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ABSTRACT

This study was designed to i i the effects of a high-i sity circuit
training exercise program on obese sedentary males, and circulating levels of pancreatic
polypeptide. A total of 8 participants underwent an exercise intervention in which 12
exercise sessions over four weeks were completed. In each exercise session participants

ible.

performed 7 resistance/body weight exercises in 3 circuits with as little rest as pos
Each week participants exercised 3 times and had blood work taken 2 times on
alternating days. A dual-energy x-ray absorptiometry (DXA) scan was completed pre and
post exercise program to measure body composition. The results indicated that the
exercise program significantly changed the volume of work completed. resting heart rate.

systolic blood pressure, body fat percentage, lean and fat tissue percentages. and trunk

and leg fat . There was no significant change in i polypeptide levels.

diastolic blood pressure, time to completion, body mass, BMI. lean or fat body mas:

ons of a high-

arm fat tissue. The results of this study indicate that 12 exerci:

intensity circuit training exercise program are safe (for an otherwise healthy obese male)

ecreasing diovascular risk factors and

and effective in changing body

increasing strength.
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' TRODUCTION

CHAPTER 1:

L1 BACKGROUND OF STUDY

ncreased

Obesity is becoming a worldwide health concern and the rate of obesity has
significantly in the last 30 years. In Canada., the rate of obesity has tripled in the past few

t e

decades. and the most obese populations in Canada are located in the E: t (New
Brunswick, Nova Scotia, Prince Edward Island. and Newfoundland & Labrador)

(Durstine, Moore, Painter, & Roberts. 2009). There are a series of health impairments

caused by obesity which include: hypertension, type Il diabetes, heart discase. joint
problems, breathing problems, liver malfunction, and some cancers (Anis, et al.. 2010:

ftects the health of the individual. it also

Durstine. et al., 2009). Obesity not only

0. and

sociated with obesity because it contributes

increases the health care costs

causes other health impairments (Anis, et al., 2010). The cause of obesity is a complex
interaction of several different factors, which include: poor diet. lack of physical activity,

| mechanisms (i.e. soci ic status or mental

and envi

. hormone problems).

disorders),

s well as physiological mechanisms

Appetite and satiety are two important physiological mechanisms that play a role in

sms are regulated by specific

the development of obesity and these mechar

It glucagon-like peptide 1

lecystokinin (CCK). ghreli

2). motilin, oxyntomodulin, pancreatic

(GLP-1), glucagon-like peptide 2 (GL

polypeptide. peptide YY (PYY;.36). secretin, and somatostatin are the nine specific



hormones that directly regulate appetite and satiety (O. Chaudhri. Small. & Bloom. 2006:

0. B. Chaudhri, Wynne. K., & Bloom. S. R.. 2008). Appetite and satiety both contribute

ty. the levels of these hormones found in the blood

10 how much a person cats and in obe:
are altered (leading to an increase or decrease in appetite and a decrease in satiety)
(Adrian. et al.. 1976 Batterham. et al.. 2003: O. Chaudhri, et al., 2006). The reason for
this decrease is unknown.

Due to the rise of the incidence of obesity different ways to manage obesity have
been investigated exercise has been shown to be a very effective way to manage obesity

factors (Durstine, et al.. 2009). Supplementing gut hormones has

and its associated ri:

icult and unrealistic (due to

been used as a method to manage obesity: however it is di

.. 2003: O. Chaudbhri. et

lack of availability and method of distribution) (Batterham. et a

al.. 2006: Wynne, 2003). Although, exercise is a proven way to decrease weight and

ciated factors of obesity. how exercise (and what type of exer

manage the ¢

is an area lacking

method) impa it hormones, and how this impact affects obesity




1.2 PURPOSE OF STUDY

Exercise intervention has been utilized in the management of many diseases and is

also indicated in the management of obesity (Durstine & Moore, 2003: Martins, Kulseng,

King. Holst, & Blundell, 2010; Martins, Morgan, Bloom, & Robertson, 2007). The
proper method of exercise to utilize for obese individuals is debated. with some

cular benefits, and

cardiova

ionals prescribing aerobic exercise (due to its

profe:
increased in caloric expenditure during exercise bout), and others prescribing resistance

-ase in

training (due to its maintenance of lean muscle mass which contributes to an inc

caloric di (Gibala, Little, & Hawley, 2012: Jakicic. Marcus,

: Strasser &

hobersberger.

Gallagher, Napolitano, & Lang, 2003; Martins, et al., 201

2011). To avoid losing any benefits of one type of training. a combination of resistance

training and acrobic training may be more beneficial. Circuit training incorporates both

resistance training and acrobic training in a high-intensity. short duration exercise bout.

s the heart rate

Exer are completed one after another. with ver

increased for the duration of the exercise (similar to acrobic exercise) while the ¢:

included are resistance exercises in nature (Gibala, et al., 201

Unfortunately. it is commonly thought that obese individuals not participate in high
intensity training due to their *unhealthy” state: there is no scientific evidence to support

this claim.

T'he gut hormones that regulate appetite and satiety are important in the development

and in the management of obesity so it is important to determine what hormones are most



important. Pancreatic polypeptide directly influences the higher brain centers to initiate
satiety and decrease appetite (Batterham, et al.. 2003: O. Chaudhri. et al.. 2006: Martins.

etal.. 2007). Pancreatic polypeptide directly signals the brain (whereas other hormones

send signals via second messengers) so it could play a more vital role in the control of

appetite and satiety. There is no research to show the effect of resistance training on the

levels of PP but these levels have been shown to increase after bouts of aerobic exerci

(Martins, et al.. 2010), Thus, the main purpose of this study was to investigate the effe

of high-intensity nce training exercise over a four week period on otherwise

healthy obese individuals and the circulating levels of p ic polypeptide in these

individuals.



IFICANCE OF STUDY

Obesity is an i ional concern and investigating any of the causes of and how to
manage it is important. The role gut hormones play in obesity is clearly important,
though, the mechanism that causes the circulating levels of these hormones to change in
obesity are unknown. Future research conducted with gut hormones can shed some light

into how and why obesity causes this physiological change

cise in particular has been shown to be an appropriate method to manage obesity

and it’s many associated risk factors. Further understanding of how exercise affects
obesity is significant because it is cost effective, easy to implement, and can elicit
positive benefits. Since the mode of exercise for obese individuals is often debated. it is

important to determine what method of exercise will be the most beneficial. High-

intensity circuit training may provide benefits of both aerobic and resistance training.

Circuit training could potentially cause some significant effects in obese individuals

well as increase the levels of ic polypeptide found in (also adding to

effects remain unknown.

the benefits of exercise for obese individu:




1.4 DEFINITIONS

Obesity. The accumulation of excess body fat that often results in significant
health impairments (Anis. et al.. 2010).

Gut Hormones. A series of specific hormones that are released in the
gastrointestinal system and regulate different aspects of the body.

Appetite. The desire to eat food. Often mistaken with hunger which is the

physiological need to cat food.

Satiety. The feeling of fullness an individual feels after eating a meal.

{erobic Exercise. A form of exercise that mainly utilizes the aerobic system of’
the body (i.e. running. cycling, brisk walking). or the continuous use of large muscle
groups.

Resistance Exercise. A form of exercise training that involves strengthening

muscles and utilizes the anacrobic system of the body (i.e. lifting weights, body weight

. plyometrics).
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CHAPTER 2: REVIEW OF LITERATURE

2.1 INTRODUCTION

T'he level of obesity worldwide has increased substantially in the past 30 years.

ing over 300 million people and has become one of the largest world health
concerns (Durstine, Moore, Painter, & Roberts, 2009). In Canada the rate of obesity has
tripled in the past few decades. and the most obese populations in Canada are the citizens
located in Eastern Canada (Nova Scotia, New Brunswick, Prince Edward Island. and

/s the accumulation of excess

Newfoundland & Labrador). Obesi body fat that often

results in significant health impairments (Durstine & Moore, 2003). There are many
causes of obesity including hypothalamic, endocrine, and genetic disorders, however.

poor diet and lack of physical activity are the leading causes (Durstine & Moore. 2003).

Not only does obesity affect individual health. but it increases health care costs because it

contributes to and causes various health impairments (Anis. .. 2010). Some of these

obesi

y-induced impairments include: hypertension. type 2 diabetes, heart discase. joint

. breathing problems, and liver maltunction (Fernandez-Sanchez,

problems, some cancers

etal., 2011: Sizer, Whitney. & Piche, 2009). Each of these co-morbidities also has health

Thus, the prevention and management of obesity are very important for currently

obese individuals and to those at risk of developing obesity.



T'he most effective way to manage obesity is often debated: however. exercise has
been shown to be a very effective way to manage obesity and its associated co-
morbidities (Durstine. et al.. 2009). There are also physiological ways to manage obesity.

found in

Obesity can lower the levels of specific g
blood which eventually leads to an increased appetite and decreased satiety in those who
are obese. Although exercise is a proven way to decrease weight and manage the

associated risk factors of obesity, the impact exercise has on gut hormones and how that

effect translates into whether or not it will affect obesity is an area lacking research.

The purpose of the current literature review is to: 1) define obesity and associated risk
factors, 2) investigate gut hormones associated with appetite and satiety. which directly
influence obesity and. 3) investigate the effect exercise training has on obesity and gut
hormones. and 4) examine how exercise plays an integral role in management of obesity

as a whole.



22 DEFINITIONMEASUREMENT OF OBI

Obesity is defined by several different methods. One crude but commonly used
method to define obesity is body mass index (BMI). A BMI of greater than 30 ke/m*
indicates that someone is obese (Durstine et al.. 2009; Ehrman, 2009). However, BMI

ils to take into account other factors that contribute to obesity (besides height and

weight) such as muscle mass, bone mass, age. gender. and ethnicity (Kennedy, Shea, &
Sun. 2009). Other methods of measuring body fat percent (BF%) have been proven to be

more accurate, such as: dual-energy X-ray absorptiometry (DXA), air-displacement

plethysmography, and underwater weighing (Dempster & Aitkens, 1995; Kennedy. et al..

2009: Salamone, et al.. 2000; Sizer, et al.. 2009). A study performed by Kennedy et al.
(2009) compared BMI vs. DXA: it was found that over one-third of the males and

females were misclassified by the BMI criteria when compared to DXA criteria (obese

sified

individuals were being cl: normal weight or overweight). Other research has

found that BMI is not accurate in predicting adiposity status in normal to mildly

Adams, et al.. 2007: Curtin, Morabia.

overweight individuals, or in obese individuals

Pichard. & Slosman, 1997: Romero-Corral. et al., 2008).

Due to the aft i obesity obesity has been categorically

defined based on phenotype. Type 1 obesity is excess body mass or fat percentage. type 2

beutaneous truncal-abdominal fat (android), type 3 obesity is excess

obesity is exces
abdominal visceral fat, and type 4 obesity is excess gluteal-femoral fat (gynoid) (Durstine

& Moore, 2003). Performing a DXA scan, can distinguish between the android (typically




male) and gynoid (typically female) fat distributions. DXA is considered the gold
standard for evaluating body composition (Kennedy. Shea, Sun, 2009). Future research

on obese populations should be conducted with the DXA for the most reliable and

accurate results.

24



23 OBESITY AND RISK FACTORS

stroke, gallbladder disease,

Ob:

ity has many

osteoarthritis. sleep apnea, and at least eight different forms of cancer (Anis, et al.. 2010).
The two most prevalent co-morbidities are type I1 diabetes and hypertension (which leads

to other cardiovascular diseases) (Anis, et al., 2010: Durstine, et al.. 2009). Fat build up

due to obesity can be distributed in different ways and in different areas. Subcutaneous

fat is fat that lies between the skin and the internal organs, whereas visceral fat is fat that
lies deep within the cavities of the body. Visceral fat is associated with more co-
morbidities (compared to subcutaneous fat), and it is visceral fat that plays a role in

metabolic disruptions because of its affects on insulin resistance and glucose intolerance

(Ehrman. 2009).

Type Il diabetes is characterized by increased insulin resistance. and often.

individuals with type II diabetes are obese. Obesity contributes to the development of
diabetes because it causes a decrease in insulin sensitivity (and diabetes is characterized

by increased insulin resistance) (Durstine. et al.. 2009). According to Fahey et al. (2010).

obese individuals are at risk of increased cardiovaseular heart disease (CHD) regardless
of any other existing health problems (Fahey, 2010). Both CHD and Type II diabetes are

n reduce

significant co-morbidities associated with obesity. and thus, treating obesity
the risks of these (and other) associated diseases (Church, 2011: Strasser &

Schobersberger. 2011).



Managing obesity will not only reduce body weight but it will also serve as

ciated health risks. Church (2011) found that a

secondary management tool for the as:

combination of res

stance training and aerobic training is the best combination of exercise

type (when compared to no exercise. or acrobic alone and resistance exercise alone) o

de ¢ insulin resistance. indicating that exercise plays a role in managing diabetes. Not

only has exercise been proven to manage diabetes but it has been shown to be an

effective treatment for obese individuals since exercise improves cardiovascular function
and capacity. systolic and diastolic blood pressure, insulin sensitivity. fleibility.

muscular force production, improved performance of activities of daily living (ADL’s)

al.. 2011: Geliebter, et al., 1997) and an increased resting basal metabolic

(de Deus,

rate. Along with the above benefits of exercise, weight loss is the biggest benefit which
not only contributes to the management of type II diabetes but a decrease in body weight

can lead to an overall healthy lifestyle.

is associated with a 10

As reported by Haslam et al. (2006), a 10% weight los
mmHg decline in systolic and diastolic blood pressure. 40-60% decline in the incidence
of diabetes, 10% decline in total cholesterol, and a 15% decline in LDL cholesterol. and a
20% decline in all causes of mortality (Haslam, Sattar, & Lean, 2006). With these proven
benefits of weight loss, and using exercise as a tool to reduce weight. it is clear that

leted i exercise as a tool for

further research should be

obesity. Further discussion about obesity and exercise follows in a later section.

26



2.4 OBESITY AND METABOLIC RATE

Not only does increased fat cause the aforementioned co-morbidities, but it also

free mass (or lean

contributes to decreased resting metabolic rate, and low fa

mass/muscle mass) is directly related to a lower metabolic rate as well (Wilmore. Costill.

Kenney. 2008). A lower metabolic rate means that fewer calories will be expended at

rest. leading to a lower chance of losing weight and an increased chance of gaining more
weight (as opposed 1o an individual with a higher metabolic rate). Basal metabolic rate

(BMR) is the amount of energy that a person uses while they are awake. lying down.

fasted for 12 hours, and physicall

and mentally relaxed. Basal metabolic rate represents

the energy requirements of the body in a resting state: it is estimated by measuring a
person’s rate of oxygen consumption (Stanfield, 2009). Generally, BMR will increase as
body weight increases. and. muscle tissues have a higher resting metabolic rate (RMR)

compared to adipose tissue (Stanfield, 2009). Having a low RMR is associated with

having s adipose tissue (and increased BMI) and a higher resistance to losing

weight. Investigating the variables that contribute to RMR could prove to be useful

treatments for obesity (Miller, 2012). For obese individuals, it is important to manage

energy balance. and as stated above. muscle tissue and adipose tissue have different

energy demands with muscles having a greater need for energy. thus an increase in

) which

caloric expenditure. Exercise can lead to increased muscle mass (or fat free m:

will increase the bodys need for energy, which in turn, will increase the RMR of an

individual (Broeder, 1992: Wilmore et. al 2008).

ercise decreases body weight, and



increases muscle mass, subsequently increasing metabolic rate (i.¢. increased caloric

expenditure at rest).

Another aspect of exercise that plays a role in metabolic rate is excess post-
exercise oxygen consumption (EPOC). EPOC is the body’s increased metabolic need
after work or exercise (Danduran, Dixon. & Rao, 2012). Thus, following a bout of

. the body’s metabolic requirements and energy expenditure remains clevated

(Mukaimoto & Ohno, 2012). The concept of EPOC could play a role in the management

of obesity and should be further investigated. Along with the above discussion about

obesity. the internal physiological mechanisms (such as hormones) that contribute to
obesity are important to investigate. The next section will take an in-depth look at the role

gut hormones play in obesity.



25  GUT HORMONES

I'here are a series of gastrointestinal hormones (or gut hormones) that monitor the
physiological processes within the gastrointestinal tract. Cholecystokinin (CCK). gastrin,
chrelin, glucose-dependent insulinotropic polypeptide (GIP). glucagon-like peptide 1
(GLP-1), glucagon-like peptide 2 (GLP-2), motilin, oxyntomodulin, peptide histidine
isoleucine/peptide histidine valine (PHI/PHV). pancreatic polypeptide (PP). peptide YY
(PYY;.3). secretin and somatostatin are the major gut hormones (O. Chaudhri. Small. &
Bloom. 2006). One hormonal process of particular importance to obesity is appetite
regulation. The regulation of appetite plays a clear role in obesity. because when appetite

is increased, the desire to consume food is increased. This increase in food consumption

increases the amount of energy that enters the body and without expending energy. this

excess energy can be stored as fat. In obese individuals, the levels of the hormones that
regulate appetite are decreased. which means appetite will be increased (leading to

increased food consumption) (Chaudhary. Kang, & Sandhu, 2010). The mechanism

behind this decrease of gut hormones is unknown. There are nine hormones that

specifically regulate appetite: CCK, ghrelin, GLP-1, GLP-2. motilin. oxyntomodulin. PP,

PYY _s. secretin and somatostatin.

T'he endocrine system and the nervous system work together to coordinate the

functions of all the

tem uses

(ems in the body. more specifically the nervous sy

neurotransmitters to send signals through the body and the endocrine

stem secr

hormones which are transported through the blood stream to regulate these functions. The



pancreas is one of the main organs in the secretion and uptake of hormones (Tortora,
2009). From the major gut hormones listed above: CCK. ghrelin, GLP-1, GLP-2. motilin,

oxyntomodulin, PP, PYY.3. secretin and somatostatin are the hormones that specifically

regulate appetite and satiety.

Of these hormones, only PP is secreted directly from the pancreas (O. Chaudhri, et

al.. 2006: Wynne, 2005). Three hormones released from the gut that are responsible for
secrection of PP are ghrelin motilin, and secretin, while somatostatin is responsible for
the inhibition of PP (Parkinson. et al.. 2002). It has been shown that leptin (a very
commonly studied hormone that regulates food intake and obesity) does not regulate

003: Hwang. Chan, Ntali, Malkova. & Mantzoros. 2008:

levels of PP (Arosio, et al
Mochiki. Inui. Satoh, Mizumoto. & Itoh. 1997: Peracchi. Tagliabue, Quatrini. &

Reschini, 1999).



2.6 PANCREATIC POLYPEPTIDE

Pancreatic polypeptide shares a very similar molecular make-up to PYY and both

hormones serve similar roles. It has even been suggested that PP was produced as a clone

y from the

Of PYY ( . etal.. 2003). Pancreatic polypeptide is released

periphery (pancre ells) of the islets on the pancreas which makes it different from

PYY (which is secreted from the L-cells of the small and large intestines) (Baynes.

Dhillo, & Bloom, 2006: O. Chaudhri, et al.. 2006). The release of PP is directly
dependent on the number of calories consumed (there is a positive linear relationship

between PP and calories consumed) (Adrian, et al., 1976: O. Chaudhri. Wynne., &

Bloom, 2008: Tortora, 2009). Once PP is released into circulation, it circulates through

the blood stream and binds to the Y4-receptor in the hypothalamus. Once PP

send als (via the vagal nerve) to the gut to

connected to the Y4-receptor. the CN!

appetite (Batterham, et al..

inhibit gastric emptying and increase satiety and decreas

006: Martin

2003: O. Chaudhri. et al Morgan, & Truby. 2008).

The hypothalamus houses specific neurons in the lateral hypothalamic area (LHA)
that are known for appetite and satiety regulation (Larhammar, 1996: Sainsbury. et al..
2010). Pancreatic polypeptide is the only gut hormone that has a direct effect on the

dorsal vagal complex (DVC) in the brain (both directly, and by stimulating the vagus

nerve) in the fed state (Gardiner, Jayasena, & Bloom. 2008). This is of significance
because the DVC directly triggers the higher brain centers to cause satiety: other

hormones enter the arcuate nucleus which contains a series of second messenger systems.



ct of PP on the DVC could indicate that PP signals satiety faster than other

This direct

gut hormones (Gardiner. et al.. 2008).

Food intake can directly affect the levels of PP or affect these levels indirectly

through various disorders (i.e. obesity. anorexia. or Prader-Willi Syndrome) (O.

5). In obes

006: O. Chaudhri. Wynne. & Bloom. 2008: Wynne. 20/

Chaudhri. et al.

the levels of PP are reduced which results in an increase in eating. whereas in anorexi
the levels of PP are increased. The mechanisms behind these changes in PP are yet to be
discovered (Batterham, et al., 2003: Fujimoto, et al., 1997: Wynne. 2005). Since PP
directly affects gastric emptying and appetite, it is important to investigate what role it
plays in obesity. What is known is that there is a direct relationship between pancreatic
polypeptide and obesity. (Glaser. Zoghlin, Pienta, & Vinik, 1988: Wynne. 2005: Zipf.

O'Dorisio, Cataland. & Sotos, 1981).

Pancreatic polypeptide supplementation could be a potential therapy for obesity
especially due to how long it stays in circulation (6-24 hours) (Batterham. et al.. 2003: O.
Chaudhri. et al.. 2006: O.Chaudhri. Wynne, & Bloom. 2008: Wynne. 2005). Perhaps.
combining PP supplementation with exercise could extend the length at which PP will
stay in circulation to have prolonged effects on the feeling of satiety in obese individuals

and a decrease in appetite for extended periods of time. which would potentially lead to

more chronic weight loss (Martins, Morgan, Bloom, & Robertson. 2007). Pancreatic

polypeptide serves a vital role in the i inal tract and the of appetite



and gastric emptying. It is apparent that PP plays a role in obesity: however. this role still

needs to be further investigated.



2.7 EXERCISE

Exereise can take many forms (o suit various fitness goals: however the (wo most
common forms of exercise are resistance training and acrobic training. Often. individuals

will combine both common types. Although most exercise programs include a

combination of resistance and aerobic training, there are advantages to both types of’

training. Typically acrobic training increases cardiovascular function, improves systolic

and diastolic blood pressure, decreases resting heart rate, total cholesterol and triglyceride

levels, as well as further benefits when combined with diet. However. aerobic exercis

stance

(running, biking, walking) does not maintain fat-free mass when compared to res

training (Geliebter, et al.. 1997). Resistance training (lifting weights)) can provide both

healthy individuals and those with chronic diseases with: increased muscular force

production, muscle endurance, flexibility. improved performance in activities of daily

sure, as well as small

living. a decrease in resting heart rate and systolic blood pre:

e training program

n cardiovaseular capacity (de Deus, etal., 2011). An exerci

incred

which combines both acrobic and resistance training (a program that includes an

sed heart rate. as well as the inclusion of resistanc

extended period of iner

their fitne:

may provide greater benefits for any individual trying to increas

Such an exercise program may be considercd high intensity. One advantage of high

intensity resistance training is a large volume of work can be completed within a short

period of time. With the rest periods limited. the participants™ heart rate will remain at an



increased level. which mimics an acrobic-type exercise program, while the exercis

completed are resistance-training exercises.

One type of high intensity exercise program that combines both acrobic and

ance training and induces a prolonged increase in heart rate is called circuit training.

resi
Circuit training programs are often utilized to incorporate cardiovascular stimuli during a

resistance training program. Circuit training typically incorporates 8-12 exercises while

performing 10 to 15 repetitions of each exercise. The repetitions are performed within 30
1o 60 seconds with 30 to 45 seconds rest between sets (LaFontaine, 1997). Circuit
training (or a modification of circuit training) may be a more effective way to provide the
combination of benefits of aerobic and resistance training. Research has shown that
strength gains will occur in a circuit training program. but the cardiovascular benefits are
only modest to non-existent (Gettman. et al.. 1976: Hurley. et al.. 1984). One important
consideration when utilizing circuit training is the rest periods. Research completed by

tinheiras-Neto et al. (2010) found that if the rest interval (RI) (the amount of time

spent resting between sets of work). is increased (i.e. more rest given between sets) in

ions, the cardiovascular effect will be decreased. In other

resistance training exercis

s a decreased

words, the more time spent resting in a resistance training program, there

chance of gaining cardiovascular benefits from this form of exercise. This suggests that

when performing a resistance exercise program, or circuit training program. a short rest

period is crucial in i I lar benetits (Castinheiras-Neto. 2010).



Another important variable to consider when performing circuit training is

cained from exercise

ological benefits

intensity. It has been suggested that any ph;

training are mainly dependent on the intensity at which the individual exerci
(Hofmann & Tschakert, 2011). The intensity of acrobic exercise should be above 64-70%

of the individual's maximum heart rate (HRmax) and no higher than 94% of HRmax

(ACSM's Guidelines for Exercise Testing and Prescription, 2006). Exercising ata higher

inter

ity (i.e. closer to HRmax) has been shown to provide more benefits (i.¢. increased

cardiovascular responses, increased caloric expenditure, casier completion of ADL’s ete.)

when compared to exercise at a lower intensity while performing the same volume of'

work (Duncan, 2005: Lee & Paffenbarger. 2000). Thi: s that regardless of training

8!
volume, higher workout intensity will yield more health benefits. Thus. a combination of’

both high intensity and small rest periods may be the key components to circuit training

and provide an individual with the greatest physiological benefits. Furthermore. the

sed on normal weight and relatively healthy individu

above-ci

Specific recommendations and research on circuit training for obese individual

lacking.



28 EFFECT OF EXERCISE TRAINING ON OBESITY

due to its increase

ixercise has been suggested as a treatment method for obesity

010: Martii

in caloric expenditure (Martins, Kulseng, King, Holst, & Blundell.

Morgan, & Truby, 2008: Martins. Morgan, et al., 2007). In obese individuals, exercise

training is important in creating a negative energy balance (energy out > energy in) which

e prescription should be highly considered

is effective in managing weight. Thus, exerci

ion of

when developing a management program for obesity (Fahey, 2010). A combi
nutrition and exercise are the most effective way to create a negative energy balance
(Broeder, 1992). Aerobic exercise and resistance exercise both provide health benefits

istance training

that can affect body weight and change body composition. However, r

can maintain and increase lean body mass. subsequently resulting in an increase in RMR,

erobic exercise

muscle mass and strength, as well as daily functioning, wherea

mainly cardiovascular effects (Miller, 2012: Stantield. 2009).

Little research exists about the most effective type of exercise to help manage

and the rescarch that does exist is conflicting. Some rescarch suggests that

acrobic exercise is better for and should be implemented with the obese population due to

its cardiovascular benefits (Chaudhary. et al.. 2010). whereas other research suggests that

implementing an exercise program with obese individuals must include resistance

(i.e. muscle tissue) which contributes to a

training due to its maintenance of fat free mas

increased metabolic rate and fat loss (McQueen, 2009). A 2011 review suggests that




disease risk factor proving body ion and maintaining reduced fat mas:

(Strasser & Schobersberger. 2011). It was also concluded that resistance training

mobilizes visceral and fat in the abd | region when d to

acrobic training (Strasser & Schobersberger, 2011). Perhaps to avoid losing any benefits
from either resistance training or aerobic training, a combination of both would be the

most beneficial to manage the many aspects of obesity. As discussed above (for normal

weight individuals) circuit training is an effective way to combine both resistance training
and acrobic training, and it could be indicated as an appropriate method to manage

obesity. During circuit training, the short rest periods and high intensity work promotes

l

cardiovascular, strength and increased muscle mass benefits, which will promote we

loss.
T'he intensity and type of exercise that is most effective in treating obesity is still
debated. Jakicic et al. (2003) performed a study investigating the most effective intensity

ss over 12 months. The

and duration to increase weight loss and maintain that weight
findings were inconclusive. exercising at a moderate intensity (40-59% heart rate reserve
(HRR)) and moderate duration. showed the most weight loss (numerically) over 12

months, but this particular intensity and duration was not significantly different between
other intensities and durations (vigorous-intensity (over 60% HRR) - moderate duration.

moderate-intensity — high duration, vigorous intensity — high duration) (Jakicic. Marcu

reh study completed by Gibala

Gallagher, Napolitano. & Lang. 2003). Another res

(2012) showed that high intensity training (HIT? i.c. short bouts of intense all out

maximal effort) on a bicycle improved cardiorespiratory fitness in the obese population.



and the improvements to cardiorespiratory health post-HIT were far better than the

improvements post-endurance training (Gibala, Little. Macdonald. & Hawley. 2012).

Unfortunately. it is commonly thought that otherwise healthy obese individuals
should not be prescribed high intensity exercise programs due to their “unhealthy” state:

however there is no scientific research to support this assumption. Perhaps high intensity

circuit training, which has resistance exercise and aerobic components. would be more

fective for managing obesity (de Deus, et al.. 2011).



2.9  EFFECT OF EXERCISE TRAINING ON PANCREATIC POLYPEPTIDE

Aerobic exercise has been shown to increase the levels of circulating pancreatic
polypeptide during and following an exercise bout in obese sedentary individuals,
however. no research has been done investigating the effects of resistance training on PP
(Martins, et al., 2010; Martins, Morgan. et al.. 2007: Martins. Truby. & Morgan. 2007)
Martins et al. (2007) investigated the effect of acute exercise on circulating levels of PP.
Subjects were asked to have blood taken every 30 minutes for four hours. After the first
blood draw they were given a meal and asked to perform aerobic exercise one hour later.
After an hour of exercise. an hour of rest was given before a buffet meal was provided.

T'he levels of PP increased after the meal (indicating a decrease in appetite and increase
in satiety) and these levels increased even further after exercise (indicating an increased
hormonal response due to exercise) (Martins. Morgan, et al.. 2007). These findings

suggest that there is a direct effect of exercise on the levels of PP in the blood: however

ts of exercise on PP. Perhaps exe

vate the long term effe

this study did not inves!

would provide a longer term increase in PP levels. if it was performed consistently and

over a longer period of time.

Although no rescarch has been performed investigating the effects of resistance

training on PP. a study conducted by Broom et al. (2009) demonstrated the effects of

od during

nce training on ghrelin and PY'Y. It was found that hunger was suppra

and shortly after resi training, acetylated ghrelin was d during

. and PYY was non-responsive (Broom, Batterham. King, & Stensel. 2009). Due




to the similarities between PYY and PP (as discussed above) a similar response to
resistance training could be seen in PP.

A recent review suggests that there is a lack of research on how exercise and gut

hormones interact with, and affect appetite (Horner, Byme. Cleghorn, Naslund. & King.

2011). More specifically, there is limited (if any) evidence of relationship between

resistance training and polypeptide which leaves room for

research to be conducted in this area.



2.10  CONCLUSION

Obesity is a developing concern for the health of many individuals in the
developed world. Along with the risks of obesity. there are associated co-morbidities that
contribute to obesity being an extremely dangerous disease. BMI has been used to define
obesity for years: however. another more accurate way to provide this definition is a
DXA scan. DXA measures body fat and is considered the gold standard for defining

obesity. There are various causes of obesity and the management of obesity is complex.

Among these causes. are the internal gastrointestinal hormones that regulate appetite and
satiety. In obesity. these hormones are decreased which causes an increase in appetite and
a decrease in satiety which can lead to over eating. The reason for this decrease in

hormone levels is unknown, but could shed some light on some important factors in the

development of obesity.

ercise helps treat obesity by decreasing body weight, increasing musele mass.

The mode of exercise that is most bene!

and reducing the effects of co-morbidities.

se caloric

for obese individuals can be debated. Acrobic training has been proven to incred

expenditure, affect body composition. and provide increased cardiovascular functioning:

however acrobic exercise does not maintain muscle mass which is an important factor in

ance exercise maintains muscle mass however it does not

prolonged caloric deficit. Re

provide as many cardiovas benefits. A ination of resistance training and

aerobic training may provide the largest spectrum of health benefits for obese individuals.

and this could be obtained through high intensity circuit training. High intensity circuit



training provides the benefits of acrobic excrcise by maintaining an increased heart rate.
and also includes the benefits of resistance training by building muscle and maintaining

fat free mas

Exercise also affects gut hormones that control appetite and satiety which are
important physiological mechanisms in obesity. It is proven that acrobic exercise will
increase the acute (< 24 hours) levels of specitic gut hormones in the blood which will

decrea:

appetite and increase satiety, however, the effect that resistance training has on

Lut and ifi ic polypeptide is unknown. The effect resistance
exercise has on pancreatic polypeptide is important because PP directly sends signals to

the brain centers in control of appetite and satiet

o investigating this hormone and how
exercise affects the levels found in the blood stream has important implications in the

treatment of obesity.

As the incidence of obesity is rapidly increasing the need for more research about

the possible 2 echniques for obesity is increasingly important as well

Pancreatic polypeptide and other gut hormones are important in the regulation of appetite

and satiety and the effect exercise has on each could have serious implications in the

implementation of exercise in every treatment program for obes
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supervision of Heather McCarthy. Dr. Duane Button. and myself.

Raw data was collected by Heather McCarthy. Farrell Cahill, and myself. |
performed all data analy

procedures.

With the Guidance of Dr. Button. I prepared the thesis.



CHAPTER 4:UNDERSTANDING THE EFFECTS OF EXERCISE ON GUT
HORMONES AND OBESITY

MATTHEW B. MILLER, HEATHER MCCARTHY and DUANE C. BUTTON
School of Human Kinetics and Recreation
Memorial University of Newfoundland

St. John’s, Newfoundland Canada

Corresponding Author: Duane Button Ph.D
School of Human Kinetics and Recreation
Memorial University of Newfoundland
St. John’s, Newfoundland. Canada. A1C 587
(709) 864-4886 (telephone)

(709) 864-3979 (fax)

dbutton@mun.ca

41



4.1 ABSTRACT

The effect of high-intensity resi training on gut and obesity is
relatively unknown. Thus, the objective of this study was to determine how a high-
intensity circuit training program affects body composition, physiological measures, and
pancreatic polypeptide levels in obese sedentary males. Eight obese apparently healthy
male participants (34.3 £ 12.1 YOA, 179.1 + 5.1 cm, 112.4 £ 20.1 kg), volunteered for
this study. Participants’ body composition, and blood hormone levels were measured
before and after the exercise program. The exercise program lasted four weeks with
exercise sessions three times a week (12 sessions total). Participant’s heart rate, blood
pressure, rating of perceived exertion, work volume and time to completion were
measured each exercise session. The high-intensity circuit training program elicited
significant changes in resting heart rate, systolic blood pressure, volume of work, body

fat percentage, lean and fat tissue percentage. and leg and trunk fat percentage. There was

no change in the circulating levels of ic polypeptide. P:
these changes in 6 hours (12 sessions x 30 minutes) of exercise Throughout the duration
of the exercise program participants’ working HR was not lower than 85% of their age

predicted HRmax.. Thus, healthy obese sedentary males can be prescribed a high-

intensity circuit training program to significantly improve overall health.

42



42  INTRODUCTION

Obesity has been increasing worldwide at an alarming rate, and in Canada,
the rate of obesity has tripled in the last two decades. Obesity not only has a direct effect
on the health of the individual, there are also other concomitant health risks including,
type I1 diabetes, cardiovascular disease (due to high cholesterol, high blood pressure,
inactivity etc.), and some types of cancers (Durstine, Moore, Painter, & Roberts, 2009).
Due to the increasing incidence of obesity, new ways to manage obesity and its risk
factors are being explored. Exercise is a management technique that is increasingly being
prescribed to obese individuals (Church, 2011; Durstine, et al., 2009: Gibala, Little,
Macdonald, & Hawley, 2012; Jakicic, Marcus, Gallagher, Napolitano, & Lang, 2003).
The proper method of exercise to manage obesity is often debated. Some professionals

suggest acrobic exercise be prescribed due to the cardiovascular benefits and increase in

caloric i whereas, other professi prescribe resistance training due to the
maintenance of lean muscle mass (which also increases basal caloric expenditure)

(Chaudhary, Kang, & Sandhu, 2010: LaFontaine, 1997).

One form of training that combines both aerobic and resistance exercise is circuit
training. Circuit training incorporates both the aerobic benefits of exercise (by keeping

the heart rate elevated for the duration of the exercise session) as well as resistance

training benefits (by utilizing resi training exercises) (L. ine, 1997). Circuit
training is often performed in a short period of time moving from exercise to exercise

quickly, giving the participant as little rest as possible (Castinheiras-Neto, 2010;



Hofmann & Tschakert, 2011). The rest interval between exercises and the intensity at
which the participant works at are important variables in high-intensity circuit training.
The shorter the rest interval between exercises the more cardiovascular benefits are
gained (Castinheiras-Neto, 2010). The intensity at which the individual exercises is a key
factor in obtaining cardiovascular benefits. According to the American College of Sports
Medicine 's Guidelines for Exercise Testing and Prescription (Donnelly, et al., 2009) the
exercise intensity must be at a level at 64-70% of the participants maximum heart rate
(HRmax) or higher, but no higher than 94%. It has been proven that exercising at a higher
intensity provides more cardiovascular benefits when compared to exercising at a lower
intensity while performing the same volume of work (Duncan, 2005; Lee & Paffenbarger,
2000). Because of this, a high-intensity, short rest interval exercise program should
provide an individual with many cardiovascular benefits. Circuit training is a beneficial
form of exercise for healthy participants, but unfortunately it is often assumed that
performing this form of exercise with otherwise healthy obese individuals be avoided,

however there is no scientific evidence to support this claim.

FFrom a physiological basis, h also contri to obesity. Many |
have been studied in relation to obesity and exercise (Adrian, et al., 1976; Batterham, et
al., 2003: O. B. Chaudhri, Wynne. K., & Bloom, S. R., 2008; Martins, Kulseng, King,

Holst, & Blundell, 2010), however, the relationships between obesity, gut hormones and

, there are

exercise have not been well
that directly influence appetite (motivation to eat) and satiety (the feeling of fullness),

which are important contributors to the development of obesity (Batterham, et al., 2003:



0. Chaudhri, Small, & Bloom, 2006). Pancreatic polypeptide (PP) and peptide-YY
(PYY3.36) are both hormones that affect the upper brain centers to regulate satiety and
appetite; PP has been described as a clone of PYY .36 but is different because PP is
released from the pancreas, whereas PYY .54 is released from the small intestine
(Chaudhary, et al., 2010). PP directly affects the upper brain centers (which makes it
unique when compared to other gut hormones that affect the upper brain centers via
secondary messengers) to regulate appetite and satiety. In obese individuals, the
circulating levels of PP are decreased; leading to an increase in appetite and a decrease in
satiety (Baynes, Dhillo, & Bloom, 2006; Glaser, Zoghlin, Pienta, & Vinik, 1988: Murphy

& Bloom, 2004).

It has been shown that aerobic exercise can increase the levels of PP in the blood
during and shortly after an exercise bout (Martins, et al., 2010: Martins, Morgan, Bloom,
& Robertson, 2007; Martins, Truby, & Morgan, 2007). However, this research was only
conducted for a short period of time (levels were tracked for three hours after exercise)
and only with low-intensity aerobic exercise. There is no research conducted when
monitoring the hormones levels in the long term (up to a week, month, or longer), or
investigating how resistance exercise in the form of circuit training affects these
hormones levels.

T'he purpose of the current research study was to investigate the effects of a four
week high-intensity circuit training program on sedentary overweight or obese

individuals, and how this form of exercise changes body composition, and pancreatic



polypeptide concentrations in the blood. It was hypothesized that high-intensity circuit
training will provide a decrease in fat mass, but not over all body weight, a decrease in
systolic blood pressure, heart rate, and increase strength. It is also hypothesized that the

levels of PP will be increased following the completion of the exercise intervention.



43  METHODS

Participants:

A total of eight participants (34.3 + 12.1 YOA, 179.1 £ 5.1 cm, 112.4 £ 20.1 kg)
were recruited from the Province of Newfoundland and Labrador (NL). Participants were
all sedentary overweight/obese (36 + 3.1%) with an average BMI of 34.5 + 4.5.. The
participants did not have any metabolic, endocrine, or cardiovascular diseases.
Participants were considered sedentary because they only performed activities of daily
living (ADL’s) and did not engage in any further exercise throughout the week (a

*physical activity and medical” questionnaire was used to obtain this information).

Participants were verbally informed of all and if willing to partici read
and signed a written consent form and a Physical Activity Readiness Questionnaire
(PAR-Q) prior to participation. The Memorial University of Newfoundland Human

Investigation Committee approved this study.

Experimental procedure:
Before the start of the resistance training protocol participants were tested on each

of the dependent variables (blood pressure, body composition, heart rate, and the

| hormone ic polypeptide). Once preliminary data was collected
the participants began a resistance training exercise program for the duration of four
weeks. Exercises included in the program were; squat, bench press, partial curl-up, dead
lift, burpee, bent over row and shoulder press. For the duration of the four-week training

ions).

period participants exercised on Monday, Wednesday, and Friday (a total of 12 s



Blood pressure testing occurred each session throughout the duration of the study and
blood samples were taken twice weekly (Tuesday and Thursday). See Figure 4.1 for

details on the experimental timeline.
Independent variable.
Exercise Protocol:

Prior to the start of each training session, participants performed a five-minute
warm-up consisting of functional body weight exercises using a combination of the
exercises completed in the program or step-ups and jumping jacks. Heart rate and rating
of perceived exertion (RPE) were monitored for intensity. Following the warm-up the
participants completed the exercise program. The following description for each exercise

was verbally instructed to each subject.

Squat - Start with feet about shoulder width apart, and toes pointed slightly
outward. Keeping the back neutral and chest up throughout the movement, let the hips
move backward then immediately bend the knees. Lower until the crease formed at the
hips is horizontally aligned with the tops of knee. For each repetition, return to the

starting position by reversing the motion (see Figure 4.2 A).

Bench Press - Lie on a bench, ensuring the body maintains contact with the floor
and bench at five points: both of the feet, the hips, the upper back. and the head. Start
with a grip slightly wider than shoulder width. Lower the weight slowly until the bar

lightly touches the lower portion of the chest. While maintaining the five contact points,



press the weight upwards through the same movement path used in the downward

movement (see Figure 4.2 B).

Partial Curl-up - Lying in supine position with knees bent at 90 degrees the
participant will slowly curl-up the spine so that the tip of the middle finger reaches
marked area of mat at 10cm. On the return, the shoulder blades and head must make

contact with the mat and the tip of the middle fingers must return to the 0 cm mark.

Dead-Lifi - Stand with feet shoulder-width apart, the knees slightly bent, and the
back flat in a neutral position. Grasp the bar (away from the rack) with the hands slightly
wider than shoulder width. Using the legs, lift the bar to knee height while maintaining a
neutral spine with the chest up. Once the bar reaches the top of the knees, move to an
upright position. While keeping the knees slightly bent, bend at the hips until the hands

are ~30 cm from the floor while keeping a neutral spine (see Figure 4.2 C.).

Burpee - Begin in a squat position with the hands on the floor in front of you.
Kick the feet back to a push-up position. Lower the upper body down until the elbows
make an angle of 90 degrees. Immediately push the body upward and return feet to the

squat position. Jump vertically (see Figure 4.2 D)

Bent over Row - Using a dumbbell stand with feet shoulder width apart and
slightly bend the knees. Bend over at the hips so that the back is at a 60 to 80 degree
angle and the spine is in a neutral position. Leading with the elbows. pull the weight
upwards until it touches the mid torso. Bring the weight back to the starting position in a

controlled manner following the same path as the upward movement (see Figure 4.2 E).
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Shoulder Press - Start holding the weight at shoulder width and height. Keeping
the back flat and chest up press the weight upwards until the arms are fully extended.

Return to the starting position by reversing the motion (see Figure 4.2 F).

The exercises were modified (easier or harder) depending on the capability of the

and the icipant’s techni Partici were asked to complete 8-12

repetitions on all exercises. If the participant failed to reach eight repetitions on a given
set, the weight was reduced and if the participant reached 12 repetitions the weight was
increased. Participants completed a total of three sets of all exercises during each session
and there was limited rest given between exercises and sets. The participant only rested
when absolutely necessary. This exercise protocol was followed on each exercise day and
weight was increased as necessary for each exercise session, for the curl-up and burpee,

‘maximal itions for each set.




Dependent Variables:

Heart Rate:

A Polar T-31 heart rate monitor was used to measure heart rate before, during,
and after each exercise session for each participant. HR was monitored to determine the
intensity (% of age predicted HR max) each participant worked at during each exercise
session (heart rate was recorded at the end of each circuit and averaged) and to determine

the effects of the training program on resting HR.
Rating of Perceived Exertion

Rating of perceived exertion was recorded (at the end of each circuit and
averaged) using the Borg’s RPE scale. Participants rated their subjective exercise
intensity from a scale of 6-20: six being equivalent to complete rest, and 20 being

cquivalent to the hardest effort they have ever experienced.
Blood Pressure:

Blood pressure was taken using an electronic blood pressure cuff (Physio Logic
Auto Inflate BP Monitor; AMG Medical Inc. Montreal, QC.). Participants were seated
with the arm supported at an angle of 15 degrees from the trunk. An appropriate size cutf
was chosen and applied firmly to the participants left arm. The lower margin of the cuff
was at heart level and two to three cm above the antecubital space. Changes in resting
blood pressure were measured to track the cardiovascular response of the participants

throughout the research study.



Body Composition:

Obesity is often defined by body mass index (BMI), however, this is a crude

which often mi: categorizes indivi as normal weight, or

overweight when based on body fat percentage, when they are actually obese (Adams, et
al.. 2007 Kennedy, Shea, & Sun, 2009; Romero-Corral, et al., 2008). Thus, in the current
study a dual- energy X-ray absorptiometry (DXA) that measures body fat percentage,
which is the gold standard for measuring body composition (Kennedy, et al., 2009), was

used to measure the participants body composition.

Body composition measurements included standing height and weight, and BMI.
BMI was defined as body mass divided by height squared (kg/m?). Percentage body fat
% BF), percentage trunk fat (% TF), and percentage arm fat (% AF) were measured by
using dual-energy X-ray absorptiometry (DXA; Lunar Prodigy; GE Medical Systems,
Madison, WI). Version 12.2 of the enCORE software package (GE Medical Systems)
was used for DXA analysis. The experimental protocol for DXA methods has been
previously published (Shea, et al., 2007; Sun, Vasdev, Martin, Gadag, & Zhang, 2005)
Briefly, participants were required to fast for 12 h prior to the DXA scan and during the
DXA scan participants lay in a supine position, with all metal accessories removed. The
DXA scan took approximately 10 — 15 minutes to complete. These measurements were

used to track changes in body composition throughout the duration of the research study.



Biochemical measurements using fasting blood samples

Fasting (12 hours of fasting) blood samples were obtained from all participants by
a registered nurse. Whole PP (Millipore Corporation Pharmaceuticals, Billerica, MA)
concentrations were measured in duplicate with enzyme-linked immunosorbent assays
(ELISAs). The intra-assay serum variation ranged from 3.3% - 5.0% and inter-assay
serum variation ranged from 4.4% - 9.8%. The detection limit for the PP ELISA kit was

12.3 pg/ml with a 50ul sample size.
Statistical analysis:

All data analysis was conducted using SPSS statistics computing program version
17.0 (SPSS Inc. © 1993-2007). Data was analyzed using a one-way ANOVA repeated
measures design. An alpha level of p < 0.05 was considered statistically significant. If
significant differences (p <0.05) were detected a Tukeys post hoc analysis was

performed. Descriptive statistics for all data was reported as mean + SD.



44  RESULTS
Exercise Program

All eight subjects completed the study (with at least 80% adherence rate) and all
were included in the analysis. There were no notable complications related to the exercise
program. Table 4.1 includes all mean £ SD values for raw data collected pre-exercise

program and post-exercise program.
Exercise Intensity

Throughout the exercise program total volume of work, time to completion of
work, rate of perceived exertion and heart rate were measured during each exercise
session. The total volume of weight lifted on average increased by 50.7% (p < 0.05) from
pre to post exercise. See Figure 4.3A for the change in total volume of weight lifted
between each exercise session. The time it took to complete each exercise session was
similar for each participant. There was no statistical significant difference for change in
time to completion for each exercise session. Change in time to completion between the
beginning and the end of the exercise program can be found in Figure 4.3 D. On average,
participants working heart rate was maintained at 85 +3.6 % of their average age
predicted HRmax throughout all 12 exercise sessions. Average working heart rate for
cach session can be found in Figure 4.3 A. The average rating of perceived exertion from
session to session was 16.5 + 2.5. There was no statistical significant difference in RPE
for any exercise session. The ratings of perceived exertion for each exercise session can

be found in Figure 4.3 C.
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Physiological Related Measures

The average resting heart rate decreased by 16.0% (p < 0.05) from pre to post
exercise program, see Figure 4.4 A-B. Systolic blood pressure (SBP) decreased by 5.5%
(p =0.04) from pre to post exercise program, see Figure 4.5 A. Diastolic blood pressure
(DBP) decreased by 3.4%, there was no significant difference in DBP, between pre and

post exercise program, see Figure 4.5 B.
Body Weight and Body Composition

‘The participant’s body fat igni (p<0.01)d d by 3.6%

from pre to post exercise program, see Figure 4.6 B. There was no significant difference
in the participant’s body mass (Figure 4.6 A), BMI (Figure 4.6 C), lean body mass
(Figure 4.6 D), or fat body mass (Figure 4.6 D) between pre and post exercise program.
However, when tissue is expressed as a percentage of total mass, the percent fat tissue
significantly (p = 0.00) decreased and the percent lean tissue significantly (p = 0.00)
increased by 3.6% and 2% respectively, between pre and post exercise program. See
Figure 4.7 A and 4.7 C for details. In addition there was a trend (p = 0.09) for decreased
arm fat percentage 4.7% (Figure 4.7 C) and a significant ( p < 0.01). decrease by 4% and
3% in leg and trunk fat percentages respectively, from pre to post exercise program

(Figure 4.7 C).
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Pancreatic Polypeptide

There was no significant difference in levels of circulating pancreatic polypeptide

between pre and post exercise program, See Figure 4.8.
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4.5  DISCUSSION

The current research study investigated the effect that a four week (12 exercise
sessions) high-intensity circuit training (HICT) exercise intervention had on body
composition, heart rate, blood pressure, and the circulating levels of pancreatic

polypeptide in obese sedentary males. The most important findings were 1) a high

intensity program was by all indivi with no ications thus: this type
of training could be prescribed to an apparently healthy young obese individual in a safe
manner, 2) a significant drop in resting heart rate and systolic blood pressure occurred

with this exercise program, suggesting that a combination of resistance training and

aerobic exercise can provide i benefits 3) a signi drop in total body fat
percentage, trunk and leg body fat percentage, as well as fat tissue percentage occurred
due to this exercise program. A significant increase in lean tissue percentage also
occurred, suggesting that not only did this exercise program decrease fat mass, but it also

increased lean mass.

During the exercise intervention, the participant’s average working heart rate, did

not drop below 85% of their age predicted HRmax. Furthermore, the participant’s RPE,

and time to remained h the entire exercise program. This

indicates that the intensity at which the participants worked also remained unchanged,
however, the volume of work (sets x reps x kilograms) increased significantly (by ~50%)
between the beginning and end of the exercise program. Participants were

psychologically (via RPE) and physiologically (via HR) working at the same intensity
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during each session, but their volume of work (or amount of weight lifted) completed
increased substantially, indicating an increase in intensity as well as neuromuscular

capacity.

Resting systolic blood pressure significantly decreased from 147.9 mmHg to
139.7 mmhg in only 12 exercise sessions indicating that only 12 sessions of high
intensity circuit training can decrease systolic blood pressure from a hypertensive level to
a high-normal level (Durstine, et al., 2009). Along with this decrease in blood pressure,
there was a significant decrease in resting heart rate from 84.2 bpm to 70.6 bpm was also
found. Similar to other research studies, there was no change in diastolic blood pressure
(Chaudhary, et al., 2010). Decreased RHR is not commonly seen during and/or following
resistance training and it has been suggested that aerobic exercise has a more profound
effect on RHR than resistance training (Chaudhary, et al., 2010; Nybo, et al., 2010). In
the current study, participants did experience a drop in RHR. Perhaps the change in RHR
could be accounted for by the intensity at which they worked and lack of rest time.

tinheiras-Neto et al. in 2010 found that the shorter the rest interval is, the more

cardiovascular benefits are obtained in resistance exercise (a decrease in HR and SBP
was found in resistance training with lower rest intervals) (Castinheiras-Neto, 2010). In
another study it was found that the intensity and exercise duration at which participants
worked did not have an effect on their cardiovascular fitness (decreased RHR or BP)

(Jaki etal., 2003). Despite this somewhat conflicting research about intensity of

exercise, the results of the current study are not different from other research indicating

that exercise training will decrease SBP, RHR, but not DBP (Castinheiras-Neto. 2010z
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Chaudhary, et al., 2010: Moraes, et al., 2012: Nybo, et al., 2010). These research studies
found this effect over 6 weeks (Chaudhary, et al., 2010) 12 weeks (Moraes, et al., 2012:
Nybo. etal., 2010). and 52 weeks respectively (Jakicic, et al., 2003). These findings
contradict the research done by Jakicic et al. (2003) which indicates exercise should be

completed between 50-75% of HRmax for the safest form of exercise with the most

health related benefits (increased caloric i and i imps
(Jakicic, et al., 2003). However, in just 6 hours of exercise (12 sessions x ~30 minutes

each) there were no injuries, and si physit ical and ic changes

occurred. Other research studies found similar results (i.e. decreasing rest interval
provides more cardiovascular benefits) in ~9 hours (Chaudhary, et al., 2010), ~18 hours
(Moraes, et al., 2012; Nybo, et al., 2010), and ~78 hours respectively (Jakicic. et al.,
2003). This suggests that the intensity and rest intervals that the participants use are key
components to the exercise program. The current research had short rest intervals and

a high intensity the program which produced significant changes

in RHR and SBP..

T'here was no significant decrease in body mass, or BMI: however, there was a
significant decrease in body fat percentage. There was a significant increase of lean tissue
percentage and decrease of fat tissue percentage, which together contribute a healthy
change in body mass of approximately six pounds (27. Kgs). Similar research failed to
find a change in body fat percentage when utilizing a 10 week resistance training
program (Donges & Duffield, 2012) or a 12 week circuit training program (Kang, 2012).

These programs only used resistance training (not circuit training) so the HR was not



elevated for a longer period of time (Donges & Duffield, 2012) and only performed
aerobic exercise at 50-70% of HRR (Kang, 2012). This further supports the current
findings that limited rest and higher intensity exercise, performed in 6 hours of work, are

beneficial for weight loss.

An increase in lean tissue percent indicates that there was an increase in muscle
mass. which is reflected in the lack of change in overall body mass. It is known that
muscle tissue is denser than fat tissue, thus, when muscle increases and fat tissue
decreases in a specific area, it will weigh more. It is for this reason that body mass index
is an inaccurate measurement. Overall body fat percentage decreased significantly,
however there was no change in BMI. This could be accounted for by the increase in
muscle mass (lean tissue increased by 1.1 kgs). To see absolute changes in body
composition a body fat measurement is more accurate (than BMI) and provides more

accurate details about changes that are occurring in the body. As seen in the current

research study, an increase in muscle mass and decrease in fat mass is not reflected in the
BMI calculation, but is reflected in a DXA body analysis. If participants in the current
research study only received BMI information, they would have been told no change in

their body composition occurred, when in fact there were significant changes. For this

reason, future research investigating changes in body ion should be

using a DXA scanner and not BMI.

The changes in fat percentage for the arms, legs, and trunk area due to this

exercise program provide interesting insight into how and where fat breaks down. It is



commonly thought (by the general population) that the phenomenon of *spot reduction
(exercising a specific body part to lose fat in that area) is the best way to lose fat in the
desired location. However, as the results of this study show, spot reduction does not exist.
There were significant changes in the fat percentage in the legs and the trunk, however
not in the arms. Due to the nature of the exercises (mostly full body) and the area’s in
which fat was lost (legs and trunk) it is clear that no exercise can provide fat loss in a
specific area. For example, participants performed a shoulder press and bench press (both
upper body exercises), as well as a deadlift, squat, upright row, and burpee which also
incorporate the upper body, but there was a trend towards significance for fat lost in the
arms. This could be accounted for by the fact that less fat is carried in the arms (in males)
in the first place, however this indicates that regardless of what exercise is being
performed (at an appropriate intensity), there will be total body fat loss, and not fat loss in

one area.

The levels of circulating pancreatic polypeptide did not change significantly.
There are many factors that could contribute to this finding such as: genetic variants
between participants, the classification of obesity that each participant fell into, and most

ly the participant’s diet. The participant’s diet was not itored during the

research study and participants were not asked to change their diet in any way. This could

have a significant effect on the participants levels of pancreatic polypeptide since the

release of ic polypeptide is directly iated with the amount of calories

d( ctal,, 2003). If participants were changing their diets it is likely

that the caloric consumption would also change and affect the levels of pancreatic



polypeptide in their circulation. Levels of PP could have increased (the opposite effect)
and exercise could have induced more hunger (due to increased caloric expenditure),
leading the participants to consume more calories leading to an increase in pancreatic
polypeptide. The exercise program may have had an effect on the levels of PP: however.

the lack of dietary information may have masked this effect.

This research was intended to investigate the effects that a high intensity circuit

training program has on i ical measures, ic measures, and

polypeptide. The participants were not asked to change their diet and diet was
not monitored. Keeping track of the participant’s diet would be a beneficial way to see
changes that occur due to their eating habits. Due to the high variability associated with
the levels of pancreatic polypeptide, eight subjects were probably not enough to see a
change in the circulating levels of PP. To increase the power of the study more subjects
would need to be recruited. and diet should be monitored or controlled. Including BMR
as a dependent variable would also increase the information about the physiological
changes occurring within the subjects, and further shed light into how the obese

individual responds to high-intensity exercise.
Suggestions for future research

T'he results of this study showed that a high intensity circuit training protocol can
provide participants with dramatic results in a short period of time. In the future. research

should be conducted over a longer period of time (> 6 months), the diet of all participants

should be monitored. and more participants should be used. Obtaining the participants



BMR values before and after the exercise intervention would also provide valuable

about how the partici| * bodies are changing and adapting to the high

intensity exercise. igating why i polypeptide occurs at lower levels in the

obese population is important and more research should attempt to uncover the link

between ic polypeptide and other gut and obesity.
Summary

Overall, a high intensity circuit training exercise program is very effective in
providing significant physiological (RHR, SBP, volume of work) and anthropometric
(BF%, lean and fat tissue percentage, trunk and leg fat percentage) changes in 12 exercise
sessions or 6 hours of exercise. As discussed above, this is substantially shorter than other
exercise protocols with similar findings. This research was conducted with obese
sedentary males, and resulted in no injuries, with all participants completing the exercise
program. A high-intensity circuit training program can be prescribed as a safe and
effective management technique for obesity, and that the results are of great benetfit to the
otherwise healthy obese sedentary male population. The levels of pancreatic polypeptide
remained unchanged; however, diet was not taken in account. The diet plays a large role
in the amounts of PP in circulation, so there may have been an exercise effect that was

masked by the participants’ caloric intake.
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4.7  FIGURE LEGEND

Figure 4.1: Timeline of the experimental Procedure

Figure 4.2: A: squat, B: bench press C: deadlift, D: burpee, E: row, F: shoulder press

Figure 4.3: Exercise Intensity. A. The total volume of work completed over the duration
of the 12 sessions compared to the average heart rate for each session. For clarity,
standard deviation bars are only represented in one direction for each data set. B. The
change in total work between session 1 and session 12 of the exercise program. C. The
rate of perceived exertion for each session throughout the exercise program. D. The
change in time to completion between the beginning and end of the exercise program.

Significant difference is indicated by a * with p < 0.05. Data represented as means + SD

Figure 4.4: Resting Heart Rate and Change in Heart Rate. A: The average resting heart
rate (bpm) for each participant over each session. * indicates there was a significant
difference between the indicated exercise session compared to the first exercise session
B: The change in resting heart rate from the beginning of the exercise program to the end
of the exercise program. * represents a significant difference at p < 0.05. Data

represented as means + SD.

Figure 4.5: Change in Systolic and Diastolic Blood Pressure. The average change in A:

systolic and B: diastolic blood pressure (mmHg) between the beginning of the exercise



program and the end. * represents a significant difference at p < 0.05. Data represented as

means + SD.

Figure 4.6: Body mass, body fat, BMI, and lean vs. fat mass. A. The change in body
mass, B. The change in body fat percentage, C. The change in BMI, D. The change in
lean mass and fat mass, between the beginning and end of the exercise program. *

a signifi iff at p <0.05. Data as means + SD.

Figure 4.7: Fat and lean tissue percentages. A. Over all body fat tissue percentage, B.
The lean tissue percentage, C. The percent fat found in the arm, leg, and trunk, between
the pre and post exercise program. * represents a significant difference at p < 0.05. Data

represented as means + SD

Figure 4.8: The change in circulating levels of p ic polypeptide in the blood

between pre and post exercise program. Data represented as means + SD



Table 4.1. Summary of all raw data values (mean +SD)

Pre-Exercise

Post-Exercise

Program Program

Mean SD Mean SD P
Volume of Work (kgs) 5473.9 2790.6 8249.4 4257.8 | *0.04
Time to completion (mins) 28.7 5.8 28.5 8.7|0.91
HR (bpm) 84.2 11.8 70.6 9.8 | *0.04
SBP (mmHg) 147.8 8.2 139.7 9.7 | *0.03
DBP (mmHg) 82 4.6 79.2 9.1(0.38
Body Fat (%) 36 i 34.7 3.2 | *0.01
Weight (kgs) 112.4 20.2 111.1 20.3(0.26
BMI (kg/m~2) 34.5 4.5 34.1 4.6(0.17
Lean Body Mass (kgs) 66.6 9.3 67.6 1.0]0.26
Fat Body Mass (kgs) 40.1 9.4 38.5 9.9]0.1
Lean Tissue (%) 62.7 3.2 64.0 3.3 | *0.00
Fat Tissue (%) 37.3 3.2 35.9 3.3 | *0.00
Arm Fat (%) 28.7 4.9 27.4 5.7 [0.09
Leg Fat (%) 32.2 4.2 30.9 3.9 | *0.01
Trunk Fat (%) 41.9 3.0 40.6 3.1 | *0.00
Pancreatic Polypeptide (pg/ml) 163.6 181.9 156.5 199.6 | 0.61

Heart rate (HR), beats per minute (BPM), systolic blood pressure (SBP), diastolic blood

pressure (DBP), body mass index (BMI)



Figure 4.1: Timeline of Experimental Procedure

Monday Tuesday Wednesday Thursday Friday
Pre-testing Exercise Blood Work Exercise
Blood Work Session 1 Session 2
Exercise Blood Work Exercise Blood Work Exercise
Session 3 Session 4 Session 5
Exercise Blood Work Exercise Blood Work Exercise
Session 6 Session 7 Session 8
Exercise Blood Work Exercise Blood Work Exercise
Session 9 Session 10 Session 11
Exercise Post-Testing
Session 12 Blood Work
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Figure 4.2 A: Squat
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Figure 4.2 B: Bench Press




Figure 4.2 C: Dead Lift




Figure 4.2 D: Burpee




Figure 4.2 E: Row




Figure 4.2 F: Shoulder Press




Figure 4.3 A-D: Exercise Intensity
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Figure 4.4 A-B: Change in Resting Heart Rate over 12 Exercise Sessions.
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Figure 4.5 A-B: Change in Systolic and Diastolic Blood Pressure
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Figure 4.6 A-D: Body Mass, Body Fat, BMI, Lean vs Fat Mass
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Figure 4.7 A-C: Lean and Fat Tis
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