would be significant difference in circulating irisin level in aerobic exercise 

versus resistance exercise. 

1.4. Limitations 

This study is limited in the following manner: 

 1) This study cannot equally control over the participant's physiological and 

psychological factors. 

 2) The exercise program does not consider the physical fitness and genetic character 

of individual. 

 3) This study cannot absolutely control the participant's dietary intake. 
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II. LITERATURE REVIEW 

2.1. Obesity 

2.1.1. Cause of Obesity 

 

The increasing prevalence of obesity is one of the most important health problems in 

all societies. The World Health Organization (WHO) reported the incidence of obesity 

was doubled before twenty years ago. In 2008, more than 1.4 billion adults were 

overweight and over 200 million adults of them were obese. The growing prevalence of 

this disease has been accompanied by the adoption of “western style” dietary and 

physical activity (Dave, An, Jeffery, & Ahluwalia, 2009; Oken & Gillman, 2003). Since 

South Korea has been rapid economic growth over the past years, life style also has been 

changed as western. Thus Korea is no longer safe from obesity. The estimated 

socioeconomic burden of overweight and obesity in Korean adults was approximately 

U$1,787 million equivalent (Kang, Jeong, Cho, Song, & Kim, 2011). 

Definition of obesity is commonly based on WHO Asia Pacific region, body mass 

index(BMI) over 25kg/㎡ in Korea. However, obesity means not only an increase of 

the body weight but also an increase of an fat accumulation in body (Fujioka, 

Matsuzawa, Tokunaga, & Tarui, 1987). Accumulated fat causes insulin resistance, 

inflammation, and blood lipid disorders and that are associated with c diseases such as 

type 2 diabetes, metabolic syndrome, and cardiovascular disease (CVD)(Despres & 

Lemieux, 2006; Seppälä-Lindroos et al., 2002). 

In addition to abnormal or excessive fat accumulation in dysfunctional adipose tissue, 
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the prevalence of obesity is related to sedentary lifestyle and high fat diet (Hill & Peters, 

1998). In most developed and developing countries where lifestyles become more 

westernization, the incidence of overweight and obesity has been increased (Doll, 

Paccaud, Bovet, Burnier, & Wietlisbach, 2002).  

Thus there is still uncertainty about how specific aspects of excess adiposity, excessive 

nutrition intake, and reduced physical activity relate to obesity. However, there is no 

doubt that the obesity is a serious health concern in societies.   

 

2.1.2. Exercise and Obesity 

 

There is growing evidence that physical inactivity contribute to increase risks of 

obesity, type 2 diabetes, cancer, and metabolic dieses. There is also growing support that 

increased physical activity reduces the risks of these diseases.  

Aerobic exercise has presented numerous positive effects on body composition, 

insulin sensitivity and glucose homeostasis in obesity. A long term of aerobic exercise 

training reduces hepatic fat accumulation and insulin resistance (van der Heijden, Wang, 

Chu, Sauer, et al., 2010). Aerobic training is also reduced LDL-C level, fat mass, and 

HOMA-IR measurements in obese subjects (Fenkci, Sarsan, Rota, & Ardic, 2006; S.K. 

Hwang, S.K. Ko, & B.R. Yoo, 1996). Moreover, Katzmarzyk, P. T et al. (2003) reported 

that 20-week supervised aerobic exercise training reduced metabolic syndrome 

prevalence by 31%.  

Another type of exercise is resistance training. Resistance exercise also changes body 

composition by increasing muscle mass, lean body mass whereas decreasing visceral 
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and total body fat (Hunter, Bryan, Wetzstein, Zuckerman, & Bamman, 2002). 

According to Michael J. Ormsbee, et al. (2007), resistance exercise improved free fatty 

acid mobilization in abdominal SCAT in young, healthy active men. In addition, fat 

oxidation was elevated following resistance training. Furthermore, strength training 

improved muscular strength and hepatic insulin sensitivity (Ji Young Kim, 2011, Van 

Der Heijden, Wang, Chu, Toffolo, et al., 2010) .  

2.2. Irisin 

2.2.1. Irisin 

 

Irisin is a co-activator PPAR-γ co activator-1 α (PGC1-α) dependent myokine that 

drives brown-fat like development of white adipose tissue. Adipose tissue in mammals 

is characterized into white adipose tissue (WAT) and brown adipose tissue (BAT) 

(Cannon & Nedergaard, 2004). WAT regulates energy balance and stores in the form of 

triglyceride. On the other hand, BAT controls thermogenesis to protect the organism 

from environmental stresses and preserve energy balance (Nedergaard, Bengtsson, & 

Cannon, 2011).  

The thermogenesis in BAT is achieved by wasting heat produced from fatty acid 

oxidation. Uncoupling protein1 (UCP1) is a pivotal component of thermogenesis in 

BAT. It triggers fast substrate oxidation with a low rate of ATP production (Seale et al., 

2007).  

PGC1-α is induced in muscle by exercise and stimulates mitochondrial biogenesis, 

angiogenesis, and fibre-type switching (Hill & Peters, 1998). This transcriptional co-
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activator fuels the expression of several muscular gene products, including FNDC5. It 

is a membrane protein that is secreted into the blood, termed irisin. Irisin activates 

profound changes in the subcutaneous adipose tissue, stimulating browning and UCP1 

expression (Bostrom et al., 2012).  

The recent research reported that the treatment of FNCD5 in obese mice had shown 

improvement in glucose tolerance and elevation in expression of mitochondrial genes 

which increase oxygen consumption (Bostrom et al., 2012). 

Joo Young Huh et al. (2012) reported that ghrelin and IGF-1 are significant predictors 

of circulating irisin. Ghrelin is known to endogenous natural ligand for the growth 

hormone (GH) secretagogue receptor that mediates the growth of muscle mass and 

break down of fat (Takaya et al., 2000). Moreover, GH stimulates secretion of IGF-1, 

which conveys growth actions in the periphery (Salvatori, 2004). The study showed that 

irisin was positively correlated with ghrelin, IGF-1. They reported it might be implying 

that growth hormones may be responsible for the secretion of irisin through positive 

effect on muscle mass and/ or beyond their effect to increase muscle mass. This indicates 

that irisin might play an important role as a metabolic regulator.  

However, Timmons et al. (2012) cast doubt on the role of irisin in human. They 

suggested that improvements in insulin sensitivity, fasting glucose and blood pressure 

were not related to FNDC5 expression in diabetes subjects. 

To gain insights into the regulation of circulating irisin, further studies should more 

intensively study in prospective cohort and interventional studies. 
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2.2.2. Exercise and Irisin 

 

As irisin was characterized to myokine, it shows high expression in muscle. Previous 

study presented that muscle is the highest organ where FNDC5 are cleaved in 47 

different human tissues. (Huh et al., 2012). The effect of exercise was examined in mice 

and human subjects. According to Bostrom et al. (2012), mice showed significant 

increase in plasma concentrations of irisin after 3 weeks of free wheel running and 

healthy adult humans revealed a twofold increase in circulating irisin levels compared 

to the non-training subjects after 10 weeks of endurance exercise training.  

Conversely, the result was different in other human study. Joo Young Huh et al. (2012), 

reported that irisin level was increased in acute exercise but the level was unchanged by 

8 weeks of exercise training. Furthermore, James A. Timmons et al. (2012) reported that 

FNDC5 did not significantly increased by endurance cycling in young males compared 

to sedentary. However, the study reported FNDC5 expression was 30% greater in active 

older than sedentary controls.   

Despite of the different results, those previous studies demonstrated that circulating 

irisin level was increased by exercise. Therefore, it is necessary for future study to 

intensively study to deepen the understanding of irisin in humans.  
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III. METHODS 

3.1. Participants 

Between November and December 2012 a total of 48 obese adult aged 19-35 years 

old participate in this study. The inclusion criteria required that a BMI >25kg/㎡, body 

fat percentage > 30% in women and >25% in men. Also, they required to have stable 

body weight (±2kg) for 3 month before enrollment, and a sedentary lifestyle (absence of 

moderate to vigorous regular physical activity in the past 3 month). The exclusion 

criteria required that subjects should have no diabetes, cardio disease and asthma. In 

addition, subjects have no contraindications for exercise. 

Among forty eight subjects, thirty eight volunteers were randomly assigned into 

aerobic and resistance exercise training group and ten volunteers was assigned into 

control group. Sixteen subjects could not complete the study. The major reason for the 

dropout was difficulties of time commitment. In addition, data of four subjects was 

excluded from the final analysis because the blood lipid characteristic was in abnormal 

range.  

  All Subjects were undergraduate and graduate student in Seoul National University. 

They were given informed consents for participating into the study. This study and 

consents were approved by the Seoul National University Ethics Committee (SNUIRB 

1210/001-003).   
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3.2. Study Design 

Table 1. Procedure 

Recruitment 

Subject(N=48) 

▼ 

Agreement 

▼ 

Pre-test 

Body Composition, Blood Analysis(ELISA), Blood Lipid test, Muscle 

Strength(CYBEX), Cardiopulmonary Endurance(CPET),  

Subcutaneous Fat Thickness(bodymetrics) 

▼ 

Allocation 

▼ 

Exercise Program(60min, 5days/week, 8 weeks) 

Aerobic Exercise 

(N=19) 

Resistance Exercise 

(N=19) 

Control 

(N=10) 

65~80% HRmax 65~80% 1RM  

▼ 

Follow Up 

Discontinued intervention  

• Average attendance under 75% (N=16) 

▼ 
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Post-test 

Body Composition, Blood Analysis(ELISA), Blood Lipid test, Muscle 

Strength(CYBEX), Cardiopulmonary Endurance(CPET),  

Subcutaneous Fat Thickness(bodymetrics) 

▼ 

Data Analysis 

 Exclusion from analysis (N=4) 

• Final data analysis (N=28) 

SPSS (18.0) 
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3.3. Biochemical and anthropometric measurements 

Table 2. Measurements 

 

 

 

 

Variables Analysis Method Model Company 

Body 

Composition 

Analysis 

BIA In body 370 Biospace, Korea 

Irisin ELISA analysis Irisin ELISA Kit 

Aviscera Bioscience, 

USA 

Blood Lipid 

Profiles 

Lipid test  

The Green Cross 

Reference Lab, 

Korea 

Muscle Strength 

Isokinetic 

Contraction 

Measurement 

Cybex Humac 

Norm 

Humac Norm, 

USA 

Cardiopulmonary 

Endurance 

Treadmills 

Ergometers 

Quark Cosmed, USA 

Subcutaneous Fat 

Thickness 

Ultrasound BX2000 

IntelaMetrix, 

USA 
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3.3.1. Body Composition 

 

The body composition was evaluated at baseline and final of the exercise training. 

The subjects were required to have overnight fast and normal physical activity (not 

vigorous activity). The anthropometric parameters were screened by the same examiner. 

The height was evaluated by using an extensometer and then the body weight, BMI, fat 

mass, body fat percentage, fat free mass and muscle mass were measured by bio-

impendence analysis using In-body 370 (Biospace, Korea). Subjects were asked to stand 

on the metal foot pads of In-body and then the bioelectrical impedance measurements 

analysis the body composition with a small alternative current. According to the 

previous studies, a high correlation was presented between bio-impedance analysis and 

DEXA results (Pietrobelli, Rubiano, St-Onge, & Heymsfield, 2004). 

 

3.3.2. Blood Chemistry measures 

 

The blood samples were drawn after 12h of overnight fasting and were analyzed for 

blood lipid profiles and circulating irisin level. The blood was drawn from the anticubital 

vein into pre-contained Ethylene Diamine Tetraacetic Acid (EDTA) tubes. Whole blood 

samples were centrifuged for 10 min at 3000 r.p.m. and 4°C and then the separated 

plasma was stored at -70°C until subsequent analysis.  

The lipid profiles such as triglycerides (TG), total cholesterol (total-C), low-density 

lipoproteins (LDL-C) and high-density lipoproteins (HDL-C), free fatty acid (FFA), 

glucose and insulin were measured at the Green Cross Reference Lab, Korea. The 
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homeostasis model assessment (HOMA) index was calculated as fasting insulin 

concentration (μU/mL) x fasting glucose concentration (mg/dL)/405(Kashiwabara et al., 

2000). 

Plasma irisin (catalog#EK-067-16) was measured using commercial enzyme linked 

immune sorbent assays kit (ELISA, Phonix Pharamaceuticals, Inc. Burlingame, CA, 

USA). 

 

3.3.3. Leg Muscle Strength  

 

The strength of the lower limbs were measured by the isokinetic dynamometer (Humac 

Norm, CSMi, USA ). The knee extension and flexion peak torques of each lower limb 

were evaluated for the isokinetic contraction test. Before entering the test, subjects were 

required to have two familiar practices. After 10 s of resting period, subjects performed 

five consecutive cycles of concentric knee extension and flexion at a speed of 60°/sec. 

Following a 1 minute rest, they did fifteen consecutive cycles of knee extension and 

flexion at a speed of 180°/sec. 

 

3.3.4. Grip Strength 

 

The hand grip strength was evaluated by using digital hand grip dynamometer (my-

5401,TAKEI,Japan). Subjects were stand in neutral position of arm and wrist. They were 

trained to accomplish a maximal isometric contraction by pulling the hand grip 
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dynamometer. The hand grip strength test was repeated in both arms and the average 

value of four trials was used for the analysis.  

 

3.3.5. Maximal Oxygen Uptake 

 

In order to determine maximal oxygen consumption (VO2max), Bruce protocol for a 

treadmill ergometer was used in this study (Ogawa et al., 1992). The test was composed 

of progressively increasing incline of 3%, and with the acceleration in speed of 2 km/h 

in intervals of three minutes. For the functional diagnostics, a Treadmill T 150 Cosmed 

and Quark series by Breath Pulmonary Gas Exchange was used. 

 

3.4. Dietary Record 

All subjects were required to record the three day dietary recall. Diets were recorded 

for 3 days at pre and post training. The dietary recall included two weekdays and one 

weekend.  Also, subjects were given guideline for food balancing.  
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3.5. Exercise Program 

3.5.1. Aerobic Training 

Table 3. Aerobic exercise 

 

The exercise program was progressed 5days during 8weeks at the dormitory exercise 

gym. The training included total 10 min of warm up and cool down with 50min of 

aerobic exercise. The exercise time was gradually increased to reach maximum duration 

of 50 min. Also, the intensity of exercise was progressively increased to perform 65~80% 

of the individual age-predicted HRmax (Tanaka, Monahan, & Seals, 2001). The subjects 

alternated the two mode of aerobic exercise (50min only treadmill or 25min cycling and 

25min treadmill mountain climber) each day during 8 weeks. 

 

3.5.2. Resistance Training 

Table 4. Resistance exercise 

 

Classification Type Intensity Time Frequency 

Warming-up Stretching - 5min. 

5days/week 
Main Exercise 

(Aerobic Exercise) 

·Treadmill 

·Cycling and Treadmill 

Mountain Climber 

65~80% 

HRmax 

50min. 

Cooling-down Stretching - 5min. 
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The resistance training program was composed of 60min session for upper or lower 

body: six exercises for the upper body (shoulder press, seated rows, lat pull down, bench 

press, push up, pec deck fly) and five exercises for the lower body (squat, leg extension, 

leg curls, leg press, crunch). The resistance exercise for upper body was on Monday and 

Wednesday, the resistance exercise for lower body was on Tuesday and Thursday. On 

Friday, the combined resistance training for upper and lower body (bench press, lat pull 

down, leg curl, leg press) was conducted.  

The intensity of the resistance training was 65~80% of one repetition maximum 

Classification Type Intensity Time Frequency 

Warming-up Stretching - 5min. 

5days/week 

Main Exercise 

(Resistance 

Exercise) 

 

 

Upper 

Body 

 

 

·Shoulder Press 

·Seated Rows 

·Lat Pull Down 

·Bench Press 

·Push Up 

·Pec Deck Fly 
65~80% 

1RM 

50min. 

 

 

Lower 

Body 

·Squat 

·Leg Extension 

·Leg Curls 

·Leg press 

·Crunch 

Cooling-down Stretching - 5min. 
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testing (1RM). The evaluating of 1RM was performed at baseline and at the end of the 

study. The subjects performed 10 ~12repetitions per set for all upper body exercises and 

lower body exercises. The resistance training consisted of 3 set in this study. One set for 

each exercise was performed, at a moderate contraction velocity (2~3s concentric, 2~3s 

eccentric). The resting interval between sets was less than 1min. Loads were adjusted 

throughout the training program as strength level increased.     

 

3.6. Data Analysis 

The Results were expressed as mean±SD. Homogeneity of participants among the 

three groups at baseline was calculated by the Oneway Analysis of Variance (ANOVA). 

The treatment effects (pre x post)x (group) were determined by a repeated measured 

ANOVA. An adjusted p value of less than 0.05 was taken to indicate a significant 

difference. The differences between final to basal level of variables were indicated as 

delta. To evaluate the correlation among the delta values, Pearson’s r test was conducted. 

All analyses were performed using SPSS version 18.0 software (SPSS Inc.). 
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IV. RESULTS 

4.1. Anthropometric Characteristics  

In this study, 28 of obese subjects with a mean age 25.8 years and a mean BMI of 

26.6 kg/㎡ were analyzed. For the final inclusion criteria, participants should over the 

80% of average attendance of the exercise training. The baseline and final 

anthropometric parameters are shown in Table5.  

Mean of anthropometric parameters at the baseline did not significantly differ. 

However, after the 8 weeks of exercise training, significant differences were observed 

among groups for body composition variables. Mean body weight, body fat percentage, 

BMI and skeletal per body weight showed remarkable improvement in both exercise 

groups (p<0.05) compared to control. In agreement with weight reduction, waist and hip 

circumferences considerably decreased in both training groups. Subcutaneous fat 

thickness was reduced in both exercise groups but significance difference was only in 

aerobic training group.  
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Table 5. Anthropometric measures 

 
Control 

(N=8) 

Aerobic 

Training  

(N=10) 

Resistance  

Training 

(N=10) 

ANOVA 

Anthropometric 

measures 
Pre Post Pre Post Pre Post F p-value 

Age(yrs) 
25.8 

±5.5 

25.8 

±5.5 

25.7 

±4.1 

25.7 

±4.1 

26.4 

±2.9 

26.4 

±2.9 
  

Height(cm) 
167.2 

±5.4 

167.5 

±5.5 

168.3 

±7.7 

168.5 

±7.8 

172.1 

±5.6 

172.1 

±5.7 
2.074 0.142 

BodyWeight(kg) 
74.1 

±7.6 

74.1 

±7.7 

75.3 

±12.7 

73.1 

±13.4* 

80.3 

±12.8 

77.7 

±13.4* 
4.065 0.030 

Skeletal Muscle 

Mass(kg) 

32.8 

±4.9 

28.2 

±4.8 

28.4 

±6.4 

28.4 

±6.5 

32.5 

±4.8 

32.9 

±5.1 
1.374 0.271 

Skeletal Muscle 

Mass(kg) 

/ Body Weight(kg) 

0.38 

±0.0 

0.37 

±0.0 

0.37 

±0.0 

0.38 

±0.0* 

0.40 

±0.0 

0.42 

±0.0** 
10.482 0.000 

Body Fat Mass (kg) 
23.1 

±4.0 

23.8 

±3.4 

23.7 

±4.8 

22.2 

±4.8* 

22.1 

±7.3 

19.5 

±7.3** 
12.796 0.000 

Body fat (%) 
31.1 

±5.7 

32.1 

±5.2 

32.4 

±4.8 

30.6 

±4.8** 

28.0 

±4.4 

24.7 

±5.1*** 
 12.146 0.000 

BMI (kg/m) 
26.5 

±2.0 

26.4 

±2.1 

26.4 

±2.4 

25.3 

±2.5** 

27.0 

±3.4 

26.0 

±3.6* 
3.834 0.035 

Waist(cm) 
89.7 

±4.4 

85.5 

±6.7 

90. 

±76 

80.9 

±8.8*** 

92.8 

±8.8 

84.6 

±10.6** 
2.986 0.069 

Hip(cm) 
104.2 

±3.2 

104.1 

±4.2 

104.9 

±4.2 

101.5 

±5.9* 

105.0 

±5.9 

102.4 

±6.4* 
2.848 0.077 

WHR 
0.86 

±0.0 

0.82 

±0.0 

0.86 

±0.0 

0.79 

±0.0** 

0.88 

±0.0 

0.82 

±0.0* 
1.092 0.351 

Subcutaneous Fat 

Thickness (mm) 

31.9 

±7.9 

33.3 

±3.2 

31.3 

±9.1 

27.4 

±6.6* 

28.1 

±8.7 

25.3 

±8.2 
1.117 0.343 

Each value means the mean±SE. #p<0.05 compared with control group, *p<0.05 

compared pre with post training, **p<0.01 compared pre with post training, and 

***p<0.001 compared pre with post training. ANOVA indicates two way repeated 

ANOVA measures between group and time.   
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Also, the baseline blood profiles did not significantly differ among the three groups. 

After the exercise training, the total cholesterol was significantly reduced in resistance 

training group (Table6). 

 

Table 6. Blood profiles measures 

 
Control 

(N=8) 

Aerobic  

Training  

(N=10) 

Resistance 

Training 

 (N=10) 

ANOVA 

Blood Profiles 

measures 
Post Post Pre Pre Post Post F p-value 

Total –C  

(mg/dL) 

204.7 

±37.6 

203.1 

±34.6 

187.4 

±27.6 

182.1 

±25.8 

188.1 

±23.0 

169.0 

±24.6* 
1.265 0.300 

LDL-C  

(mg/dL) 

124.2 

±28.8 

121.7 

±35.0 

112.5 

±29.5 

105.5 

±23.2 

116.7 

±26.0 

101.3 

±26.7 
1.058 0.362 

HDL-C  

(mg/dL) 

61.5 

±16.6 

62.6 

±16.7 

59.9 

±12.8 

63.3 

±12.1 

55.4 

±8.5 

54.6 

±13.0 
0.501 0.612 

Triglycerides 

 (mg/dL) 

106.2 

±61.7 

120.0 

±74.9 

77.2 

±44.9 

87.0 

±26.3 

88.2 

±28.3 

91.3 

±37.7 
0.095 0.909 

FFA  

(μEq/L) 

452.2 

±181.6 

466.1 

±88.7 

435.3 

±108.5 

525.8 

±306.3 

458.8 

±135.8 

426.1 

±125.4 
0.749 0.483 

Glucose  

(mg/dL) 

84.5 

±9.1 

90.3 

±9.4 

86.1 

±6.3 

85.8 

±7.0 

90.9 

±7.6 

87.4 

±9.2 
2.339 0.117 

Insulin  

(μU/mL) 

7.5 

±3.8 

13.2 

±9.1 

6.9 

±3.3 

9.5 

±4.3 

9.4 

±7.6 

8.9 

±5.9 
3.045 0.066 

HOMA-IR 
1.5 

±0.7 

3.0 

±2.2 

1.5 

±0.8 

2.0 

±0.9 

2.0 

±1.4 

1.9 

±1.4 
3.333 0.052 

IRISIN  

(ng/ml) 

765.7 

±123.5 

704.5 

±150.4 

721.6 

±121.8 

822.4 

±201.5 

704.7 

±66.8 

833.6 

±118.7** 
3.370 0.051 
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4.2. Exercise Capacities 

The peak torque value (PK) in aerobic training was markedly increased (Table7). As 

the exercise training induced weight loss; the peak torque data was adjusted with body 

weight (Table8). Interestingly, the flexor muscle was improved in aerobic training group 

and extensor muscle was improved in resistance training groups at 60°/sec. For the PK 

at 60°/sec and 180°/sec of extensor muscle was considerably increased in resistance 

training group.  

 

Table 7. Peak torque 

Peak Torque 

(Newton Meter) 

Control 

(N=8) 

Aerobic Training 

(N=10) 

Resistance Training 

(N=10) 
ANOVA 

Pre Post Pre Post Pre Post F p-value 

Peak 

torque 

60°/sec 

Extensor R 
156.5 

±55.9 

152.6 

±61.2 

179 

±60.2 

169.8 

±57.6 

180.8 

±32.6 

193.5 

±31.3 
2.906 0.073 

Flexor R 
81.6 

±37.7 

83.1 

±30.5 

74.6 

±28.5 

84.4 

±32.5* 

101.4 

±23.6 

107.8 

±19.9 
0.850 0.439 

Extensor L 
135.3 

±49.3 

142.8 

±58.2 

157 

±55.1 

161. 3 

±59.7 

170.8± 

33.4 

184.8 

±28.9 
0.374 0.692 

Flexor L 
77.6 

±32.1 

81.0 

±21.1 

69.2 

±27.9 

79.9 

±28.4* 

99.0 

±23.9 

102.2 

±22.0 
0.705 0.504 

Peak 

torque 

180°/sec 

Extensor R 
93.2 

±33.8 

97.3 

±34.0 

111.6± 

42.7 

108.6 

±39.8 

123.9 

±27.3 

131.0 

±31.8 
1.682 0.206 

Flexor R 
49.1 

±25.9 

53.1 

±20.7 

49.8 

±15.7 

56.0 

±22.4 

69.3 

±18.3 

72.5 

±14.8 
0.140 0.870 

Extensor L 
93.6 

±30.1 

99.5 

±38.2 

104.4 

±37.8 

105.3 

±35.5 

115.8 

±30.3 

126.4± 

25.5 
0.992 0.385 

Flexor L 
44.0 

±18.0 

50.0 

±22.3 

47.3 

±14.9 

49.2 

±15.0 

65.9 

±16.2 

67.9 

±15.0 
0.295 0.747 
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Table 8. Peak torque/ body weight 

Peak Torque/ 

Body Weight 

(%) 

Control 

(N=8) 

Aerobic Training  

(N=10) 

Resistance Training 

(N=10) 
ANOVA 

Pre Post Pre Post Pre Post F p-value 

Peak 

torque 

60°/sec 

Extensor R 
207 

±55.7 

199.8 

±64.3 

232.5 

±44.7 

228.6 

±46.3 

226.9 

±38.7 

250.5 

±28.6** 
3.805 0.036 

Flexor R 
107.0 

±41.4 

109.3 

±30.5 

96.7 

±24.2 

112.7 

±25.5** 

126.5 

±28.1 

138.8 

±18.2 
1.304 0.289 

Extensor L 
179.5 

±51.4 

186.5 

±59.4 

204.4 

±43.3 

215.1 

±48.1 

213.8 

±34.7 

239.6 

±29.4* 
0.897 0.421 

Flexor L 
103.3 

±32.1 

106.5 

±32.1 

89.5 

±23.1 

106.8 

±20.4* 

124.1 

±31.4 

133.7 

±24.2 
0.996 0.384 

Peak 

torque 

180°/sec 

Extensor R 
123.1 

±36.3 

127.6 

±33.1 

143.9 

±32.8 

145.7 

±31.3 

153.2 

±20.5 

167.3 

±19.3** 
1.793 0.187 

Flexor R 
64.6 

±30.9 

69.6 

±21.1 

65.4 

±14.5 

75.6 

±20.0 

86.0 

±21.8 

93.4 

±17.1 
0.185 0.832 

Extensor L 
111.5 

±30.5 

120.6 

±39.8 

135.5 

±28.1 

141.2 

±26.9 

143.3 

±28.9 

161.9 

±15.7* 
1.224 0.311 

Flexor L 
60 

±19.8 

65.3 

±24.8 

62.3 

±10.4 

65.9 

±11.6 

82.2 

±19.3 

86.5 

±14.9 
0.121 0.887 
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The average power per repetition presented in table9. Also the average power per 

repetition data was adjusted with body weight in table 10. The average power per 

repetition at 60°/sec of flexor muscle was considerably increased in aerobic training 

group. In addition, the extensor muscle of left limb was improved at the same PK value. 

For the average power per repetition at 60°/sec of extensor muscle was significantly 

increased in resistance training group.  

 

Table 9. Average Power per Repetition 

Average Power 

 per Repetition  

(Watt) 

Control 

(N=8) 

Aerobic Training  

(N=10) 

Resistance Training 

(N=10) 
ANOVA 

Pre Post Pre Post Pre Post F p-value 

Peak 

torque 

60°/sec 

Extensor R 
95.0 

±34.9 

95.3 

±39.1 

113.7 

±38.6 

107.3 

±32.7 

116.9± 

20.1 

128.8 

±24.0 
4.247 0.026 

Flexor R 
61.5 

±27.4 

64.8 

±23.9 

59.1 

±21.5 

66.0 

±25.4 

75.4 

±18.8 

83.5 

±15.5 
0.401 0.674 

Extensor L 
84.8 

±32.3 

90.0 

±40.0 

98.8 

±35.5 

105.0 

±35.4 

106.6 

±18.4 

123.2 

±18.2* 
1.492 0.244 

Flexor L 
59.5 

±23.2 

64.1 

±27.0 

54.2 

±22.4 

62.0 

±22.0 

75.1 

±20.5 

82.0 

±16.7 
0.145 0.866 

Peak 

torque 

180°/sec 

Extensor R 
154.2 

±47.2 

161.1 

±58.7 

183.9 

±67.4 

176.7 

±58.2 

207.1 

±45.6 

211.1 

±55.8 
4.384 0.023 

Flexor R 
83.0 

±41.1 

85.1 

±36.0 

85.5 

±27.4 

89.8 

±32.7 

118.5 

±33.9 

117.8 

±23.2 
0.157 0.855 

Extensor L 
142.5 

±45.2 

154.1 

±46.1 

172 

±61.5 

163 

±51.7 

186.2 

±50.8 

202.2 

±48.1 
2.316 0.120 

Flexor L 
73.4 

±27.1 

78.6 

±31.7 

82.4 

±25.8 

78.0 

±23.1 

110.5 

±28.1 

139.4 

±25.1 
1.456 0.252 
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Table 10. Average power per repetition/ body weight 

Average Power 

 per Repetition/ 

Body Weight  

(%) 

Control 

(N=8) 

Aerobic Training  

(N=10) 

Resistance Training 

(N=10) 
ANOVA 

Pre Post Pre Post Pre Post F p-value 

Peak 

torque 

60°/sec 

Extensor R 
124.8 

±35.3 

124.6 

±40.9 

147.7 

±27.9 

145 

±27.0 

146.8 

±25.2 

165.9 

±21.0* 
4.827 0.017 

Flexor R 
80. 

6±30.5 

84 

±23.6 

77.3 

±18.9 

88.2 

±19.0* 

94. 

2±23.4 

107.8 

±15.9* 
0.911 0.415 

Extensor L 
112 

±33.6 

117.2 

±42.4 

128.4 

±26.6 

141.4 

±30.7* 

133.7 

±20.6 

159.3 

±16.6** 
2.566 0.097 

Flexor L 
78.6 

±25.8 

82.3 

±26.7 

54.2 

±19.2 

62 

±16.2* 

94.5 

±26.1 

106.1 

±18.6 
0.746 0.485 

Peak 

torque 

180°/sec 

Extensor R 
187.1 

±47.5 

198.1 

±59.8 

238.7 

±49.9 

223.8 

±46.6 

262.4 

±34.6 

298.4 

±112.8 
1.489 0.245 

Flexor R 
106.0 

±48.6 

109.5 

±37.5 

113.1 

±24.5 

120.5 

±26.9 

146.8 

±39.0 

151.2 

±21.1 
0.050 0.952 

Extensor L 
167.3 

±44.9 

185.0 

±68.4 

223.9 

±48.2 

219.7 

±38.0 

230.9 

±50.2 

258.4 

±31.8* 
2.306 0.152 

Flexor L 
94.5 

±28.5 

103.1 

±35.6 

107.8 

±17.9 

104.9 

±17.8 

139.4 

±31.6 

142.9 

±19.7 
0.795 0.463 
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Grip strength also had no significant differences at baseline (p=0.142). However, after 

the exercise intervention, it was increased only in the resistance training group (Table11). 

 

Table 11. Grip strenght 

 
Control 

(N=8) 

Aerobic  

Training  

(N=10) 

Resistance Training 

 (N=10) 
ANOVA 

 Pre Post Pre Post Pre Post F p-value 

Grip strength (kg) 

/Body weight 

28.9 

±9.1 

28.4 

±8.4 

35.2 

±9.9 

35.1 

±11.1 

37.1 

±7.0 

40.6 

±7.8** 
5.193 0.031 

 

 

 

 

There were no significant differences among the three groups for maximal oxygen 

consumption at baseline (p=0.437). As expected, maximal oxygen consumption was 

increased in both exercise intervention groups and the aerobic training group showed 

more significant improvement (Figure 1 and 2). Interestingly, the delta of VO2max was 

significantly correlated with delta WHR (r=-0.556, p=0.016) (Figure 3) and delta 

glucose (r=-0.374, r=0.05) (Figure4). 
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Figure 1. VO2max of control and aerobic group 

 

 

Figure 2. VO2max of control and resistance group 
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Figure 3. Correlation of the delta VO2max with delta WHR 

 

 

Figure 4. Correlation of the delta VO2max with delta glucose 
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4.3. Change in circulating irisin levels 

The circulating irisin level was increased in both exercise training groups and 

remarkably increased in resistance training group (figure 5 and 6). The circulating irisin 

level was improved about 18% compare to baseline in resistance training group. 

Furthermore, delta circulating irisin level positively correlated with muscle mass 

(r=0.432, r=0.022) (Figure7). On the other hand, the delta irisin level was negatively 

correlated with delta fat mass (r=-0.407, r=0.031) (Figure 8) and delta body fat 

percentage (r=-0.437, p=0.020) (Figure 9). 

 

 

Figure 5. Circulating irisin level of control and aerobic group 
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Figure 6. Circulating irisin level of control and resistance group 

 

 

Figure 7. Correlation of delta circulating irisin with delta muscle mass 
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Figure 8. Correlation of delta circulating irisin with delta fat mass 

 

 

Figure 9. Correlation of delta circulating irisin with delta body fat percentage 
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V. DISCUSSION & CONCLUSION 

The major finding of this study is that the circulating irisin level had been significantly 

increased only in resistance training compared to aerobic training in obese adults. On 

our knowledge, this is the first study to report the comparison of two different exercises 

training on circulating irisin level in obese adults.  

The novel myokine irisin has recently reported that its activation stimulates brown fat 

gene expression, thereby increasing energy expenditure (Kelly, 2012; Sanchis-Gomar, 

Lippi, Mayero, Perez-Quilis, & Garcia-Gimenez, 2012; Villarroya, 2012). Bostrom et 

al. (2012) reported that injection of FNDC5 expressing adenovirus to mice resulted in 

reduction of body weight of obese mice. Moreover, there was an increase in expression 

of mitochondrial genes and oxygen consumption. 

To reveal an association between circulating irisin and obesity, researchers investigate 

the correlation of circulating irisin with obesity parameters in humans. Huh et al.(2012) 

and Andreas Stengel el al.(2012) reported that the circulating irisin showed positive 

correlation with BMI. The researchers speculated that the positive association might be 

a compensatory mechanism. On the other hand, Yeon Kyung Chio et al.(2012) reported 

that circulating irisin showed negative correlation with BMI. The disagreement among 

the studies might come from the different subjects’ characteristics and age. Although 

several studies investigated the correlation of circulating irisin level with obesity, there 

is not enough research how different exercises contribute to the circulating irisin level in 

obesity. Therefore, here we present the effects of aerobic versus resistance exercise 

training on expression of circulating irisin level in obese adults.  

The both aerobic and resistance training demonstrated a significant improvement in 
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anthropometric characteristic (table5). In many previous studies, aerobic exercise is 

considered as an important intervention to prevent and treat obesity (Andersen Re, 1999; 

Okura et al., 2007). Davis Cl & et al. (2012) has also found that high dose of aerobic 

exercise is more effective than lower dose of exercise or control. In regard to change of 

body composition, the 2.2kg decrease in body weight, 1.8% decrease in body fat 

percentage, significant decline in BMI and waist and hip ratio (WHR) in our results 

demonstrate that our aerobic exercise protocol was successfully lead the change of 

anthropometric measures. In addition, Tresierras et al. (2009) reported that resistance 

training could effectively alter body composition in obesity. McGuigan et al. (2009) 

described that eight weeks of resistance training are effective to change body 

composition in obese or overweight children. Thus, these data support our results that 

the 2.6kg decrease in body weight, 3.3% decrease in body fat percentage, significant 

decline in BMI and waist and hip ratio (WHR) during 8 weeks of resistance intervention 

was effective for obese adults.  

Although we supervised 5day/week which is relatively intensive exercise, we failed to 

find significant change in lipid profile except for total cholesterol in resistance training 

(table6). According to LeMura et al. (2000), they reported that they observed significant 

change of lipid profile after 16 week of exercise intervention but not at 8weeks. This 

indicates that our protocol might be short to take effect. Moreover, one possibility for the 

results comes from the diet. Although, the participants completed 3day dietary recall and 

were provided written nutrition guideline, we did not restrict the calories or food intake.     

In exercise capacities, we found that 13.1% (flexion of right leg) and 15.5% (flexion of 

left leg) increase in peak torque at 60°/sec in aerobic training (table7). Since the peak 

torque could be affected by the change of body composition, we adjusted the peak torque 
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with body weight. After then, we observed more significant results in peak torque 

(table8). Interestingly, the flexor peak torque was improved in aerobic training and 

extensor peak torque was increased in resistance training at 60°/sec. These results might 

be influenced by the exercise protocol. The aerobic training was consisted of mountain 

climbing treadmill which requires involvement of hamstring muscles. On the other hand, 

the resistance training included leg extension and squat which require involvement of 

quadriceps muscles (Dalgas et al., 2009; Rabelo et al., 2011). Furthermore, we found 

15.6% increase in average power per repetition at 60°/sec in resistance training (table9). 

We also observed more significant improvement by adjusting the average power per 

repetition with body weight (table10). Another parameter of exercise capacity, hand grip 

strength was significantly improved in resistance training. Thomas et al. 2(008) reported 

that resistance training improves grip strength in young adults. The result was consistent 

with our result by showing 9.4% increase in grip strength in resistance exercise training. 

Geliebter et al. (1997) reported that cardiopulmonary function was improved in 

aerobic training but not in resistance training. The 8.9% increase of aerobic training in 

VO2max is similar with the result of previous study. However, our cardio function result 

was reversed with the previous result by representing 7.3% increase in VO2max in 

resistance training. One possible explanation could come from the dose of resistance 

exercise. Geliebter et al. (1997) conducted 12 session of resistance exercise which is 

28session lower than our research. In other research, LeMura et al. (2000) reported that 

the maximal oxygen uptake in resistance training was similar with the baseline during 8 

weeks of exercise intervention (12session). However, after the 16 weeks of exercise 

(48session), they observed that the maximal oxygen uptake was improved in resistance 

training. In this regard, our result of cardiopulmonary function in resistance training 
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might be influenced by the dose of exercise intervention (40session). 

The delta VO2max has significant negative correlation with WHR and glucose (figure3 

and 4). This finding is in agreement with previous studies which reported that exercise 

induced reduction of waist and hip circumstance and glucose. (Fox et al., 1996; Pratley 

et al., 2000; Zanuso, Jimenez, Pugliese, Corigliano, & Balducci, 2010)  

We hypothesize that if irisin played a key role as a myokine, the circulating irisin level 

would be more increased in resistance training group compared to aerobic training group. 

Similar to our hypothesis circulating irisin level was more increased in resistance training 

group compared to aerobic training group. Joo Young Huh et al. (2012), reported that 

there was no remarkable increase in circulating irisin level in 8 weeks of anaerobic 

exercise training. However, we have veiled that circulating irisin level was significantly 

increased by 8 weeks of resistance exercise training. In the previous study, they 

supervised sprint training, anaerobic exercise 3 times a week. On the other hand, we 

intervened aerobic and resistance exercise training 5 times a week. In this regard, the 

exercise frequency and type seem to have influenced at the different results.  

As irisin is known for myokine, muscle mass is a key predictor of circulating irisin 

level(Huh et al., 2012). In this study we could notice that circulating irisin level has a 

positive correlation with change of muscle mass. Moreover, circulating irisin level 

showed a negative correlation with change of fat mass and body fat percentage. These 

results indicated that delta muscle mass, fat mass, and body fat percentage were 

associated with an exercise-induced increment in circulating irisin levels. 

Limitations to the current study include: 1) gender differences 2) analysis of body 

composition by BIA 3) a lack of evidence of browning marker. First, there are gender 

differences among the three groups. This limitation also includes the hormonal and 



40 

metabolism influence in different genders. At the baseline, we design the group by a 

similar ratio of gender but the dropout caused the gender differences at the final. Second, 

the using of BIA could not provide conclusive information of body composition rather 

than dual energy X-ray absorptiometry (DEXA). However, several researches reported 

that this method has a good agreement between BIA and DEXA in measuring fat free 

mass, fat mass, and body fat percentage (Gupta, Balasekaran, Victor Govindaswamy, 

Hwa, & Shun, 2011; Tyrrell et al., 2001). Finally, we were limited to estimating 

browning marker such as uncoupling protein 1 (UCP1), PR domain containing 16 

(PRDM16), and other cytokines which might relate to expression of irisin.     

Therefore, the future study should cover the effect of gender difference on circulating 

irisin. Moreover, other cytokine or metabolic parameter should be investigated with 

circulating irisin. 

In conclusion, the findings of our research provided strong support for the use of 

resistance exercise training as an approach to increase circulating irisin level in obese 

adults. While no correlation was observed with change of the body composition and 

lipid profiles with circulating irisin level, we found that muscle mass, fat mass. and body 

fat percentage showed significant correlation with circulating irisin level in obese adults.  
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Appendix A 

IRB No.1210/001-003 

연구참여자용 설명서 및 동의서 (참여자용) 

 

연구 과제명 : 유산소 및 저항성 운동을 통한 신체조성, myokine의 변화와 

adipokine 간의 상관관계 비교 

연구 책임자명 : 송 욱 (서울대학교 체육교육학과 부교수) 

연구 담당자명: 이 효주(서울대학교 체육교육학과 석사과정) 

 

이 연구는 (유산소 및 저항성 운동을 통한 비만인의 지방과 근육 매개인자인 myokine과 

지방,대사조절인자인 adipokine의 변화 ) 에 대한 연구입니다. 귀하는 (국민건강영양조사 

기준으로 비만 유병율 BMI 25 kg/㎡, 남성 체지방률 25%, 여자 30% 이상) 이기 때문에 

이 연구에 참여하도록 권유 받았습니다. 이 연구를 수행하는 서울대학교 소속의 

이효주 연구원이 귀하에게 이 연구에 대해 설명해 줄 것입니다. 이 연구는 자발

적으로 참여 의사를 밝히신 분에 한하여 수행 될 것이며, 귀하께서는 참여 의사를 

결정하기 전에 본 연구가 왜 수행되는지 그리고 연구의 내용이 무엇과 관련 있

는지 이해하는 것이 중요합니다. 다음 내용을 신중히 읽어보신 후 참여 의사를 밝

혀 주시길 바라며, 필요하다면 가족이나 친구들과 의논해 보십시오. 만일 어떠한 질

문이 있다면 담당 연구원이 자세하게 설명해 줄 것입니다.  

 

1. 이 연구는 왜 실시합니까? 

이 연구의 목적은 근육과 지방조직의 매개자 역할을 하는 myokine이 실제 비만인

들에게서 어떠한 양상으로 발현되며 운동을 통해 조절되는지 알아보고자 하며, 매개
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자 역할을 하는 myokine과 지방조직의 adipokine과의 상관관계를 찾고자 하는 것 

입니다. 

 

2. 얼마나 많은 사람이 참여합니까? 

약 20-30세 성인 가운데 body mass index(BMI) 기준 25kg/㎡, 남성 체지방률 25%, 

여자 30% 이상인 60명이 참여 할 것입니다. 남성과 여성의 비율은 1:1로 진행될 

예정입니다.  

 

3. 만일 연구에 참여하면 어떤 과정이 진행됩니까? 

만일 귀하가 참여 의사를 밝혀 주시면 다음과 같은 과정이 진행될 것입니다. 

연구참여자 전체를 대상으로 사전검사로 2012년 12월 신체계측, 체력측정을 실시

할 예정입니다. 운동 검사 중 어지러움, 호흡곤란 등이 발생할 수 있습니다. 이를 

방지하기 위해 검사요원은 검사 전에 참여자의 과거 병력, 건강과 체력에 관한 문

진, 혈압과 맥박의 사전 검진을 하고 검사 중의 개인별 신체 변화를 주의 깊게 관

찰할 예정입니다. 운동그룹의 경우 참여 기간 동안 피로, 어지러움, 근육통 등이 

발생할 수 있으며 이를 방지하기 위해 사전에 실시한 체력 측정 결과를 토대로 적

절한 운동 강도를 설정할 예정입니다. 이후 참여자는 무선 할당되어 총 3룹 운동

을 수행하지 않는 그룹(non-exercise; NE), 규칙적인 유산소성 운동을 수행하는 그

룹(aerobic exercise group; CE), 저항성 운동을 수행하는 그룹(resistance exercise 

group; RE)으로 나누어 8주 동안 주 5회, 회 당 60분씩 유산소 및 저항성 운동을 

진행할 계획입니다. 난수표를 이용하여 무선할당 되므로 참여자는 어느 그룹에든 

배정될 수 있습니다. 하지만 연구 종료 시 비 운동 그룹에 속한 참여자에게는 연

구기간에 이루어졌던 운동 프로그램을 제공할 예정입니다. 8주의 운동중재가 완료 

된 후 사전검사와 동일한 항목으로 사후검사를 반복 실시할 예정입니다. 
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신체계측은 2012년 12월 (사전검사) 2013년3월 (사후검사)로 총 2회에 걸쳐 Inbody 

370 (Inbody, Biospase, Korea)를 이용하여 신장, 체중, WHR(waist to hip ratio), 

BMI(body mass index), 체지방량, 근육량을 측정하고, bodymetrix를 이용하여 지방, 

근육, 뼈 등의 두께를 서울대학교 체육교육과 건강운동과학실에서 측정 예정이다. 

체력측정은 2012년 12월 (사전검사) 2013년 3월 (사후검사)로 총 2회에 걸쳐 일반

운동체력인 심폐기능(COSMED s.r.l Quark, Italy), 근력(GRIP-D, KATEI, Japan), 등속

성 근관절 기능(HUMAC NORM)을 서울대학교 체육교육과 건강운동과학실에서 측

정할 예정이다.  

채혈 및 혈액검사는 2012년 12월 (사전검사) 2013년 3월 (사후검사)로 총 2회에 

걸쳐 의료법인 녹십자 의료 재단에 의뢰하여 진행 할 예정이며 검사 항목으로는 

IL-15, FGF21, LIF, IRISIN, adipokine (resistin, leptin, adiponectin, tumornecrosisfactor-

α, interleukin-6), 혈중지질(총 콜레스테롤(total cholesterol), 저밀도지단백 콜레스테

롤(LDL-cholesterol), 고밀도지단백 콜레스테롤(HDL-cholesterol), 중성지방

(triglyceride, TG) 등을 분석한다. (채혈 의뢰 및 채혈 간호사 면허 첨부) 

식이수분 섭취량 측정은 2012년 12월 (사전검사) 2013년 3월 (사후검사)로 총 2회

에 걸쳐 실시할 예정이다. 사전 검사 시 방문한 피험자들에게 계량컵과 계량스푼

을 사용하는 식이 기록법을 훈련시킨 다음 본인이 하루에 섭취하는 식이(간식포함)

을 3일간 기록하게 한다. 기록은 주중 2일, 주말 1일을 포함한다. 또한 위와 같은 

측정을 사후 검사 시에도 실시한다. 

8주간 운동 

2012년 12월 중순부터2013년 2월 중순까지 주 5회 총 60분의 저항성 운동 및 유

산소 운동을 실시한다.  

 본 운동은 10분간의 준비 운동 및 정리운동을 포함하고 있으며, 60분간의 저항성 



51 

운동과 60 분의 유산소 운동으로 구성되어 있다. 저항성 운동은 상체 및 하체 운

동으로 나뉘며 상체 운동은 총 5가지로 (arm culrs, military press, push-ups, upright 

rowing, back extension)을 포함하여, 하체 운동은 4가지로 (squats, knee extensions, 

heel raises and bent knee sit-ups)을 포함한다. 유산소 운동은 60분간 트레드밀 운

동을 실시한다.  

 

4. 연구 참여 기간은 얼마나 됩니까? 

: 사전 연구 시 각기 다른 2번의 체력 검사가 요구 될 것이며 체력 검사 시간은 

한시간 정도 소요될 예정입니다. 이와 같은 진행이 사후연구에서도 이루어질 것입

니다.  

 8주 동안 일주일에 다섯 번씩 총 ( 40 )회 참여하도록 요청 받을 것입니다. 

 

5. 참여 도중 그만두어도 됩니까? 

예, 귀하는 언제든지 어떠한 불이익 없이 참여 도중에 그만 둘 수 있습니다. 만일 

귀하가 연구에 참여하는 것을 그만두고 싶다면 담당 연구원이나 연구 책임자에게 

즉시 말씀해 주십시오. 

 

6. 부작용이나 위험요소는 없습니까? 

검사를 실시하는 동안 운동 검사 중 어지러움, 구토, 호흡곤란 등이 발생할 수 있

습니다. 그러나 검사요원은 검사 전에 연구참여자의 과거 병력, 건강과 체력에 관

한 문진과 혈압과 맥박의 사전검진이 이루어질 것이며 검진내용과 개인의 이름, 

나이, 연락처는 별도의 파일로 보관하여 참가자와 책임연구자 및 연구담당자 외에

는 공개하지 않을 것입니다. 검사 동안에는 주의 깊게 개인별로 신체 변화를 관찰

하여 위와 같은 위험을 최소화 할 수 있도록 노력할 것입니다. 그리고 참가자가 
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검사 실시 중에 몸에 이상을 호소하거나 호흡곤란, 어지럼증, 구토와 같은 이상을 

보일 경우 검사를 중단하고 보조 연구원 송봉길의 응급조치와 함께 의료진에게 즉

시 안내할 것이며 사전, 사후 검사 중에 이를 거부하거나 건강상의 이상 증상이 

나타날 경우 검사를 중단 할 것입니다. 

 

7. 이 연구에 참여시 참여자에게 이득이 있습니까?  

귀하가 이 연구에 참여함으로써 얻는 직접적인 이득은 없습니다. 그러나 귀하께서 

제공하는 정보는 유산소 및 저항성 운동을 통한 신체 조성, myokine과 adipokine 

변화에 대한 이해를 증진하는데 도움이 될 것입니다. 또한, 연구담당자는 모든 참

여 피험자에게 검사결과를 통지하고 희망하는 피험자의 경우에는 개인적인 상담을 

실시할 것입니다.  

 

8. 만일 이 연구에 참여하지 않는다면 불이익이 있습니까? 

귀하는 본 연구에 참여하지 않을 자유가 있습니다. 또한, 귀하가 본 연구에 참여하지 

않아도 귀하에게는 어떠한 불이익도 없습니다. 

 

9. 연구에서 얻은 모든 개인 정보의 비밀은 보장됩니까? 

개인정보관리책임자는 서울대학교의 ( 송 욱 )교수 입니다. 저희는 이 연구를 

통해 얻은 모든 개인 정보의 비밀 보장을 위해 최선을 다할 것입니다. 이 연구에

서 얻어진 개인 정보가 학회지나 학회에 공개 될 때 귀하의 이름과 다른 개인 정

보는 사용되지 않을 것입니다. 그러나 만일 법이 요구하면 귀하의 개인정보는 제공될 

수도 있습니다. 또한 모니터 요원, 점검 요원, 생명윤리심의위원회는 연구참여자의 개

인 정보에 대한 비밀 보장을 침해하지 않고 관련규정이 정하는 범위 안에서 본 연구

의 실시 절차와 자료의 신뢰성을 검증하기 위해 연구 결과를 직접 열람할 수 있습니
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다. 귀하가 본 동의서에 서명하는 것은, 이러한 사항에 대하여 사전에 알고 있었으며 

이를 허용한다는 동의로 간주될 것입니다. 

 

10. 이 연구에 참가하면 댓가가 지급됩니까? 

귀하가 연구에 참여 할 시, 운동시설 이용금을 지불해야 하지만, 일정기간의 참여

( 출석률 90%)가 이루어질 경우 본 연구 기관에서 이용요금에 대한 보상금을 지불

해 드립니다. 또한 참여자는 운동 검사 및 운동 처방, 혈액검사를 통한 지질분석 

등을 무료로 받을 수 있으며, 소정의 기념품으로 만원 상당의 기념 티셔츠를 증정

합니다. 만일 귀하가 중간에 그만둘 경우 금전적인 보상은 받을 수 없으나 귀하가 

참여한 기간 동안에 이루어진 운동 및 혈액 검사 결과에 대한 피드백과 데이터 등

을 포함한 다른 보상은 동일하게 이루어질 것 입니다. 

 

11. 연구에 대한 문의는 어떻게 해야 됩니까? 

본 연구에 대해 질문이 있거나 연구 중간에 문제가 생길 시 다음 연구 담당자에게 

연락하십시오. 

이름: ___________이효주_____ 

 

만일 어느 때라도 연구참여자로서 귀하의 권리에 대한 질문이 있다면 다음의 서울대학교 

생명윤리심의위원회에 연락하십시오. 

서울대학교 생명윤리심의위원회 (SNUIRB) 전화번호: 02-880-5153  
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동 의 서 

 

1. 나는 연구 담당자 (이효주)의 ‘유산소 및 저항성 운동을 통한 신체조성과 

myokine의 변화와 dipokines과의 상관관계 연구’의 연구 내용과 절차에 대한 설

명을 듣고 담당 연구원과 이에 대하여 의논하였습니다.  

2. 나는 위험과 이득에 관하여 들었으며 나의 질문에 만족할 만한 답변을 얻었습

니다. 

3. 나는 이 연구에 참여하는 것에 대하여 자발적으로 동의합니다.  

4. 나는 이 연구에서 얻어진 나에 대한 정보를 현행 법률과 생명윤리심의위원회 

규정이 허용하는 범위 내에서 연구자가 수집하고 처리하는데 동의합니다. 

5. 나는 담당 연구자나 위임 받은 대리인이 연구를 진행하거나 결과 관리를 하

는 경우와 보건 당국, 학교 당국 및 서울대학교 생명윤리심의위원회가 실태 조사

를 하는 경우에는 비밀로 유지되는 나의 개인 신상 정보를 직접적으로 열람하는 

것에 동의합니다. 

6. 나는 언제라도 이 연구의 참여를 철회할 수 있고 이러한 결정이 나에게 어떠한 

해도 되지 않을 것이라는 것을 압니다.  

7. 나의 서명은 이 동의서의 사본을 받았다는 것을 뜻하며 연구 참여가 끝날 때까

지 사본을 보관하겠습니다.  

 

연구참여자  성명          서명    날짜 (    년/    월/  일) 

동의서 받은 연구원  성명 : 이효주  서 명  날짜 (    년/   월/   일)  

연구책임자  성명 : 송 욱  서 명    날짜 (      년/     월/      일)  
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Appendix B 

IRB No.1210/001-003 

식품섭취조사표 
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Appendix C 

IRB No.1210/001-003 

체력 검사지 

1. 개인 신상 

ID No.  나이 (만)  

 

2. 검사 결과 

구분 검사종목 단위 
결과 

조사 결과 

신체 

조성 

신 장 Cm  

체 중 Kg  

근육 (비율) kg (%)  

체지방 (율) kg (%)  

BMI (Body mass index) kg/m2  

waist / hip Cm  

WHR (waist-to-hip ratio) ․  

피하지방두께 mm  

체력측정 

근력 (악력) Kg  

심폐지구력 

 (최대산소섭취량) 
ml/kg/min  

등속성 근력 Kg  
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국 문 초 록 

 

유산소 운동과 저항성 운동이  

비만인의 혈중 아이리신에 미치는 영향 

 

이 효 주 

 

서울대학교 대학원 

체 육 교 육 학 과 

 

아이리신은 근육 세포 내에 존재하는 새로운 마이오카인 중 하나로, 

백색지방을 갈색지방으로 바꾸는 것으로 보고 되었다. 또한 아이리신 증

가로 인한 갈색 지방의 증가는 에너지 소비량을 높여 비만의 치료책이 

될 것으로 보고 되었다. 본 연구의 목적은 8주간의 유산소 운동과 저항

성운동이 비만인의 혈중 아이리신에 미치는 영향을 분석하는 것이다. 본 

연구에서는 비만인 성인 남녀를 무선 할당하여 유산소 운동(10명), 저항

성 운동(10명), 통제군 (8명)으로 집단을 분류하였다. 운동은 1회 60분, 

주5회, 8주간 실시하였다. 

8주간의 운동을 실시한 결과 체중, 근육량, 지방량, 체지방률에서 유산

소 운동군과 저항성 운동군은 통제군에 비하여 유의하게 변하였다. 혈중 

총 콜레스테롤은 저항성 운동군에서만 유의한 차이를 나타났다. 운동수

행 능력을 나타내는 Peak Torque와 최대산소섭취량은 두 운동군에서 유
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의한 증가를 보였다. 하지만 혈중 아이리신은 저항성 운동군에서만 유의

하게 증가하였다. 운동 전과 후를 비교했을 때, 혈중 아이리신은 근육량

과 정적 상관관계를 나타냈고 지방량, 체지방률과 부적 상관관계를 나타

냈다. 따라서 본 연구는 8주간의 유산소 운동과 저항성 운동이 비만인의 

혈중 아이리신 발현에 긍정적인 영향을 미칠 수 있음을 보여주었다. 비

록 본 연구에서 혈중 아이리신과 근육량, 지방량, 체지방률간의 유의한 

상관관계가 나타났으나 신체조성을 BIA로 이용했다는 한계점이 있다. 따

라서 후속 연구에서는 보다 정확한 신체 측정이 요구 되며, 아이리신과 

다른 갈색 지방 유전자와의 관계에 대한 연구가 필요할 것으로 사료된

다.   

 

주요어: irisin, myokine, 비만, 유산소 운동, 저항성 운동 

학번: 2011-23664 
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