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THAI ABSTRACT  

ธิติ ญานปรีชาเศรษฐ : บทบาทของโคเอนไซม์คิวเทน และการฝึกด้วยแรงต้านแบบวงจรต่ออัตราการเผาผลาญ
พลังงานในขณะพัก และขณะเดินบนลู่กลที่ระดับต่่ากว่าความสามารถสูงสุดในเพศหญิงอายุ 40-60 ปีที่มีภาวะ
น ่าหนักเกิน. (THE ROLE OF COENZYME Q10 AND CIRCUIT RESISTANCE TRAINING ON ENERGY 
EXPEDITURE AT REST AND DURING SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS OLD 
OVERWEIGHT WOMEN) อ.ที่ปรึกษาวิทยานิพนธ์หลัก: รศ. ดร.วิชิต คนึงสุขเกษม, อ.ที่ปรึกษาวิทยานิพนธ์ร่วม:  
รศ. นพ.ปัญญา ไข่มุก, 112 หน้า. 
 
การวิจัยครั งนี มีวัตถุประสงค์เพื่อศึกษาบทบาทของโคเอนไซม์คิวเทน และการฝึกด้วยแรงต้านแบบวงจรต่ออัตราการ

เผาผลาญพลังงานในขณะพัก และขณะเดินบนลู่กลที่ระดับต่่ากว่าความสามารถสูงสุด และเพื่อตรวจสอบว่าโคเอนไซม์คิวเทน
สามารถเปลี่ยนแปลงการใช้พลังงานในเพศหญิงอายุ 40-60 ปีที่มีภาวะน ่าหนักเกินได้หรือไม่ กลุ่มตัวอย่างที่ใช้ในการวิจัย คือ 
พนักงานธนาคารแห่งประเทศไทย จ่านวน 48 คน แบ่งเป็น 4 กลุ่ม โดยการคัดเลือกอาสาสมัครที่มีคุณสมบัติตามเกณฑ์การคัดเข้า
ของกลุ่มตัวอย่างทางจดหมายอิเล็กทรอนิกส์ (Email) แล้วเลือกอย่างเฉพาะเจาะจง เพื่อคัดเลือกอาสาสมัครเข้ากลุ่มตามความ
เหมาะสม แบ่งเป็นกลุ่มละ 12 คน ได้แก่ กลุ่มหนึ่ง (รับประทานโคเอนไซม์คิวเทนอย่างเดียว) กลุ่มสอง (ออกก่าลังกายอย่างเดียว) 
กลุ่มสาม (รับประทานโคเอนไซม์คิวเทนร่วมกับการออกก่าลังกาย) และกลุ่มสี่ (กลุ่มควบคุม) การวิจัยครั งนี ใช้ระยะเวลาทั งสิ น 12 
สัปดาห์ เครื่องมือที่ใช้ในการวิจัยประกอบด้วย แบบสอบถามเพื่อประเมินความพร้อมก่อนการออกก่าลังกาย (PAR-Q) ยางยืด
ส่าหรับฝึกออกก่าลังกาย ยี่ห้อ Sanctband® และโคเอนไซม์คิวเทน (100 mg soft-gels by TrueNature®, USP Verified, USA) 
โดยรับประทานครั งละ 100 มิลลิกรัม หลังอาหารเช้าและเย็น วิเคราะห์ข้อมูลโดยใช้โปรแกรมส่าเร็จรูป SPSS รุ่น 17 ในการหา
ค่าเฉลี่ย ร้อยละ และส่วนเบี่ยงเบนมาตรฐานของกลุ่มตัวอย่าง การทดสอบโคลโมโกรอฟ-สเมียร์นอฟ (The Kolmogorov - 
Smirnov Test) เพื่อประเมินความปกติของการแจกแจง การวิเคราะห์หาความแปรปรวนร่วมแบบทางเดียว (ANCOVA) เพื่อหาค่า
ความแตกต่างระหว่างกลุ่ม โดยใช้ค่าที่ประเมินได้ก่อนการทดลองเป็นตัวแปรร่วม และใช้วิธีการทดสอบของฟิชเชอร์ (Fisher's 
Least Significant Difference test; LSD) เมื่อพบว่ามีความแตกต่างระหว่างกลุ่มเกิดขึ น การทดสอบความแตกต่างเป็นรายคู่
ระหว่างก่อนและหลังการทดลองด้วยวิธีแพร์-ทีเทสต์ (Paired t-test) รวมถึงหาค่าสัมประสิทธิ์สหสัมพันธ์แบบเพียร์สัน 
(Pearson’s Product Moment Correlation Coefficient) เพื่อทดสอบความสัมพันธ์ของตัวแปร ที่ระดับความมีนัยส่าคัญ 0.05 

ผลการศึกษาวิจัยพบว่า หลังการทดลอง อัตราการใช้ออกซิเจนสูงสุดเพิ่มขึ นอย่างมีนัยส่าคัญทางสถิติที่ระดับ .05 ใน
กลุ่มหนึ่ง (รับประทานโคเอนไซม์คิวเทนอย่างเดียว) กลุ่มสอง (ออกก่าลังกายอย่างเดียว) และกลุ่มสาม (รับประทานโคเอนไซม์คิว
เทนร่วมกับการออกก่าลังกาย) โดยมีความแตกต่างกันระหว่างกลุ่มทดลองทุกกลุ่มกับกลุ่มควบคุม รวมถึงระดับของพลาสม่าโค
เอนไซม์คิวเทนเพิ่มขึ นอย่างมีนัยส่าคัญทางสถิติที่ระดับ .05 ในทุกกลุ่ม และพบความแตกต่างอย่างมีนัยส่าคัญทางสถิติที่ระดับ .05 
ระหว่างกลุ่มหนึ่ง (รับประทานโคเอนไซม์คิวเทนอย่างเดียว) และกลุ่มควบคุม , กลุ่มหนึ่ง (รับประทานโคเอนไซม์คิวเทนอย่างเดียว) 
และกลุ่มสอง (ออกก่าลังกายอย่างเดียว) , กลุ่มสาม (รับประทานโคเอนไซม์คิวเทนร่วมกับการออกก่าลังกาย) และกลุ่มควบคุม 
รวมถึง กลุ่มสาม (รับประทานโคเอนไซม์คิวเทนร่วมกับการออกก่าลังกาย) และกลุ่มสอง (ออกก่าลังกายอย่างเดียว) น ่าหนักตัวและ
ดัชนีมวลกาย ลดลงอย่างมีนัยส่าคัญทางสถิติที่ระดับ .05 ในกลุ่มสอง (ออกก่าลังกายอย่างเดียว) และกลุ่มสาม (รับประทานโค
เอนไซม์คิวเทนร่วมกับการออกก่าลังกาย ) มวลที่ปราศจากไขมัน ลดลงอย่างมีนัยส่าคัญทางสถิติที่ระดับ .05 ในกลุ่มสาม 
(รับประทานโคเอนไซม์คิวเทนร่วมกับการออกก่าลังกาย ) แต่มวลไขมัน ลดลงอย่างมีนัยส่าคัญทางสถิติที่ระดับ .05ในกลุ่มสอง 
(ออกก่าลังกายอย่างเดียว) กลุ่มสาม (รับประทานโคเอนไซม์คิวเทนร่วมกับการออกก่าลังกาย) และกลุ่มสี่ (ควบคุม) อัตราการใช้
พลังงานในขณะพัก ลดลงอย่างมีนัยส่าคัญทางสถิติที่ระดับ .05 ในกลุ่มหนึ่ง (รับประทานโคเอนไซม์คิวเทนอย่างเดียว) กลุ่มสอง 
(ออกก่าลังกายอย่างเดียว) และกลุ่มสี่ (ควบคุม) อัตราการใช้พลังงานในขณะเดินบนลู่กล ไตรกลีเซอไรด์ เพิ่มขึ นอย่างมีนัยส่าคัญ
ทางสถิติที่ระดับ .05 ในกลุ่มควบคุม ระดับน ่าตาลในเลือด โคเลสเตอรอล  แอลดีแอล และเอชดีแอล ไม่มีความแตกต่างอย่างมี
นัยส่าคัญทางสถิติที่ระดับ .05 ทั งก่อนและหลังการทดลอง 

สรุปจากผลการทดลองพบว่า หลังการทดลองไม่มีความแตกต่างอย่างมีนัยส่าคัญทางสถิติของอัตราการเผาผลาญ
พลังงานในร่างกายทั งขณะพักและขณะเดินบนลู่กลที่ระดับต่่ากว่าความสามารถสูงสุดระหว่างกลุ่มทดลองทั งหมด แต่อย่างไรก็ตาม
พบว่าอัตราการใช้ออกซิเจนสูงสุดและระดับของพลาสม่าโคเอนไซม์คิวเทนมีผลเชิงบวกในผู้หญิงที่มีภาวะน ่าหนักเกิน  ทั งกลุ่มที่
รับประทานโคเอนไซม์คิวเทนและ/หรือกลุ่มที่ฝึกด้วยแรงต้านแบบวงจร นอกจากนี ผู้วิจัยพบวา่มีความสัมพันธ์เชิงบวกระหว่างอัตรา
การใช้ออกซิเจนสูงสุดและระดับของพลาสม่าโคเอนไซม์คิวเทน 
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ENGLI SH ABSTRACT  

# # 5278957139 : MAJOR SPORTS SCIENCE 
KEYWORDS: COENZYME Q10 / CIRCUIT RESISTANCE TRAINING / ENERGY EXPENDITURE / OVERWEIGHT WOMEN 

THITI YANPRECHASET: THE ROLE OF COENZYME Q10 AND CIRCUIT RESISTANCE TRAINING ON ENERGY 
EXPEDITURE AT REST AND DURING SUBMAXIMAL TREADMILL WALKING IN 40-60 YEARS OLD OVERWEIGHT 
WOMEN. ADVISOR: ASSOC. PROF. VIJIT KANUNGSUKKASEM, Ed.D., CO-ADVISOR: ASSOC. PROF. PANYA 
KAIMUK, M.D., 112 pp. 
 
The objectives of this study were to investigate the role of coenzyme Q10 and/or circuit resistance training 

on energy expenditure at rest and during submaximal treadmill walking and to determine whether CoQ10 could alter 
energy expenditure in 40-60 years old overweight women. The sample used in this study were employees of the Bank 
of Thailand for 48 people, divided into four groups by the selection of volunteers who met the criteria for selection 
into the sample by electronic mail (Email) and were obtained by purposive sampling for more specific predefined 
groups based on the particular purpose of the experiment. Participants were divided into 4 groups of 12 people, 
including group 1 (CoQ10) with supplemented CoQ10 only, group 2 (Ex) with circuit resistance training only, group 3 
(Ex&CoQ10) with both supplemented coenzyme Q10 and circuit resistance training and Group 4 control 
group. Instruments used in this research for pretest and posttest after twelve weeks of program were The Physical 
Activity Readiness Questionnaire (PAR-Q) for assessing participation before exercise, elastic exercise band (Sanctband®) 
for fitness training and coenzyme Q10 (100 mg soft-gels by TrueNature®, USP Verified, USA). CoQ10 was taken as 100 mg 
capsules two times daily after a meal for 12 weeks. Statistical analyses were performed with SPSS software version 17. 
Descriptive statistic including frequency distribution, percentage, mean and standard deviation were used to analyze 
the demographic data. The Kolmogorov - Smirnov test was used to assess normal distribution. One-way Analysis of 
Covariance (ANCOVA) was used to determine the difference between groups of subjects by using pretreatment 
evaluation as covariate and the differences in pairs of means among groups were made by Fisher's Least Significant 
Difference (LSD) test. Paired t-test was used to determine the difference between results of before and after treatment. 
Pearson’s Product Moment Correlation was used to present the relationships. P values of less than 0.05 were 
considered to indicate statistical significance. 

After treatment, the results showed that VO2Max was found to be significantly increased in group 1 (CoQ10), 
group 2 (Ex) and group3 (Ex&CoQ10) and there were significant differences between all experiment groups and the 
control group. Moreover, plasma coenzyme Q10 levels was found to be significantly increased within all groups. 
However, there were significant differences in plasma coenzyme Q10 levels between group 1 (CoQ10) and control group, 
group 1 (CoQ10) and group 2 (Ex), group 3 (Ex&CoQ10) and control group as well as group 3 (Ex&CoQ10) and group 2 (Ex). 
In addition, it was also found that weight and BMI were significantly decreased in group 2 (Ex) and group 3 (Ex&CoQ10). 
Fat free mass (FFM) was found to be significantly decreased in group 3 (Ex&CoQ10) but fat mass (FM) was found to be 
significantly decreased in group 2 (Ex), group 3 (Ex&CoQ10) and group 4 (control group). Resting energy expenditure 
(REE) was found to be significantly decreased in group 1 (CoQ10), group 2 (Ex) and group 4 (control group).Triglyceride 
(mg/dl) was found to be significantly increased in control group. Walking energy expenditure, glucose levels, 
cholesterol, LDL and HDL were found to be no significant differences among all groups in both before and after 
treatment. 

It was concluded in this study that after treatment no significant differences were found in energy 
expenditure at rest and during submaximal treadmill walking among all groups. However, maximum oxygen 
consumption (Vo2Max) and plasma coenzyme Q10 levels were likely found to have positive effects in overweight 
subjects with supplemented coenzyme Q10 and/or circuit resistance training. Moreover, the researcher found low 
positive correlation between maximum oxygen consumption (VO2Max) and plasma coenzyme Q10 levels. 
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CHAPTER I 
INTRODUCTION 

Background and rationale 

Coenzyme Q10 (CoQ10) is a crucial component in the mitochondrial electron 
transport pathway found in every membranes through the cell (Kalen, Norling, 
Appelkvist, & Dallner, 1987). CoQ10 helps the body produce energy within that cell 
from converting the energy in carbohydrates and fatty acids into ATP to drive cellular 
machinery and synthesis. Adequate amount of CoQ10 are necessary for cellular 
respiration and ATP production (Figure 1). As the person grows older, CoQ10 density in 
our body decreases considerable dip after the age of 30 years (Crane, 2001). 

For many years, it was mainly known for its role in oxidative phosphorylation. 
CoQ10 involved in making an important molecule known as adenosine triphosphate 
(ATP). ATP serves as the cell's major energy source and drives a number of biological 
processes, including muscle contraction and the production of protein. The basis of 
cellular energy is mitochondria (Littarru & Tiano, 2010). 

 

(Molyneux, Young, Florkowski, Lever, & George, 2008) 

Figure 1 The mitochondrial electron transport chain. 

Previous studies have indicated that CoQ10 is an essential cofactor in 
mitochondrial oxidative phosphorylation and necessary for ATP production. In this 
role, CoQ10 acts as a mobile electron carrier, transferring electrons from complex I 
(NADH coenzyme Q reductase) to complex III (cytochrome bc1 complex) or from 



 2 

complex II (succinate dehydrogenase) to complex III. This coenzyme helps in many 
diseases such as congestive heart failure and diabetes by increasing the flow of 
blood with oxygen to the heart and thus preventing cholesterol buildup (Crane, 
2001). Moreover, CoQ10 could increase in energy expenditure because it helps the 
energy production by transferring electrons from NADH and FADH2 to oxygen 
(Molyneux et al., 2008). 

Several studies found that CoQ10 supplementation (60–100 mg/day for 4–8 
weeks) improved aerobic power, anaerobic threshold, exercise performance, and/or 
recovery after exercise in trained athletes and untrained individuals (Bonetti, Solito, 
Carmosino, Bargossi, & Fiorella, 2000; Littarru, 1993; Zuliani et al., 1989). These 
findings suggest that provision of CoQ10 in a fast-melt or effervescent form may 
facilitate CoQ10 delivery and uptake to the muscle. Theoretically, this may enhance 
bioavailability of CoQ10 and promote a greater metabolic and/or ergogenic impact. 
However, the effects of coenzyme Q10 and circuit resistance training have never been 
clarified. 

Numerous studies have revealed that aerobic training can stimulate the 
energy production as a percentage of VO2max attained, the time spent at the high 
percentage of VO2max, and the total oxygen consumption will result in greater 
aerobic adaptations and improvements in endurance performance (Bouchard & 
Trudeau, 2008). Furthermore, aerobic training improves the capacity for respiratory 
control in skeletal muscle. The enlarged mitochondrial structural machinery and 
enzyme activity adaptation with training (up to 50% increase in a few weeks) greatly 
increases capacity of subsarcolemmal and intermyofibrillar muscle mitochondria to 
generate ATP aerobically. A nearly 2 time increase in aerobic system enzymes within 
5 to 10 days of training coincides with increased mitochondrial capacity to generate 
ATP aerobically (Green et al., 2004; Hoppeler & Fluck, 2003). 

Circuit resistance training is a type of exercise program that improve the 
oxygen uptake within cell. It is combined between aerobic and resistance exercises, 
circuit resistance training (CRT) program, which is often recommended to improve 
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physical conditioning and weight management. Each modality has its unique 
advantages. Aerobic exercise is effective in improving cardiorespiratory fitness and 
promoting energy expenditure (EE) and fat utilization. Resistance exercise can serve 
as a potent stimulus to the musculoskeletal system necessary to bring about gains in 
muscle size and increasing metabolism. Resting metabolism increased by 8% of fat 
free mass (FFM) with heavy resistance training  (Pratley et al., 1994). It is 
recommended that a training routine should combine both aerobic and resistance 
exercises because improvements in both cardiorespiratory and musculoskeletal 
function can allow individuals to reduce health risks such as obesity, diabetes, 
hypertension and symptoms associated with physical inactivity ("1988 American 
College of Sports Medicine. Annual meeting abstracts. May 25-28, Dallas, Texas," 
1988; Feigenbaum & Pollock, 1999; Kang et al., 2009). 

Despite all these facts, no previous studies have been clarified about the 
benefits of CoQ10 and circuit resistance training on energy expenditure. Even though, 
the CoQ10 has long been recommended as one of the best antioxidants and plays a 
critical role in energy production for fighting free radicals and improving the general 
well-being. However, none of prior studies showed the benefits of CoQ10 and circuit 
resistance training on energy expenditure. 

Therefore, in order to make the clarification, the purposes of this research 
were intended to study the role of coenzyme Q10 and/or circuit resistance training on 
energy expenditure in overweight women. 

Research question 

Do CoQ10 and circuit resistance training, only CoQ10, and only circuit resistance 
training have the relationship with the energy expenditure in 40-60 years old 
overweight women? 



 4 

Objectives of the study 

1. To investigate the role of coenzyme Q10 and/or circuit resistance training 
on energy expenditure in 40-60 years old overweight women. 

2. To determine the effects of coenzyme Q10 on energy expenditure in 40-60 
years old overweight women. 

Hypothesis 

Overweight women who acquired circuit resistance training with 
supplemented coenzyme Q10 would be more prone to increase energy expenditure 
than those who acquired only CoQ10 or only circuit resistance training. 

Scope of the study 

This study investigated the role of coenzyme Q10 and/or circuit resistance 
training on energy expenditure and determined the effects of coenzyme Q10 on 
energy expenditure in overweight women. Subjects in this study lived in Bangkok, 
Thailand. 

Research limitations 

- If the subjects did not have enough sleep, their metabolism might be lower 
than usual. Therefore, the subjects were advised to sleep at least 6-8 hours 
per day.  

- The subjects were given instructions about the suggested nutrition per day, 
but not required to control their diet. Therefore, if the subjects did not follow 
the instruction by eating too much or too little food, it might affect their 
metabolism.  

- This experiment did not control the daily activities of the subjects. Although 
the subjects were chosen based on their similarity of daily activities, but the 
result of each subject may be different due to the shift in their normal daily 
activities. 
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Definition of terms 

Overweight women refers to an individual woman who has a sedentary 
behavior with low-intensity activities such as office workers, with a body mass index 
(BMI) between 23-27.4 (Consultation, 2004) (See Appendix B). 

Coenzyme Q10 (CoQ10) refers to a vitamin-like substance found throughout 
the body, but especially in the heart, liver, kidney, and pancreas. It is found in small 
amounts in meats and seafood. Coenzyme Q10 can also be made in a laboratory and 
it is used as supplement (Coenzyme Q10: 100 mg soft-gels by TrueNature ®, USP 
Verified, USA). 

Circuit resistance training (CRT) was trained by resistance band for 3 circuits 
(10 muscle training positions in each circuit). Each muscle training position was 
trained with 1 set and with 8-12 repetitions per set and then was alternatively 
trained with the other muscle groups. They were trained 3 days a week for every 
other days (See Appendix H). 

Energy expenditure (EE) refers to the amount of capacity to deliver oxygen 
to the tissue, which evaluated from oxygen uptake (VO2) and carbon dioxide 
production (VCO2) and converting into energy values by Weir equation (1949), 
calculated as:  

EE (kcal/day) = [(VO2 l/min) (3.941) + (VCO2 l/min) (1.11)] x 1440 minutes 

Where 3.941 and 1.11 are the energy equivalents of oxygen and carbon dioxide. It 

can be measured by indirect calorimetry using a portable gas analyzer (Metamax 3B, 

Germany) (Weir, 1990). 
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Benefits of the study 

1. To know the effects of coenzyme Q10 on energy expenditure. 
2. To achieve the effects of circuit resistance training on energy expenditure. 
3. To obtain the combined effect of coenzyme Q10 and circuit resistance 

training on energy expenditure. 
4. To help maintain weight and body fat by increasing energy expenditure. 
5. To reduce the risk of developing obesity and related complications. 



CHAPTER II 
LITERATURE REVIEW 

 The goal of literature review was to investigate the role of coenzyme Q10 
and/or circuit resistance training on energy expenditure. This literature review 
includes both theoretical and research literatures on the following topics: 

1. Coenzyme Q10  

 
Figure 2 Anatomical structure of a mitochondrion illustrating ubiquinone (CoQ10) 

(Hiebert, Shen, & Pierce, 2012) 

Coenzyme Q10 was first discovered by Dr. Frederick L. Crane in 1958. It was a 
vitamin-like substance that has been found to be a crucial component in 
mitochondrial bioenergy transfer. Its enzymatic processes facilitate electron transfer 
in the generation of adenosine triphosphate (ATP) (Crane, 2001). 

This coenzyme helps in many diseases like congestive heart failure, diabetes 
etc. It helps heart by increasing the flow of blood with oxygen to the heart and thus 
preventing cholesterol buildup (Crane, 2001). Previous studies have shown the 
provision of facilitating CoQ10 delivery and uptake to the muscle. Theoretically, this 
may enhance bioavailability of CoQ10 and promote greater muscle energy 
metabolism (M. Mizuno, Quistorff, Theorell, Theorell, & Chance, 1997). 
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They present naturally in foods and sometimes are also synthesized in the 
body. CoQ10 likewise is found in small amounts in a wide variety of foods and was 
synthesized in all tissues. The biosynthesis of CoQ10 from the amino acid tyrosine was 
a multistage process requiring at least eight vitamins and several trace elements. 
Coenzymes were cofactors upon which the comparatively large and complex 
enzymes absolutely depend for their function. Coenzyme Q10 is the coenzyme for at 
least three mitochondrial enzymes (complexes I, II and III) as well as enzymes in 
other parts of the cell. Mitochondrial enzymes of the oxidative phosphorylation 
pathway are essential for the production of the high-energy phosphate, adenosine 
triphosphate (ATP), upon which all cellular functions depend. The electron and 
proton transfer functions of the quinone ring are of fundamental importance to all 
life forms; ubiquinone in the mitochondria of animals, plastoquinone in the 
chloroplast of plants, and menaquinone in bacteria. The term "bioenergetics" has 
been used to describe the field of biochemistry looking specifically at cellular energy 
production (Littarru, 1993). 

The production of CoQ10 is dependent on an adequate supply of various 
precursors and cofactors. A deficiency of one or more of these crucial components 
can harmfully affect the production of adequate amounts of CoQ10. 



 9 

 

Figure 3 Synthesis of coenzyme Q10 in human cells. 

(Shinde, Patil, & Tendolkar, 2004) 

 The difference between “natural” and “synthetic” are the CoQ10 occurs in 
two isomeric forms, namely the “trans” and the “cis” forms. The natural CoQ10 is in 
the trans form whereas the synthetic CoQ10 contains a mixture of both trans and cis 
isomers. The USP limits the presence of other CoQ analogs and the cis-isomer and 
related impurities to less than 1.5% (Aberg, Appelkvist, Dallner, & Ernster, 1992). 

CoQ10 in blood is associated with lipoproteins. The concentrations vary from 
tissue to tissue, and those with high rates of metabolic activity and high energy 
demands such as the heart, muscle, liver, kidney and brain contain relatively high 
concentrations of CoQ10 (Aberg et al., 1992; Ernster & Dallner, 1995). Recent studies 
have shown that the level of circulating Ubiquinol tends to decline in certain disease 
conditions, such as diabetes, liver disease, down syndrome, etc. with the result that 
the ratio of circulating Ubiquinol to total Coenzyme Q10 goes down (Lim et al., 
2006).In humans, plasma or serum CoQ10 concentrations will serve as a good 
indicator of status. The best way to assay CoQ10 is by High Pressure Liquid 
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Chromatography (HPLC) by UV or electrochemical detection. However, it should be 
noted that plasma CoQ10 may not always reflect tissue status (Lim et al., 2006). 

Pharmacokinetics of coenzyme Q10 

Coenzyme Q10 is absorbed from the gastrointestinal (GI) tract, passes into the 
lymphatic, and finally to the blood and tissues. Research on exogenous CoQ10 
absorption and bioavailability varies greatly depending on the type of CoQ10 preparation. 
Some studies conclude CoQ10 is well-absorbed by oral supplementation as evidenced 
by significant increases (168-178%) in serum CoQ10 levels after supplementation 
(Kaikkonen et al., 1997; C Weber, Bysted, & Holmer, 1997). 

Normal serum/plasma CoQ10 concentrations in healthy individuals usually 
range from 0.40 to 1.91 mmol/l in healthy adults (Chopra & Bhagavan, 2006). Upon 
oral administration of CoQ10, plasma or serum concentrations reach a maximum 
(Cmax) at about 6 hours (Tmax). The half-life (i.e. the time to reach half-maximum 
concentration (T1/2) of CoQ10 is about 34 hours. The ingestion of high doses of 
CoQ10, plasma CoQ10 levels have been found to plateau after a dose of 2400 mg a 
day (Shults, Flint Beal, Song, & Fontaine, 2004). 

Peak levels of CoQ10 occur at 5–10 hrs. following administration, with a half-
life of 34 hrs. (Chopra & Bhagavan, 2006; Greenberg & Frishman, 1990; Tomono, 
Hasegawa, Seki, Motegi, & Morishita, 1986). A second peak may occur at 
approximately 24 hrs. probably due to enterohepatic recirculation (M. V. Miles, 2007). 

Previous studies in healthy subjects reported a prolonged termination half-life 
of approximately 33 hrs. following a single dose of CoQ10, and approximately 5–6 
days were required for plasma CoQ10 levels to return to baseline (Michael V. Miles et 
al., 2002; Tomono et al., 1986; Weis et al., 1994). 
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Dosage  

It was reported that the average dietary intake of coenzyme Q10 in Denmark 
was only 3-5 mg per day. A variety of food items were tested for coenzyme Q10 
content, and it was found that certain meats (such as pork, poultry, and beef) had 
higher amounts of coenzyme Q10 than fruit and vegetables. However, normal dietary 
intake had little effect on coenzyme Q10 concentrations, and would be unlikely to 
affect bioequivalence estimates of the current study (Christine Weber, Bysted, & 
Hølmer, 1997). 

Typical dose of CoQ10 for most conditions was 60-200 mg daily in divided 
doses (Shults et al., 2004). The weight-adjusted median dose of coenzyme Q10 
administered was 2.1 mg/kg (range 1.8 to 3.3 mg/kg). In order to have much higher 
levels of this compound in their blood and it also assists with fuel efficiency within 
the cells, which also assists weight management (Hathcock & Shao, 2006; Hosoe et 
al., 2007; Shults et al., 2004). Therefore, in this study recommended daily dosages of 
ubiquinol is 200 mg (Kaikkonen, Tuomainen, Nyyssonen, & Salonen, 2002; Yubero-
Serrano et al., 2011). 

Toxicity 

Coenzyme Q10 appears to be quite safe and low in side effects, even at the 
highest doses cited in the literature. In extreme dosages, such as 600-1200 mg per 
day, headaches, heartburn, fatigue, diarrhea and skin reactions have been reported. 
The data for intakes above 1200 mg/day are not sufficient for a confident conclusion 
of safety (Hathcock & Shao, 2006). 

Side effects 

No reports of medical problems or side effects were indicated in several 
research studies. The observed adverse effect level of risk evaluation method 
illustrated that the evidence of safety was strong and had been approved without 
adverse effects (Cooke et al., 2008; Hathcock & Shao, 2006; Hosoe et al., 2007). 
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Coenzyme Q10 and physical exercise 

 (Littarru & Tiano, 2005) 

Previous studies have shown an improvement of higher CoQ10 on aerobic 
capacity, anaerobic threshold, and physical performance. Other studies did not find 
an ergogenic effect. These issues have recently been addressed in three studies 
published in 2008 (Cooke et al., 2008; Kon et al., 2008; K. Mizuno et al., 2008). One of 
these studies showed that after a single administration of CoQ10 plasma levels 
significantly correlated with muscle CoQ10 levels, maximal oxygen consumption, and 
treadmill time to exhaustion. A trend for increased time to exhaustion was observed 
after 2 wk. of CoQ10 supplementation (Cooke et al., 2008). In another study, oral 
administration of CoQ10 improved subjective fatigue sensation and physical 
performance (K. Mizuno et al., 2008). The third study was a double-blind study where 
a group of kendo athletes showed lower levels of creatine kinase, myoglobin, and 
lipid peroxides compared with the corresponding values in the placebo group (Kon 
et al., 2008). 

2. Circuit Resistance Training (CRT) 

Circuit resistance training is a form of conditioning combined resistance 
training and high-intensity aerobics training. It is designed to be easy to follow and 
target strength building as well as muscular endurance. An exercise "circuit" is one 
completion of all prescribed exercises in the program. When one circuit is 
completed, one begins the first exercise again for another circuit. Traditionally, the 
time between exercises in circuit training is short, often with rapid movement to the 
next exercise (McArdle, Katch, & Katch, 2007). 

Research has found that circuit weight training (CWT) can improve 
cardiorespiratory endurance, body composition, and strength. Studies showed that 
CWT increased aerobic capacity about 5%, compared with 15% to 25% in other 
aerobic exercise programs. Lean body mass increased 1 to 3.2 kg and fat decreased 
0.8% to 2.9%. Strength improved 7% to 32%. Energy costs of CWT were similar to 



 13 

jogging at 5 mph. These findings suggested that improvements in strength and 

V  O2 max depend on work performed, not the equipment used. Although CWT did 
not develop high levels of aerobic fitness, it could help maintain fitness (Gettman & 
Pollock, 1981). 

The Superset is the best technique not only for fat burning but also for 
muscle building. Joseph and Jim (2009) showed that training agonist and antagonist 
muscles immediately is an excellent way to increase muscle strength. The motor-
unit activation is leaded immediately by contraction of the antagonist muscle. The 
antagonist muscle activates and prepares the nerves to contract the agonist muscle. 
It became a stronger and more powerful contraction. 

Circuit resistance training (CRT) is an excellent way to improve strength, 
endurance and coordination. CRT comprises of 8 to 12 strength exercises that are 
completed one exercise after another. Each exercise is performed for a specified 
number of repetitions or for a set time before moving on to the next exercise. The 
exercises within each circuit are separated by a short rest period, and each circuit is 
separated by a longer rest period. The total number of circuits performed during a 
training session may vary from two to six depending on the training level (beginner, 
intermediate, or advanced), the period of training (preparation or competition) and 
the training objective (McArdle et al., 2007). 

Advantages of CRT  

(Romero-Arenas et al., 2013) 

1. Improves strength, muscular endurance, flexibility and coordination. 
2. Appropriate for most conditions. 
3. Can be adjusted to individual fitness level. 
4. May not require expensive equipment. 
5. Can be customized for your workouts style. 
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Resistance band exercises (Sanctband®) 

Resistance band exercises are perfectly used as a variety of health and fitness 
practitioners for general strength, conditioning, rehabilitation and injury prevention. 

It should be performed slowly and under control. Begin with the band at the 
start of tension which increases as performing the exercise. It’s ideal for home 
exercise programs and can easily be incorporated into a circuit training format 
helping to condition cardiovascular system as well as strengthening specific muscle 
groups. Because resistance tubing is so compact and lightweight, it can be used while 
away from home. 

All resistance band exercises will be changed every 4 weeks for stable pull 
force resistance. 

Resistance band exercises are available in a range of colors that relate to their 
stiffness or resistance. Color-coding varies between the brands but it typically as 
follows: 

        
Figure 4 Sanctband resistive bands and pull force test (kg)  

(Lifesports, 2013) 
  



 15 

3. Energy Expenditure (EE) 

(McArdle et al., 2007)  

 The human body demands a continual supply of chemical energy to perform 
its many complex functions. Energy in food does not transfer directly to the cells for 
biologic work. Rather, energy from macronutrient oxidation is harvested and funneled 
through the energy-rich compound adenosine triphosphate (ATP). The potential 
energy within this nucleotide molecule powers all of the cell’s energy-requiring 
processes. In essence, the energy donor-energy receiver role of ATP represents the 
cells’ two major energy-transforming activities: 

1. Extract potential energy from food and conserve it within the bonds of ATP. 
2. Extract and transfer the chemical energy in ATP to power biologic work. 

ATP serves as the ideal energy-transfer agent. In one respect, ATP’s 
phosphate bonds “trap” a large portion of the original food molecule’s potential 
energy. ATP also readily transfers this energy to other compounds to raise them to a 
higher activation level. The cell contains other high-energy compounds, but ATP is by 
far the most important. A new compound, adenosine diphosphate (ADP) forms when 
ATP joins with water, catalyzed by the enzyme adenosine triphosphatase (ATPase). 

ATP + H2O   ADP + Pi - ∆G 7.3 kcal ∙ mol-1 

The electron transport chain in the mitochondrion is the site of oxidative 
phosphorylation in eukaryotes. The NADH and succinate generated in the citric acid 
cycle are oxidized, providing energy to power ATP synthase. 

Electron transport by specific carrier molecules constitutes the respiratory 
chain, the final common pathway where electrons extracted from hydrogen pass to 
oxygen. For each pair of hydrogen atoms, two electrons flow down the chain and 
reduce one atom of oxygen to form one water molecule. Figure 5 shows the route 
for hydrogen oxidation, electron transport, and energy transfer in the respiratory 

ATPase 

http://en.wikipedia.org/wiki/Oxidative_phosphorylation
http://en.wikipedia.org/wiki/Oxidative_phosphorylation
http://en.wikipedia.org/wiki/Citric_acid_cycle
http://en.wikipedia.org/wiki/Citric_acid_cycle
http://en.wikipedia.org/wiki/ATP_synthase
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chain that releases free energy in relatively small amounts. In several of the electron 
transfers, the formation of high-energy phosphate bonds conserves energy. 

 

Figure 5 Examples of harnessing potential energy in the body, the electron transport 
chain removes electrons from hydrogen for ultimate delivery to oxygen. In oxidation-
reduction, much of the chemical energy stored within the hydrogen atom does not 
dissipate to kinetic energy, but instead becomes conserved within ATP (McArdle et 
al., 2007). 

Oxidative phosphorylation synthesizes ATP by transferring electrons from 
NADH and FADH2 to oxygen. The electrochemical gradient generated by this reverse 
flow of protons represents stored potential energy. It provides the coupling 
mechanism that binds ADP and a phosphate ion to synthesize ATP. The 
mitochondrion’s inner membrane remains impermeable to ATP, so the protein 
complex ATP/ADP translocation exports the newly synthesized ATP molecule. Energy 
transfer from NADH to ADP to reform ATP happens at three distinct coupling sites 
during electron transport. Oxidation of hydrogen and subsequent phosphorylation 
occurs as follows: 

NADH + H+ + 3 ADP + 3 Pi + ½ O2           NAD+ + H2O + 3 ATP 
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Control of Energy Expenditure  

The mitochondrion is the cellular furnace where fuels (derived from fatty 
acids and glucose) are oxidized and energy is either stored in the high-energy 
phosphate bonds of ATP or is released as heat. Figure 5 illustrates that as electrons 
are passed down, the energy gradient of the electron transport chain, protons are 
pumped out of the inner matrix of the mitochondria, generating an electrochemical 
gradient across the inner mitochondrial membrane. These protons have two 
probable fates: as described by Mitchell, they can reenter the mitochondrial matrix 
through ATP synthase, driving the synthesis of ATP. ATP production is thus linked to 
the consumption of oxygen and this is referred to as coupled respiration. 
Alternatively, protons may “leak” back across the inner mitochondrial membrane in 
a manner not linked to ATP production. This uncouples energy storage from oxygen 
consumption and is referred to as uncoupled respiration. A certain degree of “leak” 
is an inherent property of several biological membranes, but this proton 
translocation can be greatly accelerated by the action of uncoupling proteins (UCPs), 
which function as specialized proton channels not linked to ATP production. In 
uncoupled respiration, energy is released as heat because these leaks, whether 
catalyzed by UCPs or not, disrupt the cycle and result in fuel oxidation in the 
absence of work (Spiegelman & Flier, 2001). 
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Total daily Energy Expenditure (TDEE)  

(McArdle et al., 2007) 

 

Figure 6 Components of total daily energy expenditure 

Metabolism involves all of the chemical reactions of biomolecules within the 
body that encompass both synthesis (anabolism) and breakdown (catabolism). Figure 6 
illustrates the three general factors that determine total daily energy expenditure (TDEE): 

1. Resting metabolic rate, consisting of basal and sleeping conditions 
plus the added metabolic cost of arousal. 

2. Thermogenic effect of food consumed. 
3. Energy expended during physical activity and recovery. 

Resting metabolism increased by 8% when 50 to 65-year-old men increased 
their FFM with heavy resistance training. (Pratley et al., 1994) In addition, an 8-week 
aerobic training program for older individuals produced a 10% increase in resting 
metabolism without a change in FFM (Poehlman & Danforth, 1991). This suggests that 
regular exercise affects factors in addition to body composition to stimulate resting 
metabolism. Regular endurance and resistance exercise offsets the decrease in resting 
metabolism that usually accompanies aging. Each 1-pound gain in FFM increases RMR by 
7 to 10 kcal per day.  



 19 

4. Overweight women 

Overweight is generally defined as having excessive fat accumulation that 
may impair health. Excessive weight has reached epidemic proportions globally, with 
more than 1 billion adults being either overweight or obese. Increases have been 
observed across all age groups (WHO, 2010). 

“Overweight women” refers to an individual woman who has a sedentary 
behavior with low-intensity activities such as office workers, with a body mass index 
(BMI) between 23-27.4 (Consultation, 2004). 

Overweight occurs when a person consumes more calories than burning. For 
many people this happen to eating too much and exercising too little. But there are 
other factors that can cause overweight and obesity including age, gender, genetics, 
environmental factors, physical activity, psychological factors, illness and medication. 

Gender differences may play an important role in the development of 
overweight and obesity (Sweeting, 2008). One of the main morphological differences 
between men and women is the greater amount of fat that women carry more or 
less erases the osseous indicators, and rounds out the surfaces while creating 
characteristic folds and grooves.  

Fat in normal women represents between 18% and 20% of body weight, 
whereas in men it represents only 10% to 15% (Delavier, 2003). The reason for this 
difference is that women at some point in their lives may nourish a fetus and then a 
baby from their own reserves, so women have to stock energy in the form of fat in 
anticipation of future pregnancies (and must stock even more energy during the last 
two trimesters of pregnancy). 

For many reasons, different fat distributions occur in women according to 
climate. In hot countries, the fat is localized on the buttocks (black Africans), on the 
hips (Mediterraneans), and around the navel (certain Asians). This distribution avoids 
covering the woman with a hot coat of fat that would be difficult to bear and 

http://en.wikipedia.org/wiki/Obese
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inefficient for thermoregulation during hot periods. In cold countries, the distribution 
of fat is more uniform, which provides for better protection during rigorous winters. 
However the fat is distributed, its main function is for the survival of the species as it 
provides for survival of the woman and her offspring during times of scarcity 
(Delavier, 2003). 

It is important to note that all healthy people have fat reserves necessary for 
the proper functioning of their bodies. Obsession with obesity or the need to follow 
deviant aesthetic fashions should not lead to the complete elimination of fat. In fact, 
the almost complete disappearance of fat can lead to serious hormonal problems 
involving the cessation of the period (amenorrhea, which is a temporary absence of 
ovulation and therefore momentary sterility), as this means has been put in place 
during evolution to avoid bringing progeny into the world that the female could not 
nourish with her own organic reserves (Delavier, 2003). 

Body Mass Index (BMI) 

BMI is a simple index of weight-for-height that is commonly used in classifying 
overweight and obesity in adult populations. It is defined as the weight in kilograms 
divided by the square of the height in meters (kg/m2). 

Table 1 The International Classification of adult weight according to BMI. 

Classification 
BMI (kg/m2) 

Principal cut-off points Additional cut-off points 

Underweight <18.50 <18.50 

     Severe thinness <16.00 <16.00 

     Moderate thinness 16.00 - 16.99 16.00 - 16.99 

     Mild thinness 17.00 - 18.49 17.00 - 18.49 

Normal range 18.50 - 24.99 
18.50 - 22.99 

23.00 - 24.99 
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Overweight ≥25.00 ≥25.00 

     Pre-obese 25.00 - 29.99 
25.00 - 27.49 

27.50 - 29.99 

     Obese ≥30.00 ≥30.00 

          Obese class I 30.00 - 34-99 
30.00 - 32.49 

32.50 - 34.99 

          Obese class II 35.00 - 39.99 
35.00 - 37.49 

37.50 - 39.99 

          Obese class III ≥40.00 ≥40.00 

(WHO/IASO/IOTF, 2000) 

The health risks associated with increasing BMI are continuous and the 
interpretation of BMI in relation to risk may differ for different populations.  

In recent years, there was a growing debate on whether there were possible 
needs for developing different BMI cut-off points for different ethnic groups due to 
the increasing evidence that the associations between BMI, percentage of body fat, 
and body fat distribution differ across populations and therefore, the health risks 
increase below the cut-off point of 25 kg/m2 that defines overweight in the WHO 
classification (WHO/IASO/IOTF, 2000). 

There had been two previous attempts to interpret the BMI cut-offs in Asian 
and Pacific populations (James, Chunming, & Inoue, 2002; WHO/IASO/IOTF, 2000) 
which contributed to the growing debates. Therefore, to shed the light on these 
debates, WHO convened the Expert Consultation on BMI in Asian populations 
(Consultation, 2004). 

The WHO expert consultation concluded that the proportion of Asian people 
with a high risk of type 2 diabetes and cardiovascular disease is substantial at BMI's 
lower than the existing WHO cut-off point for overweight (= 25 kg/m2). However, the 
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cut-off point for observed risk varies from 22 kg/m2 to 25 kg/m2 in different Asian 
populations and for high risk; it varies from 26 kg/m2 to 31 kg/m2. The consultation, 
therefore, recommended that the current WHO BMI cut-off points (Table 1) should 
be retained as the international classification.  

But the cut-off points of 23, 27.5, 32.5 and 37.5 kg/m2 are to be added as 
points for public health action. It was, therefore, recommended that countries 
should use all categories (i.e. 18.5, 23, 25, 27.5, 30, 32.5 kg/m2, and in many 
populations, 35, 37.5, and 40 kg/m2) for reporting purposes, with a view to facilitating 
international comparisons.  

BMI provides a significantly more accurate representation of body fat content 
than simply measuring a person's weight. It is highly correlated with both body fat 
percentage and body fat mass (Gray & Fujioka, 1991). It does not take into account 
certain factors such as pregnancy or bodybuilding; however, the BMI is an accurate 
reflection of fat percentage in the majority of the adult population. 

WHO reassesses appropriate body-mass index for Asian populations in 2002. 
The range for acceptable, normal, or optimum body-mass index (BMI) for Asian 
populations should be narrowed to 18·5–23 kg/m2, according to a WHO expert 
consultation on appropriate BMI for these populations that took place on July 8–11 in 
Singapore (Choo, 2002). 

The WHO guidelines issued in 1997 of a BMI of 18·5–25 kg/m2 for the 
acceptable range, up to 30 for being overweight, and over 30 for being obese were 
based on data from western countries. Increasingly there has been awareness that, 
by these guidelines, many Asian countries have a low prevalence of obesity, yet high 
rates of obesity-related diseases (Choo, 2002). 

For this expert consultation, data on body fat percentage and BMI from ten 
Asian countries, as well as data that were available on the relation of BMI with risk 
factors for cardiovascular disease, were examined by nutrition consultant Paul 

http://en.wikipedia.org/wiki/Correlated
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(Department of Nutrition and Epidemiology, Wageningen University, The Netherlands). 
The analysis of the relation between body fat and BMI was limited to the datasets 
derived by use of valid methods of measuring body fat. The findings were that, 
compared with western populations, the percentage of body fat and the risk factors 
for cardiovascular diseases at a given BMI are generally higher among Asian peoples. 
Body-frame rather than ethnicity is a likely reason for some of the differences 
between Asians and westerners in the relation between body fat and BMI (WHO, 2010).  

The expert group concluded that the risk of obesity-related diseases among 
Asians rises from a BMI of 23, but there was no clear single cut-off point for all Asians 
for high risk (analogous to being obese). 

The most common method for discussing this subject and the one used 
primarily by researchers and advisory institutions is BMI. Definitions of what is 
considered to be overweight vary by ethnicity. The definition proposed by the US 
National Institutes of Health (NIH) and the World Health Organization (WHO) 
designates whites, Hispanics and blacks with a BMI of 25 or more as overweight. For 
Asians, overweight was a BMI between 23-24.9 and obesity for all groups were a BMI 
of 25 or more. For health screening and education programs, the cut-off level of 23 
kg/m2 should be proposed for overweight adults in Thailand (Thaikruea, 
Seetamanotch, & Seetamanotch, 2006). 

BMI; however, does not account extremes of muscle mass, some rare genetic 
factors, the very young, and a few other individual variations. Thus it is possible for 
an individual with a BMI of less than 25 to have excess body fat, while others may 
have a BMI that is significantly higher without falling into this category (Gallagher et 
al., 2000). 

Although BMI calculates a simple obesity level, there is an also hidden fat 
level that is not revealed by a BMI designation. The examples below show two cases 
that were revealed by OMRON’s research. Although both cases are for people of 
almost the same height and weight, and their BMI designation is normal, the body fat 

http://en.wikipedia.org/wiki/National_Institutes_of_Health
http://en.wikipedia.org/wiki/World_Health_Organization
http://en.wikipedia.org/wiki/Genetics
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percentage for case B is high. That is, although case B has normal body weight, the 
actual fat level is high, revealing the hidden fat. This hidden fat indicates high levels 
of visceral fat. 

 

Figure 7 Normal BMI designations with hidden fat (OMRON, 2011) 

Body fat analysis 

Body fat is classified as subcutaneous fat and visceral fat etc., depending on 
where it is located in the body. In particular, visceral fat level is known to have a 
close connection to susceptibility common diseases. Body fat percentage can be 
expressed by using the following simple formula. 

Body fat percentage (%) = [Body fat mass (kg) / Body weight (kg)] × 100 

(OMRON, 2011) 
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Body fat percentage  

 

Figure 8 Recommended body fat ranges (Gallagher et al., 2000; WHO/IASO/IOTF, 2000) 

The distribution of body fat in men and women is different, so the classifying 
of the body fat percentage for male and female are different. 

Too much visceral fat is thought to be closely linked to increased levels of 
fat in the bloodstream, which can lead to common diseases such as hyperlipidemia 
and diabetes, which impairs the ability of insulin to transfer energy from the 
bloodstream and using it in cells. In order to prevent or improve conditions of 
common diseases, it is important to try and reduce visceral fat levels to an 
acceptable level. People with high visceral fat levels tend to have large stomachs. 
However, this is not always the case and high visceral fat levels can lead to hidden fat. 

Subcutaneous fat not only accumulates around the stomach but also around 
the upper arms, hips and thighs, and can cause a distortion of the body’s 
proportions. Although not directly linked to increased risk of disease, it is thought to 
increase pressure on the heart and other complications. Subcutaneous fat is not 
displayed in this unit, but is included in the body fat percentage. 

Study shows a significant inverse cross-sectional relationship between activity 
energy expenditure and percent body fat (Westerterp & Goran, 1997). The inversion 
based on the fact that usual weight was associated with an increase in total energy 
expenditure of 9±7 kcal per kilogram of fat-free mass per day in the subjects who 
had never been obese and 8±4 kcal per kilogram per day in the obese subjects. A 
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higher level of physical activity was related to a lower body fat percentage (Leibel, 
Rosenbaum, & Hirsch, 1995). 

5. Conceptual framework 
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CHAPTER III  
MATERIALS AND METHODS 

The design of this study was a pretest-posttest equivalent groups study. The 
objectives of the research were to investigate the role of coenzyme Q10 and/or 
circuit resistance training on energy expenditure at rest and during submaximal 
treadmill walking and determine whether CoQ10 could alter energy expenditure in 
40-60 years old overweight women. All of the data were collected two times, before 
the research procedure and 3 months afterwards. 

Population 

The population of this study was overweight women who had been working 
at Bank of Thailand (BOT) during the year of 2012 to 2013. 

Sample size calculation 

According to Cohen (1988) (See Appendix A), a “medium” effect size at .50, 
power at .80 and significant level at .05, the sample size of 12 cases for each group 
was recommended for each cell when comparing the group mean. The sample size 
of 36 cases for three experimental groups and the others 12 cases for the control 
group then were used for this study (Cohen, 1988). 

Forty-eight volunteered women with overweight based on World Health 
Organization (Consultation, 2004) (See Appendix B) were recruited from the Bank of 
Thailand (BOT). The subjects were divided into 4 groups: group 1 (CoQ10) with 
supplemented CoQ10 only (n=12), group 2 (Ex) with circuit resistance training only 
(n=12), group 3 (Ex&CoQ10) with both supplemented CoQ10 and circuit resistance 
training (n=12), and group 4 control group (n=12). 
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Sampling technique 

The overweight women who had been working at The Bank of Thailand (BOT) 
and met the inclusion criteria were asked to voluntarily participate in this study. The 
subjects were selected by purposive sampling for more specific predefined groups 
based on the particular purpose of the experiment. The researcher paired the 
subjects in each experimental and control groups, based on the selection criteria as 
follow: 

Inclusion criteria  

- Subjects answered no to all the PAR-Q questions. 

- Healthy women aged range 40 to 60 years old. 

- Non-smoking and non-alcohol drinking at least 6 months before the study. 

- Participants agreed to sign informed consent form. 

- Overweight determined by BMI in adult Asians; Overweight ≥ 23-27.4  
(Consultation, 2004) (See Appendix B). 

Exclusion criteria 

- Subjects answered yes to one or more in PAR-Q questions. 

- Complications or co-morbidities associated with cardiovascular disease. 

- Obesity or metabolic disease. 

- Severe arterial hypertension. 

- Dizziness or syncope after cessation of exercise. 

- Taking Warfarin and Statin group for treatment of hypercholesterolemia. 

- Participants desire to stop. 

People who were excluded from screening were invited to consult exercise 
training guidelines for more complete details regarding exercise prescription with 
individual problem.  
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Data collection 

1. The preparation phase 

1.1 Information phase 

The researcher met the director of the Bank of Thailand, a headquarters, and 
the director of health service center to explain the purpose of circuit resistance 
training, benefits of coenzyme Q10, relevant & scientific merit, participant information 
sheet, informed consent form and research proposal. 

1.2 Formal contact 

1.2.1 A letter from the Dean of Faculty of Sports Science, Chulalongkorn 
University was submitted to the director of the Bank of Thailand in order to obtain 
permission for implementing the program. 

1.2.2 After obtaining the permission, the director of the Bank of Thailand, 
the location administration and the director of health service center were informed 
about the purpose of the study and the research procedure by the researcher. 

1.2.3 The researcher set up a meeting with the participants to present 
the purpose of the study and research procedures, benefits and risks, and ask for 
collaboration. The research asked for cooperation, patience and a commitment to 
prevent contamination in among groups. The researcher was monitored by 
telephone and email to participants every other day. Participants could miss the 
exercise session not more than 80% of participation in exercise session. The 
supplement and exercise training manual were given to overweight volunteers during 
the meeting. The participants were alerted to take CoQ10 by email, telephone, and 
advised to take responsibility for good health. 

2. The intervention phase 

Experimental design 

A randomize control experimental intervention of 12 weeks duration was to 
perform in subjects with uncomplicated overweight women. A pilot study with three 
participants was used to test logistic procedure of equipment and gather information 
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prior to the actual experiment. Samples were obtained by voluntary process and 
purposive sampling selected people based on the particular purpose of the 
experiment.  

Research assistants were trained to standardize their performances and work 
under the supervision. The researcher conduct the screening process combined with 
individual medical history such as PAR-Q, anthropometric measurements, body 
composition, laboratory blood tests, gas analysis and individual medical record. The 
calibration of instruments was performed before testing every time.  

Subjects were purposively assigned into one of four groups: 200 mg 
coenzyme Q10 (CoQ10 TruNature® - 100 mg 130 Soft gels, USP Verified, USA) 
(Kaikkonen et al., 2002; Yubero-Serrano et al., 2011). Group 1 (CoQ10) receiving 
supplemented CoQ10 only (n=12), group 2 (Ex) receiving circuit resistance training 
only (n=12), group 3 (Ex&CoQ10) receiving both supplemented CoQ10 and circuit 
resistance training (n=12), and group 4 control group (n=12) receiving no treatment. 
Coenzyme Q10 was taken as 100 mg capsules two times daily after a meal for 12 
weeks.  

3. Data collection procedure 

3.1 Physical Activity Readiness Questionnaire (PAR-Q) 

The physical activity readiness questionnaire (PAR-Q) is a self-screening tool 
that is used to determine the safety or possible risk of exercising for an individual 
(Thomas, Reading, & Shephard, 1992). 

3.2 Anthropometric measurements 

The anthropometric measurements and body weight were measured using a 
body composition analyzer (ioi-353, Jawon Medical, Korea), and height was measured 
using ultrasonic height meter. To analyze the state of their weight, the BMI was 
calculated by dividing the weight in kilograms by the height in square metres 
(Callaway, Chumlea, & Bouchard, 1988). 
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3.3 Body composition 

Body composition was evaluated using a bioelectrical impedance analyzer 
(ioi-353, Jawon Medical, Korea). It directly measured bioimpedance of each body part 
as allowing the current and voltage into the body via tetra-polar method using 8 
touch electrodes. Body composition analyzer ioi-353 approved accuracy with high 
correlativity to DEXA. The accurate impedance measurement at trunk segment is the 
key of bioimpedance measurement. Body composition was analyzed at Sports 
Science Laboratory, Faculty of Sports Science, Chulalongkorn University.   

The protocol was suggested by Heyward and Stolarczyk (1996): no eating or 
drinking for 4 hrs. prior to the test; no kind of physical activity within the preceding 
12 hrs.; bladder emptying; no drinking of any kind of alcoholic beverage for 48 hrs.; 
and no taking of any diuretics for 7 days prior to the test.  

3.4 Chemical analysis 

Oral coenzyme Q10 supplementation was 200 mg per day (100 mg twice a 
day taken with the morning and evening after meals) (CoQ10 100 mg soft-gels by 
TrueNature®, USP Verified, USA). 

Chemical reagents (Mosca et al., 2002; Lunetta and Roman, 2008) 

1.1 Reference standard 

 1.1.1 CoQ10 reference standard was obtained from Sigma-Aldrich (St. 
Louis, MO; P/N C9538) and the purity was determined by HPLC analysis 
against a USP reference standard. An assign purity of ≥98% was used for this 
standard for the study. 

 1.2 The other chemical reagents 
1.2.1 Methanol, HPLC grade; RP1115, RCI Labscan, Thailand 
1.2.2 Ethanol (Absolute), HPLC grade; RP 1069, RCI Labscan, Thailand 
1.2.3 Propan-1-ol, HPLC grade, RP 1161, RCI Labscan, Thailand 

  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lunetta%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roman%20M%22%5BAuthor%5D


 32 

Apparatus  
1.1 High Performance Liquid Chromatography; HPLC, Waters 717 Plus 

Autosampler HPLC Liquid Chromatography Auto Sampler 
1.2 Waters 600 controller and 600 pump 
1.3 Waters 996 Photodiode Array Detector (PAD), Degasser, system 

software (Millenium32 Software) 
1.4 Savant SpeedFuge HSC10K centrifuge, United States 
1.5 Beckman Allegra X-22R Refrigerated Benchtop Centrifuge 
1.6 Vortex-Genie® Mixers, Scientific Industries, United States 
1.7 HPLC column: Thermo Scientific™ Hypersil™ ODS-2 C18,  

250 × 4.6 mm i.d. 3 µm 
1.8 Micropipette; eppendorf® Research® plus 3 pipettes  

(2–20 μL, 20–200 μL, 100–1,000 μL) 

3.5 Description of the HPLC method  

(Mosca, Fattorini, Bompadre, & Littarru, 2002) 

Two-hundred microliters of plasma was supplemented with 50 µl of a 1,4-
benzoquinone solution (2 mg/ml) and vortexed for 10 s. After 10 min, 1 ml of n-
propanol was added. The test tube was vortexed for 10 s and centrifuged at 10,000 
rpm for 2 min in order to spin down the protein precipitate. Two-hundred microliters 
of the supernatant was injected into the HPLC. The supernatant, placed in a capped 
test tube, was stable for up to 3 days when kept even at 22°C. Mobile phase was 
constituted by ethanol–methanol (65–35%) and the flux was 1 ml/min. UV detection 
was performed by Waters 996 Photodiode Array Detector at 275 nm. 

Two-hundred microliters of different concentrations of pure oxidized CoQ10 
was injected as standards. Working solutions of the standards were in propanol : 
water (5:1); i.e., the same propanol : water ratio as for the samples. Peak area 
analysis was performed by Millenium32 software system. 
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Biochemistry  

Venous blood sample was collected at baseline and at the end of 
intervention in the morning after 12 hours overnight fast. Blood samples were drawn 
from the cubital vein with lithium heparin tube. Plasma obtained after centrifugation 
at 4000g for 15 min, at 4°C, were processed identically at hourly intervals up to 8 h 
after collection. For those tests not carry out immediately, serum and plasma frozen 
at -80oC and thaw immediately prior to analysis. 

Laboratory blood tests 

Two tubes of blood sample (4-6 ml/tube) were collected; One was operated 
at The Center for Instrument Facility (CIF), Faculty of science, Mahidol University to 
measure coenzyme Q10 The technical advisor was Mr. Sirichai Kositarat (Analytical 
Chemist) and the other was operated at Department of Clinical Chemistry, Faculty of 
Allied Health Sciences, Chulalongkorn University to determine serum glucose (mg/dl), 
serum cholesterol (mg/dl), serum triglyceride (mg/dl), low density lipoprotein (mg/dl) 
and high density lipoprotein (mg/dl). Medical technologist at Chulalongkorn Health 
Service Center will draw blood. 

3.6 Gas analysis 

A portable cardiopulmonary exercise system (MetaMax 3B) operates with a 
volume sensor which is integrated into a mask as well as oxygen and carbon dioxide 
sensors (Cortex Biophysik, Germany). Gas analysis was conducted at Sports Science 
Laboratory, Faculty of Sports Science, Chulalongkorn University.   

The method of automated breath-by-breath analysis was presented as either 
l/min (liters per minute) or ml/kg/min (milliliter of oxygen per kilogram of body 
weight per minute). The subjects were considered to have reached their VO2 max if 
several of the following criteria occurred: a plateau or 'peaking over' in oxygen uptake 
values which did not increase by more than 2 ml/kg/min despite increasing exercise 
intensity, Heart rate within 10 beat/min of maximal heart rate, Respiratory exchange 
ratio (RER) ≥ 1.15, Rating of perceived exertion (RPE) ≥ 18, or when subjects 
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requested to stop. If not, the highest oxygen consumption values recorded were 
referred to as VO2 peak, rather than VO2 max. 

Instruction before test  

(Jones & Rose, 2005) 

1) Get a good sleep before the test. 
2) Do not eat or drink alcohol for at least three hours before the test. 
3) Do not drink coffee, tea, or other caffeine containing beverages for three 

hours before the test. 
4) Do not heavily or moderately exercise on the day of the test. 
5) Wear loose-fitting clothing (T-shirt, shorts or sweatpants) that permits 

freedom of movement for either walking on a treadmill. 
6) Wear good walking or running shoes. 
7) Void bladder and bowels before the test. 
8) Drink water as necessary for hydration. 

Measuring resting energy expenditure 

Resting Energy Expenditure (REE) was measured by indirect calorimetry using a 
portable telemetric gas analyzer (Metamax 3B, Germany), oxygen consumption and 
carbon dioxide production were measured and converted to energy expenditure 
using weir equation (Weir, 1990). 

REE (kcal) = [(VO2 L/min) (3.941) + (VCO2 L/min) (1.11)] 1440 minutes 

Where VO2 and VCO2 were expressed in L/min and 1440 was equal to the 
number of minutes in a day.  

The acceptability criteria of recordings as obtained from data points were 
collected every 30 s and steady-state was defined as 10 min during which the 
volume of oxygen uptake, VE and RER do not vary >10%. Age, weight, height and sex 
were fed into the computer manually. The measurements were performed between 
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9.00 and 12.00 AM at approximately the same time for each individual, with empty 
stomach (at least 12 hours) and free from any type of strenuous physical activities for 
at least 24 hours. 

Important considerations or conditions to improve the REE measurement 

(Matarese, 1997; Rubenbauer, Johannsen, Baier, Litchfield, & Flakoll, 2006) 

1) Individual should rest for at least 20 minutes in bed or a recliner before the 
test, however, the person should not be asleep. 

2) No food for at least 2 hours before the test. 
3) Maintain quiet surroundings when the test was in progress and normal 

temperature. The individual should not move arms or legs during the test. 
4) Normal room temperature should be maintained, avoid drafts or any 

condition that might result in shivering. 
5) Medications taken should be noted, such as stimulants or depressants. 
6) REE is measured for a maximum of 10 minutes. 
7) Steady state should be achieved, which would be identified clinically by the 

following: 5 minute period when average minute VO2 and VCO2 changes by 
less than 10% and the average RQ changes by less than 5%. 

Stable interpretable measurements should be obtained in a 15 to 20 minute test. 

Measuring energy expenditure during treadmill test 

The subject was wearing a breathing face mask. Age, weight, height, sex and 
walking speed were fed into the computer manually. After a rest period of 15 min to 
stabilize circulation and breathing, the calorimetric measurements started with a 10-
min walk at the selected speed of 5 km/h on the treadmill (Wergel-Kolmert & 
Wohlfart, 1999). 

Gas measurements were made every 30 s. Borg’s scale was used at the end of 
every 1-min period to rate the perceived exertion (manual recording). Talking was 
avoided during the walking sessions. 
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Basic measures of exercise responses included HR, BP, respiratory rate (RR), 
and rate of perceived exertion (RPE). The RPE was recorded according to the method 
of Borg scale, using the rate of perceived exertion (RPE) scale 6–20 (Borg, 1988). 

The energy expenditure during walking sessions was calculated according to 
the formula (Weir, 1990). 

EE (kcal/kg/min) = 3.941 × VO2 (ml/kg/min) + 1.106 × VCO2 (ml/kg/min) 

Estimated VO2 Max  

(Ebbeling, Ward, Puleo, Widrick, & Rippe, 1991) 

The single stage treadmill walking test is a submaximal aerobic fitness test that 
estimates VO2 max. It is suitable for low risk, apparently healthy, non-athletic adults 
20-59 years of age. The walking pace required throughout the test also makes it 
appropriate for participants who experience problems such as knee pain when 
exercising at a jogging pace. The test can be administered to moderate sized groups of 
participants with low to moderate fitness levels and requires only a treadmill and a HR 
monitor. 

Protocol: The walking speed for the test was predetermined based on the 
participant’s gender, age, and fitness level. 

1. Estimate the participant’s age-predicted HRmax (220age) bpm then calculate 
50% bpm and 70% bpm of his/her HRmax.  

2. Have the participant warm-up for 4 minutes at a 0% grade and a walking 
speed that brings the HR to between 50% bpm and 70% bpm of his/her HRmax. (The 
recommended walking speed is from 3.4 to 4 mph). If the HR is not in this range after 
the first minute, adjust the speed accordingly.  

3. Following the warm-up, keep the participant walk at the same speed for an 
additional 4 minutes at a grade of 5%, and then record the steady-state HR (SS HR) 
from the average of the final 30 sec of the last two minutes at the 5% grade. (Note; to 
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achieve steady-state, the HR from the last two minutes must not differ by more than 5 
bpm. If the HR differs by more than 5 bpm, extend the test by an additional minute 
and record the SS HR from the new final two minutes.) SS HR = bpm.  

4. Enter this SS HR into the equation below to estimate VO2Max (ml/kg/min).  

5. Allow the participant to cool down at a slow walk and 0% grade for 2-5 min.  

Estimated VO2Max (ml/kg/min) = 15.1 +21.8 (speed in mph) - 0.327 (SS HR in 
bpm) - 0.263 (speed x age in years) + 0.00504 (SS HR in bpm x age in years) + 5.98  

Termination of exercise: 

The exercise was terminated if one of the following criteria were met: angina, 
light-headedness, confusion, ataxia, staggering unsteadiness, pallor, cyanosis, nausea, 
marked dyspnea, unusual fatigue, claudication or other significant pain, facial 
expressions signifying distress (Ebbeling et al., 1991). 

3.7 Circuit resistance protocol 

The circuit resistance training (CRT) program was trained by pulling the band for 
3 circuits (10 muscle training positions in each circuit with 60-90 seconds rest interval 
between each circuit). Each muscle training position was trained with 1 set, 8-12 
repetition per set and then was alternatively trained with the other muscle groups 
without any break in one circuit. They were trained 3 days a week for every other day 
until 12 weeks (See Appendix H). 

The subjects was begun the resistive exercise band with orange color (Light 
intensity). After 6 weeks, the color was changed to lime green (Moderate intensity) 
until the end of the program.  

However, subjects can adjust the resistive exercise band by holding a band 
with an appropriate length for your strength while using the same color. 
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The content validity and reliability were using the index of item-objective 
congruence (IOC) (Rovinelli & Hambleton, 1977) and were approved by experiential 
experts to evaluate the components of circuit resistance training (Appendix C). The 
result of IOC was 0.89 (higher than 0.50) and its congruence between the objectives 
and content was acceptable (Appendix D). 

The test-retest reliability of the circuit resistance training protocol was 
estimated by performing the same exercise protocol with the same respondents at 
different moments of time. The correlation coefficient between two sessions of the 
response was used as a quantitative measure of the test-retest reliability (Appendix C). 
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Experimental procedure 
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The evaluation phase 

After 12 weeks of intervention, the overweight women in both the control 
group and three experimental groups were undergo the same tests as in the pretest. 

Protection of human subjects 

To ensure the human right protection of the subjects, the overweight women 
would be informed about the research objectives and procedures required for 
cooperation. The overweight women had the freedom to withdraw their participation 
at any time without any effects if they wanted. Each subject would be coded for the 
identification number that matches the participant’s code in the data form. The 
participant’s identity wouldn’t be mentioned or discussed with anyone. The data 
collected were kept strictly confidential and would be presented as group of data only. 

Data analysis 

The completed Physical Activity Readiness Questionnaire (PAR-Q) from each 
subject was given an identification code number. Demographic data, health status 
and physical activity scores were calculated for each subject.  

The collected data was encoded, analyzed, and processed a statistical 
analysis by using Statistical Package for the Social Sciences (SPSS) version 17.0 for 
Windows. All data analysis in the present study were as follows: 

1. Descriptive statistic including mean and standard deviation were used to 
analyze the demographic data. 

2. The Kolmogorov-Smirnov test was used to assess normal distribution of 
independent and dependent variables. 

3. One-way Analysis of Covariance (ANCOVA) was used to determine the 
difference between groups of subjects by using pretreatment evaluation as covariate 
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and the differences in pairs of means among groups were made by using Fisher's 
Least Significant Difference (LSD) test. 

4. Paired t-test was used to determine the difference between results of 
before and after treatment. 

5. Pearson’s Product Moment Correlation was used to present the 
relationships between coenzyme Q10 and VO2Max by using Fisher & Corcora’s 
relationship criteria (r) classified as: 

 r from 0.00-0.20 means both variables has very low relationships 
 r from 0.21-0.40 means both variables has low relationships 
 r from 0.41-0.70 means both variables has moderate relationships 
 r from 0.71-1.00 means both variables has high relationships 
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CHAPTER IV 
RESULTS 

This research was intended to study on the role of coenzyme Q10 and circuit 
resistance training on energy expenditure at rest and during submaximal treadmill 
walking in 40-60 years old overweight women. The samples used in this study were 
forty-eight volunteered employees from the Bank of Thailand. The overweight 
subjects were selected by purposive sampling for more specific predefined groups 
based on the particular purpose of the experiment. The data collection instruments 
were The Physical Activity Readiness Questionnaire (PAR-Q) for assessing physical 
activity readiness before exercise, elastic exercise band (Sanctband®) for fitness 
training and coenzyme Q10 for oral supplementation as 100 mg each soft-gels taken 
two times a day (TrueNature®, USP Verified, USA). The results were presented in 3 
parts as: 

Part 1:  Baseline characteristics of the subjects [age, weight, height, BMI]. 

Part 2: Morphological, physiological and biochemical characteristics before 
and after treatment in each group [weight (kg), BMI (kg/m2), FFM (kg), FM (kg), 
REE (kcal), EE Walk (kcal), VO2Max (ml/kg/min), Glucose (mg/dl), Cholesterol 
(mg/dl), Triglyceride (mg/dl), LDL (mg/dl), HDL (mg/dl), and CoQ10 (µmol/l)]. 

Part 3:  Correlations between VO2Max (ml/kg/min) and CoQ10 (µmol/l).  
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Part 1: Baseline characteristics of the subjects 

Baseline characteristics consisted of age, weight, height, and BMI as shown in Table 2. 

Table 2 Baseline characteristics of the subjects (n=12 in each group). 

  Control CoQ10 Ex Ex&CoQ10   
Characteristics (n=12) (n=12) (n=12) (n=12) P-value 

  Mean   SD Mean   SD Mean   SD Mean   SD   
Age (year) 48.7 ± 3.57 50.1 ± 5.82 52.3 ± 6.23 50.9 ± 4.1 0.377 
Weight (kg) 60.7 ± 5.57 62.6 ± 6.12 60.8 ± 5.79 64 ± 4.89 0.988 
Height (cm) 157 ± 4.2 156 ± 4.72 157 ± 6.59 157 ± 5 0.429 
BMI (kg/m2) 24.8 ± 1.48 25.6 ± 1.12 24.7 ± 1.28 25.9 ± 1.35 0.085 

CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance training only, Ex&CoQ10 = 
Supplemented CoQ10 with circuit resistance training and control group. Each 
parameter represents Mean ± SD. *Significant if p<0.05 comparing to control. 

According to Table 2, there were no any statistical significant differences 
among four groups through age, weight, height, and BMI (p<0.05). 

  

http://thesaurus.com/browse/through
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Table 3 Kolmogorov-Smirnov Test of the baseline characteristics of subjects. 

    
Age 

(years) 
Weight 

(kg) 
Height 
(cm) 

BMI 
(kg/m2) 

N 48 48 48 48 
Normal 
Parametersa,,b 

Mean 50.48 62 156.88 25.231 
Std. Deviation 5.07 5.6053 5.051 1.3718 

Most Extreme 
Differences 

Absolute 0.111 0.082 0.145 0.108 

Positive 0.111 0.082 0.145 0.108 
Negative -0.098 -0.078 -0.084 -0.095 

Kolmogorov-Smirnov Z 0.771 0.571 1.003 0.748 

Asymp. Sig. (2-tailed) 0.592 0.9 0.267 0.631 

a. Test distribution is Normal. 
b. Calculated from data. 

According to Table 3, there were normally distributed of subjects through 
age, weight, height, and BMI (p<0.01). 
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Table 5 Biochemical characteristics. 
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According to Table 4 and Table 5, Group 1 (CoQ10) was significant difference 
comparing among groups of subjects in plasma coenzyme Q10 levels (control group : 
0.24 ± 0.07 vs. 0.43 ± 0.12, group 1 (CoQ10) : 0.23 ± 0.09 vs. 0.90 ± 0.44, group 2 (Ex) : 
0.25 ± 0.1 vs. 0.53 ± 0.19, group 3 (Ex&CoQ10) : 0.3 ± 0.12 vs 0.94 ± 0.18, p<0.05), 
respectively. Group 2 (Ex) was significant difference comparing among groups of 
subjects in maximum oxygen consumption (VO2Max) (control group : 33.4 ± 3.2 vs 
32.3 ± 3.4, group 1 (CoQ10) : 30.4 ± 1.8 vs. 33.6 ± 2.6, group 2 (Ex) : 32.5 ± 2 vs 34.5 ± 
2.4, group 3 (Ex&CoQ10) : 31.6 ± 1.5 vs. 34.6 ± 1.7, p<0.05), respectively. Group 3 
(Ex&CoQ10) was significant in 2 parameters (maximum oxygen consumption; VO2Max) 
(control group : 33.4 ± 3.2 vs 32.3 ± 3.4, group 1 (CoQ10) : 30.4 ± 1.8 vs. 33.6 ± 2.6, 
group 2 (Ex) : 32.5 ± 2 vs 34.5 ± 2.4, group 3 (Ex&CoQ10) : 31.6 ± 1.5 vs. 34.6 ± 1.7, 
p<0.05), and plasma coenzyme Q10 levels (control group : 0.24 ± 0.07 vs. 0.43 ± 0.12, 
group 1 (CoQ10) : 0.23 ± 0.09 vs. 0.90 ± 0.44, group 2 (Ex) : 0.25 ± 0.1 vs. 0.53 ± 0.19, 
group 3 (Ex&CoQ10) : 0.3 ± 0.12 vs 0.94 ± 0.18, p<0.05), respectively. 

Furthermore, there was significance difference indicating within-group 

differences in plasma coenzyme Q10 levels after treatment between group 1 (CoQ10) 

(CoQ10 0.23 ± 0.09 vs 0.90 ± 0.44) and control group (CoQ10 0.24 ± 0.07 vs 0.43 ± 

0.12) and also between group 3 (Ex&CoQ10) (CoQ10 0.3 ± 0.12 vs 0.94 ± 0.18) and 

control group (CoQ10 0.24 ± 0.07 vs 0.43 ± 0.12), respectively. 

Moreover, there was significant difference between before and after 

treatment including weight (kg) in group 2 (Ex) (60.8 ± 5.8 vs. 59.8 ± 5.8) and group 3 

(Ex&CoQ10) (64 ± 4.9 vs. 63.3 ± 4.9); BMI (kg/m2) in group 2 (Ex) (24.7 ± 1.28 vs. 24.3 ± 

1.44) and group 3 (Ex&CoQ10) (25.9 ± 1.35 vs. 25.6 ± 1.3); FFM (kg) in group 3 

(Ex&CoQ10) (41.7 ± 3.2 vs. 41.4 ± 3.13); FM (kg) in control group, group 2 (Ex) (20 ± 

3.02 vs. 19.4 ± 2.96) and group 3 (Ex&CoQ10) (22.2 ± 2.6 vs. 21.7 ± 2.46); REE (kcal) in 

control group, group 1 (CoQ10) (1736 ± 290 vs. 1460 ± 264) and group 2 (Ex) (1780 ± 

262 vs. 1435 ± 363); VO2Max (ml/kg/min) in group 1 (CoQ10) (30.4 ± 1.8 vs. 33.6 ± 2.6)  
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and group 2 (Ex) (32.5 ± 2 vs 34.5 ± 2.4) and group 3 (Ex&CoQ10) (31.6 ± 1.5 vs 34.6 ± 

1.7) ; CoQ10 (µmol/l) in in control group (0.24 ± 0.07 vs 0.43 ± 0.12), group 1 (CoQ10) 

(0.23 ± 0.09 vs 0.90 ± 0.44), group 2 (Ex) (0.25 ± 0.1 vs. 0.53 ± 0.19) and group 3 

(Ex&CoQ10) (0.3 ± 0.12 vs 0.94 ± 0.18). Triglycerides (mg/dl) in control group (88.5 ± 

31.8 vs. 110 ± 46.8). No significant differences were found between before and after 

treatment in EE Walk (kcal), Glucose (mg/dl), Cholesterol (mg/dl), LDL (mg/dl) and 

HDL (mg/dl) (p<0.05), respectively. 
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Table 6 Weight (kg) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 

Group Weight (kg) % Change P-value 

 
Before After 

  Control 60.66 ± 5.57 60.23 ± 4.11 -0.701 0.724 

CoQ10 62.58 ± 6.13 62.26 ± 6.09 -0.519 0.331 

Ex 60.80 ± 5.80 59.81 ± 5.80 -1.631 0.004# 

Ex&CoQ10 63.96 ± 4.90 63.25 ± 4.90 -1.107 0.026# 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05).  

  

Figure 9 Weight (kg) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 
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Table 7 BMI (kg/m2) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 

Group BMI (kg/m2) % Change P-value 

  Before After     

Control 24.8 ± 1.48 24.4 ± 1.09 -1.613 0.321 

CoQ10 25.6 ± 1.12 25.4 ± 1.23 -0.781 0.206 

Ex 24.7 ± 1.28 24.3 ± 1.44 -1.619 0.001# 

Ex&CoQ10 25.9 ± 1.35 25.6 ± 1.3 -1.158 0.015# 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05).  

  

Figure 10 BMI (kg/m2) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

Control Group between before and after the study. 
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Table 8 FFM (kg) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 

Group FFM (kg) % Change P-value 

  Before After     

Control 40.7 ± 2.84 40.4 ± 2.53 -0.737 0.140 
CoQ10 41.7 ± 4 41.4 ± 3.89 -0.719 0.105 
Ex 40.8 ± 3.65 40.4 ± 3.93 -0.980 0.225 
Ex&CoQ10 41.7 ± 3.2 41.4 ± 3.13 -0.719 0.042# 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05).  

  

Figure 11 FFM (kg) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 
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Table 9 FM (kg) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance training 

only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and control 

group between before and after the study. 

Group FM (kg) % Change P-value 

  Before After     

Control 20.8 ± 2.57 19.9 ± 1.84 -4.327 0.039# 

CoQ10 20.9 ± 2.24 20.7 ± 2.48 -0.957 0.143 

Ex 20 ± 3.02 19.4 ± 2.96 -3.000 0.049# 

Ex&CoQ10 22.2 ± 2.6 21.7 ± 2.46 -2.252 0.001# 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05).  

  

Figure 12 FM (kg) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 
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Table 10 Resting Energy Expenditure: REE (kcal/day) of CoQ10 = Supplemented CoQ10 

only, Ex = Circuit resistance training only, Ex&CoQ10 = Supplemented CoQ10 with 

circuit resistance training and control group between before and after the study. 

Group REE (kcal/day) % Change P-value 

  Before After     

Control 1726 ± 358 1370 ± 389 -20.626 0.013# 
CoQ10 1736 ± 290 1460 ± 264 -15.899 0.005# 
Ex 1780 ± 262 1435 ± 363 -19.382 0.000# 
Ex&CoQ10 1426 ± 403 1444 ± 305 1.262 0.879 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05). 

  

Figure 13 Resting Energy Expenditure: REE (kcal/day) of CoQ10 = Supplemented CoQ10 

only, Ex = Circuit resistance training only, Ex&CoQ10 = Supplemented CoQ10 with 

circuit resistance training and control group between before and after the study. 
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Table 11 Energy Expenditure during submaximal walking: EE Walk (kcal/10min) of 

CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance training only, Ex&CoQ10 = 

Supplemented CoQ10 with circuit resistance training and control group between 

before and after the study. 

Group EE Walk (kcal/10min) % Change P-value 

  Before After     

Control 70.3 ± 17.9 63.1 ± 25.3 -10.242 0.392 
CoQ10 66.4 ± 16.1 75.1 ± 9 13.102 0.106 
Ex 69.6 ± 22.9 75.9 ± 16.4 9.052 0.370 
Ex&CoQ10 69 ± 21.1 74.5 ± 14.1 7.971 0.398 

Each parameter represents mean±SD. 
# Significant difference between before and after treatment by paired t-test (p<0.05). 

 

Figure 14 Energy Expenditure during submaximal walking: EE Walk (kcal/10min) of 

CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance training only, Ex&CoQ10 = 

Supplemented CoQ10 with circuit resistance training and control group between 

before and after the study. 
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Table 12 VO2Max (ml/kg/min) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit 

resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance 

training and control group between before and after the study. 

Group VO2Max (ml/kg/min) % Change P-value 

  Before After   
 

Control 33.4 ± 3.2 32.3 ± 3.4 -3.293 .227 
CoQ10 30.4 ± 1.8 33.6 ± 2.6 10.526 .000*a# 
Ex 32.5 ± 2 34.5 ± 2.4 6.154 .001*a# 
Ex&CoQ10 31.6 ± 1.5 34.6 ± 1.7 9.494 .000*a# 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05).  

 

Figure 15 VO2max (ml/kg/min) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit 

resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance 

training and control group between before and after the study. 
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Table 13 Glucose (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit 

resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance 

training and control group between before and after the study. 

Group Glucose (mg/dl) % Change P-value 

  Before After   
 

Control 89.4 ± 6.7 90.1 ± 6 0.783 0.534 
CoQ10 90.2 ± 8.5 89.2 ± 9.3 -1.109 0.445 
Ex 90.3 ± 6.7 88.8 ± 6.4 -1.661 0.194 
Ex&CoQ10 92.6 ± 8.5 90.4 ± 6.6 -2.376 0.118 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05). 

 

Figure 16 Glucose (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit 

resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance 

training and control group between before and after the study. 
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Table 14 Cholesterol (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit 

resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance 

training and control group between before and after the study. 

Group Cholesterol (mg/dl) % Change P-value 

  Before After   
 

Control 211 ± 34.7 214 ± 28.3 1.422 0.780 
CoQ10 229 ± 36.6 217 ± 29.1 -5.240 0.447 
Ex 229 ± 55.5 223 ± 29.9 -2.620 0.634 
Ex&CoQ10 224 ± 28.7 216 ± 30.4 -3.571 0.313 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05).  

 

Figure 17 Cholesterol (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit 

resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance 

training and control group between before and after the study. 
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Table 15 Triglyceride (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit 

resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance 

training and control group between before and after the study. 

Group Triglyceride (mg/dl) % Change P-value 

  Before After   
 

Control 88.5 ± 31.8 110 ± 46.8 24.294 0.044# 
CoQ10 122 ± 68.6 116 ± 48.7 -4.918 0.720 
Ex 134 ± 73.5 148 ± 91.9 10.448 0.442 
Ex&CoQ10 105 ± 52.9 113 ± 82.5 7.619 0.589 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05).  

 

Figure 18 Triglyceride (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit 

resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance 

training and control group between before and after the study. 
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Table 16 LDL (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 

Group LDL (mg/dl) % Change P-value 

  Before After   
 

Control 134 ± 27.7 131 ± 30 -2.239 0.596 
CoQ10 148 ± 30 135 ± 25.3 -8.784 0.301 
Ex 146 ± 50.6 140 ± 24.9 -4.110 0.657 
Ex&CoQ10 141 ± 26.6 134 ± 29.2 -4.965 0.419 

Each parameter represents mean±SD.  
# Significant difference between before and after treatment by paired t-test (p<0.05) 

 

Figure 19 LDL (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 
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Table 17 HDL (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 

Group HDL (mg/dl) % Change P-value 

  Before After   
 

Control 59.4 ± 17.9 61 ± 14.7 2.694 0.604 
CoQ10 56.5 ± 12.5 58.7 ± 13.7 3.894 0.630 
Ex 56.6 ± 14.4 53.3 ± 11.5 -5.830 0.318 
Ex&CoQ10 61.7 ± 19.2 59.4 ± 22.5 -3.728 0.341 

Each parameter represents mean±SD. 
# Significant difference between before and after treatment by paired t-test (p<0.05). 

 

Figure 20 HDL (mg/dl) of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance 

training only, Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and 

control group between before and after the study. 
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Table 18 Plasma CoQ10 levels (µmol/l) of CoQ10 = Supplemented CoQ10 only, Ex = 

Circuit resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit 

resistance training and control group between before and after the study. 

Group CoQ10 (µmol/l) % Change P-value 

  Before After   
 

Control 0.24 ± 0.07 0.43 ± 0.12 79.167 0.000# 
CoQ10 0.23 ± 0.09 0.9 ± 0.44 291.304 0.000*a# 
Ex 0.25 ± 0.1 0.53 ± 0.19 112.000 0.001b# 
Ex&CoQ10 0.3 ± 0.12 0.94 ± 0.18 213.333 0.000*ac# 

Each parameter represents mean±SD. 
# Significant difference between before and after treatment by paired t-test (p<0.05). 

  

Figure 21 Plasma CoQ10 levels (µmol/l) of CoQ10 = Supplemented CoQ10 only, Ex = 

Circuit resistance training only, Ex&CoQ10 = Supplemented CoQ10 with circuit 

resistance training and control group between before and after the study. 
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Part 3: Correlations between VO2max (ml/kg/min) and CoQ10 (µmol/l) 

Table 19 Correlations between VO2max (ml/kg/min) and CoQ10 (µmol/l) before 

treatment of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance training only, 

Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and control group 

before the study. 

Before Treatment VO2max CoQ10 

VO2max Pearson Correlation 1 .024 

  Sig. (1-tailed)   .434 

  N 48 48 

CoQ10 Pearson Correlation .024 1 

  Sig. (1-tailed) .434   

  N 48 48 

 r form 0.21-0.40 means both variables had low relationships 
 r form 0.41-0.70 means both variables had moderate relationships 
 r form 0.71-1.00 means both variables had high relationships 

 

Figure 24 Correlations between VO2max (ml/kg/min) and CoQ10 (µmol/l) before 
treatment of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance training only, 
Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and control group 
before the study. 
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Table 20 Correlations between VO2max (ml/kg/min) and CoQ10 (µmol/l) after 
treatment of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance training only, 
Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and control group 
after the study. 

After Treatment VO2max CoQ10 

VO2max Pearson Correlation 1 .298* 

  Sig. (1-tailed)   .020 

  N 48 48 

CoQ10 Pearson Correlation .298* 1 

  Sig. (1-tailed) .020   

  N 48 48 

*. Correlation is significant at the 0.05 level (1-tailed). 
  r form 0.21-0.40 means both variables had low relationships 

 r form 0.41-0.70 means both variables had moderate relationships 
 r form 0.71-1.00 means both variables had high relationships 

 

Figure 22 Correlations between VO2max (ml/kg/min) and CoQ10 (µmol/l) after 
treatment of CoQ10 = Supplemented CoQ10 only, Ex = Circuit resistance training only, 
Ex&CoQ10 = Supplemented CoQ10 with circuit resistance training and control group 
after the study. 
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CHAPTER V 
DISCUSSION 

This pretest posttest equivalent groups study of coenzyme Q10 and circuit 
resistance training on energy expenditure at rest and during submaximal treadmill 
walking in 40-60 years old overweight women. The results of the study were 
discussed according to the hypothesis as follow: 

Overweight women who acquired circuit resistance training with supplemented 
coenzyme Q10 would be more prone to increase energy expenditure than 
those who acquired only CoQ10 or only circuit resistance training. 

Previous studies have reported that coenzyme Q10 is an essential cofactor 
involved in the electron transport pathway that was released from aerobic 
respiration within the mitochondria (Crane, 2001). Recent studies have shown the 
provision of facilitate coenzyme Q10 delivery and uptake to the muscle (Cooke et al., 
2008). Theoretically, this may enhance bioavailability of coenzyme Q10 and promote 
greater energy expenditure. However, the effects of coenzyme Q10 on plasma 
coenzyme Q10 concentrations and exercise performance have never been clarified. 
Therefore, the researcher aimed to determine the role of coenzyme Q10 and circuit 
resistance training on energy expenditure in overweight women. 

The results of this study showed that maximum oxygen consumption 
(VO2max) was significantly higher after treatments in group 1 (CoQ10), group 2 (Ex) and 
group 3 (Ex&CoQ10). It was possible that the coenzyme Q10 supplementation and/or 
circuit resistance training have shown the performance-enhancing effects after 
treatment (Gokbel, Gul, Belviranl, & Okudan, 2010). Dube et al. (2008) investigated 
the separate and combined effects of exercise training and weight loss on exercise 
efficiency and substrate oxidation. They concluded that exercise training, either alone 
or in combination with weight loss, increases both exercise efficiency and the 
utilization of fat during moderate physical activity in previously sedentary, obese 
older adults. Plasma coenzyme Q10 levels were significantly higher after treatments in 
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four groups. The higher levels of plasma  CoQ10 in group 2 (Ex) and control group 
might be caused by nutrition replenishment that available in most foods (Crane, 
2001). The levels of plasma coenzyme Q10 after treatment were indicated with 
standard range based on the reference intervals in healthy adults of plasma 
coenzyme Q10 levels range from 0.40 to 1.91 µmol/l (Bhagavan & Chopra, 2006). 

One possible explanation of the effects of oral coenzyme Q10 
supplementation on performance during repeated bouts of supramaximal exercise 
which indicated that fatigue indexes decreased with CoQ10 supplementation, but 
these decreases did not differ from that seen with placebo supplementation. 
Therefore, CoQ10 may show performance-enhancing effects during the repeated 
bouts of supramaximal exercises and CoQ10 might be used as ergogenic aid (Gokbel 
et al., 2010). 

Another research has suggested that supplementation with certain 
antioxidants was practical for physically active individuals to speed up recovery from 
fatigue according to the results of CoQ10 level and VO2max in this study (Banerjee, 
Mandal, Chanda, & Chakraborti, 2003). Increasing in plasma CoQ10 levels could 
explain the increased time to exhaustion observed in the prevailing study. It has 
been previously suggested that the CoQ10 redox shuttle is a rate limiting step in the 
oxidative phosphorylation pathway (Hackenbrock, Chazotte, & Gupte, 1986). CoQ10 
supplementation increased the physical performance capacity of these endurance 
athletes, as more intense training and efficient recovery became possible, probably 
due to CoQ10-induced changes in energy production according to the results of REE, 
EE walk and VO2max in this study (Ylikoski, Piirainen, Hanninen, & Penttinen, 1997). 

Body mass index (BMI) used as guideline to encourage overweight women to 
achieve a realistic target with a high probability of health benefits but the increases 
in energy expenditure were not in direct proportion to body weight. However, the 
body weight and BMI in this study was significantly lower after treatments in group 2 
(Ex) and group 3 (Ex&CoQ10). Fat mass (FM) was significantly lower after treatments in 
group 2 (Ex), group 3 (Ex&CoQ10) and control group. But fat free mass (FFM) in group 
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3 (Ex&CoQ10) was significantly lower after treatments. Decreasing in FFM may be 
caused by aging process, reducing to synthesize proteins and support new muscle 
growth (McArdle et al., 2007). However, Decreasing in FM was supports that the circuit 
resistance training has been shown to improved body composition (Ferreira et al., 
2010). Resting energy expenditure (REE) was significantly lower after treatments in 
four groups. Energy expenditure during walk (EE walk) was not significant difference 
between before and after treatments. The negative results of REE and EE walk in this 
research may be caused by insufficient recovery after training session and may be 
caused by age-related decline in resting energy expenditure in humans is due to the 
loss of fat-free mass (Bosy-Westphal et al., 2003). Maximum oxygen consumption 
(VO2max) was significantly higher after treatments in group 1 (CoQ10), group 2 (Ex) and 
group 3 (Ex&CoQ10) (Kraemer & Ratamess, 2004).  

No significant differences were found between before and after treatment in 
Glucose (mg/dl), Cholesterol (mg/dl), LDL (mg/dl) and HDL (mg/dl). However, 
Triglyceride (mg/dl) was found to be significantly increased in control group. Plasma 
coenzyme Q10 (CoQ10) levels was significantly higher after treatments in four groups. 
The higher levels of plasma  CoQ10 in group 2 (Ex) and Control group may be caused 
by nutrition replenishment that available in most food (Crane, 2001). However, the 
levels of plasma coenzyme Q10 concentration could not explain the increased 
energy expenditure observed in this study. But it was established that the maximum 
oxygen consumption (VO2max) was correlated with plasma coenzyme Q10 levels and 
could be used a good reflection of physical performance (Gokbel et al., 2010). But 
the statistically significant change in plasma coenzyme Q10 levels could not explain 
the development of energy expenditure at resting and during submaximal walking 
that observed in this study. However, coenzyme Q10 supplementation tend to be 
increased the physical performance capacity probably as a result of coenzyme Q10-
induced changes in their physical performance (Malm, Svensson, Ekblom, & Sjodin, 
1997).  
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In contrast, the researcher found the paradoxical effects of using antioxidant 
supplementation combined with circuit resistance training in group 3 (Ex&CoQ10) 
including EE walk, VO2max, cholesterol, Triglyceride, LDL and HDL when compared 
with group 1 (CoQ10) and group 2 (Ex). This may be caused by not only aging process 
and progressive overload in circuit resistance exercises that were related to increase 
in free radical formation in the skeletal muscle (Ji, 2001) but also antioxidant 
supplementation may impaired performance during training by decreasing exercise-
induced mitochondrial biogenesis and the antioxidant capacity in skeletal muscle (M. 
C. Gomez-Cabrera et al., 2008). Therefore, whether antioxidant supplementation or 
strenuous exercise would impair the skeletal muscle has been an important point of 
discussion. However, further study for a better clarification is needed (Mari Carmen 
Gomez-Cabrera, Ferrando, Brioche, Sanchis-Gomar, & Viña, 2013). 

In conclusion, coenzyme Q10 could not alter in energy expenditure at rest 
and during submaximal treadmill walking in 40-60 years old overweight women.  
No side effects were reported with CoQ10. 
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CHAPTER VI 
CONCLUSION 

Summary of the study 

This study aimed to investigate the role of coenzyme Q10 and circuit 
resistance training on energy expenditure at rest and during submaximal treadmill 
walking in 40-60 years old overweight women. Forty-eight volunteered subjects, aged 
40-60 years, were obtained by voluntary process and purposive sampling for more 
specific predefined groups based on the particular objective of the experiment. 
Subjects were purposively assigned into one of four groups. Group 1 (CoQ10) with 
supplemented CoQ10 only (n=12), group 2 (Ex) with circuit resistance training only 
(n=12), group 3 (Ex&CoQ10) with both supplemented CoQ10 and circuit resistance 
training (n=12), and group 4 control group (n=12). Forty-eight overweight women 
subjects based on The Western Pacific Region criteria recruited from the Bank of 
Thailand (BOT). Data were collected during June to September 2013. 

It was found that after 12 weeks of treatment there were no significant 
differences observed in energy expenditure at rest and during submaximal treadmill 
walking among all groups. Except for maximum oxygen consumption (Vo2max) and 
plasma coenzyme Q10 levels which were higher in overweight subjects with 
coenzyme Q10 supplement and/or circuit resistance training. Moreover, we found a 
low positive correlation between maximum oxygen consumption (VO2max) and 
plasma coenzyme Q10 levels (r = 0.298). 
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Recommendation form this study 

1. There should be another technique to improve the energy expenditure. 

2. There should be more resting time of interval between sets and circuits. 

3. There should be increased the repetition maximum for each set. 

Recommendation for further study 

1. There should be another dose of CoQ10 to make comparison between groups. 

2. There should have an exercise program with CoQ10 for other groups of people. 

3. There should be control the research limitations of this study.
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APPENDIX A 
SAMPLE SIZE TABLE 

 (α = .05) 

 

(Cohen, 1988) 
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APPENDIX C 
LIST OF EXPERTS 

There are five experts who have validated the content of research instruments. 
There are:  

1.  Associate Professor Dr. Phensri Thongnopnua 
Faculty of Pharmaceutical Sciences, Chulalongkorn University. 

2. Sitha Phongphibool 
Faculty of Sports Science, Chulalongkorn University. 

3. Associate Professor Dr. Prawit Janwantanakul 
Faculty of Allied Health Sciences, Chulalongkorn University. 

4. Assistant Professor Dr . Praneet Pensri 
Faculty of Allied Health Sciences, Chulalongkorn University. 

5. Kompakorn Limsuthirat 
Faculty of Physical Therapy, Mahidol University. 

 

 

http://www.pt.mahidol.ac.th/
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Appendix D 
Index of Item-Objective Congruence 

Expert’s Ratings the Index of Item–Objective Congruence Values 

Number Questions Result 
  The components of circuit resistance training -1 0 +1 

1 Material of resistive exercise band       
  1.1 Resistive exercise band (Sanctband®)       
  1.2 Endurance       
  1.3 Portable       
  1.4 Powder Free       
  1.5 Eco-Friendly       

2 Patterns of circuit resistance training       
  2.1 Interesting       
  2.2 Easy to do       
  2.3 Variety and Smoothly-continuous       
  2.4 Appropriate for overweight women       

3 Procedure of circuit resistance training       
  3.1 Load       
  3.2 Number of exercise       
  3.3 Time per station       
  3.4 Number of circuit per station       
  3.5 Rest interval between sets       
  3.6 Rest interval between circuit       
  3.7 Speed of execution       
  3.8 Frequency        

Suggestion……………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………… 

 

(…..…………..………………………..) 

IOC Expert 
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APPENDIX E 
THE PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PAR-Q) 
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APPENDIX F  
RESEARCH ETHICS REVIEW 

 

 



 
 

 

84 

 

  



 
 

 

85 

 

  



 
 

 

86 

 

  



 
 

 

87 

 



 
 

 

88 

 
  



 
 

 

89 

 
  



 
 

 

90 

 
  



 
 

 

91 

 
  



 
 

 

92 

 
  



 
 

 

93 

 
  



 
 

 

94 

 
  



 
 

 

95 

 
  



 
 

 

96 

 
  



 
 

 

97 

 
  



 
 

 

98 

 
  



 
 

 

99 

APPENDIX G  
GS CERTIFICATE (Sanctband Exercise Band) 
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APPENDIX H 
CIRCUIT RESISTANCE TRAINING PROTOCOL 

The circuit resistance training (CRT) program, were trained by pulling the band 
for 3 circuits (10 muscle training positions in each circuit with 60-90 seconds rest 
interval between each circuit). Each muscle training position was trained with 1 set 
and with 8-12 repetitions a set and then was alternatively trained with the other 
muscle groups without any break in one circuit. They were trained 3 days a week for 
every other day until 12 weeks. 

10 Resistance Band Exercises 

 

 

  

Circuit Resistance Training Program 
Load 3 sets with 8-12 RM each set 
No. Exercise 10 exercises 
Time per station 30-60 seconds 
No. Circuits per session 3 sessions 
Rest interval between sets Continuous 
Rest interval between circuits 60-90 seconds 
Speed of execution Slow to medium 
Frequency 3 alternate days per week 

(Monday, Wednesday, and Friday) 
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CIRCUIT RESISTANCE TRAINING (CRT) 

Exercise 1 (Biceps curls) 

- Stand in neutral position. 

- Wrap end of resistive band around each hand. 

- Loop band around both feet, keeping feet shoulder-width apart. 

- Raise hands up. 

- Repeat for 8-12 repetitions. 
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Exercise 2 (Triceps extension) 

- Stand in neutral position. 

- Grip resistive band with both arms. 

- Slowly lift up the resistive band one side at a time above your head. 

- Repeat for 8-12 repetitions. 
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Exercise 3 (Chest presses) 

- Sit on floor. 

- Grip resistive band with both arms. 

- Hold resistive band behind your back. 

- Slowly Stretch forward with both hands. 

- Repeat for 8-12 repetitions. 
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Exercise 4 (Pull back) 

- Sit on floor. 

- Hold resistive band firmly with supported at feet. 

- Slowly pull backwards while maintaining tension. 

- Repeat for 8-12 repetitions. 
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Exercise 5 (Squats) 

- Grip resistive band with both arms. 

- Squat lower and bend knee. 

- Straighten body while maintaining tension on bands. 

- Repeat for 8-12 repetitions. 
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Exercise 6 (Hip Abduction) 

- Place both legs in the resistive loop band. 

- Extend outwards. 

- Repeat for 8-12 repetitions. 
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Exercise 7 (Abdominal crunch) 

- Sit on resistive band and hold both ends. 

- Sling resistive band behind shoulder. 

- Bent and maintain tension. 

- Repeat for 8-12 repetitions. 
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Exercise 8 (Kick back) 

- Place both legs in the resistive loop band above knees with neutral position. 

- Single leg curls using gluteus muscle strength. 

- Repeat for 8-12 repetitions. 
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Exercise 9 (Lateral towards back) 

- Hold resistive band with arms extend forward. 

- Pull towards back and sideways. 

- Repeat for 8-12 repetitions. 
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Exercise 10 (Single leg curl) 

- Place both legs in the resistive loop band above ankles with neutral position. 

- Single leg curls using hamstring strength. 

- Repeat for 8-12 repetitions. 
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