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Abstract

Title: The effectiveness of different lifestyle interventions on body composition, insulin
sensitivity, and novel biomarkers of insulin resistance in obese individuals.

Author: Diane Cooper.

Obesity is a serious globadltie problemWHO, 2009andan independent risk
factor for a number of chronitsdase@Quilliot, Petit et al. 200D)besity is caused hy
mismatch between energy intake and energy expenditure leading to storage of surplu
energy and expansion of faraswhich causes metabolic disturba(®psakman, 2004).
Diet and exercise interventions remain the cornerstone of treatment for obésgly but
have been largely ineffectifeanz etl. 2007)The purpose of this thesis viasdentify
components oé lifestyle intervention that are most likely to imdvodg composition,
insulin sensitivity, and novel biomarkers of insulin resistastzese individual§his was
achieved binvestigating differentshort terminterventionsin study 1 socalog diet and
exercise interventisrwere compared, while in study 2 concurrent training (regular
resistance training combined with aerobic exercise) and concurrent training incorporating

an eccentric componemerecompared.

Briefly, the key findings of ih PhD thesis wer¢hat isocaloric diet and exercise
interventiondead to similaredutions inbody weight, but exercise training may lead to
greater improvements in body composition and metabolic health. Importantly, aerobic
fithness was the single begtredictor of improvements in metabolic health in this
population. Resistance training is importaninfprovinglean tissue madat oxidation

and resting metabolic rate. The novel biomarkers of insulin resistance are differentially
regulated by diet, exxise and different modes of exercise traimmgovements in body
composition and fitness driveprovements in insulisensitivityand the circulating
concentration of the biomarkers, ardrd is a cyclical relationship between the
biomakers and mabolic health. lis important tostudy the biomarker®r better
understanding of metabolic procebstdarger scale studies may be required to determine
their role A combination of calorie restriction, aerobic exercise and resistancentthining

optimise mprovements innsulin resistance and body composition in obese individuals.
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Chapter 1.Introduction



1. 1.Introduction

There has been an exponential rise in the prevalence of overweight and obesity in recer
years, which has reached epidemic proportions. In fact, the worldwide prevalence of
obesty has almost doubled in the last 20 years and it is currently the fifth leading risk for
global deatiWwHO 2010. Obesity is an independent risk factor for a number of chronic
diseases inclund) hypertension, cardiovascular disease, and diabetes. Obesity also increase
the risk of developing certain cancers such as breast and colon cancer, in addition tc
respiratory disorders such as sleep gQuéaot, Petit et al. 20D2An obese individual is

also more likely to be depsed, suffer from joint problems, and suffer from skin disorders
(Speakman 20P4The ost of treating obesity and its related complications puts
considerable stress on the global economy. The direct costs of obesity include hospita
admissions, medical consultations, and medicatioB808nthis amounted to $113.9

billion in the USAwhid accounted for almost 10% of health care spefithag 2011).

In the UK the direct costs were £95P5 million in 2004 and represente® 8% of the

National Health Service expenditif&MO 2004 In 2009, the direct cost of overweight

and obesity was estimatedi2®9 million in the Republic of Ireland @d@7 million in

Northern Ireland (Safefood, 2012). This represented 2.7% and 2.8% of total health care
costs in that year (Safefood, 20TIBg indirect costs are more difficult to quantify but
include absentemis disability and premature mortality and workers compensation
(Trogdon, Finkelstein et al. 2D0OBhese were estimated to®& 29 mi | | i on a
million in the Republic of Ireland and Northern Ireland respeciiv@09 (Safefood,

2012).

The primary cause of obesity is a mismatch between energy intake and energy expenditu
leading to storage of surplus enerpgg. industalisation of food production has resulted

in greater processing and preservation and a consequence of this is a dramatic increase
the availability of cheap foods that are energy dense, high in fat, suggFardesait al,

2010) A growing numberof individuals in Western society are increasing their
consumption ofthese foods anchis is occurring alongside an epidemic of physical
inactivity, which is now the fourth leading risk factor for global mduWat® 2009. In

addition to these behavioufattors, evidence is emerging to suggest that genetics also
plays an important role, and it is the interaction eetem individuals environment and

their genetic composition that determines the extent of their qi$g®gkman and
O'Rabhilly 2012
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Over the last number of years a considerable amount of resources have been devoted t
the development of therapies for the treatment of obesity. The masorcaonclude

lifestyle intervention, consisting of dietary restriction and/or physical activity, weight loss
promoting drugs such as Orlistat, and surgery in the case of the morbidly obese individual
Although these different treatment options are avaiaietermlifestyle intervention

has been largely ineffective, surgery is impractical to implement at a population level anc
many of the pharmacological treatments have additional side effects. There is a need tt
develop more innovative approaches ighwenanagement and, in particular, to develop

effective lifestyle intervention strategies.

1. 2.Statement of the problem

It is widely acknowledged that lifestyle interventions that promote healthy eakiily and
physical activitgffectively reduce fat nsais the obese populatiddowever, translating
research interventions into population based programmes has not been effective. One
major challenge has been to identify the most effective intervention given the high degree
of variability in study outcomesated to differences in study design. Interventions that
have focused on dietary restriction differ with regard to the calorie deficit, the nutrient
composition, and the quantification of nutrient in(&kenz, VanWormer et al. 2007
Similarly, exercise interventions vary in the number and intensity of sessions in addition to
the mode of exercigeranz, VanWormer et al. 2D0Both irterventions vary in total
duration and level of supervision and monitoring. The most effective interventions are
those that are tightly controlled, heavily supervised, and of short duration (~12 weeks)
(Tessier, Menard et al. 20@@h greater variation for studies lasti2g Gnonths(Franz,
VanWorme et al. 2007

A second challenge is the perception that dietary restriction is superior to exercise training
in treating obesity when weight loss is the primary outcome nieasweVanWorer

et al. 2007 However, it is difficult to accept this conclusion since the literature contains
very fewdiet and exercise interventions thatisoelaoriclenergy expended in exercise
intervention is equal to energy restricted in dietary interyenaking a direct
comparison impossiblEhe strategy most commonly prescribed in dietary interventions is

a caloric restriction of 500kcal per day, which accumulates to an energy deficit of 3,500kce

per weekFranz, VanWormer et al. 2D0Xssuming physical activity is controlled at pre
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intervention levels; this calorie deficit would yield a weight loss of 0.39kg per week since
there is approximately 9000 kcal in 1kg of body fat. On the otlderntemy of the
exercise interventions are based on the
minimum of 150 minutes per week of moderate intensity physical (Bdiviglly, Blair

et al. 2000 The energy expenditure derived from this amount of physical activity depends
on many factors inglling theperception of moderate ingty activitytheir current level

of fitness and body mass, but it generally yields an energy expenditure in the region of
1,0@kcal per week. This would resula iweight loss of approximately 0.11kg per week
when energy intake is maintained at pegvention caloric intake. Clearly there is a
mismatch between the current design of diet and exercise interventions making it difficult

to compare them.

A third challenge is to devise physical activity recommendations for obesity and not just for
healthenhancing benefits. The ACSM have recognised this and now state that a minimum
of 256300 minutes of moderate intensity physical activity per week is needed to produce
clinically significant long term weight I3snnelly, Blair et al. 2009The energy
expenditure derived from this prescription is more in line with the caloratiaestri
currently used in diet interventions. This is also complicated by the failure to clearly
differentiate between exercise and physical activity. One reason for suggesting the
recommendations are unattainable is the perception that the targets messtiroe m
structured exercise such as walking, running, cycling, etc. On the contrary, a shift is
required to focus on total daily energy expenditure irrespective of how this is achieved but
could include some structured exercise.

1. 3.Significance of the study

The literature reports that lifestyle interventions are successful in reducing fat mass in the
obese population. However, translating research findings into successful population baset
programmes has not been effective. A change is required in our cproahagnd 3

major challenges must be overcome to bring about this change. Firstly, the literature
reports wide variation in the effectiveness of lifestyle interventions and this is due to the
wide variation that exists in study design. There is a neteroine the study design that
maximises fat loss and improvements in health in the obese population. Secondly, few
isocaloric diet and exercise interventions exist making direct comparisons between thern

impossible. Isocaloric interventions must be debigmd administered so that the
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effectiveness of diet and exercise can be compared. Finally, the exercise prescription use
i n many training studies is based on the
not lead to any meaningful energy expendiureeight loss. These recommendations
must be revised to promote significant fat mass loss for obese individuals. This PhD thesis
addresses these 3 challeagdsuses the findings to develop a revised lifestyle intervention

that maximises improvementgahmass and metabolic health in this population.

1. 3. 1Body composition or body weight change?

A systematic review and matelysis of diet, exercise and combined lifestyle interventions
shows thathte success of most lifestyle interventions is based owdighly loss as the
primary outcome variablEranz et al, 20Q7yhis is a crude descriptor of success and is

not necessarily the best indicator of health enhancéeeouza et ak012) Body

weight can be compartmentalised into body fat mass atissieafut most interventions

do not differentiate between the changes in each compartment. Lean tissue has higr
metabolic activity and accounts for the majority of resting energy expé@vaktuli@an

1989. The metabolic activity of most tissues remains relatively stable to sustain life but
skeletal muscle mass, which accoumts6®75% of resting metabolic rate, can be
influenced by physical activity and physical ina@@eiiman 1989Caloric restriction,
especially very low calorie diets, report significant weight loss but this often includes
significant reductions in lean tissue. The loss of lean tissue consequently reduces metabol
rate and mahave longer term implications for further weight loss and metabolic health
(Martin, Heilbronn et al. 2007The loss of lean tissue may even contribute totweigh
regain that is also often seen with these types of intervention over a 6 to 24 month period
(Franz, VanWormer et al. 2D0lifestyle interventions should ideally aim to reduce fat
mass and maain or increase skeletal muscle mass in obese indi@dyaiso and
Capurso 20)2Exercise training is known to simultaneously reduce fat mass and maintain
or increase lean tissue mass edlyeiti previously sedentary individ(failewart, Bacher

et al. 2006 The improvements in body composition with exercise ¢graiambe quite
significant and carry a range of health benefits, but the net result is often only a minimal
change in body weight, thus leading to a poor perception of success when weight loss is th
primary outcomdCatenacci, 2007)nrealistic expectatis of the energy expenditure
derived from exercise training, combined with poor weight loss outcomes and a poor
understanding of the significance of favourable changes in body composition, can
negatively affect adherence to such interveniioster, Wadken et al. 1997)t is
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important that body composition is a primary outcome measure for diet and physical

activity interventions and not body weight.

1. 3. 2Combining biology and physiology for individualised
interventions.

Another difficulty encountered is ouncomplete understanding of the physiological
regulation of energy balance. Even within tightly controlled and supervised programmes
there is still a large variation in individual response to an inter(oticimard, Rankinen,

2001) This is true for @dnges in body composition and body weight, improvements in
fitness levels, rate of adaptation to training, and metabolic improvéBoemctsard,
Rankinen, 2001)t is clear that one size does not fit all when it comes to exercise
prescription for obese dividuals and efforts must be made to consider a more
individualised approach to intervention. The same is true for dietary interventions where
nutrient composition may be need to be considered in conjunction with total caloric
restriction due to the inBace of different food types and fat content on metabolism

(Astrup, Buemann et al. 2002

Our understanding of the biology of adipose tissue itself is kisoastiplete. It is now
recognised that adipose tissue is an important endocrine organ that produces and secretes
number of cytokines involved in glucose and lipid metal{Bhysy Gonzale2ampoy et

al. 2008 Adipose tissue dysfunction is a key characteristic of obesity which results in
increased production of disease promoting cytokines concomitant with a decreased
production of health promoting cytokingsner, Pettersson et al. 2p0Beptin and
Adiponectin were two of the first cytokines to be identified and have been studied
extensively, but little is known about the effects of diet and exercise on novel cytokines that
have receit been identifiedA greater focus on the effects of diet and exercise
interventions on the novel cytokines may assist in determining success of programmes

from a metabolic perspective.

In summarymore basic research is warranted to understand the impact of different
nutrient intakes, and different physical activity interventions on the mechanisms at play in
different types of body tissue, so that we may be better able to advise overweight and obes
individuals. It is also important to investigate novel modes of exantisg that increase

daily energy expenditure sirtas difficult for obese, previously sedentary, individuals to
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achieve and sustain the required amouypttysical activity-or example, a single bout of
eccentric exercisevhere the muscle is ldmgting under tensiohas been shown to
increase energy expenditure and fat oxidation in obese indidleats, Potteigest al.

2000 but little is known about the effects of chronic eccentric training. It is also important
that comparisons between dietary restriction and physical activity are based on isocalori
interventionsto assess the relative importance and aatndribof both approaches.
Finally, a revaluation of the criteria used to evaluate interventions is required and should
focus more on the interface between physiological changes in body composition and
biological regulation to maximise the chance ofssfigicéong term health outcomes.

Therefore, the aims and objectives of this thesis are:

1. 4.Aims

The primary aim of this thesis is to iderddynponentgcalorie restriction or increased
energy expenditure by exercifed lifestyle intervention that is shdikely to improve
weight loss, body composition, insulin sensitivity and biomarkers of insulin resistance in

obese individuals.

The second aim of this thesis is to identify the components of an exercise regime (aerobic
versus resistance) that are nikety to improve weight loss, body composition, insulin

sensitivity and biomarkers of insulin resistance in obese individuals.

1. 5.0bjectives
1. To compare the effects of an isocaloric diet and aerobic exercise intervention on
body composition, insulin sensiyi, and the circulating concentrations of novel

biomarkers of insulin resistance.

2. To measure the impact of eccentric exercise, as part of an aerobic and resistance
training intervention, on body composition and biomarkers of insulin resistance in

obeseandividuals.
3. To compute the most effective combination of dietary restriction and physical

activity based on improvements in body composition and changes in biomarker

profile in the obese population.

31



1. 6.Hypothesis
1. Dietary restriction and exercise intetiees will result in distinctive physiological

and biological profiles following avt@ek intervention in obese individuals.

2. Exercise training will confer more favourable changes on body composition than

dietary restriction with concurrent training beiogt effective.

3. A combination of dietary restriction, aerobic exercise and resistance training will be
necessary to maximise the impact on physiological variables and biomarkers of

insulin resistance.

1. 7.Thesis Overview

In this thesis, two separate intatians were conducted to test our hypotheses. In both
studies obese individuals volunteered to participate inwaek2diet or exercise
intervention. All interventions were isocaloric and comprised 2500 kcal/week dietary

restriction or exercise.

1. 7. 1lintervention 1. Comparison of dietary restriction and aerobic

exercise

Subjects were randomised to a dietary restriction or exercise interventiemefis12
Dietary restriction was monitored by food diaries completed eveek® and evaluated

by a dieticiariThe exercise programme consisted of supervised exercise in DCU Sport of
6075 minutes of aerobic exercise 4 times per week working at an intensity of 70% of
V Ozmax Baseline measures of glucose tolerance, aerobic capacity and body camgbosition
biomarker profiles were repeated at the end of the intervention and all programmes were

updated at week 4 and week 8 to ensure continued adaptation and progression.

1. 7. 2Intervention 2: Eccentric exercise as a novel mode of increasing

energy expenditure ad fat oxidation
All subjects performed aerobic exercise faveks and were randomised to complete a
standard resistance training programme or an eccentric resistance training programme. Th

response to both inteventions was measured by changes imropdgiton, glucose
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tolerance, resting energy expenditure, fat oxidation, and skeletal muscle cross sectional ar

and biomarker profiles.

1. 7. 3Study 3: Impact of exercise training on body composition and
biomarker profile
Exercise data from the two interventstudies was combined for a comprehensive

statistical analysis to determine the effects of training on body composition and biomarker
profile.

1. 7. 4Study 4: Comparison of 4 isocaloric interventions
All data from the two intervention studies was combineal fomprehensive statistical

analysis to determine the intervention or combination of interventions that resulted in the

most favourable physiological and biological outcomes.

1. 8.Delimitations

x  The subjects in all of the experiments were recruited exgcltrenelstaff and
students in Dublin City University due to ease of access to testing and training
facilities. This group is only one sample of an obese population.

x In the first study, the subjects recruited were delimited to being young (<30 years)
or olde (>50 years) due to original study design.

1. 9.Limitations

x  With regard to intervention 1, the original study wasil&centrecrossover
experimenbut the complexity of thdesignanalysis and the interaction effects led
us to exclude the second phaséhefintervention. The complex nature of this
original design also resulted in a smaller sample size than originally aftepated.
data presented in this PhD thesisluded a lot ofhe datathat was actually
collected agpart of the original projedbut this allowed formore robust
comparisosand conclusions

x We were not able to measure body composition on all subjdots REXA
scannewas damaged a flood during the first year of data collection

x For intervention 2, the original study designaniésweek intervention. However,

due to the time required to conduct the extensive baseline testing, the intervention
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was reduced to 10 weeks to ensure that the post tests could be completed prior to
end of semester.

The time commitment required for th@ning studies, in addition to the extensive
pre and post tests that were carried out resulted in a smaller sample size than
originally recruitedhis limited the statistical power to detect change.
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Chapter 2.Literature Review
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This chapter wilbrovide a focused review of the obesity related scientific liteFature

overall body of knowledge is beyond the scope of a single review but the relevant literature
across three key main sections will be critically appiBmgefitst section will ldoat the

factors that contribute to obesity, the health consequences associated with obesity, and th
current modes of intervention used to treat and manage this condition. The second section
will focus specifically on the physiological and metaboliatamtegppthat occur in response

to exercise training and the role of these adaptations in treating obesity. The third and final
section will begin with an overview of adipose tissue biology, and will subsequently focus
on 6 novel biomarkers that are repotteplay a role in obesity and insulin resistance. The

known effects of lifestyle intervention on these biomarkers will also be presented.

2. 1.0Obesity - Cause consequence and current modes of treatment.

2. 1. 1lintroduction

The prevalence of overweight and obédwt/ reached epidemic proportions in recent
years.Overweight and obese individuals carry around excessive fat which is generally
estimated by combining measures of height and veeigkthodparticularly relevair

the sedentary adu{Speakman, J.RQ@4). This is reflected in the Body Mass Index (BMI)
measurement where weight (kg) is divided by height($peakman, J.R, 2004).
Overweight is defined as a BMI >25k§/Mut <30kg/nt, obesity is defined as a BMI
>30kg/m? (Speakman, J.R, 20@.the yea2000 obesity had grown to such as extent

that the World Health Organisation declared it to be the greatest threat facing Western
Society. In 2000, 300 million adults worldwide were classified as being obese but this figur:
has since increased to >520iomlwith an additional 1 billion adults classified as being
overweight. The worldwide prevalence of obesity has almost doubled between the year:
1980 and 2008. In 1980 5% of men and 8% of women were classified as being obest
compared to 10% of men and 1df4Avomen in 2008. These figures are continuing to rise
and it is predicted that by the year 2015, 2.3 billion adults worldwide will be overweight and
700 million will be obe$&/HO, 2009.
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Figure 2.1 World Health Organisation global prevalence of obesity, ages 20+, both
sexes, 2008

The rise in the level of obesity over the last 20 years is particularly evident in the USA
(Figure 2.2)Data from the National Health and Nutrition Examination S@o@32010

revealed that more than 2 in 3 or 68.8% of adults over the age of 20 in the US are
overweight or obese. Furthermore, 1 in 20 adults or 6% are considered to have extreme
obesity. This condition is not just confined to adults, alarmingly anees®®f#t of

children aged 6 to 19 years are classified as being overweight or obese. It is predicted th:
by the year 2025 50% of the US population will be obese if these trends are maintainec
(NHANES, 20022010.
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Figure 2.2 Obesity trends in U.S. adultsover a 20 year period from 1990 to 2010
BRFSS, 1990, 2000, 2010. The percentages refer to individuals wiiva 2 30, or
about 30 I bs overweight f or dapied fiomphe r s o n
Center for Disease Control (2010).

The latest available data from the Eurostat Statistics Database in 2012arsewvedéed
picture inthe EU At least52% of adultan al 27 member states were classified as
overweight or obesbut this figure is even greater in 18 of the 27 membe(Etatestat
Statistics Database, 2012).
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Figure 2.3 Depicts thericreasing obesity rates among adults in European cawdries
20 year period from 1990 #900to 2010 (or nearest yearShurceODECD Health
Data 2012 Eurostat Statistics DatabaseaNHO Global Infobase.

Unfortunately, a similar trend is also evident in Ireland. In 1990 11% of the population
were obese, this increased to 18% in 2000 and 25% in 2010. This was in addition to 39% o
the population beingassified as overweight at both of those time podireanost recent
representative data for Ireland shows that 37% of the Irish adult popsi@atemweight

and a furtherr4% isobese (IUNA, 2010By the year 2030 it is predicted that the
prevalencef overweight and obesity in Irish adults will reach 89% and 85% in males and
females respectively (Keaver et al. 2013). This issue is not exclusive to Irish adults. Rece
research shows that 19% of 9 years olds are overweight and 7% are obese f§@mowing u
Ireland, 2011). This translates into a total of 30% of girls and 22% of boys being classified
as either overweight or obese (Growing up in Ireland, 20l )astprediction of
childhood obesitiyn 2005 based in UK values, estimétezlprevalencef obesity in Irish

children isexpected to rise by 10,000 per year (National Obesity Task Forcdh2005).

rate of overweight and obesity in Ireland is greater than the EU average and creates al
even stronger rationale for developing interventions tenpremd reduce excess fat

accumulation.

2. 1. 2Health consequences of obesity

Obesity, defined as a body mass index30kg/n¥, is a serious global health issue. It is
currently the fifth leading risk for global death, and at least 2.8 million adult deaths each
year are a direct result of being overweight or Qhése, 2009. Mortality increases as
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BMI increases above 25kg/m I n t he 1930’ s, us | ife in
factors that influenced the probability that someone would redeem a life insurance policy.
Based on the redemption of 5,000,000 policies in that year, they deemed BMI to be the
most effective predar of mortality(Engeland et al., 2003 he reason for this was due to
thedirect link between body fatness and many chronic diseases. An individual with a BMI
of 35kg/n? is 4090 times more likely to develop type 2 diabetes than an individual with a
BMI of 22kg/n? (Chan et al., 1994besity isin independent risk factor for a number of
chronic diseases including hypertension and cardiovascular disease. The risk of certai
cancers such as breast and colon cancer are also increased wiiVidRes2909, as is

the risk of developing of clinical respiratory disorders such as sleg@aiflicgzet al.,

2002. The obese imddual is also more likely to antidepressantedication, suffer

from joint problems, and suffer from skin disord8meakman, 2008ased on current

trerds, by the year 2020 non communicable chronic diseases are expected to account fc
70% of global deaths and 60% of the global disease fWtien2009.

2. 1. 3Economic cost of obesity

The health consequences of obesity combined with the large number of people who are
affected by it imposes significant costs to the economy both directly and indirectly. Firstly,
the treatrent of obesity and related morbidities impose direct medical costs on the health
care system in terms of hospital admission, hospital days, patient care, medical
consultations, drugs and other allied health care practitior2068, the direct cost of
overweight and obesity per person in the USA was estimated at $266 and $1723
respectively. This amounted to a total national cost of $113.9 billion in that year, which
accounted for almosb% of U.S. health care spending (Tsai, 2012R09 the direct

cost of overweight and obesity was estimata@% million inthe Republic of Ireland
andul127 million in Northern Ireland (Safefp@812)This represented 2.7% and 2.8% of

total health care costs in that year (Safefood, RO$23stimated that ovére next 20
yearsnon communicable diseaséll cost the global econont30 trillion dollars
representing8% of the global Gross Domestic Produ@010WHO, 2010h Secondly,

the indiect costs associated of obesity are those that are incurred through loss of
productivity due to absenteeism, disability, and premature mortality. The evidence that is
currently available suggests that obesity incurs high indirect costs but it igadifficult
measure this and more research is required to determine the total spectrum of these cost

(Trogdon et al., 2008The indirect costs associated with overweight and dhethiey
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Republic of Ireland and Northern Ireland was estimatedda2 9 mi I | i on and
respectively in 2009 (Safefood, 20tR)likely that these costs will continue to rise in the

absence of effective intervention.

2. 1. 4Risk factors for obesity

Obesity has only become an epidemic in the past 50 year®tidesearch has been
conducted to investigate why this is the case. The most significant contributing factors are
thought to be changes that have occurred to our eating and physical activity habits, whick
ultimately favour the storage of excess energyexXdess energy is stored in the adipose
tissue as fat, and chronic exposure to excess energy leads to an expansion of fat stores
that the person initially becomes overweight and eventually (@esskman, 2004
Evidence has recently emerged to suggest that there may also be a genetic component |
the development of obesity. The cintion of energy intake, energy expenditure, and

genetics in the development of obesity is outlined below.

2. 1. 4. 1Trends in dietary intake and its contribution to obesity

There is an ongoing debate as to whether chronic intake of excess energy, chronic physic
inactivity, or a combination of both is the main contributor to energy storage and weight
gain. Eating patterns have undoubtedly changed over the last 50 years. There has been
shift towards eating away from hofmkley et al., 20§Gand a marked increase in the
consumption of energy dense convex@efoods that are high in fat and added sugar.
Fructose isa sugar that is addeith the procesmg of convenience foodsnd is
enzymatically produced from corn stdfarder et al, 201Q)nlike glucosdructoseis

almost completely metabolised in ithex;, Idoes not stimulate insulinrggon or satietyis

more lipogenic than glucose and is associated with an adverse lipid profile and an
accumulation of lipid in tissues of metabolic importdrerder et al, 2010)\ positive
relationship has been falbetween fructose ingestion, excess energy intake, body weight,
T2DM and CVD(Tappy et al., 2010rhis is coupled with a greater intake of saturated fat,
predominantly from animal products, a reduced intake of complex carbohydrates and fiber,
and a reduced intake of fruit and vegeté@blesvnowski and Popkin, 199The global
availability of cheap vegetable oils and fats means that a high fat intake is particularly
evident among low income nasdDrewnowski and Popkin, 199While it is widely
accepted thatatterns of dietary intake have changed over the g#siy8arthere isstill

debateabout total energy intake as some report an in¢Miatsen et al.,, 20020
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changdAlexy et al., 200Arnett et al., 200@r a decreagPopkin et al., 198However,

this information must be interpreted with caution since the tools used to quantify food
intake, such as dietary guestaires and subject recall, are prone to misref(&ttcl et

al., 1998 There is more consensus with regard to the change that has occurred in
macronutrient intake over the last 20 years with both théWi&t and Leibel, 20p2

and EuropgAlexy et al., 20D2eporting a decrease in fat intake and an increase in the
consumption of carbohydrate, particularly simple Siddexy et al., 200Arnett et al.,

2000, which when not used for energy are stored as fat.

The composition of food consumed in Ireland over the last number of years has also
changed. The 2007 National Survey on Lifestyle, Attitudes and Nutrition reported that
86% of respondents consumed greater than 3 servings per day of energy dense foods th:
are high in fat, salt and sugar, similar to reports in the years 1998 and 20G& Béene

a reduction in the intake of complex carbohydrates over the past number witlyears

26% of respondents consagithe recommended 6 or more daily servings of cereals,
breads and potatoes compared to 40% in 1998 and 36% inF20D2and vegelde
consumption has also change@5%% of respondentsetthe recommended servings of

fruit compared to 56% in 1998 and 68% in 2002. Half (48%) of the individuals snacked
between meals mostly on carbohydrate based convenience snacks such as biscuits al
cakesbut there was no information available on total calorie intake or how this has
changed since the previous survey in (Z0YN, 200Y.

Dietary intakéas changed over time in line with the rise in the prevalence of Bhesity.
literature suggests that total caloric intakenmiaprave changed considerably but this
finding must be interpreted with caution since it is based on self reported questionnaires
that may be subject to underreporting. There is more consensus in the literature regarding
the change in the composition ddtdry intake over time which identifieefinite shif

towards increased snackbejween meaknd increased consumption of energy dense,
high fat, high processed foaal of which ardinked to obesityand related health
consequencég$appy et al., 2010

2. 1. 4. 2Trends in physical inactivity and its contributionto obesity

On a gl obal scale the | iterature suggest
over the last 20 yedWillett and Leibel, 200&8lexy et al., 20Q2which implies that the
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contribution of physical inactivity to obesity may be quite significant. Our environment has
changed dramatically over the last 50 years to make daily taskficranteéneferms of

time required to complete them, but also in terms of the energy required to complete them.
Advances in technology have significant!]l
the dominant mode of transport was walking. Mogtigp@owestern society had no other
option and walked to various small shops to do their weekly shopping and other tasks of
daily life. In modern society the dominant mode of transport is by car and the numerous
smaller shops have been replaced with laygermarket or convenience stores making
weekly food shopping and general daily activities more energy caispeEakiohan,

2004.

Advances in household appliances have also had a significant impact on energy
expenditure. The introduction of washing machines, dishwashers, vacuum cleaners ant
other appliances have made traditional danadsires more time efficient but also more
energy efficient since they were traditionally manual tasks. The appliance market ha:
changed so dramatically over time that there are now electrical appliances for even the
smallest of tasks such as cutting feibldl carving knives. All of these advances mean that
daily energy expenditure is decreasing and daily sedentary time is, iconé@singg to

positive energy balan&peakman, 2004

One of the most gnificant factoréinkedto positive energy balance is an increase in the
number of hours per day spent watching teleyi3emison et al., 200@rmstrong et al.,

1998 Salmon etlg 2000 In 1970, almost all households in the USA and in Europe
possessed a television but the prevalence of obesity was much lower then. In the late
1990 s it was estimated that 20% of <chil
television peray and this was positively associated with(Biistrong et al., 1998
Havinga el evi sion in a child’"s room signif.i
obesgDennison et al., 20D similar picture is also true for ad(8&mon et al., 2000

The increase in time spent watghtelevision has brought about changes in behaviour.
These individuals are less likely to be g&lisenmann et al., 200and more likely to

increas¢heir consumption of snack foods.

Finally, the time required for earning a living and domestic work has also declined over the

last few decades in Western societies and this trend is associated with a marked decline
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energy spent on these activitieg. fBduction in work time means that more leisure time is
available, but the majority of this time is spent on passivities Thus daily energy
expenditure has fallen and lifestyles have become increasingly gedenianyzi and
Martino, 1996

The epidemiological data that is available regarding the change in physical activity patterr
over time shows that in the year 2000 only 26.2% of US adults engaged in enough physic:
activity to meethe basic ACSM guidelines for health, which is 30 minutes of moderate
physical activity at least 5 times per week, or vigorous activity for 20 minutes at least 3
times per week. The likelihood of reaching these recommendations was related to year
spent ineducation where 14.5% of individuals with less than 12 years of education met the
guidelines compared to 34.2% of individuals with a college ed@2Gori99% In the

Irish context, the SLAN survey 2007 revealed that only 41% of Irish adults took part in
modeate or vigorous activity for at least 20 minutes on 3 or more days p&LwéEk

2007. The 2008 report by the Health Behaviours in School Aged Children established that
53% of Irish children were active for 60 minutes or more on 5 or more days of the week.
The reported frequency physical activity is 25% lower in children agetl7 years
compared to children agedlDyears, indicating that children become less active in their
teenage years, and girls consistently reported less activity than aged magdisRChoys
2008.

Over the last number of decades our environment and our lifestyles have been engineere
to favour increased sedentary tiierldwide more than 60% of adults do not engage in
sufiicient levels of physical activity. Physical inactivity decreases with age and is more
prevalent in women than men across all age groups. The rise in the prevalence of obesity
attributed to physical inactivity in leisure time combined with incredesdarge
behaviour throughout the day. The health consequences of physical inactivity are
significant (WHO, 2003).

2. 1. 4. 3The contribution of genetics to obesity

It is clear that the changes in energy intake and energy expenditure over the last 50 hav
favoured psitive energy balance which contributes to obesity. However, within all
environments there is a mixture of lean and obese individuals indicating that the

environment is not the only factor responsible for obesity. The possible genetic
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contribution to obety has received growing attention in recent years. Some rare cases have
been reported where children were found to have defects in their Lept{Rayeogs et

al., 1999 This meant that they did not produce Leptin, a hormone that would normally act
to regulate appetite, and its absence meant that these children had ravenous, insatiab
appetites resulting in extreme obesity at a very early age. Treatméailywiteptin
injections reversed their compulsive eating behaviour and dramatically reduced their weigh
(Farooqi et al., 1999This is a rare genetic digortébut an example of the role of the
interaction between genetics and the environment in the development of obesity. It is
important to note that no direct causal link has been established between genes anc
obesity. Rather, some people develop obesitysbeiteeir genetic makeup makes them
more likely to adopt behaviours, such as over eating, or have physiological characteristic:
such as low resting metabolic rates, that put them in positive energy balance. An individua
does not develop excessive fatestavithout consuming too much energy, expending too
little energy, or a mixture of both, but genetic variation may explain the inter individual
variation in the extent of obes{§peakman, 2004This is particularly evident in twin
studies. Bouchard et al 1990 conducted a study to investigate the response of twins to lon
term overfeedon The investigators took 12 pairs of young adult male identical twins and
housed them in a closed section of a dormitory for 120 days with 24 hour supervision. The
subjects were monitored over the first 14 days to establish baseline calorie intake. For th
next 100 days, all individuals were fed 1,000kcal above their baseline intake for 6 days pe
week, and only their baseline intake on the last day of each week. Physical activity leve
were tightly controlled. At the end of the study the weight gathed twin pairs was

similar, but the weight gain between twin pairs varied greatly from 4.3kgs to 13.3kgs despit
all of them being exposed to the same overfeeding conditions and the tight control of the
study. Similar results were found for gains in das.nThe authors concluded that the
twins genetics may govern their tendency to store excess energy as fat mass or lean tiss
and may also influence various determinants of resting energy ex{Bndihael et al.,

1990. It is proposed that geneticayraccount for up to 65% of the variance in obesity
(Speakman, 2004

The literaturghat iscurrentlyavailable regarding the genetics of obesity surmises that
individuas donot become obese without consuming too many calories, being physically
inactive, or a combination of bofietary intake patterns have changed over the last

number of decades to favour increased snacking between meals and increased
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consumption of energy dense foddss has occurred alongside an epidemic of inactivity
in leisure time and increased sedentary time throughout tBeetay.prolonged period

of time ths lifestyle favours energy sgeravhich can accumulate to obe€ihly in very

rare cases geneticslirectlyresponsible for the development of obesity; howewetics
may be responsibldor individual variation in weight gain. The obesity epidemic
continuing to rise at an alarming rate effatts must be made to treat and manage this

condition.

2. 1. 5Treatment and management of obesity

A considerable amount of resources have been devoted to the development of therapie:s
for the treatment and managemef obesityThe first mode of treatment is usually diet

and exercise intervention, which is complimented with weight loss enhancing drugs such a:
Orlistat for some individuals. Bariatric surgery occurs in the morbidly obese after all other
treatments hae been administer¢Branz et al, 20Q7A review of the effectiveness of

these therapies is presented béfoanz et al, 20Q7)

2953

Adjustable Roux-en-Y Vertical Sleeve Biliopancreatic
Gastric Band Gastric Bypass Gastrectomy Diversion With a
(AGB) (RYGB) (VSG) Duodenal Switch
(BPD-DS)

Figure 2.4 Therapies currently used in thereatment and management of obesity.
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2. 1. 5. 1Bariatric Surgery

Bariatric surgery includes a number of different procedures for obese individuals. The
procedures include gastric banding, which involves reducing the size of the stomach with &
gastric band, gastrnypass surgery which involves resecting amlitieg the small
intestines to a small stomach pouch, and surgery to remove a portion of the stomach.
These procedures were designed to cause weight loss by food restriction and nutrien
malabsorption but the is evidence to suggest that they work by decreasing hunger,
increasing satiation during a meal, changing food preferences and energy expenditur
(Miras and le Roux, 2Q1Bariatric surgery is reamended for individuals with a BMI of

at least 40kg/f but if serious emorbidities such as diabetes exist, the BMI criteria is
>35kg/n? (Robinson, 2009 Many studies report significant long term reductions in
weight and mortalifRobin®n, 2009 This treatment option is only considered when the
patient has at least undergone a lifestyle intervention, in addition to pharmacological
therapy in some cas@gaggard et al., 2Q0but studies show that bariatric surgery is
associated with substantial weightdb4@months Schauer et al (2012) reported a weight

loss of 29.4kg®kgs 12 months post ReerY gastric bypass (n=50) or sleeve
gastrectomy (n=49), which was accompanied by significant metabolic and cardiovasculal
improvements. The drugs that were being used to control glucose, blood pressure and
lipids in these subjects decreased significantly after both surgical procedures. Insuli
resistance also improved significafighauer et al., 201and these findings are
supported by other studi@Suo et al., 20)3There were no deaths or life threatening
complications in the Schauer (2012) study but other research shaweetisat event

occur in approximately 20% of cagbtaggard et al., 2003Bariatric surgery is
undoubtedly very effective in producing weight loss in the obesei@ondtstudies

show that this weight loss is highly correlated with improved qualityaefdgeessed by

the Health Related Quality of Life Questionnaire (HRQBIIy ét al. 2014, Hansen et al.

2014, Efthymiou et al. 2014nd the Obesity and Weightss Quality of Life
questionnaire (OWLQOL) (Billy et al, 2014). Billy et al, 2014 reported a significant
(p<0.0001for both) improvement in OWLQOL scor@s 174 patientwithin 6 months

post implantation of the laparoscopic adjustable gastric band anltiraledto improve

over a 3 year periofihe mean improvement quality of lifefrom baseline scores was

52% Percent weight loss was maintained through the 3 years and the improvement in
OWLQOL scores was associated with the percent weight loss eg. Jlyeaauthors

conclude there are meaningful improvements in quality of life following this type of surgery
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(Billy et al, 2014Many of the surgical interventions report weight loss at 12 to 36 months
and so it is difficult to obtain results after or@dywkeks for comparison to common

lifestyle interventions.

2. 1. 5. 2Weight loss promotingdrugs

In the USA in 2011, approximately 2.74 million patients were using some form of
antiobesity druHamppet al., 2003 These drugs are commonly used in conjunction with
lifestyle intervention and have consistently shown a weight lgysfaziditional to that
obtained by lifestyle intervention alone over a one year (fucr et al., 200A

number of amtobesity dungs have been develop&bme such as sibutramine and
rimonabant work by acting centrally on the brain to suppress appetite, thereby reducing
food intake and promoting weight I¢g8&bas et al., 20D9However, their potentially

severe side effscincluding psychiatric disorders with rimonabant and elevated blood
pressure and insomnia with sibutramine, limit their clinicdAkisas et al., 20P9
Sibutramine has since been removed from the market due to these harmful side effects
(FDA, 2010). Exenatide is a GIlLPagonist prescribed to treat diabetes. It works by
augmenting the insulin response to a glucose load, suppressing the glucagon response tc
glucose load, delaying gastric emptying and thus the rate at which glucose appears in tf
blood stream, in addition to reducing appetite and promoting @diety et al., 20113

When prescribed in addition to regular diabetic medications (insulin, metformin and
sulphonylureas) the literature shows a significant improvement in glucose control in
addition to a significant weight loss oftlL.Bkgs at one month, 885kgs at 3 months,
6.3+3.4kgs at 6months and-8433kgs at 12 montiBawa et al., 20L& urrently, orlistat

is the only registered drug for the pharmacotherapy of obesity in @wepal et al.,

2004. The drug works by inhibiting an enzyme in the intestine known as lipase, which
would normally act to break down triglycerides into absorbable free fatty acids. Blocking
this enzymeeduesthe absorption of dietary fat, which is excreted undigested instead
(Cahill and Lean, 199®rlistat therapy has been shown to reduce serum concentrations
of lipid and glucose, as well as reducing blood préassarell et al., 200€ahill and

Lean, 199%ut this may be due to weight lost. Franz et al 2007 carried out a systematic
review on the effectiveness dfsbat combined with lifestyle intervention to assist weight
loss and maintain it in the long term. Following a review of 13 studies, weight loss at 6
months was 8.3kgs or 8%, and this was maintained at 8.2kgs or 8% at 12 months, 7.7kgs ¢
7% at 24 monthg,.8kgs or 7% at 36 months, and 5.8kgs or 5% at 48 r{taths et al.,
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2007. Weight loss achieved by orlistat combined with lifestyle intervention is reported to
be significantly greater than lifesigtervention alon€Olszaneck&linianowicz et al.,

2013 and may be beneficial in long term weight loss maint¢@ahdkand Lean, 1999

2. 1. 5. 3Dietary interventions

The general consensus in the literature is that caloric restriction is successful in the
treatment of obesity and there appears to be a dose response relbdbmship the

amount of calories restricted and the amount of weigffrast et al., 20D However a

closer inspection of this body of workeag that its true in the short term but weight
regainn common in the longer term, particularly following very low calori@-thets et

al., 200y There is large variation in the reported success of dietary interventions, which is
related to the wide wation in study design in terms of the number of calories restricted,
the composition of the diets, and also the duration of the interventions and the level of
supervision. Franz et al 2007 carried out a systematic review of 51 dietary interventions
The aim of this review was to evaluate the short term and long term success of the
interventions, as measured by the amount of weight lost. The interventions reviewed
included diet alone, meal replacements, and very low calorie diets (VLCD). All 51 studies
were randomised clinical trials of different duration ranging from 6 weeks to 36 weeks with
> 1 year follow up and contained0 subjects. Weight loss was measured at 6 months
and again at 12, 18, 24, 36 and 48 m(#riusz et al., 20p7

The majority of the 51 interventions used a caloric deficit of 500kcal per day below that
required by th individual as determined byResting Metabolic RatRMR) test The

mean weight loss at 6 months was 4.9kg \(@%6) was maintained at 4.6kg (4.6%) at 12
months, 4.4kg (4.4%) at 24 months, and 3.0kg (3%) at 48 months. The meal replacemen
studies (n=7) achieved a weight loss of 8.6kg (9.6%) at 6 months which was maintained a
6.7kg (7.5%) at 12 months. Studies tadp@m very low calorie diet (calorie intake
<800kcal/day) achieved substantial weight loss at 6 months (17.9kg (16%)) that was not
sustained at 12months (10.9 kg (10%)) or 36 months (5.6 kevE¥pugh the results

are comparable or better than otfietary approachebhe authors concluded that caloric

restriction was successful in initiating and maintaining weigRtdogset al., 20D7

To limit the review, the primary outcome measure asdEtdrmine success was weight

loss. No information was provided on the overall change in body composition of the
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subjects and so it is unclear whether this weight loss was derived from body fat mass, lea
tissue mass, or a mixture of both. Secondarynmeitoeasures such as blood pressure,
lipids, glucose, quality of life, and treatment satisfaction were not described. However there
are a number of studies in the literature to support the observation that caloric restriction
improves lipid profilejnsulin sensitivityand cardiovascular risk in obese individuals
(Brinkworth et al., 200&lifton et al., 200%ee et al., 2013kee et al., 200@berhauser

etal., 201

A number of short duration, carefully supervised studies have been condueieort

varying degrees of weight loss due to differences in study design. To follow is a discussiol
of the effectiveness of three typical study design¥ ee80ction in calorie intake below

daily requirements, a comparison of high protein to standard diets, and very low calorie

diets.

Klempel et al(2012 conducted a 10 week intervention where subjects were randomly
assigned to one of two groups, intaenitfasting (severe restriction one day per week)
with calorie restriction using liquid meal replacements-(JF@R intermittent fasting

with calorie restriction based on food (IFOR Each group was restricted by
approximately 30% of their baselimdoric needs. They both consumed 240kcal for
breakfast, 240kcal for lunch, and-@00kcal for dinner 6 days per week, and on the last
day of each week they fasted, which consisted of water consumption with 120kcal of juice
powder only. The difference beem groups was that the IRCRyroup consumed the
calories in the form of liquid meal replacement supplements, but thHe deGtumed

their calories in the form of food which was provided by the study. The first 2 weeks
consisted of a weight maintenaregopd and the final 8 weeks involved calorie restriction.
The post tests revealed that there was a significant decrease in weight in both groups
whichwas significantly greater in the IHCBroup 8.9kgs or 4.19%4p=0.04) compared

to the IFCRF group(25kgs or 2.6% There was a significant decrease in fat mass post
intervention in the IFCIR group(2.8kgsand in the IFCHE group(1.9kgs) but there was

no difference between groups in the amount of fat madsabfee mass decreased by an
average ofpproximately 1.2kg in the IRCRyroup and 0.5kg in the IFE€Rgroup but

this did not reach statistical significaarwk there was no difference between grdines

lipid profile of the subjects and risk factors for cardiovascular disease also imgtroved po

intervention(Klempel et al., 201.2The results of this study suggest that when calorie
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restriction is similar, weight loss is augmented in those corslioquind)diet compared to

a solid food diet. However, Aslam et al 2009 conducted a 12 week solid food intervention
also with a caloric restriction of 30% below actual daily requirements. The weight loss (
7.86kgs) and fat mass lo$s2@kgs) outcomes weapproximately double that of the
aforementioned study, but this was concomitant with a reduction of fat free mass in the
region of 2.6kg@\slam et al., 20P9

The use of high protein diets in weight loss interventions has become prominent in recent
years. There is evidence in short term studies to suggest that a higher peimingak
feeding alters total energy intake via the feeling of satieincraades total energy
expenditure by increasing thermogenesis. Additionally, higher protein intake has proven tc
lead to a reduction in subsequent energy intake compared |¢@merdoets. Thus high

protein diets have reported greater weight and fat mass loss than lower protein
conventional diets, but findings have not been consistent and further long term research is

requiredEisenstein et al., 2002

Clifton et al (2009 administered a 12 week intervention where subjects were randomised
into one of two groups, a highotein (HP) diet, or a standard protein (SP) diet, with the
energy allowance being ¥3660kcal per day. Weight loss after 12 weeks was significant
and comparable in both group&&2kg in HP;7.65kg in SP) as was total fat l€s8Kg

in HP,-6.4kg inSP), with slight reductions in fat free njf@kon et al., 2009Lee et al

(2009 also carried out a 12 week weight loss intervention comparing thverdéexof a

high protein diet to a conventional diet. Subjects were randomly assigned to one of two
different groups, a low calorie diet with partial meal replacement and high protein content
(HP), and a low calorie nutritionally balanced conventiomgCplaNeight loss was also
comparable in both groupSKg in HP-4.9kg in C) as was the total reduction in fat mass
(-2.5kg in HP52.3kg in C). Both groups also experienced at least a 2kg reduction in fat free
mass. When adherence to dietary inteovemtas greater then 70%, the HP group
experienced greater success in total body fat redicéenst al., 20D9The results of

these studies indicate that biyihes of intervention yield similar weight loss and fat mass
loss results. However, the high protein diets report other health outcomes including an
improvement in lipid profile in obese subjects at risk for cardiovascular@igseaset

al., 200p

51



Very low calorie diets have also received attention in the literature in recent years. The
strategy often used in these types of interventions is a calaeiofirt@@0kcal per day

and so the weight loss results, at least in the short term, have proven to be quite significan
Papadaki et al 2013 investigated the effects of an 8 week VLCD on obesity measures in 77
overweight and obese subjects from eight Eamnogiées. The subjects were restricted to
800kcal per day and all meals were replaced with supplements. The average weight loss w
11.1+ 3.3Kkgs, which consisted of an average fat mass loss @f.4k8s and an average

lean tissue loss of 2:84.0kgqPapadaki et al., 2013Foster et a{1992)compared the
effects of 3 different VLCD s on body we
The total calrie allowance for each of the 3 groups was 420kcal per day, 660kcal per day
and 800kcal per day. After 12 weeks of intervention, subjects had an average weight loss
18.2kgs, 18.5kgs and 16.6kgs respectively. Fat mass accounted for 85.4% ofdbe weight |
in the 420kcal/day group, 86.1% of the weight loss in the 660kcal/day group, and 88.2% of
the weight loss in the 800kcal/day group, with the remainder derived from fat free mass.
Weight loss was the single best predictor of changes in fat freeaoassngdor 42%

of the variance, thus the subjects who lost the most weight also lost the most fat free mas:
(Foster et al., 1994t is clear from these stué s t hat VLCD’' s | ead |
loss and fat mass loss at least in the short term but this also occurs alongside a reduction |

lean tissue mass.

Novel types of diet intervention continue to emaergbe literatureThe earliest work
carriedby Dr. Michelle Harvie showstarmittent fastings as effective as continuous
energy restriction with regard to weight loss and improvements in metabolic health, and
may be offered as an alternative equivalent to continuous energy restriction for the
ovaweight and obese population (Harvie, 20datBrmittent fastingnvolves 2days of
restricted intakper week.e. low calorie (~600kcal), high protein, low carbohydrate and
limited dairy, and 5 days of normal egteigweek baseoh aMediterraneanlie i.e.
moderate calorie consumption, moderate protein, unprocessed carbohydratesndow fat,
limited dairy(Harvie, 2013More recently, whemtermittent energy andrbahydrate
restriction (IECR) wascompared to continuous daily energy restrictionR}DE
(1,500kcal/dayfpr a 3 monthweight loss periad overweight womethe results shoed

that insulin resistance and body fat decreased in both groute boprovement in

insulin resistance wsignificantly greater in the IE@#n the DER group deise both

groups havingn overall energy deficit of 25% per WiEgER may lead to greater positive
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adaptations imetabolic characteristics of overweight and obese individuatgytetin
studies into the safety and effectiveness of IECR diets amgedafHarvie et al, 2013).

It is clearfrom the above researtat calorie restriction isfegtive in reducing body
weight in overweight and obese individubliswever, diet induced eight loss
simultaneouslyeduces body fat and lean tissue matssipopulatiorand few studies

have investigatedhether these changes are influenced by macronutrient composition of
the diet interventiofde Souzat al, 2012)flhe POUNDS LOST trial was a 2 year study
involving 811 overweight and obese gduhghinvestigaie the effects of 4 diets with
different macronutrient composition on fat mass, lean tissue mass, visceral adipose tissue
and hepatic fat in overweight and obese gdeltSouza et #012) The subjects were
randomly ssigned to 1 of 4 diet§ lowfat averagprotein (20% fat, 15% protein, and
65% carbohydrate), (i) ldat, highprotein (30% fat, 25% protein, and 55%
carbohydrate), (iii) higat, averagprotein (40% fat, 15% protein, and 45% carbohydrate),
and (iv) higHat, highprotein(40% fat, 25% protein, and 35% carbohydrate. For all diets,
participants had caloric deficit of 750kcal/day bdlwir energy requirements as
determined by a resting metabolic rateAe&.months participanghoweda significant
reduction in fat4.2t 0.3kg or 12.4%andlean tissue masa ¥ 0.3kgor 3.5%) there was

no difference betweatiets Abdominalfat (2.3 0.2kg or 13.8%gubcutaneoufat (1.5

0.2kg or 13.6%@nd visceral fg0.9 0.1kg or 16.1%)sodecreasedignificantly in all
groups buthere was no difference betwdats Participants regained 40% of these losses
bythe end of the 2 year permwith no difference between groupise key findingjof this

trial was that participants lost more fat mass thartitsue mass in all groapsithere

was no difference between diets with regard to improvements in body composition,
abdominafat or hepatic fatThe authors concluded thatial calorie restriction as opposed

to macronutrient composition of the deethe most important detemant of fat loss in

this populatiorfde Souza et &012)

An overview of the literature suggests that calorie restriction is effective in reducing body
weight of obese individuals and this relationship is dose dependent. This is particularly true
in the case of short term, structured and supervised interventions. Very low calorie diets
(<800kcal per day) are associated with greater weight loss than diets using moderate calol
restriction (~500kcal per day), but the additional weight loss tha wbeur calorie

intake is less than 800kcal per day is minimal. Also, weight regain following very low calorie
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interventions is common. This may be due to the fact that an individual cannot sustain an
800kcal indefinitely and so calorie intake eventuakyases resulting in an increase in
body weight. It may also be related to the fact that caloric restriction, particularly severe
caloric restriction, results in a loss of lean tissue mass concurrent with reductions in fat
mass, which may reduce restintabwdic rate and thus daily energy expenditure, making it
increasingly difficult to lose weight, or even maintain weight loss, in the longer term. The
literature has reported reductions in fat free mass in the regio2586 Bfter a low

calorie diet inteention(Foster et al., 199®%adden et al., 19%arrows and Snook, 1987
Donnelly et al., 1991

In summary, caloric restriction is effect in reducing body weight in obese individuals and
there appears to be a dose response relationship éwvesrount of calories restricted

and the amount of weight Ipparticularly in the short teffranz et al., 20pM™Numerous

study designs are evident in the literature which explains the large vasatoess of
thesenterventions. More basic research is warranted to understand the impact of different
nutrient intakeand caloric restrictiamm weight loss but also on the mechanisms at play in
different types of body tissue so that we can de&thenoptimal intervention for this

population

2. 1. 5. 4Exercise Interventions

Exercise training interventions are routinely used to treat obesity and improve metabolic
health but controversy exists in the literature with regard to the effectiveness of these
interventions particularly when weight loss is the primary outcome measure. Catenacci et a
(2007 investigated the effect of exercise on weight loss in obese individuals using 16
randomized controlled trials ranging from 4 to 16 months in duration. Tdge &M of

the subjects was -3Bkg/n¥. Elevenof the 16 studies reported significant reductions in
body weight ranging from 0.1kg to 5.2kg with the average {3&ggThis is a modest

weight loss and the results may be perceived to be unsuccessfdr, Hatte closer
investigation numerous limitations of the various studies were identified which greatly
affect the interpretation of the results. In the majority of studies, exercise induced energy
expenditure was not closely controlled or accuratelyureteaf\lso, the energy
expenditure prescribed in the interventions was modest and not enough to result in
substanti al wei ght | oss. Mo st of t he i n

physical activity recommendations for health, which is 30 nohuteslerate physical
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activity on 5 or more days of the week, and averad®&d 6dinutes per we@Ratenacci

and Wyatt, 200.7Energy expended per week based on this recommendation could be as
little as 1000kcal which equates to a modest 0.11kg weight loss per week when energ
intake is maintained @re intervention caloric intake. Given the fact that there are
9000kcal in 1kg of body fat, an energy expenditure of 1,000kcal per week is not sufficient
to cause substantial weight loss.

Franz et al(2007 also carried out a review to establish tfectefeness of exercise
training in treating obesity using weight loss as their primary outcome measure. The
subjects in these studies were given recommendations for exercise and minimal or nc
advice on food or meal planning. Only 6 studies were incluthési analysis. The mean
weight loss at 6 months was 2.4kg (2.7%) maintained at 1.0kg (1%) at 24 months. The
authors of the review concluded that exercise interventions are not successful in achievin
weight loss in the obese population. However, tleeadsara number of limitations to this
conclusion. Firstly, the review consisted of only 6 exercise interventions, the total treatment
duration was 52 and 78 weeks , and the time spent exercising was as little as 90 minutes [
week(Donnelly et al., 2000This volume of exescie 1 s | ess than the
activity recommendations for health and so it is no surprise that weight loss was minimal
(Irwin et al., 2003 Shorter term exercise training interventions based ersmartured

and supervised training have consistently reported significant changes in weight anc
physical characteristics in obese sulfigatselly et al., 2B Tessier et al., 20@ewart

et al., 2005 Secondly, weight loss as a primary measure of success does not reflect the
changes that occto body composition as a result of exercise training. Physical training
over a number of weeks reduces body fat mass and concurrently increases lean tissue me
especially in previously sedentary indivifibi@aart et al., 2009 he change that occurs

to body composition, especially over the first 10 weeks of training, means that the total net
weight loss is often minimal over thatetiperiod because the weight gain in lean tissue
negates the weight lost in fat mass. Therefore, it is more appropriate to use body
composition as a primary measure of success following exercise training interventions. Alsc
it is important to quantify chaxyin body composition since the literature consistently
shows that fat accumulation in obese individuals is significantly inversely correlated with
metabolic healtfCapurso and Capurso, 2048d so reductions in fat mass should be a

primary outcome measure. Skeletal muscle mass in trained athletes is positively correlate
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with metabolic healiticbeling et al., 199&nd so it is important to quantify gains in lean

tissue mass with exercise training in the obese population.

Other reviews have demonstrated that exercise training is successful in the treatment o
obesity. They report that the amouhtveight loss is directly related to the amount of
energy expended per week. Ross et al 2001 conducted a systematic review and me
analysis of the effects of physical activity on reducing obesity, with a particular focus on the
influence of exercise inédatcweight loss on fat mass loss. Short term stadi@svéeks)

were tightly controlled and supervised, and used an energy expenditure target of 2,200kc:
per week with an average weight loss and total fat loss of 0.18kg and 0.21kg respectivel
per week. ang term studiex (6 weeks) used an energy expenditure target of 1,100kcal
per week, and yielded an average weight loss and total fat loss of 0.06kg and 0.06kg p:
week. The review of the short term training studies provide evidence that exercise inducec
weight loss correlates with fat loss in a dose response manner and that lean tissue mass is
least maintained with exercise training. This review also provides evidence that the amoun
of weight loss and fat loss achieved with exercise training lig idileietd to the energy
expended throughout the intervention. Greater amounts of energy expenditure per week
are associated with greater amounts of body weight and body fat n{Bssdoaad
Janssen, 2001

Two uncontrolled short term randomised studies investigated the effects of higher
amounts of exercise induceergy expenditure and reported much larger weight loss post
interventionlLee et al., 1994 adjiolova etl., 198p Lee et al 1994 studied the impact of

5 months of military training on 175 obese male recruits. The recruits exercised 5 days pe
week for 20 weeks and averaged 29 hours of training per week, 57% of which was deeme
to be high intensity actiwi No dietary restriction was imposed on the recruits. The
average weight loss was 12.5kgs in 5 months or 0.63kg per week. The weight loss we
attributed to loss of body fat determined by skin fold measur¢beents al., 1994This

study shows that even with substantial weight loss over a short period of time lean tissue
mass is at least maintained with exercise training and the reductionp weigbd
completely accounted for by reductions in body fat mass. Hadjiolova et al 1982 studied the
effects of 45 days of training 10 hours per day with an energy expenditure of 3,600

3,700kcal per day. These subjects lost an average of 12.5kgs. Aékeugtetventions
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were relatively uncontrolled the findings demonstrate that substantial weight loss can be

achieved with substantial energy expenditadgiolova et al., 1982

When assessing the effectiveness of exercise training with regard to improvements in bod
weight and body composition there isadditional difficulty to be considered in the
interpretation of the results. In general the standard deviation is quite large indicating a
high level of inteindividual variability even when energy expenditure and energy intake are
tightly controlled. Tins, the mean result reported for weight loss or change in body
composition can often mask the extent of the results achieved by some participants. King
et al (2008 attempted to identify and characterise the individual variability in response to
an exeree intervention. The subjects performed supervised, aerobic exercise at 70% hear
rate max until 500kcal were expended for 5 days per week. After 12 weeks of training there
was a significant reduction in body weight £336kg), and fat mass (3:72.6kg,

indicating again that lean tissue mass was maintained and all weight loss was derived fro
fat mass loss. However, the investigators reported that there was large indafditgl va

in weight changel4.7kg to +1.7kg) and the change to fat rfaSkd to +2.6kg) despite

the fact that the study was tightly controlled and supervised, and the subjects were deeme
to be fully compliant. Due to the tight control and the large individual variation in results,
the investigators further subdivided thei@pants into two groups, compensators and

non compensators. Compensators were those whose weight loss was lower than predicte
(-1.5-2.5kgs and2.1+2.3kgs for body weight and body fat, respectively) and non
compensators were those individuals who adhoeexceeded the predicted weight loss
(6.3+3.2kg and 5#2.2kg for body weight and fat mass, respectively). Both groups had
modest reductions in lean tissue mass (0.47+1.5 kg vs 0.89+2.1 kg for compensators ant
non-compensators, respectively) and sohwigigs was mainly attributes to fat mass loss
(King et al., 2008This study highlights a number of important issues.

Firstly, a mean outcome measure should be interpreted with caution stwe does

not fit all and individuals respond differently to the same intervention with regard to
changes in body weight and body composition. Secondly, it seems that either consciousl
or subconsciously some individuals compensate for energy expesahitwiéhen tightly
controlled interventions. This observation has been reported in other studies and possible
explanations include variability in exercise compliance, compensation for energy

expenditure with energy intake, and reduced energy expenditigendm exercising
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portion of the dayBouchard and Rankinen, 2(08autala et al., 20Q6evine et al., 20P5
Variability in exercise compliance was not an issue in the King et al. (2008) study since a
of the sessions were individually designed and supervised and subjects were deemed to |
complian It is possible that the subjects compensated for energy expenditure with an
increase in energy intake or a reduction in total daily energy expenditure. This study
highlights the need to educate subjects and make them aware of the effects of
compensatiomither through increasing energy intake or reducing energy expenditure in
non exercising time. It also highlights the need to treat obese individuals as individuals
within a group in order to prescribe the most effective treatment for them. It is importan

to note that even the lowest responders exhibited significant improvements in health,
characterised by decreased blood pressure, increased fithess and decreased wa
circumference. These additional health benefits should be considered important outcome
measures and participants should be educated in this regard so that success is not mere

based on changes to physical charactefisirgset al., 2008

A review of the current literatureggasts that there is a dose dependent relationship
between the amount of energy expended per week and the amount of weight loss achievec
Many exercise training interventions are
for health. These guidelimepresent the minimal amount of physical activity required to
obtain health benefits and are not sufficient for weight loss. Greater amounts of weekly
energy expenditure are required to achieve more substantial weight loss. The dominan
mode of exerciseported in the literature is aerobic exercise and / or resistance exercise. It
is possible that other modes of training would augment the weight loss results and so more
work needs to be carried out to investigate other possible modes or combinations of
training. It must be highlighted that significant changes occur to body composition as a
result of exercise training, particularly in previously sedentary individuals. Importantly,
exercise induced weight loss is derived predominantly from fat mass, tesstideisuass

is at least maintained, if aerobic exercise is the only mode of training, or increased if
resistance training is incorporated. Exercise induced changes in body composition have
significant favourable implications for the health of this populBbr these reasons it is

more appropriate to focus on changes in body composition as a primary outcome measure

of success in these types of intervention rather than weight loss.
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In summarygxercise trainings routinely used to treat oldgsand impove metabolic
healthbut controversy exists in the literature with regard to the effectiveness of these
interventionsThe majority oftrainingst udi es are based on the
recommendations for hea(tbatenacci and Wyatt, 2p@hicharecompletely inadequate

for meaningful wely loss. Weight loss not the most appropriate measure of success of
these interventions because exercise training reselductions in fat massncomitant

with increases in lean tissue nassthe net effects oftenminimal weight lost. More

bast research is warranted to determine the energy expemdjturedfor significant
improvemerd in body composition andody weightin this population, but also to
investigate the effects different types of physicaltigity on the mechanism at play i
different types of body tissue so we can determine the optimal intervention for this
population.

2. 1. 5. 5Comparison of diet and exercise interventions

Diet and exercise interventions have been compared in the literature and the genera
consensus appears to leawards diet being more effective when weight loss is the
primary outcome measuyfaanz et al., 20D7However, few isocaloric diet and exercise
interventions exist making a direct comparison impo&itieinterventions have already

been discussed in detail but a summary of the key differences between them is presente

below.

Firstly, the caloric restriction most commonly prescribed in dietary interventions is a
minimum of 500kcal per day, which audates to an energy deficit of 3,500kcal per week,
and a weight loss of ~0.39kgs per week when energy expenditure is conffeorkent fetr

al., 200y In contrast, the energy expenditure prescrib@anmy exercise interventions is
approximately 1,000kcal per wéannelly et al., 20p9which yields a weight loss of
~0.11kgs per week controlling for energy intake. Clearly there is a mismatch between the
designs underpinning both interventions which is why weight loss is generally greater pos

diet intervention.

Secondly, using weidbss as a primary measure of success poses an additional problem
when comparing the effectiveness of diet and exercise interventions because it does no
take into account the different changes that occur to body composition in response to both

types of mtervention. Exercise training simultaneously reduces fat mass and maintains or
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increases lean tissue mass especially in previously sedentary iSigwaglst al.,

2008. The gains in lean tissue are associated with an increase in RMR which may facilitat
weight loss in the longer te(Kirk et al., 200Byrne and Wilmore, 200The changes

that occur to body composition with exercise training can be quite substantial but the net
weight loss may be minimal. In contrast, the weightclussed by caloric restriction is
directly proportional to the amount of calories restricted, but it is derived from reductions
in fat mass combined with reductions in lean tissue mass. The loss of lean tissue is reporte
to be quite significant with vdoyv calorie diets and it has been proposed that this may
contribute to the weight regain that is often seen in these interventions over a 6 to 24
month periodFranz et al., 20D7

2. 1. 6 Obesity and poor finess, an additional problem

Extensive evidence exists to show that inactivity and poor fivessritus implications

for health. There is a strong, independent, inverse relationship between physical fithess an
all cause mortaliiampert et al., 199Blair et al., 1989BronnumHansen et al2007

Mokdad et al., 20p4ccounting for 3.2 millions deaths each year (WHO,)20h6a

World Health Organisation has declared physical inactivity to be the fourth leading risk
factor for global nmtality, to an even greater extent than obesity itself, which is currently
the fifth leading risk factQVHO, 2009. Physical inactivity is estimated to account for 21

25% of breast and colon cancers, 27% of diabetes, and 30% of ischemic heart diseas
globally. When obesity and inactivity are combined the health consequences may be eve

moredrastidhan obesity alone.

Individualswith a low fitness level and a diagnosed chronic diseasa higher rate of all
cause mortality across all BMI categaftes adjustment for age and baseline risk factors
(McAuley et al., 2012Individuals with higr levels offitness are protected against
mortality regardless of their BMI, waist circumference and percent b@isirfadt al,
1989) Therefore when fitness is taken into @aat, the mortality risk associated with
obesity is offsgMcAuley and Blair, 2014dnd, for this reason, obesity should not be used
in isolationMcAuley et al., 2012

In a comparison of risk factors for-adusemortality Wei et al (1999 examinedhe
impact of BMI, aerobic fitness and established factors including baseline CVD, diabetes,
cholesterol, hypertension and smoking stakf, 14 menlThe key finding of this study
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was that low fitness is a strong and independent predictor of all cause inubnieiieyn

coupled with obesity was much better than established risk factors and equivalent to having
had a cardiovascular ev@iei et al., 19990n average, physically active people live 5
years longer than physically inactive people, and their expected lifetime without long
standing illness is increased by aqpmately 8 years compared to inactive individuals
(BronnumHansen et al., 2007The enormity of the health consequences of physical
inactivity is such that Pedersen (2010) proposed the concept of the e a s o me o f

i nactivity’. The theory behind this conc
with chronic systemic inflammation independent of obesity, leads to the accumulation of
visceral fat and consequently the activationlamimfatory pathways, which promote the
development of insulin resistance and type 2 diabetes, atherosclerosis and a cluster c
di seases belonging to t(Rederserf003 easome of |

It is clear that physical activity and physical fithess may play a more important role in the
health of the general population and the obese population than previously thought and for
this reason the primary focus of this literature revieRtdhdhesis is the role of exercise
training in the comprehensive treatment and management of obesity. To understand this
role it is first necessary to understand metabolism in the normal weight healthy individual
compared to the obese individual, and guksdly the physiological and metabolic
adaptations that occur with acute and chronic exercise training.

2. 1. 7Metabolism d Normal vs Obese

Blood glucose concentration is regulated by a number of organs and tissues in the body
including the liver, skeletal mles brain, kidney, adipose tissue, pancreas and intestine
(Groop et al., 19890f these tissues, skeletal muscle is the most important because it is
responsible for almost 80%in$ulinmediatedylucose uptake and dispdBalnen et al.,

2004 Coort et al., 2004The hormones released from the endocrine system play a major
role in glicose homeostasis particularly insulin and glucagon, which are both released from
the pancrea&ang, 2008Jmes et al., 2012
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Figure 2.5 Glucose homeostasis requires coordinated interaction betwe&arious
organs and tissues in the body. Glucose levels rise when absorbed from the
intestine and also when released from the liver. The liver plays a key role in
elevating glucose levels via glycogenolysis and gluconeogenesis, both of which are
inhibited by insulin. Blood glucose levels are reduced by uptake by all cells in the
body but predominantly skeletal muscle and adipose tissue. It has recently emerged
that the CNS can also sense glucose and may affect glycemia by playing a role in
the regulation d gluconeogenesis. Source: Nature 2006 December 14; 444(7121):847
853.

Insulin is produced by tlecells of the pancreas and is secreted in response to elevated
blood glucose levels. It acts on peripheral tissues to regulate both carbohydrate and lipic
metabolisnby oxidationto produce energy or storasd glycogen or intracellular ligid

the adipse tissue, insulguppresses lipolysis and insmédiatedylucose uptake is used

to reesterifyfree fatty acidd=(F A ‘assTriglyceridesT(G). $he liver does not require

insulin to facilitate glucose uptake but insulin regtiapatic glucose proction by

inhibiting gluconeogenesisd glycogenolysighe kidney also plays an important role in
glucose regulation. When blood glucose levels become excessively high, the kidne
facilitates the excretion of glucose from the body in the urine. The embations of

insulin on the muscle, liver and adipose tissue result in the appropriate control of blood
glucose concentratigRerrannini and Mari, 1998ang, 2008 Glucagon is produced in

the U-cells of the pancreas and functions to oppose the action of insulin. It stimulates

glycogenolysis and gluconeogenesis when blood glucose levels fall below the normal ranc
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thus elevating blood glucose concentrations and returning them to normahgirculati
valuegJones et al., 2012

Obesity is characterised by an expansion of adiposentssaadectopicfat stoagein

most tissues, includintpe liver heartand skeletal musd@€apurso and Capurso, 2012
There is substanti al evidence to suggest
intracellular lil in obese individuals induces insulin resistance by disrupting the normal
insulin signalling cascg@elfort and Mandarino 2005, Bevilacqua et al, 1987, DeFronzo,
2004) Insulin stimulated glucose transport into target tissues such as the skekstal muscl
liver, intestine, pancreas, kidney, brain and adipose tissymiied (Petersen and
Shulman, 200&5hulman, 200u et al., 20Q2resulting an elevation in blood glucose
concentrations over tim@etersen and Shulman, 200®e impaired suppression of
lipolysis and hepatic glucose production further contribute to the metabolic stress of excess

substrate availability in circulaii@osen and Spiegelman, 2006
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Figure 2.6 Obesity and insuln resistance are associated with increased lipolysis and

Pancreas

elevated circulating concentrations of NEFA. NEFA inhibit the ability of insulin to
promote glucose uptake in skeletal muscle and adipose tissue, and to suppress
hepatic glucose production. Transietly elevated NEFA stimulate insulin release
from the pancreas (e.g. after a meal) but chronically elevated NEFA reduce insulin
secretion. Source: Nature 2006 December 14; 444(712183837
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Skeletal muscle relies primarily on fat and carbohydratefasdnoetgy production. The
contribution that fat or carbohydrate make to energy supply depends on a number of
factors including the current metabolic demand, the amount of substrate available, and the
ability of the muscle to transport and oxidise thaduete. Metabolic flexibility in skeletal
muscle refers to the ability of the muscle to adapt appropriately to changes in physiologica
condition by selecting the appropriate type and quantity of fuel for oxidation to meet
particular energy demands. Dgifiasting for example there is a greater reliance on fat for
fuel. Oxidation of fat during fasting ensures that carbohydrate stores are preserved anc
available for use by the brain and skeletal muscle when required for energy. In contrast
after a meal thhe is a switch to glucose oxidatiStorlien et al., 20p4Physical activity

also requires metabolic flexibility because skeletal muscle must be able increase glucose &
fat oxidation in response to energy demand. The intensity and duration of physical activity
determineghe mix of substrate metabolised. Short duration higher intensity activities
require a greater contribution from carbohydrate than from fat, where as the energy
demands of longer duration lower intensity activities can be met by a greater contribution
from fat than from carbohydrate, especially in trained individuals. Metabolic flexibility is
evident in lean healthy individuals, particularly those who are trained, but metabolic
inflexibility is a characteristic of obesity and insulin resi®eoales, 1997

2. 2.Physiological and metabolic responses to acute exercise, and

adaptations to chronic exercise training.

2. 2. 1Physiological responses to acute exercise

Aerobic fitness is measuredf'@zmaxwhich is the maximal amount of gag that an

individual can take in and use to produce er?’e@;yaxis a function of the ability of the
cardiovascular system to deliver blood and oxygen to skeletal muscle, and the ability o
skeletal muscle to extract this oxygen andtogerdduce energy. At the onset of exercise

the physiological systems respond, proportional to the intensity and duration of exercise, to
maintain homeostasis. The cardiovascular system meets the increased demand of tissu
for oxygen delivery and carbooxide removal by increasing heart rate and stroke volume.

As stroke volume reaches its maximal capacity at exercise intensities bé6Weef 40

V Oumaxin untrained individuals, further increases in cardiac output are inoeedying
heartrate. Thericrease in cardiac output can réatmegheresting levels and leads to (i)
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an increase in mean arterial pressure, mainly due to increased systolic pressure, desp
intrinsic (active hyperemia, chemical messengers) and extrinsic (neamdbaitke)
promotion of vasodilation and (ii) a redistribution of blood to the working muscle and to
the skin for dissipation of hgbdughson and Tschakovsky, 1989 skeletal muscle there

is a greater demand for energy to fuel-antosin crosbridging in muscle contraction

and the reploarisation of muscle cells. Both glucose and lipids are used as substrates in tt
mitochordria but carbohydrate is preferentially used with higher intensity exercise,
although it has a limited availability relative t(Hfatman, 1996 The availability and
utilisation of substrates for metabolic processes is also regulated by the sympathetic
nervous system and the endocrine system with increases in pituitary (growth hormone,
adrenocorticotrapn hormone, thyroid stimulating hormone), adrenal (catecholamines,
cortisol, aldosterone), thyroid and pancreatic (glucagon) hofRicimies, 1994

2. 2. 2 Metabolic responses to acute exercise

A single bout of aerobic exercise has many benefits with regard to glucose and lipid
regulation. During exercise there is an increased demand for metabolic substrates in th
active muscles, with a-20 fold increase in glucose uptake evident during moderate to
high intensity exercig®Vahren et al., 1971The glucose is supplied via increased
glycogenolysis in the active muscles as well as increased uptake of glucose from circulatic
into the working muscles. In this way exepteéses a key role in increasing the usage of
circulating blood glucose and well as stored gl(idagashi et al., 1997The hours
following an exercise bout is characterised by an increase in insulin sensitivity. The
expression of the glge transportasoform 4 GLUT4) remains elevated and so a lower
concentration of insulin is required to exert its maximal effect on glucose transport.
Glycogen synthase activity, the enzygsponsible for the synthesisgbfcogen, is also
elevated fadwing exercise, which increases the rate of glucose uptake in to the skeletal
muscle in order to replenish depleted glycogen gkodsszy, 2005 Evidencein

support of this increased insulin sensitivity post exercise is provided by numerous studies
that found increased sensitivity post exeinisn exercising leg but not in the resting
control limb(Richter etla, 198%

2. 2. 3.Physiological adaptations to aerobic exercise training

Aerobic exercise leads to significant improvements in aerobic Witngssn turn is

positively associated with metabolic health and reduced risk of all cause(Blantadity
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al., 1989Kampert et al., 1996The improvement il Ozmaxand thus fitness that occurs

with aerbic exercise training is due to a combination of adaptations that occur to the
cardiovascular system to facilitate greater oxygen delivery, and the muscles themselves
facilitate greater oxygen use. With regard to the cardiovagsigian there amercise

induced adaptations the heart, blood and blood vessels. The left ventricle hypertrophies
and this increase in wall thickness allows for greater force of contraction. With training,
heart rate decreases during submaximal exercise which extandawvéHhiing time and

plasma volume increases due to increased protein content and up regulation of the fluid
conservation hormones. As the ventricles stretch in response to the elevated blood volume
the heart muscle responds by generating a more [foargfactionknown as the Frank

Starling mechanism, with ttesult being an increase in stroke volume. Aerobic training is
associated with an increase in the number of capillaries infiltrating muscle tissue and at
increase in the recruitment of curgemtVailable capillaries. Blood flow redistribution is
more effective and all of these adaptations combine to facilitate increased blood flow to the
metabolically active tissues Red blood cell volume and thus oxygen carrying capacity als
increase with traing. Once the blood reaches the active muscles oxygen must be extracted
for energy production. Oxygen extraction, represented ay@he: is augmented with
exercise training, which increases energy production and functional capacity. There is a
increase in the size of type 1 muscle fibers, which are characterised by having a higkt
aerobic oxidative capacity. Myoglobin content, the oxygen transporter molecule, increase:
in the region of #B0% which augments the oxygen carrying capacity of the muscle.
Training results is marked improvements in the functionality of the mitochondria, which
increase in size and number. In addition, the activity of the oxidative enzymes in the
muscle also increases. All of these adaptations combine to increase thevaxtaran
individual can use oxygen to produce er{Btggngvist and Saltin, 1983n increase in

blood flow to exercising tissue combined with an increase in the ability of the tissues to

extract oxygen from the blood and remove waste produatts nesncreased energy

production represented by an increase in fitn <30k

2. 2. 4 Metabolic adaptations to aerobic exercise training

In addition, arobic training increases the expression of GLUT4, which facilitates greater
uptake of bloodglucose into skeletal mus@&m et al.,, 2004 Glycogen synthase
expression and activity is augmented, which leads to increased storage of glucose in th

form of glycoger{Ebeling et al., 1993Vhether the increased insulin sensitivity results
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from exercise training or the previous exercise session has been debétéztebut a
experience a lower insulin response to a glucose load in comfmaristtrained
individualgHorton, 198psuggestinthat these adaptations are due to chronic training and
not just a single bout of exerdBbeling et al., 1993rhe same adaptations are also true
for master athletd&ing et al., 1987which has important implications for ameliogati

age related insulin resistance in inactive older individuals.

The literature shows thatrobic exerciseiningaugments lipid oxidation and reduces fat
stores in the bodyCarey et al., 1996Df particular importances the reduction in
abdominal fat stores associated with aerobic exercise training. This reduces the availabili
of free fatty acids in circulatigRoden, 2005 which in turn reduces intramuscular
triglyceridegO'Leary et al., 20p6Low intensity aerobic exercise training increases the
oxidation of mtramyocellular lipids. These small lipid droplets lie adjacent to mitochondria
and it appears that exercise facilitates the delivery of these droplets to the mitochondria fot
oxidation(Goodpaster et al., 200The expression and activity of enzymes involved in
lipid oxidation also increases with traifig et al., 2004 This is particularly evident in

highly trained endurance athleteso \waradoxically have elevated intra muscular lipid
content, but their skeletal muscle is markedly insulin sehsiit@ the highevxidative

capacity and a high mf fat turnover(Goodpaster et al., 2Q00Given the adverse
relationship between fat accumulation and insulin resistance in obese sedentary individual
an increased ability to oxidise fat is important in the prevention or treatmentnof insuli
resistance in the obese population. It may also contribute to greater loss of fat mass ove
time.

2. 2. 5.Physiological adaptations to resistance training

Prior to discussing the physiological adaptations to resistance training, it is important to
understand tht there are two main types of muscle contraction, concentric and eccentric,
and the adaptations that occur are specific to the type of contraction performed. When a
muscle is contracted concentrically it is shortening under tension. In physiological terms
the thin filaments of the sarcomere are being pulled towards the centre of the sarcomere
thus shorteimg the length of the sarcomef@ example of this type of contraction in the
context of resistance training is the lift phase of a bic€pigurE2.7) When a muscle is
contracted eccentrically it is lengthening under tension. In this case the thin filaments of

the sarcomere are being pulled away from the centre of the sarcomere, thus elongating |
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but still developing ford&igure 2.7)This typeof contraction is the lowering phase of a
bicep curl. Most actions whether they are aerobic or resistance type exercise require bot
types of contractiofMcArdle, 2011

One Sarcomere

Concentric contraction I' ‘
V.wmm 2 /

Eccentric contraction

R

. Zline M line \ Zline
— _myosi actin
. ‘thick' filament 'thin' filament

Figure 2.7 Depicts concentric muscle contraction (shortening of the sarcomere
under tension) and eccentric muscle cdraction (lengthening of the sarcomere

under tension).

Resistance traininasting 3 monthscan improve strength in previously untrained
individuals by as much as1Z®%. The neuromuscular system is very responsive to
training and up to 50% of initsttength gains in untrained individuals can be accounted
for by neuromuscular efficiency commonly referred to as the learningBefebte,

2000. In line with this learning effect, the largest gains in strength occur within the first 8
10 weeks of training. Longer term strength gains occur mostly as a result of adaptations tc
the physicastructure of the muscle such as hypertrophy, which means an increase in the

size of the musc(8taron et al., 1994

For many years the increase in strength that occurs with resistance training was attribute:
mostly to muscle hypertrophwhile there is a relationship between muscle size and
muscle strength, this theory does not explain increased strength in the absence of
hypertrophy. The literature reports that neural adaptations account for strength gains in the
absence of hypertroph#Enoka, 1988 The neural adaptations to resistance training
include (i) improved synchronization of motor unitschwhmproves the rate of force
development and the capability of the muscle to exert steady(Docesteau and

Enoka, 200 (ii) increased number of motor unésruited thus leading to greater force

production, (iii) increased frequency of stimulation of the muscle fibers with electrical
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impulses that summate to produce a greater amount of(Emalea, 1997 (iv) a
reduction in autogenic inhibition allowing muscles to produce greater amounts of force and
reach greater levels of strengtloteethey are inhibited to prevent inj(kggaard et al.,

2000, and a reduction icoactivation of antagonist muscles which may allow for greater
force generation in the agonist or working mué&ateda, 1997

Tetanus
(continual stimulation)

Twitch Summation
(3 stimuli)

- L twitch
tension

Relative tension

Stimulus Iy 1 T
( S) S S S SE5585555555S5SSSSSSSSSSSSS
200 400 600 800
Time (ms)

Figure 2.8 Increased frequency of stimulation of motor units initiates greater
contractile response.G.A. Brooks, et al.,, 2005.Exercise Physiology.: Human

bioenergetics and its applicationsjth ed. (New York: McGrawHill), 388.

Chronic resistance training leads to structural adaptations in the muscle which increases th
size of the muscle, this is known as hypertrophy. Hypertrophy occurs dueitor@pae

in the size of the existing muscle filjeigure 2.9jii) an increase in the number of muscle
fibers known as hyperplasia, or (iii) a combination of both. Hyperplasia is the term given to
the splitting of the original muscle fiber and thetbrofveach of these fibers to the size

of the original parent fib@vicCall et al., 199@Resistance training causes trauma or injury

to the muscle fibers, which stimulates the activatiortetiftesacells. The satellite cells
proliferate fuse to existing muscle fibers to repair them (hypertrophy) or fuse with each
other to form a new myofibril (hypertroptiyawke and Garry, 2001
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Figure 2.9 Microscopic view of musde cross section of the vastus lateralis (a) before
and (b) after 6 months of resistance training. Adapted from Wilmore, J.H., Costill,
D.L., and Kenney W.L (2008)Physiology of Sport and Exercisépg 207) Human
Kinetics.

Hypertrophy isoften initiated bythe structural redevelopment followmgscle damage

(Figure 2.10)The eccentric phase of muscle contraction during resistance training is
reported to be responsible for muscle damage, thus it is this type of contractions that is
responsible for stimuilag the increase in the cross sectional area of i{8sghstone et

al., 200p The muscle damage is evider@4ours aftethe exercise bout and thus is
termed delayed onset muscle soreness or D@W®Hs and Cannon, 199In 1984,
Armstrong proposed the following sequence of DOMS. Eccentric exeruises high
tension in the contractiédastic system of skeletal muscle and results in damage to the
physical structure of the muscle, and its cell membrane. This damage disturbs the calciur
homeostasis in the injured fiber(s) leading to cell degbledka at 48 hours post exercise.

The products of macrophage activity in addition to intracellular contents e.g. histamines,
kinnis, and K accumulate outside the cell. These substances stimulate free nerve endings
in the muscle causing pain. Musclengtineis initially reduced in injured muscle fibers.
This may be due to physical disruption of the muscle, failure of the exatataction

coupling process, and loss of contractile protein. In the days following an eccentric bout
the muscle adapts,doee stronger and more resilient to further dadgeen et al.,

200).
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Figure 2.10 Electron micrograph showing normal arrangement of the actin and

myosin filaments and Zdisk (a) before and (b) after exhaustive exercise. After

exhaustive exercise there is moderate Z disk streaming and major disruption of the
thick and thin filaments in a parallel group of sarcomeres as a result of the force of
eccentric actions. Taken fromFrom R.C. Hagerman et al., 1984, "Muscle damage

in marathon runners," Physician and Sportsmedicin@?2: 3948.

2. 2. 6.Metabolic adaptations to resistance training

Resistance training improves insulin sensitivity and glucose tdleearmsia et al.,
2004.One legged training studies report increased blood flow arse glieawance in the
exercise trained limb in comparison to the untrained contr¢gHatén et al., 2004The

muscles of the trained limb exhibit an increa<eLUT4 content, an increase in the

activity of glycogen synthase, and an increase in the expression and activity of variou:

proteins involved in the insulin receptor and insulin signéfoiten et al., 2004

Increased muscle mass resulting from resistance training may improve glycemic contro

(Eriksson et al., 99) by increasing the storage space available for glucose. The area under

the curve for glucogEenicchia et al., 20Ghd insulir{Jones et al., 20dtave both been

shown to decrease with resistance training.

Importantly, resistance training significantly increases lean tissue mass which has thi

strongest positive influence on and correlation with resting metabo(Ros&dtenan,
1989. Resting metabolic rate is the amount of energy that a persors etpesd It

represents 600% of an individuals total daily energy expenditure, with the remainder

attributed to the thermic effect of food and physical a¢tieitine et al., 20PAncreasing

an individuals BMRnd thus total daily energy expenditure, may contribute greatly to

weight loss over time. Resistance training is also associated with augmented fat oxidatior

an adaptation that improves insulin sensitivity in the obese population but also may help to

redue fat stores over tingkirk et al., 2009
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Other health benefits associated with resistance training include maintenance of functiona
ability, prevents osteoporosis, sarcopenia, lower back pain, and otheejg&bett
and Carpinelli, 201

The responseto exercise training thus far have focused predominantly on general
physiological adaptations in addition to alterations in the structure and function of skeletal
muscle. Exercise training also has important implications for the biotsgpesf of

metalwlic importancevhich will be discussed in detail below.

2. 3.Tissues of metabolic importance and their biomarkers

The customary research approach to obesity has been to address individual orgar
systems and not the interaction between different systemtethatlable body function.
Therefore, a scientific challenge would be to adopt an integrated physiological approach tc
di sease monitoring and prevention. One s
biomarkers that integrate the responses to wgégimtand responsiveness to lifestyle
interventionsA biomarker can be defined as "a characteristic that is objectively measured
and evaluated as an indicator of normal biologic processes, pathogenic processes, C
pharmacologic responses to a therapeuéosention” (Atkinson et al. 200There is
emerging evidence of an extensive communication network between all of the major orgar
systems whereby hormones released from the muscle, fat, gut, bone, brain, vasculature ai
liver have physiological inflaenon other organ systefdazet and Pijl, 2003, Pedersen,
2011 Tan and Bloom, 2013jhe measurement of a cascade of one or a combination of

these new proteinsmeoubdsdspsomendt af ‘oeal
and allow for effeate and individualised lifestyle intervention strategies. This section will
review established and novel biomarkers that could become potential candidates for ar

integrated and personalised response to lifestyle intervention in obese individuals.

2. 3. 1 Adipose issue as an endocrine organ

It is now widely accepted that adipose tissue is an important endocrine organ that not only
functions to store energy but is also involved in the regulation of energy homeostasis anc
metabolism(Bays et al., 2008Adipose tissue produces and secretes a number of
hormones or adipokines that communicate with tissues of metabolic importance such as

the liver, muscle and brain and playeainahe regulation of glucose and lipid metabolism
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(Kahn and Flier, 20Q0blood pressure, inflammation and atheroscldRasiz et al.,

2008. The level of adiposity of an individual greatly affects the prodguddticirculating
concentration of these adipokinéSianflone et al., 20050besity is a chronic
inflammatory disordefWellen and Hotamisligil, 200%vhich is characterised by the
accumulation of macrophages in @ghptissue. As adipose tissue expands with obesity
there is initial local inflammation induced by macrophage infiltration, which eventually
becomes systemic low grade inflammation. By the time insulin resistance is present, mos
tissues in the body displagtivation of inflammatory signalling pathwislgdolo and

Smith, 2006 Macrophages infiltrate the adipose tissue and are involved in the production
of proinflammatory factors such as cytokines, chemokines, and nitric oxide. This leads to
further monocyte infiiation in adipose tissue, greater production of proinflammatory
mediators, and the start of the acute phase regbnse al., 2006When this response

is acivated the liver produces complement factors, cytokines, coagulation proteins, CRP
and serum amyloid A among other agents, all of which are required for proper immune
function (Gabay and Kushner, 1999his respores is normal and necessary for the
control of acute inflammation, however, if this response is chronically activated, as with
obesity, circulating concentrations of aphtese reactants such as CRP are associated with
biomarkers of metabolic disease. Thasadipocytes in obese individuals exhibit altered
metabolic and endocrine function, which leads to an increase in the production and
secretion of proinflammatory adipokines and a reduction in the secretion of anti
inflammatory adipokindgérner, 200l These proinflammatoadipokinesaffect insulin
sensitivity of the adipocytes in a paracrine fashion, and also affect insulin sensitivity of
other tissues such as skeletal muscle and the liver in an endocrin¢Rastinand
Spiegelman, 200Beptin and Adiponectin were two of the first hormones to be identified
and investigated. Their role in metabolism led to the conclusion thatcytakimpeovide

a link between obesity, insulin resistance and type 2 djletes and Hotamisligil,

2005. However, more than 300 adipokines have now been identified and the function of
many of these chemical messenggsorly understood. The remainder of this review will
focus on some of the more established adipokines in addition to the novel biomarkers of
insulin resistance that have recently been identified to better understand if they have a rols
in physiologicalonsequences of fat accumulation and if they have the potential to respond

to lifestyle intervention.

73



2. 3. 2 Established Biomarkers: Leptin and Adiponectin

2. 3. 2. 1Leptin

Leptin was thdirst fat celderived hormone to be discoveredwdis first identified in

mice h 1950 at the Jackson Laborafbiglaas et al., 199Mice homozygous for the ob
mutation (ob/ob) ate ravenously and were massively tbe€94, the ob genwas

isolated and the name given to this new hormone was(Hgpéias et al., 199beptin is
produced predominantly in the adipose tissue and plays aofeajorthe regulation of

energy homeostasis by influencing food intake and energy expenditure. More specifically i
acts on receptors in the hypothalamus of the brain to regulate appetite, hunger, metabolisn
and behaviour and thus body weig@nennanand Mantzoros, 208t is considered to

play a crucial role in defending against the excessive accumulation of body fat. Undet
normal conditions increased energy consumption and accumulation of body fat stores lead:
to elevated circulating concentraiof Leptin. Leptin ultimately suppresses appetite until

fat is lost. In contrast, under conditions of starvation and loss of body fat, circulating
concentrations of Leptin decrease resulting in an increase in food intake concomitant with
a decrease in@engy expenditure in an effort to conserve erfBrggnan and Mantzoros,

2008. It has been reported that Leptin concentrations also decrease in response to fasting
or following very low calorie digBubuc et al., 1998Rare cases a@bmpleteLeptin
deficiencydue to mutations in the Leptin gehave been reporte(Brennan and
Mantzoros, 2006Relative Leptin deficien¢pwer levels than normal) halso been
reported in individuals who have lipoatrophy and soms fifrhypothalamic amenorrhea
(Brennan and Mantzoros, 2008)ese defects lead to a constant desire for food and
consequently severe obefyennan and Mantzoros, 2p(esearch has shotiat the
administration of Leptin to these individuals, @placement doses, normalises
neuroendocrine, metabolic and immune fundiiainmore clinical studies are required to

determine its long term efficacy and safety (Brennan and Mantzoros, 2006).

In obese individuals, the enlarged adipose tissue relegmegdantities of Leptin.
Although Leptin normally reduces appetite, these beneficial effects are not evident in obese
individuals indicating that they are resistant to the action of (Ceptsidine et al., 1996
It is possible that chronically elevated serum Leptin in obesity may result in desensitizatior
and resistance to the action of the horn{Brennan and Mantzoros, 2p@esearch has

been condtted to investigate the potential role of Leptin administration in the treatment
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of obesity (Heymsfield et al, 1999). Seventy three obese wa@geandonglassigned to

one of two groups, Leptin pfacebo All subject self administrated recombinarniamu

Leptin or the placebo subcutaneously once per day for 24 Weeksptin dose was
increased progressively over tiAlesubjects were also encouraged to walk #8020
minutes & times per week and adopt a calorie restriction of 500kcal Féredasioric

deficit should have lead to an average weight loss of 0.5kg per week for 24 weeks. Th
mean weight loss in the control group was 1.7kg which suggests that compliance to the
dietary intervention was poor and thusattéors concluded that th#fect of the diet in

this study was minimdlhe key findingvas thathere was a dosesponse relationship
betweerLeptin administration and weight loss and fat massMegght loss at 4 week

was 0.4£2.0kg in the placebo group and 1.9+1.6kg in the ¢eptp. At 24 weeks this
increased to 0.7+5.4kg the placebo grougnd 7.1+8.5kgn the Leptin groupFat loss
accouned for greater than 95% of weight ldstwest energy intake was recondadn

the highest dose of Leptimas being administersdggeting weight loss may be due to
reduced food consumptiofhe authors presumed that weight loss in this group of
subjects was related to increased central nervous system exposure to exogenous Lepti
Howeverthere was wide variation between individudlheiamount of energy restricted

and the 48 hour recall used to measure this is relatively inséwabiBvee reactions
occurrecat the injection sit@ 71% of those administering the placebo and 62% of those
administering Leptit appears from the nalés of this study thatbese individuals with

high endogenous levels of Leptin do not have absolute resistance to this hormone. High
doses of Leptin may be required to provide enough of a stimulus for weighthless in
population. Hrther research isg@red to determine the potential role of Leptin in the

treatment of obesity (Heymsfield et al, 1999).

2. 3. 2. 2Adiponectin

Adiponectin is an insulin sensitizing, -iafftammatory and arditherogenic hormone
produced exclusively by the adipocytes. Wegghsignificantly increases the expression

of Adiponectin(Kopp et al., 200%ut weight gain suppresses its expression and thus its
health promoting properti€gVeyer et al., 2001The circulating concentration of the
hormone is inversely correlated with total body fat but the distribution of body fat also has
an imporant influence. High levels of abdominal body fat are associated with a lower

concentration of Adiponectin, but if body fat is mostly distributed in the lower body, the
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circulating concentrations of Adipohect:i
of total body fa{Cnop et al., 2003

Adiponectin is proposed to have a role in carbohydrate and fat meta@#zbpsmectin

lowers circulating concentrationd FFA in addition to stimulating the oxidation of
intramyocellular fateading to improvements in insulin signalling and insulin sensitivity
(Carey et al., 1996Adiponectin activated AMPIK the liverreduces the expsésn of

enzymes involved in gluconeogenssich as gluceéghosphatase and consequently
hepatic glucose productidiirujilo and Scherer, 2009t has been reported that
Adiponectin may also act on the brain to decrease body weight. When the hormone was
injected into the lateral ebral ventricles of mice they experienced a dose dependent
decrease in body weight. Food intake was not inhibited in these mice which suggest tha
the reduction in body weight occurred via increased energy expépdétia., 2004
Circulating concentrations of Adiponectin are reduced in obese subjects but increase
significantly after weight lad®gonzillo et al., 2003Numerous studies have been carried

out to investigate the effects of exercise on Adiponectin with and without weight loss. It
appears that Adiponectin concentrations do not change after a single éo@utise
(Jamurtas et al., 20@8 exercise traininyyatagai et al., 2QQ@3ulver et al., 2002n the

absence of weight loss despite increases in irsoditivey and glucose tolerance.
Circulating concentrations of Adiponectin are reported to increase following exercise
training when weight and body composition are imp(Matzillo et al., 200&atouros

et al., 2005

2. 3. 3.Novel biomarkers of insulin resistance

It is clear thathe adipokinekeptin and Adiponectin play a crucial role in carbohydrate

ard lipid metabolism and in the maintenance of metabolic homeostasis. Novel adipokines,
cytokines, hepatokines and myokines are continuing to emerge and their potential role in
obesity and metabolic health is currently under investigation. Sixbiomaakes
includingFibroblast Growth Factor 2EGF21), Chemerin, Omentin, Fetudn Visfatin

and Interleukinl3 (L-13) have recently been identified. The tissues that produce these
hormones and their primary metabolic function is depictadure 2.11To fdlow is a

review ofemerging biomarkers of insulin resistance and our current knowlduge of

role in obesity in addition to their response to exercise training and lifestyle intervention.
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Promote Insulin Sensitivity Pr%rgsoit:t;ﬂi:“n

Figure 2.11Summary of the origin of the novel biomarkers of insulin resistance and
their primary metabolic function. The biomarkers are produced by a number of
metabolically active tissues in the body. FGF21, iL3, Visfatin and Omentin

promote insulin sensitivity. Clemerin and FetuinA promote insulin resistance.

2. 3. 3. 1Fibroblast Growth Factor 21

FGF21 is an endocrine hormone which is thought to enhance the action of insulin and
thus play a role in improving glucose tolerance and lipid metafiaisgn and
Kharitonenkov, 20)1FGF21 exerts many important metabolic effects that are initiated
when the hormone binds to and activates its receptor, which is found on metabolically
active organs such as the liver, white adipose tissue and the (Zdrzorgast al., 20D6

The hormone itself is expressed in trer libut also in adipose tissue, skeletal muscle and

the pancreg®lishimura et al., 20P0
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- Produced in liver, adipose tissue, skeletal muscle and pancre:
- yinsulin sensitivity
- inhibits lipolysis

- inhibits hepatic glucose production

Figure 212 FGF21 is produced in the liver, adipose tissue, skeletal muscle and
pancreas. It increases insulin sesitivity and stimulates the uptake of glucose into
adipocytes and skeletal muscle. It also acts to inhibit hepatic glucose production

and inhibit lipolysis.

Much of what iurrentlyknown about the beneficial effects of FGF21 has been derived
from animalstudies. These studies have reported that FGF21 isanseabe sensitivity

by stimulating the translocation of GLUT1 thus increasing glucose uptake into the
adipocytes, and also by decreasing glucose production by {Gmdien et al., 2008

This is an insulin independent action and is additive to the effects of insulin. FGF21 also
helps to presenvecell function in diabetic mice and decreases thémseofeglucagon,

which results in decreased hepatic glucose production and improved insulin sensitivity
(Coskun et al., 2008n fact, administration of FGF21 diabetic mice causes a reduction

in plasma glucose to near normal lg¥diaritonenkov et al., 200%nd improves the

lipid profileby decreasingrculating corent r at i oramndofTGFBA’ 9 n a
increasing the oxidation of lipi&haritonenkov et al., 20@adman et al., 200FGF21

may have a therapeutic role in the treatment of obesity in ob/ob mice. Administration of
the hormone to diet induced obese and ob/ob mice for two weeks resulted in a 20%
reduction in mean body weight mmedhantly due to a reduction in adiposity. These mice

did not decrease their calorie intake or increase their energy expenditure during this time
and so the effects can be attributed to the administration of FGF21 alone. The mice

showed increase energyeexjiture, increase utilisation of fat, reduced liver fat content,
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suppression of lipogenesis in the liver, and improved glycaemia and insulin resistance
(Coskun eal., 2008

In humans, the circulating concentration of FGF21 is elevated in obesity, insulin resistance
impaired glucose tolerance, type 2 diabetes, the metabolic syndromeatuhaolan

fatty liver diseag&emba et al., 2QX2havez et al., 200$However, the expected positive
effects of the hormone on glucose and lipid metabolism are absesitynavigerelated
conditions(Fisher et al., 20L0FGF21 concentrations are also elevated in situations of
starvation(Mai et al., 20}0 indicating that the hormone is responsive to extreme
metabolic states. Positive correlations have been found between FGF21 and fat mass, live
fat, triglycerides, insulin, insulin tasise as measured by HOMA, area under the glucose
curve, LDL cholester@lyynismaa et al.,, 20HL.n d HWaAetal., 2009 FFA’' s ha
recently been proposéa be regulators of FGF2l,iamcr eased concentr :
promote increased concentrations of FGF21. This may in part explain the elevated
circulating eancentrations of FGF21 seen in obese and insulin resistant states, and also in
starvationMai et al., 20)0To test this hypothesis, Mai et al, 2010 carrieal siutly to
investigate the effects of moderate lipid infusion on serum FGF21 in lean healthy men.
The | ipid infusion replicated the physio
FGF21 increased | i ne(sa étwgl, 20J0Thbre dlsa appearato e s
be a significant relationship between FGF21 and cardiovascular disease in humans
Circulating concentrations of FGF21 are significagtighin patients with CVD than in
controls. If the CVD patients also have diabetes, hypertension or both, the circulating
concentrations of FGF21 are even higher again. FGF21 is positively correlated with an
adverse lipid profile in these pati¢nits et al., 2000

However, there is some research to show that the beneficial metabolic effects of FGF21
reported in animal models are also evident in humans. FGR#ehahown to enhance
glucose uptake in skeletal muscle and inhibit lipolysis in adipocytes of humans both of
which contribute to increased insulin sensitpityer et al., 2008 Administration of
antidiabetic drugs to patients with type 2 diabetesibedquent improvements in insulin
sensitivity results in a decrease in circulating FGF21. This suggespsdbhaments in

insulin sensitivity affettte production of the FGF21in humdhbset al., 200%Bamson et

al., 2011
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2.3.3.1. 1The effects of lifestyle intervention on circulating
concentrations of FGF21
The research that has been conducted to date inuestidest effects of lifestyle

intervention on circulating concentrations of FGF21 has produced conflictingAesults.
acute bout of exercise appears to have no effect on serum FGF21 in the 4 hours following
exerciséCuevadfkamos et al., 2012he effects of exercise training on serum FGF21 is
unclearOne study found that 2 weeks of daily exercise carrieg yuirig lean healthy,
sedentary women resulted in a significant increase in serum deGR2lchange in
anthropometric characteristiosluding body weight and body. fBtte authors proposed
that the exercise i nduc e dmnainstimulusfarsnereasing F F
the serum concentrations of FGF21. They also proposed that FGF21 probably increases ir
obesity to counteract chronic exposure t
reinforce this compensatory path{@yevadamos et al., 2012

In contrast, a concurrent exercise traisindyreported that the circulating concentratio

of FGF21 decreased moderately post intervention. Obese subjects in this study trained &
days per week for 3 months, which consisted of 45 minutes of aerobic exercise working a
60-70% ageredicted hear rate maximum combined with 20 minutes of registiainmg

equating to 100kcal per session. Post intervention BMI, waist circumference, blood
pressure, and TG levels decreased significantly, which was accompanied by a mode:
decrease in FGF21 leyang et al., 2011

Weight loss induced by bariatric surgery also saelfiistingresultsSome studies show

an increase in circulating FGF21 followindpstntial weight lossand this was
accompanied with sgnificant improvement in insulin sensitivity and decreased hepatic fat
content(Jansen et al., 201dowever, other studies report no change in circulating FGF21
despite significant reductions in body weight and insulin resistance, normalisation of lipid

profile and resolution of the metabolic syndrifeelnerhanssen et al., 2011

Similar controversies exist when investigating the effects of caloric restriction on circulating
FGF21. Weight loss (~4kysinduced by 6 months of calorie restriction significantly
improved glucose and lipid metabolism but had no effesgromFGF21. FGF21 was
associated with markers of lipid metabolism and an estimate of abdominal(&tpesity

al., 2011 Although FGF21 gxession does not increase with dietary restriction it does
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increase during short term starvation in roddmtis protocol isa critical element in
alternate day fastiagd may possibly exert beneficial effects on serum FGF21 in humans
(Mendelsohn, 2012)

The literature regarding the effects of diet, exesaiggrnand weight loss on circulating
concentrations of FGF21 has produced conflicting results. Further research is required to
determine the factors that regulate FGF21 and its response ¢émiiterv

2. 3. 3. 2Interleukin 13

IL-13 is an aninflammatory myokine, which is synthesized and released by skeletal
muscle. It is proposed to suppress the secretion of inflammatory cytokines which in turn
counteracts several cytokines linked to the developmiasulin resistance and type 2
diabeteqCannon and St Pierre, 1P9B is thought that myokine production may be
altered in obese and insulin resistant states but there is limited information available on
this. Myokines are reportedcimntribute to whole body metabolism by signally directly to
distant organs including the liver and adipose tissue and regulating metabolic processes |
these tissue@edersen, 2011Since skeletal muscle is one oflahgest organs in the

body, a modest change in the secretion of myokines may have substantial metabolic effect
Exercise is associated with increased secretion of several cytokines from skeletal muscl
which may promote a transient increase in gluctaes ignd metabolis(Rebbraio and
Pedersen, 20P9L-13 may prevent inflammation induced insulin resistance in adipose
tissue indirectly due to a suppressive effect on macrophage activity, and thereby attenuat
the release of ptiaflammatory cytokisd€Febbraio and Pedersen, 2005
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- Produced exclusively in skeletal muscle
- Inhibits the secretion of inflammatory cytokines

- May ameliorate insulin resistance

Figure 2.13IL -13 is produced exclusively in skeletal muscle. It inhibits the secretion
of inflammatory cytokines and thus counteracts several cytokines linked to the
development of insulin resistance. It may regulate metabolic processes in other

tissues including the liver and adipose tissue.

2.3.3.2. 1Effects of lifestyle intervention on  circulating

concentrations of I1L-13
There is very limited information availableutthe effects of lifestyle intervention on the

production and secretion of-113. A singl@erobiaexercise session consisting of one hour

of cycling at 70%’02maximproved the inflammatory response in sedentary women but
there was no change in tirewating concentration of-L3(Garcia et al., 2011

Peake et a[2005 investigat the effects of different modes and intensitpesbbic

exercise on plasma cytokine changes includit®y After 60 minutes folevel treadmill
running at 60% Ozmax there wasio effect on IE13. The same was also true for 60
minutes of level treadmill running at 85@hmas and45 minutes of downhill running at

60%Y Omax With a-10% gradienlt appears that a single bout of exercise has no effect on
circulating concentrations of -113 but the effects of aerobic exercise trainingn

circulating concentrations of1l3are unknown.

Resistance trainingas been shown ®ignificantlyincreaseéhe expression df_-13in
skeletal musclé&rokopchuk et al (2007) investigated the effects of 6 weekstaince
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training onlL-13expressior?4 collegiate males with resistance training experience ranging
from 3 months to 5 years were divided tgroups. Group one (n=12) performed
maximal contracti@non the bench press (5 sets * 3 rep max) 3 days per week. Group 2
(n=12) performed 3 different workouts per week ranging from maximal contractions to
submaximal contractions (30% 1RM) to body messteadsh muscle biopstakenfrom

the triceps brachii revealdt 1L-13 expression incsEl significantlgost intervention

in both groupsThis was thérst time that IE13 expressiowas shown to bap-regulated

in skeletal muscle in responsesti@ngth training. Higher training loddsoup one)
produced a greater expression ofl3Lbut this did not reach statistical significance
between group§he mechanisms behind this response remain to be established but the
authors speculate that-1B isinvolved in muscle hypertrophy in addition to anti
inflammatory damage control that occurs during strength t{&rokgpchuk, 2007).

A recent personal communication suggests thE® ik particularly sensitive to freeze
thaw cycles and that it mayneeessary to measure using a sample that had not previously

been thawed. This may explain some of the variance in the literature.

2. 3. 3. 3Visfatin

Visfatin has been identified as a novel adipokine that is up regulated in visceral fat, henc
the namdFukuhara et al., 200% is also expressed in the liver, muscle and macrophages
(Samal et al., 199¥isfatin is reported to mimic the action of insulin and thus plays a role

in increasing glucose uptake in adipose tissue and skeleta(Fuudtdea et al., 2005

The literature available to date suggests that Visfatin is involved in the pathogenesis o
obesity, insulin resistance and type 2 diabetes, but controversy exists with regard to its rol
(Fukuhara et al., 2005
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- Produced predominantly in visceral fat but also in the liver,
muscle and macrophages

- Mimics the actions of insulin

- b glucose uptake in adipose tissue and skeletal muscle

Figure 2.14Visfatin is produced predominantly in visceral adipose tissue but it also
produced in the liver, sleletal muscle and macrophages. It is reported to mimic the
action of insulin and plays a role in increasing glucose uptake in adipose tissue and

skeletal muscle.

Some studies report that the circulating concentration of Visfatin is significantlg increase
in patients with insulin resistance and diaflestsghantaet al., 2001 which is true in

the presencghen et al., 20p&nd abseng®ogru et al., 2006f obesity. The increase in
Visfatin concentration appears to become more pronounced with greater levels of glucose
intolerancgDogru et al., 200.7This indicates that there is a relatiqp between Visfatin

and insulin sensitivity independent to that of adiposity, which is supported by other studies
(Yildiz et al., 20)0However, the literature also reports no relationship between Visfatin
and markers of insulin sensitivity such as fasting insulin, fasting plasmargjlioosse

infusion rate during the euglycaemyigerinsulinemic clam@erndt et al., 2005It is
proposed that obese, insulin resistant, and type 2 diabetitsswho have elevated levels

of Visfatin may be resistant to the action of the hormone, and the increased production of
Visfatin may be a compensatory response to diminished insulin function in these
individualgSun et al., 20D7

The relationship between Visfatin and obesity is even more controversial with some studies

showing a positive relationsfierndt et al., 20))5s0me showing a negative relationship
(Pagano et al., 2Q0#d others showing no relatioips(Dogru et al., 200.7Visfatin is
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positively correlated with BMI and waist hip ratio in obese children and adolescents
(Taskesen et al2013. A similar finding has been reported in ad@iszanecka

Glinianowicz et al., 2011

The inconsistency in the relationship between Visfatin and obesity and insulin resistance
may be due to limitations in the detection of serum Visfatin by different immunoassays.
The literature recognises that aiety of immunoassays are currently being used to
quantify circulating Visfatin and they do not consistently yield comparable results. This
finding must be considered when interpreting data from clinical étmies et al.,

2007.

2.3.3.3.1The effects of lifestyle intervention on circulating

concentrations of Visfatin

Changes in nutritional status such as over or under feeding, or dhagwEgy
expenditure as thiexercise, has significant effects on adipose tissue, gene expression and

insulin sensitivity and may also efbecserunVisfatin.

The circulating concentration of Visfatin appears to be differentially influenced by an acute
bout of exercise and egise trainingA single bout of high intensity exercise in lean fit

men lead to anincreasan plasma Visfatin immediately after the exercise bout. This
occurred together with an increase in plasma glucose and insulin concentrations. After 4-
minutes of ecovery all of the physiological changes returned to baselineTvaues.
authors concluded thptasma Visfatin may increase immediately after exercise to assist

glucose uptake and glycogen restor@@banbariNiaki et al., 2030

In contrast, 12 weeks$ exercise traininggsults im significant decrease in the circulating
concentratiorof Visfatin. Forty eighkKorean womercompleteda 12 week concurrent
traininginterventionwhere thexercisegrogressively for 5 days per week. The training
sessios consisteaf 45 minutes (~300kcal) of aerobic exercise working7896@&ge
predictedheart rate maximum, and 20 minutes (~100kcal) of resistance training. The
resistance training programme began at 40% of heart rate maximum and progressed to 6&
70% throughout the 12 weeks. Plasma Visfatin levels were elevated in the obese subjects
baséhe compared to lean subjects. After 12 weeks of training, body weight, BMI, waist

circumference, percent fat mass, blood pressure, fasting glucose levels, and insuli
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resistance all decreased significantly in the subjects and this was accompanied by
significant decrease in plasma Visfé@inoi et al., 200.7This study shows that exercise

trainingin the presence of weight loss significantly reducektingvisfatin.

Twelve weels of aerobic exercisgaining alsoresulted in a significant reduction in
circulatingvisfatin. The subjects in this study were obese (BMI133kg/nt) at baseline

and completed 5 training sessions per week for 12 weeks working at an intensity of 85% o
heart rate maximum. After 12 weeks of training there was a significant increase in fitness, it
addition to a significant reduction in body weight, visceral adgsose $subcutaneous
adipose tissue, area under the glucose curve and area under the insulin curve. The decre:
in circulatingVisfatin was significantly correlated with the decrease in the area under the
glucose and insulin curves. The authors concluatetie¢ireduction iairculatingvisfatin

was most likely due to changes in body composition and (Meightet al., 20D9These

findings are supported by other 12 week aerobic exercise training(lstedegsal.,

2010D.

The above studies show ttie circulating concentration\dkfatin decreases in response

to exercise induced favourablenges in physical and metabolic characteristics of obese
individuals. This outcome iscta¢vident in somdiet induced weight losgerventions but

not all.De Luiset al. (200&eported that serum Visfatin decreased in obese subjects who
lost weighfollowing3 months of a hypocaloric digte Luis tal., 2008 This finding is
supported by somdiet interventiongLee et al., 201Qdut others report no change in
circulating Visfatin despite a 4.4% reduction in body weight over a 2 monti{Dgeriod
Luis et al., 20).0

The effect of lifestyle intervention on the circulating concentration of Visfatin is unclear at
present as is the mechanism behind any changes that do occur. A meta analysis of th
literature available totdasuggests that Visfatin concentratiancieased in overweight

and obese individuals, addition tothose with insulin resistance, type 2 diabetes, the
metabolic syndrome and cardiovascular diseasthis reason the circulating levels of
Visfatin nay be a potential predictor of these metabolic condi@biasg et al., 2011
Interventions that improve insulin resistance may improve the circulating concentration of

this hormone.
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2. 3. 3. 40mentin

Omentin is synthesised hgoeral stromal vascular cells and not adipocytes. It is expressed
abundantly in visceral adipose tissue and barely detectable in subcutaneous adipose tiss|
Omentin is a secreted protein and is therefore detectable irfYsamgret al., 20D6The
circulating concentration of Omentin differs according to body weight and metabolic status
(Akbarzadeh et al., 20X2ai et al., 2009an et al., 201Xan et al., 20110mentin is
negatively correlated with HOMR, body weight, body mass index, waist to hip ratio,
triglycerides, and fasting insulin. Its expression is positively correlated with serum
concentrations of HDL cholesterol and adipondgCim et al., 2009These findings are
supported by other studig&an et al., 201Zhou et al., 2032

Visceral Fat Distribution:
Normal vs Type 2 Diabetes Mellitus

Type 2 Diabetes Mellitus

- Produced iromentaladipose tissue (lean > obese > T2)
- b insulin sensitivity

- ¥ insulin actionY m, glucose uptake

Figure 2.15 Omentin is expressed abundantly in visceral adipose tissue of lean
individuals. It is reported to play a role in insulin sensitivity by enhancing the
action of insulin. Its circulating concentration is suppressed in obese individuals,

and even more so when obesity is combined with insulin resistance or T2DM.

Omentin appears to play a role in insulin sensitivity by enhancing the action of insulin.
Addition of recombinant Omentin vtrosignificantly increases insulin stimulated glucose
uptake by ~47% in subcutaneous adipose tissue, and by ~30% in omental adipocytes

(Yang et al., 20D@n contrast, administration of insulin and glucose to omental adipose
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tissue significantly decreases the expression of Omentin in this tissue in a dose dependel
manner(Tan et al., 2008It is important to note that omentin enhances insulin action by
augmenting insulin stimulated glucose transport but it does not cause glucose transport by
itself. Omentin increases Akt phosphorylatiarsigatly in the presence and absence of
insulin. It may act in an autocrine and paracrine fashion to increase insulin sensitivity in
visceral fat, but since it also circulates in the blood it may work in an endocrine fashion to
increase insulin sensitiatyd glucose metabolism in other tissues such as the liver, muscle
and subcutaneous adipose tigg¥aag et al., 20p6This hormone is also involved in the
reguétion of vascular tone since it has been shown to vasodilate bloo@hassstlal.,

201Q Zhou et al., 201 XMaenhaut and Van de Voorde, 2011

The ability of Omentin to increase insulin sensitivity, as well asinaamtnatory and
antratherogenic properties, means that it may have therapeusioaffastlin resistance

and the metabolic syndroi@dou et al., 20)2It could be gromising therapeutic target

for this condition. Further research is required to determine the Omentin receptor, target
tissue and signal transduction pathways as well as the exact physiological role of th

hormone in glucose metaboligRabe et al., 2008

2.3.3.4.1The effects of lifestyle interention on circulating

concentrationsof Omentin

There idimitedinformation available with regard to the effects of lifestyle intervamtion
serum Omentin. The research that is available suggdsis tivaulating concentration of
Omentin increases response to reductions in body weight andightsue for diet
inducedMorencNavarrete et al., 201&nd exercise inducésihremi et al., 20)@eeight
loss.

Caloric restriction of 5a0000kcal per day for 4 months produced a weight loss of 0.5
1.0kg per week in obese individuals. Serum Omentin increased significantly post
interventionin this group which was associated avigignificant decrease in BMI, insulin

resistance and fasting ins(MiloreneNavarrete et al., 201

Twelve weeks of aerobic exercise training also significantly increased serum Omentir
concentrations. Normal weight, over weight and obese subjects took part in a 12 week

exercise intervention where they trained progressively 5 days per weel? fareties.
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The post intervention analysis revealed ttleake was a significant decrease in waist
circumference, body fat, insulin resistance, fasting glucose, triglycerides, total cholestero
LDL cholesterol, and systolic blood pressutieese indivicalsand this was accompanied

by a significant increasecirculatingOmentin. The change in Omentin was significantly
correlated with changes in aerobic fitness, waist circumference and insulin resistance
(Saremet al., 2010aThe circulating concentration of Omentin increases with diet and
exercise induced improvements in body weight and insulin resistance. Aerobic fitness ma

also influence the production of this hormone but further research is required.

2. 3. 3. 5Chemerin

Chemerin has recently been identifieé aevel adipokine and chemokine, which is
expressed predominantly in the adipose tissue along with its receptor, chkenokine
receptor 1 (CMKLR1, or ChemR23), both of which have been found to play a key rol
adipogenesis and adipocyte metabolism. It is also reported to be expressed in the lung:
liver and kidneygBozaoglu et al., 2Q0Btejskal et al.,, 2008Chemerin is a
proinflammatory cytokirteatactivates immune cdbigrecruitng macrophageg&aremi et

al., 2010p Chemerin expression is increased in adipose tissue ofibjeese Isut not in

the liver(Stejskal et al., 2008t is possible that adipocytes of obese individuals are
responsible for the elevated serum concentrations found in this poguatgnet al.,

2009. Chemerin is pasely correlatedvith BMI, insulin resistance, body fatpod
pressure, triglyceridesid aggBozaoglu et al., 200/Research shows that Chemerin
induces insulin resistance in skeletal muscle at the level of the insulin receptor substrate :
protein kinase B, glycogen synthase 3 phosphorylation, and glucoséeibtakel.,

2009. These associations remain even after adjustment for age, gender and BMI. Chemeri
is inversely associated with adipomg€hu et al.,, 20)2and it may be a valuable
biomarker for the metabolic syndrof@tejskal et al., 2008
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- Produced predominantly in adipose tissue, also produced in
the liver, lungs and kidneys

- Pro inflammatory cytokine that promotes insulin resistance

-y recruitment of macrophages into adipose tissue

Figure 2.16 Chemerin is produced predominantly in the adipose tissue of obese
individuals but is also produced in the liver, lungs and kidney. It is a
proinflammatory cytokine that promotes the recruitment of macrophages into
adipose tissue which further stimulates theproduction of pro inflammatory

cytokines.

2.3.3.5.1The effects of lifestyle intervention on circulating
concentrations of Chemerin

Saremi et al (2010) carried out the first study to investigate the effects of aerobic exercis
training on circulating concentrafoof Chemerin. In this study, subjects engaged in
aerobic exercise 5 days per week for 12 weeks. The duration and intensity of training wa
increased progressively frori205minutes working at an intensity 666@ of heart rate
maximum in week 1, to -89 minutes working at an intensity of88@ heart rate
maximum in week 12. Dietary intake was monitored throughout the intervention to ensure
that it did not change from baselimake. The exercise trainirg)tie significant decreases

in waist circumfence, percent body fat, visceral fat, subcutaneous fat, fasting glucose,
insulin resistance, triglycerides, total cholesterol, LDL cholesterol, systolic blood pressure
and serum Chemerin. The primary finding of this study was that the change in Chemerin
was significantly correlated with changes in visceral and subcutaneous fatRHOMA

glucose, waist circumference Emjzpeak(Saremi et al., 2000IDOther 12 week aerobic
exercise training studies support the findingsératm Chemerin concentrasalecrease
post interventioKim et al., 201,3/enojarvi et al., 201L3
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Concurrent training studies also report reductions in circulating concentrations of
Chemerin post intervention. This particular intervention was 6 months in duration and
included 98 subjects across a wide range of age and BMI categories. Serum Chemerin w
positively associated with t olR,aystolickood e st
pressure and CRP independently of BMI. Multiple regression analysis revealed that
Chemerin was an independent predictor of insulin resistance measured b\RHDTEA
circulating concentration of Chemerin decreased significantly post intervention and this
was associated with the change in HORIAeven after adjustment for waist

circumferencétefanov et al., 2013

Exercise training without weight loss may also exert favourable effects on Chemerin
induced insulin resistance. To test this hypothesitlskalecle cells were incubated in
monocyte chemotactic protein (M@RIndChemerin, which induced insulin resistance by
significantly reducing the instdtimulated phosphorylation of Akhese cells were then
contracted by applying electrical impsisaulation. Contraction of the skeletal muscle
cells resulted in increased glucose uptake in comparison to controls, and abrogation of the
conditioned medium induced insulin resistraabernd et al., 2012

Chakaroun et al. (2011) investigated the effects of various weight loss interventions on
serum Chemerin with the hypothesis that decreased body fat would lead to decreasec
concentrations of Chemerin.€limterventions included a 12 week exercise intervention, a

6 month diet intervention, or a 12 month follow up post barsatrgery. All interventions

led to significant reductions in weight and Chemerin, and this was associated with

improved glucose imgion rate(Chakaroun et al., 2012

All of the above findings suggest that improvements in physical characteristics, insulin
resistance and glucose tolezance associated with improvements in the circulating
concentration of the p#ioflammatory cytokine Chemerin independently of the

mechanism by which these improvements were achieved.
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2. 3. 3. 6Fetuin-A

FetuirA is a protein secreted mostly by hepatocyteslingheut also by the tongue and
placenta. Circulating concentrations of Fétwane elevated in individuals who are obese,

and in those who have the metabolic syndrome, insulin resistance and impaired glucos

tolerance. FetwA has been shown to be emlependent predictor of diabetes, and is

associated with atheroscler@is et al., 2030

4

1

- Produced predominantly in the liver but is also expressed in
the tongue and placenta

- Zinsulin sensitivity

Figure 2.17Fetuin-A is produced predominantly in the liver but is also thought to
be expressed in the tongue and placenta. It is thought to promote insulin

resistance.

The circulating concentrations of Fetirs associated with visceral adipdbitet al.,

2009, the accumulation of fat in the liver, and the metabolic syn@tefaeet al., 2006

Fatty liver is strongly associated with the metabolic syndrome and also strongly predicts
type 2 diabetel$Shibata et al., 200 Based on these findings it has been proposed that
increased liver fat, as seen in obesity, is the link between obesity and elevaked Fetuin
levels in thigpopulation(Stefan et al., 2008n support of thisFetuirA concentrations
decrease linearly with decreases in livéstefan et al., 2008 FetuinrA may play an
important role in fatty liver induced type 2 ded{Stefan et al., 2008t is reported to
suppresshe production of the insulin sensitizing hormone Adipongttinnige et al.,

2009. It has also been shown to exert-ipfammatory effects and provoke cytokine

expression in monocyté¢slennige et al., 2008which infiltrate adipose tissue and
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contribute to inflammation of the adipose tissue leading to the expression and secretion of
other preinflammatory adipokine@Veisberg et al., 2003Howeve, not all obese
individuals have fatty liver disease and elevated circulatingAFatuinso further
investigation is required.

The mechanism behind the disproportionate association of-Acetitin lipids is not
certain. The leading hypothesis is BatinA inhibits tyrosine kinase activity of the
insulin receptor and this directly or indirectly inhibits insulin action. Insulin would normally
act to suppress lipolysis in adipose tigmresen et al., 198@%hich may be negated by
high concentrations of Fetuthand result in an influx ¢dtty acids from adipose tissue

that increase VLDL productidhewis et al., 199and HDL cholestefdBrinton et al.,

1991 but furtherresearch is required in this gbeat al., 2006

Circulating Fetu#A is elevated in insalresistance and type 2 diabatekappears to play

a significant role in the development of l{Stiefan et al., 2008n an examination of a

large andom sample of subjects (2,500 of 27,548 subjects) from the European Prospective
Investigation into Cancer and Nutrition (EPROjsdam Study, Fetednwas reported to

be an independent risk factor for type 2 diabetes. This finding remained even after
adpstment for the established risk factors of this metabolic condition including age, body
mass index, waist circumference, glucose, triglycerides, HDL cholesterel @hdsAl
findings strongly suggest that FefAiims an independent predictor for thek rif
developing type 2 diabe(Btefan et al., 2008

2. 3. 3. 6. 1Effects of lifestyle intervention on circulating concentration
of Fetuin-A

The research available to date investigating the effects of exercise training on serum Fetuir
A has report@ varying results. Six weeks of aerobic exercise training indidbetio

obese women had no effect on FeAlirdespite significant reductions in waist
circumference and body fat méSshultes et al., 2010 hree months of concurrent
trainingalso had no effect on Fetuinin normal glucose tolerant obese worfmer#0)

despite significant reduction®8MI, waist circumference, blood pressure, and triglycerides
post interventioifYang et al., 2011
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Longer term exercise training may be required to poditfiegnce serum Fetu

Jenkins et al. (2011) investigated the effects of chronic exercise on serudn Fetuin
concentrations in young and older men with high activity levels compared to age and BMI
matched less active controls. The investigators foamdcitbulating FetwA was
significantly higher in the low activity groups (~20%) and was inversely related to fitness.
The investigators also reported tetiuinA wasrelated to cardiovascular and metabolic
disease risk factor€hronicexercise traing exerd favourable effecten these risk
factors, which was associated with the lower levels of &Aeitkent in the highly active
groupgJenkins et ak011.

There is no data currently available regarding the effglotstderm dietary interventions
on circulating concentrations of FetdinHowever, a longer term (2 year) diet study
shows that serum Fetuindecreases significantly in obese afdlitbsving diet induced
weight los, and this trend continues even with weight rBgigimay be due teither a
delayed response to the initial weight loss or awehtianefit to adopting a healthier
diet. The results suggest that Fetdirconcentratin may be influenced by factors other
than justthanges ibody weigh{Bluher et al, 2012)he finding that diet induced weight
loss is associated with reducieculatingconcentrations of Fetuf is supported by a 12
month study in obese childrdn this study theeductionin FetuirA was significantly
related to the change in HOMR, wast circumference and blood pressure in this group
(Reinehr and Rot2008.

There is no established pattern with regard to the effects of lifestyle intervention on the
circulating concentration of Fetdin This hormone is elevated in obese insulin resistant
individuals and is also positively associated with NAFLDtedisdyed cardiovascular
disease. Interventions that reduce adiposity and liver fat, and improve insulin resistance

may decrease the production of FetuiRurther research is required in this area.

2. 3. 3. 7Biomarker Summary

It is clear thathe circulating conceationsof the novel biomarkersre very much
influenced by level of obesity and metabolic sRé&search investigating #féecs of

exercise training and dietary restriction on these biomarkers has produced conflicting
results but it appears thatdaxable alterations in body weight, body composition and

metabolic health are associated with favourable changes in the production of these
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biomarkers. The mechanisms underpinning these adaptations remain to be elucidated
Also, for the most pathese mmarkers have bestudied in isolation which may not be a

true reflection of the integrated response from the body. Therefore there is a need to study
the interaction between these biomarkerd their integratedesponse tdifestyle
intervention. These biomarkers may prove to be useful independent predictors of

metabolic status but further research is required.

2. 3. 4.Summary

Obesity is a serious global health issue which has currently reached epidemic proportions
When obesity is combined with low fitnessléethe health consequences may be even
moredrastic(Kampert et al., 199Blair et al., 1989It is widely acknowledged that diet

and exercise interventions are effective in reducing obesity. The effectiveness of both ha:
been compared in the literature but few isocaloric diet and exercise interventions exist
making a direct comparison impossible. Alsoe thre a numbé&undamental differences

in theresponse to both of these interventions. Firstly, exercise training alone significantly
improves cardiovascular fitness which reduces the risk of all cause mortality in this
population in a dose dependant neg(Blair et al., 198&ampert et al., 19965econdly,

the changes that occur to body compositionsporese to both interventions are very
different and can not be determifiyda measurement of body weight. Weight loss post
diet intervention is proportional to calories restricted but is often derived from a
combination of reductions in fat and leandissassThis is particularly true with very low
calorie diets. Weight loss post exercise intervention is not proportional to calories
expendedn trainingbecause exercise training in previously sedentary individuals increases
lean tissue mass. Importantleight lospost exercise intervention may be minimal but

the changes that occur to body composition are often quite substardibl, the
literature reports that both interventions successfully improve metabolic health in this
population but they mpado so via diffent mechanisms.h&ir effect on the novel
biomarkers of insulin resistanc@&as conclusive and limited information is available to

date. Ftther research is required in this area.
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Chapter 3.The effects of isocaloric diet
and exercisanterventions on body
composition and metabolic health in

obese individuals.
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3. 1.Rationale

Obesity is a serious global health problem which has reached epidemic pi@pbi@ons

2009. The primary cause of obesity is a mismatch between energy intake and energy
expenditure resulting in a surplus of enevhich is predominantitoredas fat in the

adipose tissu€Chronicexposure to excess energy leads to an expansion of fat stores so
that the person initially becomes overweight and eventually($peakman, 200Diet

and exercise interventions remain the cornerstone of treatment for obesity. Both
interventions have been compared in the literature and the general consensus appears |
lean towards didteing more effective when weight loss is the primary outcome measure
(Franz et al., 20pMowever, few isocaloric diet and exercise interventions exist making a
direct comparison impossible. The catestriction most commonly prescribed in dietary
interventions is 3,500kcal per week, which accumulates to a weight loss of ~0.39kgs pe
week when energy expenditure is controllg@Ffanz et al., 20DTn contrast, the energy
expenditure prescribed in many exercise interventions is approximately 1,000kcal per wee
(Donnelly et al., 2009which yields a weight loss of ~0.11kgs per week controlling for
energy intake. An additional challehgeexistsvhen comparing the effectiveness of both
interventions is that thegre bothassociatedvith very different changes in body
composition which may have important implications for metabolic hé&l#rcise

training reduces fat mass as@nultaneouslynaintains or increases lean tissue mass
especially in previously sedentary indivigB&dsvart et al., 200%or this reason net

weight losgost exercise training often minimabut the changes that occur to body
compositio can be quite substantiel contrast, the weight loss achieved by caloric
restriction is directly proportional to the amount of calories restricted, but it is often
derived fronreductions in fat mass concurreith reductions in lean tissue m@&sanz

et al., 2007 The differential changes ibody composition in response bmth
interventionsmay also influence the production and thus circulating concentrations of
novel biomarkers of insulin resis®& A comparison of iocaloric diet and exercise
interventions is essentialdetermine theeffects on the physiadiaracteristicgjetabolic

characteristiand biomarker profilef obese individuals

3. 2.Aim

The aim of this study wasdompare the plsyological responses dridmarkermprofiles
of insulin resistance and body composifaifowing anisocaloricdiet or exercise

interventions.
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3. 3.0bjective

x To assess changes in body composition, insulin resistance and aerobic fithess
following a 12 week isdoric dietary restriction or exercise intervention.
x To measure novel biomarkers responses to the intervention and create biomarker

profiles.

3. 4.Hypothesis
Dietary restriction and exerdiseningwill result in distinctive physiological and biological
profiles following a 12 week intervention in obese indivillualsise training will confer

more favourable changes on body composition than dietary restriction.

3. 5.0verview ofOriginal Study Design

This was originally designed as a -onss study followinga successful European
Foundation for the Study of Diabetes awal
DCU, young (1-80yrs) and older (5@yrs) obese but normal glucose tolerant individuals
were to undertake andonth isocaloric diet or exeiintervention in random order.
These subjects were matched for age and BMI with a group of young and old type 2
di abetic subjects recruited in St. James
3.1. This study was a major undertaking asfpaiPhD and the design was too complex

to allow for meaningful comparisons. The data used in the analysis of this chapter was ¢

subset of the overall cohort that allowed for unbiased group comparisons.
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Visit 1
-Medical exam, VO2max test
ECG, OGTT, Biopsy, DEXA, faod

diary
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Diet Intervention
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Visit 2 Visit 2
Repeat visit 1 Repeat visit 1
tests tests
! |
v v
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12 Week

Diet Intervention | Visit 3 -
—— Repeat visit 1 | \e—
tests

Figure 3.1 Overview of original study designwhich was decided before this PhD
began.

3. 6.0verview ofActual StudyDesign

The physical and metabolic respomdesbese subject® a 12week isocaoloric diet
restriction or exercisetervention were compared. Tdmwnplexity of the analysis of the
original cross over design and the interaction dfdats to exclude the second phase of

the intervention. The complex nature of this original design also resulted in a smaller
samplesize than originally anticipated. While a larger number of subjects were recruited to

the study, the data presented in this chapter, refers to those that successfully completed.

Qubjects were recruited from staff and students in Dublin City Univeofiityving a

health screening and medical exam, subjects were randomly assigned to either a 12 we
diet intervention or a 12 week exercise intervention. A number of tests were completed at
baseline and repeated after the 12 week intervehtientests angrocedures are
explained in detail below.
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Subject
Recruitment

¥

Pre Tests
-Medical exam, VO2max
test + ECG, OGTT, Biopsy,
DEXA, food diary

12 week diet intervention
(2,500kcal deficit/wk)
Start date: Sept 2008
End date: Jan 2011
(data collection ongoing for 2yrs)

4 v

Post Tests
Repeat Pre Tests

Figure 3.2 Overview of the actual study designthat was conducted for this PhD
thesis.

3. 7.Test Procedures

To follow is a detailed expédion of the testoutlined in Figure 3.2

3. 7. 1Subject recruitment

An email was sent to all stafflatudents in DCWriefly outlining th@ature of the study
(Appendix3). All individuals who responded to the email received a copy of the plain
language dtment Appendix4), which explained the study in great detail. A private
meeting was then arranged with each potential participant and all elements of the study
were discussed in detail including the nature of the study, the tests involved, the
interventdbns involved, and all risks and benefits associated with the study. The informed
consent form{Appendix5) was explained to the potential participant at this time and they
were also given an opportunity to ask any questions they had. Potential pavecgants
advised to re read the informed consent form in their own time and return a signed copy if

they wished to take part in the study.

Upon receiving the informed consent form, each participant then completed a health
history questionnaif@ppendix6), which was reviewed by the study physician, and they
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underwent a medical examination to confirm their suitability for the study. Subjects were
excluded at this point if they had uncontrolled hypertension, unstable cardiovascular
disease, hepatic or renakdse, active cancer, HIV infection, previous thyroid surgery or
hyperthyroidism, chronic diarrhoea, were pregnant, or unable to stay in the same
geographic location for the duration of the study. Twenty five subjects originally
volunteered for the stud@f these individuals, one subject completed baseline testing
only, two subjects dropped out of the study due to work commitments, three subjects
dropped out of the study due to the development of medical conditions including
appendicitis, pregnancy aneesg induced high blood pressiwerk related)and two

subjects were non compliant with the interventions. The remaining seventeewstjects
randomly assigned to complete either a 12 week diet intervention or a 12 week exercis
intervention in adddh to a number dfaseline and post intervention tests. One additional
obese non diabetic subject was tested and trained in St James Hospital due to its proximit
to their home, giving a total of eighteen subjects who completed th&estusiybjects
wererandomly assigned to the exercise intervention of which 5 were male and 5 were
female. Eight subjects were randomly assigned to the diet intervention of which 4 were
male and 4 were femalis study was apprey by the DCUResearch Ethics Committee

andconformed to the Declaration of Helsinki.

3. 7. 2. Anthropometric measurements

Height and body mass were measured to the nearest 0.1 cm and 0.1 kg respectively (SEC
Hamburg, Germany). Subjects were weighed barefoot and with minimal clothing. They
were advisedotkeep their food and fluid intake similar on the day of the weight

measurement. This measurement was taken at the same of the same day each week wh

possible.

3. 7. 3.Body composition analysis / DEXA Scan

Body composition was measured in the Exwell Medial B&llymun, Dublin 9 usiag

Dual EnergyX-Ray Absorptiometry (DEXA) scan. This technique is commonly used to
measure bone mineral density but has become a standard technique for determining bod
composition (Putz et al, 2004; Azuma et al., 2007, Stedaral, 2004). Subjects were
required to sign an informed consent fokppendix7) prior to undertaking this scan due

to exposure to a minimal amount of radiation. Subjects were instructed to remove shoes,

socks, jewellery, as much clothing as pgsaitdelay flat on the bench with their eyes
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closed or protected by goggles. The full body scan took 7 minutes after which a report was
generated which detailed the body mass of the subject in addition to their percent body fat,
percent lean tissue and patdone mas§igure3.3) This technology was unavailable in

the first year of data collection as it had been damaged by flooding. For this reason body

composition analysis is only available for year 2 of data collection.

Note: The radiation exposumdrh a whole body DEXA is approximately-3.06 p Sv
(Njeh et al., 1999), in comparison to a standard chheat X of appr oxi mat el

an annual basis we are exposed to approx

the DEXA is equivalent to moore than B3 days of background exposure.

Figure 3.3 Shows the DEXA scan and the body composition output derived from
this scan.

3. 7. 4V 0. test with Electrocardiogram (ECG)

All subjects performed an incremental exercise test to volitional fatigue on an electrically
braked cycle ergometer (@&nge 900, SensorMedics, Yorba, Linda, CA) to determine

maximal oxygen consumptioﬁO(Zmag. A number of the subjects recruited for this
intervention were older adults (>60yrs) and so it was determined that a stationary bicycle
would be more ggpopriate for this population as it reduced impact and the risk of falling.
Both male and female subjects underwent a 3 minute incremental protocol but the starting
wattage and incremental increase in wattage was greater for males than for females. Brief
male subjects began cycling at 80W for a five minute warm up, and the power output was
increased by 50W every three minutes thereafter until volitional fatigue. Female subject:
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performed the warm up at 50W and the power output increased by 35W tegmgfter

three minutes.

All exercise tests took place under standard laboratory conditi@iSQ194665%

relative humidity) and in the presence of the study physician. Expired oxygen, carbon

dioxide, ventilatory volume, respiratory exchange ratidsCang were determined by
indirect calorimetry using the Innocor (INN0O0816nocor® CPX System). Systolic and
diastolic blood pressure was measured by the physician at rest and during the last minute «
each stage of exercise. Rate of pedcerartion was taken during the last ten seconds of
each stage using th@® point Borg sca{@ppendix8). Electrical activity of the heart was
recorded at rest and at the end of each stage using 12 lead ECG. Heart rate was recorded
the last 10 secomdof each stage. Subjects exercised until reaching volitional fatigue.
Oxygen uptake was deemed to have peaked if two or more of the following criteria were
satisfied (i) plateau of oxygen consumption with increasing power output (increase of less
than2nm / kg/ mi n) , (ii) heart rate within 10

heart rate (220bpmage in years) and (iii) respiratory exchange ratio BOAR.was

determined as the highest minute average recorded for oxygen uptakieediast.

3. 7. 5.Glucose Tolerance and Insulin Sensitivity

In order to rule out previously undiagnosed type 2 diabetes, impaired fasting glucose or
impaired glucose tolerance, subjects underwent a standard 3 hour Oral Glucose Toleranc
Test (OGTT) (Reinauet al, 2002)In preparation for the test subjects were required to
adhere to the following criteria (i) no exercise the day before the test (ii) consume adequat
carbohydrate in the 3 days leading up to the test to avoid low glycogen levels (iii) refrain
from taking medication the morning of the test (iv) fast for 10 hours prior to the test. On
the morning of the test, th® g (113 ml) anhydrous glucose equivalent (Polycal; Nutricia
Clinical, Trowbridge, United Kingdom) was consumed in 300 ml of whiear Svi
minutes. Blood samples were taken 10 minutes prior to consuming the glucose load, anc
also at 30, 60, 90, 120 and 180 minutes after ingesting the glucose load. Total area und
glucose curveAUCG) and insulin curve (AUCI) was deteed by the tragzoidal

method as presented in Equations 3.1 and 3.2 respé€ayelp94Psyrogiannis, 2003
HOMA-B (Equation 3.8was used as an indicatofasting insulin secreti¢g@ong, 2007

The AUCG/AUCI index (Penesova, 200Matsudanodel(Matsuda, 199@nd Stumvoll
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model (Stumvoll, 2000(Kanauchi, 20Q03vere ao used an indices of insulin sensitivity
(Equatiors 3.4, 3.5 and Jéspectively).

Equation 3.1 Area under the glucose curve

AUCG = 0.25x (fasting glucose):5x (glucose at 30 minutesp#5x (glucose

at 60 minutes) 0.5 x (glucose at 120 minutes)

Equation 3.2 Area under the insulin curve

AUCI = 0.25x (fasting insulin) 4.5 x (insulin value at 30 minutes)0#5x
(insulin value at 60 minutes).-6x (insulin value at 120 minutes)

Equation 3.3HOMA -B

20 x fasting insulin (p4+3B/ ml) [/ fasti

Equation 3.4 Area under the glucose curve / area under the insulin curve

AUCG (Equation 3)¥ AU CI (Equation 3.2

Equation 3.5 Matsuda index of insulin sensitivity

(10,000/square root of [fasting glucose x fasting insulin] x [mean glucose x mean
insulin during OGTT])

Equation 3.6 Stumvoll index of insulin sensitivity

0.226-(0.032 x BMI}- (0.0000645 x Insulin at 120 minutes pme#/({0.00374
Glucose at 90 minutes mmol/L)

3. 7. 6.Collection, handling and storageof Blood Samples

Prior to the OGTT subjects had a 20 or 22 GA indwelling cannula (BD VialonTM,
Biomaterial, $pn) placed into a prominent forearm vein for blood sampling. Samples for
glucose analysis were collected in grey top plasma tubes (BD Vacutainer®, 10 mg sodiur
fluoride, 8 mg potassium oxalate). Samples for insulin determination and other biomarkers

werecollected in red top serum tubes (BD Vacutainer®). Blood samples were collected 10
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minutes before the oral glucose load and, 30, 60, 90, 120 and 180 minutes after the glucos
load. Lines were flushed with saline solution after each blood draw. Appyoihatél

of blood was evacuated as waste at each time point prior to the sample to be analyse
being collected. The grey top vaccutainers for glucose analysis were immediately stored c
ice. The red top vaccutainers were allowed to stand for 30 mimates s&mperature

before centrifugation at 3000 r.fLr{Dovioet al, 2007) for 15 min at 4°C. Following this

process aliquots wasredat8 0 o C f or furt her analysi s.

3. 7. 7Biochemical Analysis and Assays

Plasma glucose was measured using the glucose oxidase method (YSI 2300 Stat Pl
Yellow Springs, Ohio). Serum insulin was measured initially in St. James Hospital
biochemistry laboratpusing hospital using a commercially available flouroimmunassay.

FGF21 was measured using a commercially available ELISA kit (R&D Systems, UK), as
was I:13 (R&D Systems, UK), Chemerin (BioVendor, Germany), Omentin (BioVendor,
Germany), FetwA (R&D Swtems, UK) and Visfatin (Phoenix Pharmaceuticals, Inc.,
CA).

Free Fatty Acids, plasma triglycerides, total cholesterol, LDL cholesterol and HDL
cholesterol were measured with Randox reagents on the -Bayboa automated

analyser using a spegtimtoméric method (Randox, Antrim, Northern Ireland).

3. 7. 8.Muscle Biopsy

The muscle biopsies were performed by the study physician under sterile conditions.
Skeletal muscle specimens were taken by muscle biopsy frenvadkeus latenafider

local anaesthesian Area of skin, subcutaneous tissue, and fascia was anaesthetized with
2% wl/v Lidocaine HCI and a small (0.5 cm) incision made. The biopsy needle was inserted
into the muscle and approximately-200 mg of tissue removed using the percutaneous
muscle biogy technique with suction applied. Muscle samples wefeozaapn liquid

nitrogen and stored aB0°Cuntil analysis. Muscle biopsiese taken in all subjects pre

and post intervention. A fresh incision was made for each biopsy, at least 2 cm from a
previous biopsy sitéSubjet were provided with post biopsy care andtrtrent
instructions (Appendix LZThe study investigator called all subgectse eveing of the

day they had their biopsy and again the following morning to follblesp.biogies are
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currently being analysed as part of other projects and will not be reported as part of this
PhD thesis.

3. 7. 9.Aerobic Exercise PrescriptionJsing Metabolic Equations

A baselind’ Ozmatest was conducted for all subjettss data was usdd individually
prescribe aerobic exercise traifamghose who were randomly assigned to the exercise

intervention Subjects were required to exercise at 70% of @it The ACSM
metabolic equatiof&CSM, 2010 ppl58)ere used to calate the speed and grawe
the treadmill, and the wattage on the cycle ergometer that correspattidédofaheir

V Ozmax. These equations were also used to calculate the total exercise timeorequired t
expend 625kcal per sessioR,600kcaber weekA pilot study was conducted to confirm
the accuracy and consistency of this approach (see Bhel8)bjects adapted to this
workload quite quickly and so to ensure that the desired exercise intensity was maintaine

throughout the entire inteention aV Oumatest was conductedjainn week4 and &nd
theequations were recalculatedetermine the new workloads for each subject.

Equation 3.7 ACSM Metabolic Equation for Walking

V0, (ml/kg/min) = 0.1 (speed in meters per min) + 1.8 (speed in meters per min)
(grade in decimal form) + 3.5

Equation 3.8 ACSM Metabolic Equation for dgging

VO, (ml/kg/min) = 0.2 (speed in meters per min) + 0.9 (speeatktiers per min)
(grade in decimal form) + 3.5

Equation 3.9 ACSM Metabolic Equation for cycling

VO, (ml/kg/min) = 7.0 + 1.8 (work rate in kgm/min) / (body weight in kgs)

Equation 3.10Calculation of Energy Expenditure fromV O,

To converl’ O, (I/min) to kcal/min =V O, (I/min) * (5kcal/min)
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3. 7. 10Data collection / record sheets / monitoring of subjects

All exercise sessions for all subjects were monitore@ lsydi investigator. Record
sheetswere devised for all subjects and the information recorded during the sessions
included (i) heart rate, (ii) rate of perceived exertion, (iii) exercise intensity (speed, grade
level, RPM, Watts), and (iv) additional mentis / events relevant to the particular

exercise session.

3. 7. 11Polar Heart Rate Monitors

Whena special circumstance arose where a subject could not attend all 4 GYM based
sessions per week, they were given a recordable polar heart rate monitor anasadome b
exercise session (based on walking or cycling) to complete to compensate for the misse
GYM session. This monitor recorded heart rate throughout the entire session and this data
was then downloaded by the study investigator and analysed to enstnecthetensity

and chorie expenditure was achieved

3. 7. 12Food Diary Analysis

All subjects completed a 7 day food diary at baseline which was analysed by a clinice
dietician in St. James Hospital. In order to simplify the completion of the food diary and
improve adherence to this aspect of the intervention, subjects were not required to weigh
their food intake. Instead, they estimated their intake based on pictures provided (Figure
3.4 (a)) and household measures. A sample one day food diary is alsbipreggme

3.4 (b). The clinical dietician converted these estimates into weights with the assistance of
food portion size converter reference manual (FSA, 2002). The weights were then enterec
into the WISP analysis package to determine food and tnuttaéke. In the diet
intervention, subjects also completed a 3 day food diary for analysis every two weeks. Ir

the exercise intervention subjects completed a 3 day food diary every 4 weeks for analysis.
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If this is your last day, please fill in the checklist at the end of the booklet.
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Time

i When Where With whom Food/Drink description & preparation

Portion size

5pm
to
8pm

8pm
to
10pm

10pm
to
Bam

- Space to write in recipe or ingredients of made up dishes or take-away food if not already described

Please describe any vitamins, minerals or other food supplements you may have taken

Brand Name (in full) Number of pills, capsules, teaspoons

(b)

Figure 3.4 (a) demonstrates the method used to determine food portion size, (b) is a
sample one day food diaryNelson, M., Atkinson, M., and Myer, J. (1997). Food
Portion Sizes : A Photographic Atlas. MAFF publications.
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3. 7. 13Pilot Investigations

In order to validate the methodology for this intervention, 4 weeks of pilot work was

carried ouprior to subject recruitmerfiwo individuals consented to take part in this pilot

work. AV Oxmatest was conducted at baseline for botlestsh The ACSM equations
were used to determine the speed and grade on the treadmill and the wattage on the bik

that the subjects needed to work at to exercise at an intensity BOZRAYThese

training sessions took place in the humaiorpgance laboratory the school of health

and human performance in Dublin City Univevditgre indirect calorimetry was also used

to calculate the energy expenditure derived from the exercise bouts. This data was
compared to the estimated energy expeadcalculated using the ACSM metabolic
equations. The energypenditure derived froactual and estimated measuremgass
comparable confirming that the ACSM equations could be used to prescribe exercise at the
correct intensity and caloric expendifareghe obese subjects. The subjects completed 4
exercise sessions per week for 4 vieekgestigate how quickly thedapted to exercise
training andvhen programme updates would be requiiemt. work was also carried out

on procedures including ti@GTT, muscle biogy and DEXA scamprior to subject
recruitment. A number of ELI@ kits werealsorun at this time to ensure that the
investigator was proficient in this technique prior to the analysis of the novel biomarkers of

insulin resistance.

3. 8.Exercise intervention study design

On the first day of testing subjects complet«aft’]IO@nax tes with ECG on a cycle
ergometer, as per detailed protocol in settiegwerealsogiven a 7 day food diary to
complete and return to the clinical dieticraibt. James Hospitaho performed the
analysisOn the second day of testing they underwent a muscle biopsy and a 3 hour
OGTT. This was followed by BEXA scan in the ExWell medical cljfgallymunto
determine body compositioRlease refer back tection 3.7 for details of these test

procedures.

For the exercise interventionybgcts traied in the fithess centre in Dublin City

University4 days per week for 12 weeks, working at an intensity of @99 and
expending 625kcal perser The ACSM metabolic equations were used to determine the

speed, grade, and length of time that the subjects would need to walk on thedreadmill
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and the level and revolutions per minute that they would need to cycle for to expend
625kcal per sessidlhis was verified by the pilot wirkt wasarriedout prior to subject

recruitment which is detailed in section 3.TH&8subjects level of fitnestetermined by
the V Ozmatest, in addition to their current weight, influenced thktitoia required to

expend 625kcal. The averagercisesession duration was-Bd minutesF’Ozmaxtesting
wasrepeated for all subjects in weékand 8.The ACSM metabolic equations were
recalculated using thew fitness levetsd body welgsand programmesr all subjects

were updated to ensure thia¢ desired energy expenditure and intensity of exercise was
continuously achieve®@io include variety and enhance motivation to train, other aerobic
exercise equipment were incorfemrainto the sessions1 week 6 including the cross
trainer and the rowing machine. There are no metabolic equations for these pieces of

equipment andothe subjects were given a target heart rate to work at on these pieces of

equipment thatorresponded to 70%50,max The subjects also complete® day food
diary in week 4 and weekwdich was submitted to the clinical dietiarahanalysed to
ensure that dietary intake did not change from aebghout the intervention. All
subjects were weigdby the study investigateach week at the same time of the day and
under the same conditions as much as possible. All training feessiosubjects wer
supervisedby the study investigatimr the 2 years of data collectidhe baseline tests
were repeatedpon completion of the intervention
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Figure 3.5 Schematic representation of the exercise intervention

3. 9.Diet intervention study design

The method used toecruit subjects to the dietary arm of this intervention was the same as
that used for the exercise arm of the intervention. In order to avoid repetition the reader is
asked to please refer to section 3.7.1 for details on recruitment. The tests amdsproced
outlined in figure 3.4 are common with the exercise intervention and so to avoid repetition
the reader is asked to refer to sections 3.7.2 t@Bd73B7.12 At the beginning of the

diet interventionthe subjects attended St. James Hospital donsultation with the

clinical dietician associated with the study. During this time the analysis from their baseline
7 day food diary was discussed. The subjects were instructed to adopt a lower fat diet witt
a caloric deficit of ~365kcal per day2,508cal per week o help them achieve this the
clinicaldietician taught the subjects how to read food labels so that they could determine
the calorie content and fat content of their portiors sizé calculate their total calorie

intake each day. This vgapported with handouts. The dietician also gave them extensive
handouts which daited the calorie and fantent of many common foods including a

variety of fruits, vegetables, meats, carbohydrates and aleehminical dietician also
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provided on gmg support in the form of weekly emails and phone calls to the slrbjects.
order to monitor compliance to the diefatgrventiona 3 day food diary was completed
by each subjeetvery 2 weeks and submitted to the clinical didticianalysisAlso D
monitor compliance, the study investigator weighed all of the subjects evatytiveeek
same time of the day and under the same condittomsveight loss target wa358g
every weeklf the weight losgargetwas achieved the subjects were deemdxs to
compliant. If the weight loss targedseithernot achievedr was too greahe clinical
dietician arranged a phone Hasensultation with the subjeéotdiscuss compliance, give
adviceand modified their diet as necessary.

-

Pre Tests \
- 7 day food diary
- Consultation
- OGTT + biopsy
- Dexa

- VO.__+ECG
- J

‘ 4

Post Tests \

12 week Diet Intervention - 3day food diary
- OGTT
- 2,500 kcal deficit each week on baseline calorie it » - Muscle biopsy
- Dexa

1

- VO, +ECG

2max

i1 1 1 1

dd -aM

- J

a4 -Im
dd -9IM
dd -8IM
dd -0TIM

Figure 3.6 Schematic representation of diet intervention

3. 10.Statistical Analyses

Experimental data is presented as mean * standard deviation. Data was evaluated using tt
Sigmaplot 12 statistical pagk#&Systat Software, Inc. Chicago, IL). Statistical significance
was set asq®.05. To follow is a description of the statistical tests that were used in the
analysis of the data in this chapter.
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3. 10. 1Dependent ttest

A paired or dependent samplsst was sed to compare mean values dependent
variable pre and post intervention for the same group. Statistical significance was set a
p<0.05.

3. 10. 2Independent ttest

An unpaired or independent sampliest was used to compare the change (mean change)
in adependentvariable in one group to the change (mean change) in treepamdent

variable in another group post intervention. Statistical significance was0s@bat p

3. 10. 3Pearson correlation

Pearson correlations were used to measure the strength of casdoefaten two
variables. The correlation coefficient is represented by r. An r value of 1.0 indicates a
perfect positive relationship between two variables. An r valué ofdicates a perfect

negative relationship between two vimsalStatisticalgsiificance was setat0.05.

3. 10. 4Stepwise linear regression (backwards stepwise regression)

Stepwise linear regression is used to predict the value in one variable from the value in on
or more other variables. This test can determine the independerd {(@ritidt best
predict the dependent varialfi®r the analysis in this chaptehagkwards stepwise
regression test was ugeddentify the change in the independent variable (s) that best
predicted the lmange in the dependent varighbst interventin. Prior to performing
backwards regressigrearson regssion analysis was to identify the independent
variables thateresignificary correlatedavith the dependent variable. Thesependent
variables werentered into the lbawards regression de and wereliminated one by

one until thendependentariablgs) that best predict the clgmin the dependent variable
wereidentified. Multicollinearity exists when independent variables are highly correlated
(r=.9 and above). To avoid multicollmtgeonly oneof the related variables wergered

into the regression analysis. ArpR1.0 indicates a perfect predictioadel Statistical

significance was set &tJo05.
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3. 11Results

The data was analysed in a number of sequential steps. Farsiharesan of the physical

and metabolic raw data was performed. Secondly, we studied a number of novel
biomarkers that were identified as mainly, though not exclusively, secreted from adipose
tissue to determine if the diet and exercise interventiomrendidiéy regulated their
circulating concentration. Finally, physiological and biological changes associated with the
diet and exercise interventions were identified using a linear regression analysis to establi
the relationship between changes inbtasiaand then by backward stepwise regression

analysis to identify those that best predicted the changes.

All subjects who took part in this study were obds#satine and had been inadivea

minimum of 6 months prior to enrolling in the studgdive was defined as not meeting

the ACSM s recommendations for health wh
intensity physical activity per week (Donnelly, Blair et al. R@®8nseline values for the
physical characteristics, metabolic chasticte and biomarker profile are presented in
table3.1, 3.2 and.3 respectivelyntervention groups were matched for age, weight and
BMI but there were still some baseline differences, despite randomisation, in fat mass
(p=0.03), AUCI (p=0.01), AUCGMCI (p=0.002), Matsuda (p=0.01) and Omentin
(p=0.04). The differences in insulin were most surprising and despite having analysed
them a number of times, in different centres, the difference can only be explained by

random variation.

3. 11. 1Physical Characterisics

Following both interventions there wasignificantreduction in body weight (p=0.01),

BMI (p=0.01) and fat mass (kg) (p=0.05). An unpaitest tevealed that there was no
difference between groups in the percent ehienthese variablesltioughthe weight

lost in each group was similar, it is important to note that the exercise group achieved a
12.2% reduction in fat mass compared to a 5.8% reduction in the diet group. There was ar
11% or 3kg increase in lean tissue following the exercisentiaarbut there were no
statistically significant changes in either group, or between groups post intervention. Total
percent body fat and total percent lean tissue determined by the DEXA scan did not
change significantly in either group post interveritioall future analysis, fat mass (kg)

and lean tissue mass (kg) are used instead of percent body fat and percent lean tissue

order to avoid multicolinearity. Aerobic fitness, measureEiO@yax (ml/kg/min)
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increased significantly post eiser intervention (p<0.001) but did not change post diet
intervention (p=0.22)The smaller than anticipated sample size limited the depth of
statistical analysis and meant a paired sargéesvas used to examine the extent of
changes following the @nvention rather than the preferred option ofvea ANOVA.

Table 3.1 Pre and post values for the physical characteristics of the subjects in the

exercise and diet group. The percent change in each varialileat occurred post

intervention is also presented.

Exercise % change
Post Exercise Diet
(n=10) (n=8)
Age (yr) 45+ 14 45+ 16
Weight (kg) | 98.6 + 20.7 96.0 + 20.0% 99.3 + 15.5| 96.3 £15.3% -2.6 £2.5|-3.1+2.9
BMI (kg/m?) | 34.8+5.2| 33.9+5.3*| 32.7+4.0| 31.7+4.1* -26+25(-3.1+29
Fat mass (kg 46.8 £21.9 40.9 £19.1% 45.+£6.5 | 43.0+5.2%| -12.2+11. -58+5.1
% body fat | 47.0+13.9 42.3+120| 46.2+59|444+511| -98+9.1|-3.7+4.4
Lean 1issue 47.6+12.4 50.8+11.1( 52.1+13.1f 525+12.3] 86+14.2| 1.4+£6.3
(kg)
% Lean| 50.3+13.3 548+116| 51.5+6.0| 53.3+55| 11.0+12.6/ 3.6 +5.1
Tissue
1'.=02max 22.7+5.6| 29.3+85* 21.8+6.1| 23.5+£6.3| 29.3£20.7| 101+20.8
(ml/kg/min)
1'.=02max 23+0.7| 29+08*| 22+09 23+0.9 | 28.3+18.3| 8.3221.6
(L/min)

Data is presented as mean + standard deviation. 4®.05represents asignificant change in

the variable post intervention Note: n=5 for fat mass % body fat,lean tissue massand %

lean tissue in both groups. , p<0.09 is trending towards a significant change post

intervention.
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Figure 3.7 Percent change in weight (kg), fat mass (kg) and fithess’ Qamax
ml/kg/min) post intervention presented as mean * SD. *p<0.05 represents a

significant change in the variable post intervention.

3. 11. 2Metabolic characteristics

The changes that occurred in the metabolic characteristics post intervention are presente
in Table 2. There was a significant decress@sulin secretion andcreasednsulin
sensitivity in the exercise group but not in the diet group. In the exercise group, this was
evident as a significant reduction in AUCI (p=0.01) and HBKpx0.04), in addition to

a significant increase in the AUCGI8I index (p=0.02). These findings are supported by
trending changes in the Stumvoll (p=0.06) and Matsuda (p=0.08) predictors of insulin
sensitivity. Following the diet intervention, there was no change in AUCG (p=0.71), AUCI
(p=0.12), AUCG/AUCI (p=0.10)HOMA-B (p=0.18), Stumvoll (p=0.71), or Matsuda
(p=0.54).

The lipid profile of the subjects was also measured pre and post intervention. These value
in addition to the percent change that occurred to the lipids are pres@iaiad BP.
There was no giificant change in the lipid profile of the subjects following the diet or

exercise intervention.
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Table 3.2 Pre and post values for the metabolic characteristics of the subjects in the

exercise and diet goup. The percent change that occurred to each of the variables

post intervention is also presented.

Exercise % change
Variable ~ Pre Post ~ Pre Post  Exercise  Diet
(n=10) (n=8)

AUCG 1092 +189| 109 +197 1166 * 1142 + 1.1+148]-09+14.6
157 135

AUCI 21020 + | 153739031*| 9332+ 7494+ | -27.4+21.3 -12.4+

8850 6274 4666 26.0

AUCG 0.06 +0.02] 0.09 +0.03 0.17+ |]0.19+0.04 50.3+46.3| 19.0+

/AUCI 0.09 25.2

HOMA-B | 58.3+25.8| 51.5+28.5 35.6+ |23.8+13.0-141+179 -14.9+
24.9 394

Sumvoll 0.136 £+ | 0.1259€.031 0.118 + 0.116 + | -7.02+7.53 -0.7+7.0

0.043 0.015 0.013

Matsuda 7.7+35 10.2+4.7 18.1 19.6£7.9| 34.8+49.1f 212+
10.0 44.3

FFA’' s 060+£0.12] 0.62+0.16 0.60+ |051+0.14 452= 451 +
0.30 19.42 55.60

TG’ s 1.77+£1.07] 1.40+0.66 125+ [116+0.30 -10.1+32.4 -6.6 £11.2
0.31

TC 5.11+164 | 500154 520+ 520+0.3§ 196% 0.19 +
0.41 31.15 6.56

LDL 352+149| 321+1.23| 3.18+ | 3.41+050 -1.4+329| 101+
0.74 18.7

HDL 1.08£0.20|] 1.08+0.31 131+ [1.23+0.29 48+26.8|-3.6%+15.3
0.37

Data is presented as mean * standard deviation. 0.05 represents gnificant change pre

and post intervention. p<0.09 is trending towards a significant change post intervention.
Note: AUCG = Area Under the Glucose Curve, AUCI = Area Under the Insulin Curve,
AUCG/AUCI = Area Under the Glucose Curve / Area Under the Insulin Curve (index of

insulin sensitivity), HOMA-B is an index of fasting insulin secretion, Stumvoll and

Mat suda

ar e

i ndexes

of

i nsul

n sensitivity,

TC = Total Cholesterol, LDL = Low Density Lipoprotein Cholesterol, HDL = High

Density Lipoprotein Cholesteol.
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An urpaired samplesteést revealed that there was no difference between groups in the
percent change that occurred to AUCI (p=0.21), AUCG/AUCI (p=0.11), or HBMA
(p=0.96) post intervention.

120 -+
100 -+

MW Exercise

M Diet

PQ 39 30

AUCI AUCG/AUCI HOMA-B

Figure 3.8 Percent change inthe area under the insulin curve AUCI), the area
under the glucose curve / area under the insulin curvéAdUCG/AUCI ) and HOMA -

B which is a measure of fasting insulin secretiopost intervention in the exercise
and diet group. Datais presented as mean percent change + standard deviation.

*p<0.05 represents aignificant change post intervention

3. 11. 3Biomarker Profile

A number of novel biomarkers related to insulin resistance and metabolic health were
measured pre and post interventidme circulating concentrations of these biomarkers as
well as the percent change that occurred to the concentrations of these biomtarkers pos
intervention ee presented in Table33There was a lot of interdividual variation for all

of the biomarkerand the paired sampletests showed that there was no significant
change in the circulating concentration of FGF21 (p=0.92B (p=0.95), Chemerin
(p=0.33), Omentin (p=0.87) or Visfatin (p=0.86) post exercise intervention, but there was
a significanteduction in FetuiA (p=0.02). Following the diet intervention, there was no
change in any of the biomarkers but there was a trend toward a change in Omentin
(p=0.06). The percent change in Chemerin was significantly greater following the diet than

the e«ercise intervention (p=0.05). While the individual variation makes it difficult to
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determine if changes in these biomarkers have any role, there is some evidence o
biomarker specific responses to diet or exercise. Therefore, the next stage was to conduc

correlation and regression analysis of the data to examine association between the variable

Table 3.3 Pre and post values for the novel biomarkers. The percent changes that

occurred post intervention are lao presented.

‘ Exercise ‘ % change
Variable ‘ Pre Post Pre Exercise Diet
(n=10) (n=8)
FGF21 2223+ | 223.0+79. 3828+ | 256.4+118.1 285+85.9] -1.1=%
124.1 241.7 81.4
IL-13 106.6 £ | 105.8+£30.4 98.3+ 94.1+135| 3.1+23.8]| -3.2+t94
334 19.9
Chemerin 2241+ | 216.2:38.4| 278.0% | 216.4t65.1 | -3.2+11.9| -19.2%
39.0 106.6 16.2
Omentin 279.0 + 271.5¢ 4249+ (374.31348 | 7.1+37.0| -124+
133.9 118.8 114.6 13.9
Visfatin 16.0+43| 16.2+56 | 14.4+29| 149+3.1 | 0.2+3.4 |6.0+237
FetuinA 5785+ | 464.946.1*| 561.5* 530.31+ |-19.8+13.] -4.1+
141.2 78.0 163.5 32.1

Data is presented as mean + standard deviatiohp<0.05represents asignificant change

post intervention | p<0.09 is trending towards significant change posintervention.
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Figure 3.9 Percent change in the biomarkers post intervention. Data is presented as
mean £ SD. *x0.05represents asignificant change post intervention, p<0.09
represents atrend towards a significant change post intervention  <@.p5
represents asignificant difference between groups in the percent change the

occurred to the biomarker post intervention.

3. 11. 4Pearson correlation and backwards stepwise regression analysis

The pearsogorrelation analysis for the physical characteristics, as prestalée .
showed that the percent change in weight following the exercise and diet interventions did
not relate to any of the metabolic adaptations and it was only correlated peitbetiite

change in BMI and the Matsuda insulin sensitivity index for the diet intervention.

On the other hand, the percent change in fat mass appeared to correlate better with
metabolic adaptations following the exercise intervention and was positigd|yoréhe

percent change in AUCG and total cholesterol, with a trend for HEDN#Athe diet

group, the percent change in fat mass was only significantly correlated with the percent
change in another predictor of insulin sensitivity, Stumvoll.

The percet change in fitness following the exercise intervention was significantly
positively correlated with indicators of insulin sensitivity and lipid metabolism including the
percent change in Matsuda, AUCG, AUCI, HOBJAriglycerides, total cholesterol, and
LDL cholesterol, with a trending relation with the AUCG/AUCI index. In the diet group,
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the percent change that occurred to fitness, although not statistically significant, was
significantly correlated with thendpgercen
relation with HOMAB.

The change that occurred in percent lean tissue (%) was correlated with the percent chang
in IL-13 (p=0.03) in the exercise group.

Backwards stepwise regression was not carried out on the physical characteristics becau
the percent change that occurred to these variables post intervention was directly predicte
by the actual physical exercise training that was carried out, in addition to the calories
expended during the exercise sessions or the calories restricted @udiggaty
intervention.
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Table 3.4 Summary of pearson correlations for the physical characteristics for the

exercise and diet groups.

Weight (kq) Fat Mass (kg) Fitness (ml/kg /min)
Independent
Variables Exercise ‘ Diet ‘mm
Body Mass r=1.000 *
Index p<0.001
Fat Mass r=0.979 *
p=0.004
AUCG r=0.873 * r=-0.665 *
p=0.05 p=0.05
AUCI r=-0.813 *
p=0.01
AUCG/AUCI r=0.635
p=0.07
HOMA-B r=0.869 r=-0.755 *| r=0.690
p=0.06 p=0.01 p=0.06
Stumvoll r=-0.907 *
p=0.03
Matsuda r=-0.700 * r=0.841 *
p=0.05 p=0.001
TC r=0.952 * r=-0.789 *
p=0.05 p=0.02
TG’ s r=-0.708 *
p=0.05
LDL r=-0.655 *
p=0.04
FFA' s r=0.925 *
p=0.003

r represents the strength of the correlation between two variables<*0.05 is significant.

. p<0.09 is trending towards significanceNote: AUCG = Area Under the Glucose Curve,

AUCI = Area Under the Insulin Curve, AUCG/AUCI = Area Under the Glucose Curve /

Area Under the Insulin Curve (index of insulin sensitivity), HOMAB is an index of fasting
insulin secretion, Stumvoll and Matsuda are
Fatty Aci ds, TGO s = otdl rChalektsrat, eLDL d é.@w, DenEil@ = T
Lipoprotein Cholesterol.
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Pearson correlations were run to investigate whether the change that occurred to AUCI,
HOMA-B and AUCG/AUCI post intervention, was related to, or associated with, the
change that occurred to amfythe other measured vales. This data is presented in

Table 35.In the exercise group, the percent change in AUCI was significantly positively

correlated with the percent <change in TC

with the percenchange it Oamax (ml/kg/min). These variables were entered into a
backwards stepwise regression model, which eliminates each independent variable one |
one until it ultimately determines the independent variable that most significact8y predi
the percent change in the dependent variable. In this case the percent change in AUCI wa
most significantly predicted by the perc
the variance in AUCI post intervention. Further backwards regressisis esaaled that

the percent change in fitness best pred

presented ifable 36.

The percent change in AUCG/AUCI was inversely correlated with the percent change in

TG's and LDL c¢hol etewardsr aopositive Icdrrelatom Witk € N d i
(ml / kg/ min). Backwards stepwise regressi
the most significant contributor to the percent change in AUCG/AUCI and accounted for
64.9% of the variance aggented iTable 3.6The percent change in fitness once again
best predicted the perTabe®6t change in TG’

The percent change in HOMA was positively correlated with the percent change in

FFA's and AUCG. |t with ghe pencené changéd @lome&orre
(ml/kg/min). When backwards stepwise regression was performed, it revealed that the
percent change in HOMB was most significantly predicted by the percent change in
fitness, which accounted for 50.2% of theamee in HOMAB post intervention as
presented ifable 36.

With regard to the diet intervention, the percent change in AUCI was only correlated with
the percent change in AUCG. The percent change in AUCG/AUCI was only correlated
with the percent change total cholesterol. The percent change in HEBWAas only

correlated with the percent change in FF

for these variables.
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Table 3.5 Summary of pearson corretéons for the metabolic characteristics in the

exercise and diet groups.

AUCI AUCG/AUCI HOMA -B
Independent

Variables ‘ Exercise Diet ‘ Exercise Diet  Exercise =~ Diet
V Ozmax r=-0.813 * r=0.635 r=-0.755 *
(ml/kg/min) | P=0-01 p=0.07 p=0.01
AUCG R=0.806 * 1=0.735 *

p=0.02 p=0.03
TG’ s r=0.840 * r=-0.806 *

p=0.01 p=0.02

FFA' s r=0.660 * | r=0.799 *

p=0.05 p=0.03

TC r=0.802 * r=0.835 *
p=0.02 0=0.02
LDL r=-0.761 *
p=0.03

r represents thestrength of the correlation between two variables, ¥ 0.05 represents a

significant correlation between two variables, p<0.09 represents a trendowards a
significant relationship. Note: AUCI = Area Under the Insulin Curve, AUCG/AUCI = Area
Under the Glucose Curve / Area Under the Insulin Curve, HOMAB is a measure of

fasting insulin secretion,AUCG = Area Under the Glucose Cu
Aci ds, TGO s = Triglycerides, TC = Tot al Ch o
Cholesterol.
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Table 3.6 Backwards stepwise regression analysis to predict the percent change in
AUCI, AUCG/AUCI, and HOMA -B in the exercise group post intervention.

Dependant Indep. Coef. . Std. Error  F-to-

variable variables in Remove

model

% change in [ Constant
AUCI
(R=0.706) 9% change i 0.565 0.840 0.149 14.43 0.009
TG’ s
% change in [ Constant 45.44 10.740
AUCG/AUCI
(Re=0.649) [ change i -1.114 -0.806 0.334 11.11 0.016
TG’ s
% changén | Constant -2.196 5.124
HOMA-B "ot change i] -0.700 | -0.944 | 0.141 2461 0.016
Re=0.891) | .,
( ) I’ OZmax
(ml/kg/min)
% change in [ Constant 21.798 15.678
TG" s [% change iff -1.091 -0.708 0.444 6.068 0.09
Re=0.502) | -
( ) 5 OZmax
(ml/kg/min)

R2 represents the extent to which the change in the independent variable predicts the
percent change in the dependent variable g8.05 is significant.Note: AUCI = Area Under

the Insulin Curve, AUCG/AUCI = Area Under the Glucose Curve / Area Under thensulin

Curve (index of insulin sensitivity), HOMAB i s an i ndex of fasting

= Triglycerides, 13"’OgmaX -aerobic fitness
Pearson correlations were run on the biomarkers to investigate if the percent change tha

occurred @ these biomarkers post exercise or post diet, was significantly correlated with
the percent change in any other variable. This data is preséakbdel 7.
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Table 3.7 Summary of pearson correlations beten the percent change in the
biomarkers and the percent change in all other measured variables for both the

exercise and diet group.

Variable Group Correlations with Independent Variables

Not correlated with the percent changeaiy other measurg

% change in variable
FGF21 Diet TC HDL
(r=0.767, p=0.04) * (r=0.799, p=0.03) *
Ex Lean Tissuékg)
% change in (r=0.907, p=0.03) *
IL-13 Diet Visfatin
(r=0.934, p=0.07)
Ex V Omax(L/min)
% change in (r=-0.716, p=08) *
Chemerin Diet | Not correlated with the percent change in any other me
variable
Ex Stumvoll
% change in (r=-0.666, p=0.07)
Omentin Diet LDL IL-13
(r=-0.851, 0.02) * | (r=0.835, p=0.03) *

Ex Not correlated with the perdechange in any other measu

% change in variable
Visfatin Diet IL-13 Delta % LT Delta % BF
(r=0.934, p=0.07) | (r=0.967, p=0.03) * (r=-0.968,p=0.03) %
Ex FFA' s
% change in (r=0.684, p=0.08)
FetuinA Diet | Not correlated with the percent change in any other neé
variable

r represents the strength of the correlation between variables. <@.05 is significant.

. p<0.09 is trending towards significanceNote: TC = Total Cholesterol, HDL = High

Density Lipoprotein Cholesterol, LDL = Low Density Lipoprotein Cholesteol, Delta % LT

= the actual change in % |l ean tissue, Del t a

= Free Fatty Acids.
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Backwards stepwise regression requires numerous significantly correlated independer
variables to be entered into the model teraene those that best predict that change in

the dependent variable. The number of significant correlations with the biomarkers that
were identified by the pearson correlation analysis was limited. When these variables wel
entered into the backwardsresgion models they only accounted for approximately 10%

of the variance in each particular biomarker in the exercise and diet group. In an attempt to
better understand the variables that predicted the change in the biomarkers in both groups
post intervenbn, bakwards regression was using the variablesTiable 37in addition

to various combinations of other physical and metabolic variables. These combinations

were determined based on the relationships that were identified in the literature.

Thisbackwards regression analysis presentedblia 3B revealed a number of similarities

and differences between groups in terms of the independent variables that best predictec
the percent change in the biomarkers post intervention. In the exercise gretgetite

change in lean tissue mass and fithess accounted for 93% of the variance in FGF21. In the
diet group the percent change in HDL cholesterol accounted for 63.8% of the variance in
FGF21.

The percent change in-113 was best predicted by the perckahge in lean tissue mass
in the exercise group, which accounted for 82.4% of the variance, compared to the percen
change in Visfatin, which accounted for 87.2% of the variance in the diet group post

intervention.

The single best predictor of the petadange in Chemerin post exercise intervention was
the percent change in fitness, which accounted for 93.4% of the variance. Interestingly no

measured variable predicted the percent change in Chemerin in the diet group.

Indicators of insulin sensitipredicted the percent change in Omentin in both groups
post intervention. The percent change in Stumvoll accounted for 44.3% of the variance in
Omentin in the exercise group. The percent change in AUCI accounted for 94% of the
variance in Omentin in tloket group.
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None of the measured variables predicted the percent change in Visfatin in the exercise
group. The percent change irlR was the best single predictor of the percent change in

Visfatin in the diet group, accounting for 87.2% of the vagastcetervention.

Finally, 42% of the variance in Fe#iim the exercise group was predicted by the percent
change in FFA's. However none of the mea

FetuirA post intervention in the diet group

Table 3.8 Backwards stepwise regression analysis to predict the percent change in

the biomarkers in the exercise and diet groups post intervention.

Study Dependant | Indep. : : F-to-

variable variables in . Remove

% change i -1.599 |-0.911 | 0.344 21.65 0.043
Exercise | LT (kgs)
% changel (RP=0.930) [ 9% change if 0.820 |[0.693 [0.231 [12.558 [0.071
n ¥ Osmax
FGF21 (mikg/min)
Diet Constan 14.293 20.924
(R=0.638) [ % change il 4.251 0.799 1.432 8.815 0.031
HDL
Constant 1.082 2.357
Ex
(R=0.824) | % change il 0.299 0.907 0.080 14.003 0.033
% change LT (kgs)
in Constant [ -6.768 2.606
IL-13 Diet % change i 0.389 0.934 0.106 13.619 0.066
(Re=0.872) | Visfatin

Note: the % change in LT perfectly predicted the percent chang
13
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Ex Constant 35.59 8.081

(Re=0.934) [ % change il -1.190 | -0.967 | 0.223 28.42 0.033
% change T:"Ozmax

in (L/min)
Chemerin

Diet None of the measured variables predicted the percent chal
Chemerin post intervention in the diet group

Ex Constant -16.41 15.044
(R=0.443) | % change il -3.107 | -0.666 | 1.422 4.777 0.072
% change Stumvoll

in Diet Constant [ -4.4Q 1.434
Omentin | (R=0.940) [% changd 0.7a 0.970 0.125 31.418 0.03
AUCI
Ex None of the measured variables predicted the percent chg

Visfatin in the exercise group post intervention

% change
in Diet Constant 16.884 5.312
Visfatin | (R=0.872) [ % changen | 2.239 0.934 | 0.607 13.619 | 0.066
IL-13
Ex Constant | -21.551 3.896

% changel (Re=0.420) | % change i 0.409 0.648 0.196 4.349 0.082
in FFA' s

FetuinrA Diet None of the measured variables predicted the percent chd

FetuinA post intervention irhe diet group

R2 represents the extent to which the change in the independent variable predicts the

percent change in the dependent variable g0.05 is significant. ;z0.09 is trending towards

significance. Note: LT = Lean Tissue, V Oomax= aerobic fitness, AUCI = Area Under the
I nsulin Curve, FFA8s = Free Fatty Aci ds.
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3. 12 Discussion

The main findings of the current study were that both the diet and the exercise
intervention were equally effective in reducing body weight and body fat irtass, bu
exercise group showed a trend towards greater improvements in body composition. Fitnes:
and metabolic profile improved significantly in the exercise group only, with the increase in
fithess accounting for the improvements in metabolic healthgnotipgs Importantly the

percent change in body weight did not relate to any of the metabolic adaptations post
intervention in either group, but the percent change in fat mass did. The results also
indicate that the biomarkers of insulin resistance mdyebentially regulated by exercise

and diet. FetudA was the only biomarker to decrease significantly post intervention,
which occurred in the exercise group, but there was a trend towards a change in Omentir
in the diet group. The changes that did otcuihe other biomarkers in both groups,
although non significant, were associated with improvements in lean tissue and fithess an

metabolic profile so they may be useful independent predictors in larger scale studies.

Exercise training and/or dietagstriction continues to be the focus of weight loss
interventions for obese individuals. Numerous studies have been conducted to investigate
the effects of diet or exercise on weight loss and metabolic health in this population, but a
review of this litetare shows varying degrees of effectivgfessz et al., 2007The
difficulty in reviewing this data is that the designs underpinning the exercise interventions
often differ greatly in terms of the rhen of exercise session per week, the intensity of
exercise, the mode of exercise used in the intervention, and the total duration of the study
(Franz et al., 20D7A similar picture is true for the dieterventions that have been
reported in the literature since there is extensive variation between studies with regard tc
the amount of calories restricted, in addition to the nutritional composition of the diets
(Franz et al., 2007t is unclear whether one type of intervention is superior to the other in

terms of the magnitude of metabolic benefits that they produce in this population.

The purpose of this study was to compare the effectivenedsaafadoric diet or
exercise intervention on body composition and metabolic health in an obese population.
The results show that both interventions were successful in reducing body weight and body
fat mass. It is worthy to note that the actual change matet was a 12% or 5.9kg
reduction in the exercise group compared to a 6% or 2.8kg reduction in the diet group, but

the difference between groups did not reach statistical signifieeacse of the small
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sample sizeThe literature supports the findingatt 12 weeks of diet or exercise
successfully reduces body weight and body fat mass in obese individuals, but there is larg
variability in the magnitude of change due to differences that exist in the exercise and
dietary protocols. The main criteria f@ dietary intervention in this current study, was to
adopt a lower fat diet with a total calorie deficit of approximately 350kcal per day. This
yielded an average weight loss of 3.1kgs or 3.1% of total body weight, and an average f:
loss of 2.8kgs or 54of total body fat. One other study in the literahatused a similar

calorie deficit and intervention duration, reported a similar weight loss of 2.7%, but an
average fat loss of 8.qUee et al., 201Barhe difference in fat loss between the two
studies may be a reflection of the small sample size for body composition in this current
study. Areview of short term dietary interventions surmises that there is a dose response
relationship between the amount of fat restricted in the diet, and the amount of weight loss
achieved. A modest 10% reduction in daily dietary fat intake in obese indivlaa i

the guidelines in the present study, producédskg reduction in body weigltstrup et

al., 200R which is a similar reduction to that founthepresent study. The literature also
indicates that in general, weight loss and fat loss results may be augmented when th
protein content of the diet is greater than that of a regular balanced diet, in addition to
modest decreases in total fat ini@@akes et al., 2006lifton et al., 2009.ee et al.,

2009.

A review of short term (<16 weeks) exercise training studies indicates that the amount of
body weight and fat mass lost is directly related to the amount of calories expended in
training. The studies with an energy expenditure of 1,100kcakebtaged an average
weight loss of 0.06kg per week, and an average fat mass loss of 0.06kg per week. Exerci
interventions based on an energy expenditure of 2,200kcal per week obtained an averag
weight loss of 0.18kg, and an average fat mass |d&Bkgffier weelRoss and Janssen,

200). In the higher energy exylgure interventions this yielded an estimated weight loss

of 2.2kgs over a 12 week period concomitant with a 2.5kg reduction in fat mass. The
energy expenditure in the current study was 2,500kcal per week which yielded an averac
weight loss of 2.6kgsdaan average fat loss of 5.9kgs in 12 weeks or a 12% reduction in
fat mass from baseline values. The difference in the magnitude of fat loss between this
current study and the studies included in the review may be due to differences in the

intensity of exeise training or the mode of aerobic exercise used.
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There was no statistical change in lean tissue mass in either group post interventior
but there was a tendency for increased lean tissue in the exercise group compared to th
diet group. The exerciseogp exhibited a 3.2kg or 8.6% increase in lean tissue mass
compared to a 0.45kg or 1.36% increase in the diet group. This is clinically important
because weight loss, particularly when achieved by caloric restriction alone, can be
associated with a declinefat free mass, and consequently a decline in resting metabolic
rate, which is a major contributor to total daily energy expenditure. This may ultimately
hinder the progress of weight loss in the future in addition to having deleterious effects on
carbdnydrate and lipid metabolism in this populg&tiegler and Cunliffe, 200@/eght
loss through calorie rastion alone has been reportededuce metabolic rate in the long
term(Martin et al., 200,7and so exercise training maynfy@itant to prevent a decline in
lean tissue and metabolic rate during a period of weig(Brimsder et al., 1992The
small sample size for body composition measurements in both groups may mask the exten

of the actual changes that occurred post intemmentio

Clearly weight loss can be achieved by both interventions but their effects on other
aspects of health must also be considered. It is interesting to note that the change in tota
body weight in both groups was not correlated with the change intla@ymatabolic
variables. The change in fat mass however was significantly correlated with improvement:
in fasting insulin secretion, insulin sensitivity and glucose tolerance in the exercise group
and Stumvalla predictor of insulin sensitivity thediet group. Also, the change in lean
tissue was significantly correlated with improvements in the insulin sensitizing hermone IL
13 in the exercise group, and TG's and
findings and worth some consideration siheeprimary outcome measure of many
lifestyle interventions is weight loss, when in fact it is more appropriate to focus changes in
body composition due to its relationship with metabolic health in this population. It has
been well established that fat massceral fat mass in particular, is assoaciated
metabolic dysfunction in obese individy&apurso and Capurso, 201Phas also been
well established that lean tissue mass is higtdipaiically active and confers a range of
metabolic benefits for the obese populdtdoeling et al., 1993Neight loss induced by
lifestyle intervention shldl ideally be derived from fat loss only. A simple measurement of
body weight can not possibly give arglmsnto the composition afeight lost. It is
therefore essential for researchers and clinicians to shift their focus from weight loss as ar

outcorre measure for these individuals, to changes in body composition. The results of the
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present studindicate that favourable changes in body composition must be a primary

outcome measure in interventions of this nature.

Interestingly, the metabolic profdé the subjects improved significantly in the
exercise group but not in the diet group, despite statistically similar reductions in weight,
BMI and fat mass. This was evident as a significant decrease iFBHOBIAUCI, and
an increase in AUCG/AUCI. Theest single predictor for the percent change in AUCI in
the exercise group was the percent c hanq
variance in AUCTable %. The percent change in TG’ s
variance in AUCG/AUCI post iarventionTable 4.6 Further analysis revealed that the
percent change in fitness was the Tdbhlest s
3.6. The percent change in fithess was also the best single predictor of the reduction in
HOMA-B in this goup, which accounted for 89.1% of the variance in HBMAble
3.6. Fitness improved significantly in the exercise group post intervention, but did not
change in the diet group, which may account for the lack of improvement in metabolic
profile of the suleicts in the diet group. It could also possibly be related to the fact that the
insulin values were significantly greater in the exercise group than in the diet group at
baseline. The increase in fitness in the aerobic group was highly correlated with
improvements in insulin secretion and insulin sensitivity as mentioned above, but it was
also correlated with an improved lipid profile in these subjects. This is a clinically
significant finding given the positive relationship between lipid accumulatioe and th
development of insulin resistance in obese indivitedisrt et al., 200%etersen and
Shulman, 2@®). The results indicate that exercise training and increased fitness,

independent of weight loss, improves metabolic profile in obese individuals.

The positive effects of exercise on the lipid profile and metabolic health of this population
have beenwd el y reported. O Leary et al . 200
intervention in obese elderly individuals and reported that exercise training significantly
reduced visceral fat and the availability of fat in circulation, in addition to improving
glucose metabolism. Exercise training and fithess was also associated with the reversal
insulin resistance in these subj@tseary et al., 20PB0ther12 week aerobic exercise
training studies have found that exercise training significantly improves insulin sensitivity
and glucose metaboligkadoglou et al., 2012vhich is true in the preser{CeLeary et

al., 200pand absend@assis et al., 2008 weight loss anéif mass loss. Even an acute
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bout of exercise has been shown to enhance insulin se@i@&ayman et al., 20D6

This is particularly evident in one leggading studies where glucose uptake increases in
the exercising leg during and after the training bout, but not in the non exercising leg of the
same individugRichter et al., 1989n fact as exerciseensity increases in the exercising

limb, so too does the magnitude of glucose uféMaren et al., 1971

It appears from the results of the current studyitm@tovements in insulin
secretion and insulin sensitivity were due to exercise induced improvements in lipid profile.
It is likely that exercise training reduced the availability of lipids by reducing total body fat
mass, but it may also have improved the oxidative capacity of skeletal muscle leading t
improvements in lipid oxidation, thus correcting the mitochondrial dysfutizit is
often present in this populatigielley et al., 2002These findings emphasise the
importance of aerobic fitness in improving metabolic health. Tumhés Supported by
the enhanced fat oxidation and insulin sensitivity that is evident in @hkdieg et al.,

1993. It is therefore necessary to focuditness as an outcome measure of interventions

of this nature, in addition to changes in body composition.

Although there were no significant metabolic adaptations to the diet intervention in
this current study, calorie restriction is proposed to imprsulin sensitivity. This is true
even in the initial stages of calorie restriction before there is any major effect on obesity
(Arciero et al., 1999 10 da low calorie diet consisting of 50% of the calories required to
maintain energy balance, reduced insulin concentrations during hyperglycemia by 40% i
obese individualrciero et al., 1999A 12 week diet intervention with similar caloric
restriction to this current study revealed a 2.7% decrease in body weight of the obese
women, which was associated with a significant decrease in insulin resistancéymeasured
HOMA-IR (Lee et al., 201Bdiet interventions using various nutrient compositions have
alsoproved to enhance insulin sensitivity. Noakes et al. 2005 investigated the effects of two
different types of diet on metabolic status. An energy restricted high protein/low
carbohydrate diet, and a high carbohydrate/low protein diet both produced éosgight
of 7.3kgs in a 1®&eekperiod and this was associated with a decrease in fasting insulin
(Noakes et al., 2009'he mechanism responsible for the dietcealincrease in insulin
sensitivity is proposed to be as follows. In the immediate response to reduced calorie intak
and reduced glucose levels, the restricted individual starts to break down muscle glycoge

stores. Over an extended period of time aglyleegen stores become depleted, the body
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must rely on fat for energy and as a consequence of this, reduction in fat mass occurs
(Barzilai and Gabriely, 200The liver is thought to up regulate the expression of enzymes
involvedin gluconeogenesis and suppresses the expression of the enzymes involved ir
glycolysigDhahbi et al., 1999The iver also produces ketones from the breakdown of fat

and protein, which help to meet energy demands and so blood glucose remains lower that
baseline values during this pl{&seene et al., 200The beta cells of the pancreas sense
lower glucose levels and produce less insulin. Insulin levels remain lower than that at
baseline, thus improving insulin sensit{idhahbi et al., 20Q1The results of this study
confirm that diet and exercise interventions are both important in the fight against obesity,
but increasing physical activity in this population is likely to have a greateonmpac
metabolic health mediated by increased fithess and possibly better changes in body

composition.

The alterations in adiposity that occur with calorie restriction and exercise training
may have additional important benefits for obese individualseih years, adipose tissue
has been identified as an important endocrine organ that produces and secretes a humbe
of adipokines involved in glucose and lipid metab@leset et al., 200%ome of these
adipokines, Omentin for example, promote insulin sensitivity and their circulating
concentration is down regulated in obés#ySouza Batista et al., 300ther adipokines,
including FGF21 and Visfatin, enhance insulin sensitivity but their circulating
concentration is eleed in obesity without the beneficial effects, possibly showing
resistance to the action of the hormones. The overproduction of these hormones may be in
compensation for the poor action of ins(Hisher et al., 201Beltowski, 2006There are
a number of other adipokindgt promote insulin resistanseich as Chemerin, whose
circulating concentratiomcreases with increases in fat n{@sdalan et al.,, 2011
Research shows that the serum concentration of thesk@rs is very much related to
the physical and metabolic characteristics of obese individuals, and they are generall
improved with improvements in body composition and metabolic(Biaust al., 2010
Cuevaskamos et al., 201orencNavarrete et al., 2QX0hakaroun et al., 2QIzhoi et
al., 200¥ These cytokines in addition tell8 and Fetuwh were analysed pre and post
intervention in both groups. The reduction in fat rfedsoccurred in the exercise and
diet group may have altered the expression and secretion of these biomarkers, which ir

turn may have influenced or been associated with the metabolic health of the subjects. It i
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possible that the circulating concermmnatif these hormones could be a useful indicator of

metabolic status in the obese population.

The lack of significant change in the biomarkers in either group post intervention
may be due to the large variability that existed between subjects in lifle base
concentrations of the hormones. The large variability in the individual réSgonsé.p
to caloric restriction and exercise training may also be a factor. Many of these novel
cytokines are produced in adipose tissue but they are also produibed iissues
throughout the body such as skeletal muscle and the liver, and so changes in fat mass m:
not be the only regulator of their circulating concentration. It may also be the case that the

biomarkers are differentially regulated by diet orsexerc

Thesgnificant decrease hetuinA in the exercise grougpsupported by some but
not all studies in the literatuBmme aerobic training studies have found no change in this
hormone post intervention despite significant reductions in waistfeience and body
fat content{Schultes et al., 201@ther concurrent training studies incorpagadierobic
and resistance exercise have also found no change HARmsirinterventiorfYang et
al., 2011 However, weight loss induced by a combinatioetodualil exercise resulted in a
decrease in circulating Fet&ifReinehr and Roth, 200&lso, a study comparing young
and older high and low active men regabthat Fetuif was inversely related to fitness
and concluded that regular exercise may be important in maintaining low levelsfof Fetuin
(Jenkins et al., 201 It is difficult to determine the mechanism behind the effects of
exercise training on Fetsn. I n the <current study, t he
predicted the percent change in Fefubut this did not reach significance (p=0.08). The
reductimm in the circulating concentrations of this hormone is likely explained by the
significant reduction in fat mass combined with the significant increase in fithess that
occurred in this group, since an equal reduction in fat mass in the diet groupfeeid no ef
on serum concentrations. The literature has reported that the circulating concentration of
this insulin resistance promoting hormone is greater in obese individuals, particularly those
with high liver fat conterfix and Sharma, 2010he liver fat content of the subjects in
the present study was not measured but obesity is associated with excess fat in the live
(Tominaga et al., 199%rimarily because excess availability of fatty acids in addition to the
presence of insulin resistance fuels the synthesis of triglycerides in(Rerafer and

Roth, 2008Ix and Sharma, 201 Excess liver fat has been proposed to stimulate the
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production of FetuwA (Ix and Sharma, 2010The results of thistudy suggest that
exercise training reduced total fat mass, which may possibly also have reduced fat mass
the liver, and this in turn may have suppresseddtacgon of Fetuwf resulting in

lower circulating concentrations of this hepatokine post intervention. The results also

suggest that Fetufmay be an indicator of liver fat mass in obese individuals.

There was no significant change in the circulating concentration athehe
biomarkers in the exercise group, but the changes that did occur provided an insight into
the possible mechanisms by which they may be regulated, and their potential relationshiy
with metabolic health. The exercise induced increase in lean tissuel raasobic fitness
accounted for 93% of the variance in FGF21, 82.4% of the variand8,iatd 93.4% of
the variance in Chemerin post intervention. These adaptations are specific to exercise
training and show the potential role of exercise inghkatien of the production of these
biomarkers. 13 is an anihflammatory insulin sensitizing cytokine that is secreted
exclusively by skeletal mug€@annon and St Pierre, 1998& circulating concentration
increased by 3% aftereesise training, which was predicted by gains in lean tissue. This
suggests that the exercise induced increase in lean tissue, although not significan
augmented the production of-13. Therefore, modes of exercise that promote greater
gains in lean tigs, resistance training for example, may lead to more significant increases
in the production of this hormone, which may in turn contribute to improved insulin
sensitivity. In contrast, the circulating concentration-b8 llecreased by 3% in the diet
graup, and this was mostly accounted for by the percent change in Visfatin, possibly
demonstrating a regulatory role between both of these hormones. FGF21, an insulin
sensitizing hormone, is also produced in skeletal muscle, in addition to the liver, adipose
tissue and thymyghang et al., 20R8ts circulating concentration increased by 28% in
the exercise group compared to a 1% reduction in the diet groupcréaseinn fitness
and lean tissue in the exercise group predicted the increase in FGF21. Exercise training ths
promotes greater increases in muscle mass may also stimulate greater production of thi
hormone. Chemerin is a proinflammatory cytokine predottyirsecreted from adipose
tissue, but is also produced in the lungs, liver and K@omsiski et al., 20P7Its
circulating concentration decreased by @B%e diet group which was significantly
greater than the 3% reduction in the exercise group. Surprisingly no measured variable we
found to predict the change in Chemerin in the diet group, whereas increased fithess

accounted for the change in Chemierithe exercise group. Many 12 week aerobic and /
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or resistance training studies have reported a decrease in serum Chemerin pos
intervention, independent of change in body mass or body faOmnakaroun et al.,

2012 Venojarvi et al., 20L3This suggests that Chemerin is influenced by muscle
contraction and not just changes in body weight and boHpwaver, it is likely that the
change in Chemerin in the diet group was partly due to the reductions in fat mass but must
also be influenced by other variables since the reductions in fat mass was similar in bott

groups.

Visfatin is another insulin s@izing hormone produced in skeletal muscle. It is
also produced in the liver and macrophages but is predominantly released from viscera
adipose tissu@ogru et al., 200.7Controversy exssin the literature regarding Visfatin
concentrations and its association with obesity and metabolic(@isaageet al., 20111
Visfatin did not change in the exercise group but increased by 6% in the diet group post
intervention. An overview of the current literature suggests that circulating concentrations
of Visfatin should decrease post lifestyle intervention, thus ameliorating the resistance to
the insulin sensitizing action of this hormone. This is true follb@iwgeks of aerobic
exercise training interventi@hoi et al., 200Haus et al., 20PRee et al., 201)band
caloric restrictiofKovacikova et al., 2008 Luis et al., 2008n all of these studies the
reduction in Visfatin was correlated with markers of insulin sensitivity independent of
weight loss. Other interventions have found no relationship between fat mass and Visfatin
but have found an inversglationship between Visfatin and lean tissue mass suggesting
that lean tissue could influence its circulating concentfatipresia et al., 2012n fact
12 weeks of concurrent exercise training incorporating aerobic and resistance training
(300kcal/day aerobic, and 100kcal/day resistance training / 60mins per day) significantly
reduced circulating Visfa{@hoi et al., 20Q.7Lean tissue mass was not measured in the
aforementioned study but it is known to increase with resistance training. In the present
study, the percent change in Visfatin in the diet group was best predicted by the percent
change in the myokine-113, which further supports the hypothesis that lean tissue mass
might regulate the production of Visfatin. Thus exercise training thahtaugaies in

lean tissue mass might also be associated with significant reductions in Visfatin.

The percent change in Omentin in both groups was influenced by the percent
change in insulin sensitivity. Omentin is a cytokine secreted exclusively émin visc

stromal vascular cells and is reported to enhance the action of insulin by augmenting
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glucose uptak@vorenoNavarrete et al., 2010nterestingly its circulating concentration
increased by 7% in the exercise group, which was best predicted by the percent change |
the Stumvoll index of insulin sensitivity, but its circulating concentrations decreased by
12% in the diet group and thwsas predicted by the percent change in AUCI. The
circulating concentration of Omentin is reduced in obese individuals compared to lean
insulin sensitive individuals, and further reductions are evident in obese individuals with
insulin resistance or typali2abetegAkbarzadeh et al., 20¥h et al., 2092 Other 12

week aerobic exercise studies reported aagadrecirculating Omentin post training, and

this was significantly inversely correlated with improvements in insulin resistance, glucose
tolerance, waist circumference and fitf8zsemi et al., 20)0Rietary interventions using

a caloric restriction of 5@0000kcal per day less than RMR also reported a significant
increase in Omentin post intervention #msl was associated with a significant reduction

in BMI in addition to a significant improvement in insulin sengiilatgnoNavarretest

al., 201p Since body weight and body fat mass improved to a similar degree in both
groups, it appears that the additional improvements in the metabolic status of the subjects

in the exercise group was associated with the increase in Omentingrouthis
All variables were removed fro Chemerin Chemenn
Omentin Omentin
AUCI ‘ Stumvoll #
o BN e
V|s |n _
IL-13 ‘ ‘
-
FGF21 Y FGF2L
HDLC (63.8%) T L) Vo (93%)
IL-13 IL:13
Vistan (67.2% (82.4%
All variables were removed fro . FetuinA
Backwards regression ‘ FetunA (b) - ‘ (44%)

Figure 3.10Schematic illustrating the percent change in the independent variables

Al variables were removed frol
Backwards regression

that best predict the percent change in the biomarks post (a) diet intervention
and (b) exercise interventionNote: AUCI = Area Under the Insulin Curve, HDL-C

= High Density Protein Cholesterol, LT =
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The response of the novel biomarkers to exercise trainingaaitdresiriction is
very interesting. Both interventions produced a similar energy deficit per week, but it
appears that both modes of intervention differentially regulated the production and
circulating concentration of the biomarkers. It is clear fremeslts that improvements
in fitness, lean tissue mass, and insulin sensitivity accounted for the variance in many of th
biomarkers which highlights the role of exercise training in the regulation of the
biomarkers, and also suggests that greater enpois in lean tissue, such as that seen
with resistance training, may lead to more substantial alterations in the circulating

concentration of the biomarkers.

3. 13.Study limitations

The smaller than anticipated sample size in both groups limitegdttbktlde statistical
analysis andheant that-tests were used instead of the preferred option of a 2 way
ANOVA. The small samplsize for body composititimited the depand interpretation

of statistical analyshs .final limitation was the statistical dédfece in the baseline insulin
values. Higher baseline insulin values in the exercise group may account for some of the
metabolic differences between both groups, although the literature in addition to the
research presented above consistently showstthachte and chronic exercise improves

insulin sensitivity in obese individuals.

3. 14.Conclusions and future recommendations

The literature suggests that both caloric restriction and exercise training are beneficial ir
reducing body weight and body fat massbese individualg-ranz et al., 20p7The
extensive variation in the design of diet and exercise interventions makes it difficult to
determine whether one intervention is superior to the other vaitl tegmproving body
composition and metabolic health of obese individuals. A comparison of an isocaloric diet
and exercise intervention in this study revealed that both interventions were statistically
equally successful in reducing body weight anddiangss in these subjects. However,
exercise training may lead to greater improvements in metabolic health mediated by
increases in fitness and possibly greater improvements in body composition. It appears tha
exercise and diet interventions differéntragulate the circulating concentration of the
novel biomarkers of insulin resistance. Interestingly, improvements in insulin sensitivity,

fitness, and lean tissue mass significantly influenced the circulating concentration of many
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of the biomarkers. I possible that exercise training that significantly increases lean tissue
mass, such as resistance training, may also significantly favourably affect the circulatin
concentration of the biomarkers. Future studies must investigate the effects of combined
aerobic and resistance training on the metabolic health of these individuals. This type of
training, also known as concurrent training, may provide all of the improvements in body

composition, aerobic fitness, and insulin sensitivity evident in the gesabi in the

current study, but may additionally improve lean tissue mass, potentially resulting in a more
substantial impact on the circulating concentrations of the biomarkers and improved

metabolic health.
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Chapter 4.The impact of concurrent

exercise training incorporating an
eccentric component on energy
expenditure and metabolism in obese

Individuals.



4. 1.Rationale

Concurrent training has emerged in the literaturepatemtial weight logherapy for

obese individuals. A review of the acodiecaronic effects of concurrent training in obese
individuals concludes that this type of training enhances energy expenditure both during
and after the training sessions, and also positively alters body composition in these
individuals(Vilaca et al., 20L1This may contribute to greater weight loss in the obese

population than either aerobic or resigtaraining alon@/ilaca et al., 2011

The vast majority of the literature to date focuses on thenedion of aerobic exercise

and regular resistance training, which incorporates an eccentric and concentric component.
However, a greater contributioh eccentric exercise may prove to be a novel way of
augmenting energy expenditure and fat oxidatignptbtentiallaugmentindoss of fat

mass in these individuals. Eccentric exercise reduces cardiovascular stress and perceiv
exertion but can illicit the same rate of energy expenditure as concentric contraction, which
may also improve adhereigénetti et al., 2002The muscle damage caused by eccentric
exercise is quite extensive and is energy expensive during the repair period which ma
contribute to increased energy expenditure and incredabdlimeate in the hours and

days post traininVelle and Nair, 1990Resting metabolic rate has been shown to be
elevated at 24 and 48 hours following @& bb eccentric resistance exercise, and this
elevation appears to be greater in sedentary untrained individuals than in trained individual
(Dolezal et al., 20PQAlso, following a bout of eccentric exercise the muscle adapts and
becomes stronger and more resilient to dafRaden et al., 19830ver time this may

allow the individual to perform more work and thus expenwe energy in the same time

frame thus expending more calories during training sessions. A small number of studies
have been conducted to investigate the effects of concurrent training incorporating an
eccentric resistance component on energy expenditdrfat oxidation, but these are
mainly acute studi@urt et al., 201®olezal et al., 200Paschalis et al., 2D10here is

little research available to show the effects of chronic eccentric training on energy

expenditure and fat oxidation in obese individuals.

4. 2.Aim

The aim of thistudy was tawestigate the effects of concurrent training on fat oxidation,
energy expenditure and metabolic health in obese individuals, and to determine whether a

eccentric component leads to augmented fat loss and health benefits in this population.
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4. 3.0bjective

x To measure the impact of eccentric exercise, as part of an aerobic and resistance
training intervention, on body composition and insulin resistance in obese
individuals.

x  To identify a biomarker profile of concurrent exercise training.

4. 4.Hypothesis

Both intervations will result in distinctive physiological and biological profiles fgllowin
10 weeks of exercise training lngeatric exercise will confer more favourable changes

resting metabolic rate and fat oxidation in obese subjects.

4. 5.0verview of Original Sudy Design

Subjects were recruited from staff and students in DCU. Following the initial screening and
medical examination, eligible participants were randomly assigned to begibOdither a
week exercise training programme consisting ofcd@ncurrent xercise training
intervention incorporating aerobic exercise and regular resistance training (REG) or
aerobic exercise and eccentric resistance training (ECC). A number of tests were carrie

out at baseline and repeated after 12 weeks of training.

Subject
Recruitment

\

Pre Tests
VO,..ct ECG, DEXA, OGTT,
muscle biopsy, RMR, MRI, 3R

ECC REG
12 weeks 12 weeks
n=238 n=7

I
I
I
v

Post Tests
Repeat baseline test

€ ————

Figure 4.10verview of Original Study Design
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4. 6.Test Procedures

Someof the tests that were carried out in this interventiontheesame of those already
outlinedin chater 3.Please refer to section 3.7.2 for details of anthropometric assessment,
3.7.3 for details of the DEXA scan and body composition assessntefar; 8etails of

the measurement and assessment of glucose tolerance and insulin sensitivity, 3.7.6 fc
details egarding the collection of blood samples, 3.7.7 for details of biochemical analysis
and assays, and 3.7.8 for details regarding the muscleAkiosy.exercise prescription

using the ACSM metabolic equations is detailed in section 3.7.9. Daten catidctio
monitoring of the subjects exercise sessions is details in sectioddditiafal tests

wereperformed that wergnique to this intervention are explained in detail to follow.

4. 6. 1Subject Recruitment

An email was sent to all staff and student<id Driefly outlining theature of the study
(Appendix 9 All individuals who responded to the email received a copy of rthe plai
language statement (Appendi¥, Which explained the study in great detail. A private
meeting was then arranged with ea¢bnpal participant and all elements of the study
were discussed in detail including the nature of the study, the tests involved, the
interventions involved, and all risks and benefits associated with the studgrimée i
consent form (Appendix livasexplained to the potential participant at this time and they
were also given an opportunity to ask any questions they had. Potential participants wer
advised to re read the informed consent form in their own time and return a signed copy if
they wished ttake part in the study.

Upon receiving the informed consent form, each participant then completed a health
history questionnaire (Appendix which was reviewed by the study physician, and they
underwent a medical examination to confirm their stytdbilithe study. Subjects were
excluded at this point if they had uncontrolled hypertension, unstable cardiovascular
disease, hepatic or renal disease, active cancer, HIV infection, previous thyroid surgery c
hyperthyroidism, chronic diarrhoea, were nargg or unable to stay in the same

geographic location for the duration of the study.

Of the twenty five subjects who volunteered for the study, one subject was excluded after
baseline screening due to the detectidi2DM during the OGTT and the detixt of

resting hypertension. This subject was referred to St. James Hospital for further tests. Twc
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subjects completed baseline testing in addition to 10 week exercise intervention but coulc
not be contacted for the final testing period. Four subjecigeder training sessions per

week and so were excluded for non compliance. One subject moved to France in week 5 0
the study. Finally, 2 subjects dropped out of the training study after 6 weeks due to work
commitments. Of the remaining 15 subjects, 7 waendoml y assigned
training programme and 8 were randomly
study was approved by the Dublin City University Research Ethics Committee and

conformed to the Declaration of Helsinki.

4. 6. 2.V Ouma With Electrocardiogram ECG)
For this interventiorall subjects performed an incremental exercise test to volitional

fatigue on a treadmill (HaB h/p/cosmos quasar) to detelndng. The data collection

for this study occurred alongside thalfphase of data collection for intervention 1, which

was on going for two years, and so availability of equipment dictated that the treadmills be
used for testing in this intervention. Both male and female subjects underwent a 3 minute
incremental protml, but the speed and grade for the warm up, as well as the speed and
grade for the stage increments were greater for males than for Bameéiesall subjects

started with a walking warm up of 6.5km/hr. Every 3 minutes the speed was increased by
1km/hr for all subjects until they reached their maximum walking speed. After this time
the grade was increased by 2% every 3 minutes. If the subject continued to exercise fo

longer than 12 minutes, the grade remained the same but the speed was increased 1

jogging pace.

All exercise tests took place under standard laboratory conditi@iSQ194e65%
relative humidity) and in the presence of the study physician. Expired oxygen, carbon

dioxide, ventilatory volume, respiratory exchange ratidsCang were determined by
indirect calorimetry the Sensormedics metabolic system (Sensormedics Vmax 229
Sensormedics Corp., Yorba Linda CA). Systolic and diastolic blood pressure was measure
by the physician at rest and during the last minute of tageho$ exercise. Rate of
perceived exertion was taken during the last ten seconds of each stage @2€ingpthe 6

Borg scaleAppendix8). Electrical activity of the heart was recorded at rest and at the end
of each stage using 12 lead ECG. Heartvageaecorded in the last 10 seconds of each
stage. Subjects exercised until reaching volitional fatigue. Oxygen uptake was deemed

have peaked if two or more of the following criteria were satisfied (i) plateau of oxygen
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consumption with increasing powetput (increase of less than 2 ml/kg/min), (ii) heart
rate within 10 beats of the subj-eagdis’ ag

years) and (iii) respiratory exchange ratio SR Was determined as the highest

minute avege recorded for oxygen uptake during the test.

4. 6. 3.Resting Metabolic Rate (RMR)

To determine energy expenditure and fat oxidation at rest, subjects underwent an RMR test
in the human performance laboratory, DCU. Subjects reported to the laboratory after an
overnight fast and they rested in a quiet, dark room for 60 minutes. During the last 30

minutes a metabolic hood was placed over the subjects heli®.anentilation,
respiratory exchange ratio, fraction of inspired oxygen and carbondidxigestian of

expired oxygen and carbondioxide was measured by indirect calorimetry using the
sensormedics metabolic system (Sensormedics Vmax 229, Sensormedics Corp., Yorb
Linda CA). The hood was ventilated by 50 litres of air per minute. The subject wa
monitored throughout the test to ensure that steady state was reached for at least 15
minutes. RMR was calculated for each subject using the Weir €d(eatjot049)This

test was conducted on the ECC group and the REG group only.

Figure 4.2 Resting metabolic rateprocedure

Equation 11The Weir equation to estimate energy expenditure per minute

(1.1 * RQ) + 3)p* VO (Imin)
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4. 6. 4 Magnetic Resonance Imaging (MRI) Scan

An MRI scan was used to determine any exercise induced change to the total cross
sectional area of the thigh (total CSA), the total cross sectional area of fat in the thigh (fat
CSA), andhe total cross sectional area of muscle in the thigh (muscle CSA). This scan was
carried out in Cappagh Hospital, Finglas, Dublin. All subjects were transported to and
from the hospital by the study investigator. The subjects completed a screenitigegform in
reception area which was revised by a radiological nurse prior to the scan. The subject
were then guided to a private room, instructed to remove clothing, metal piercings and
jewellery, and wear a gown for the scan. The entire process took 20perirauteect.

The output from the scan was an image of the cross sectional area of(ffigutegiv).

Total CSA, fat CSA and muscle CSA of both thighs for all subjects pre and post
intervention was manually calculated by the study investigator.réagesseee traced
individually using specialized image analysis software (Image J version 1.34) and the tot

area of each of these components was computed.

Quadriceps

Adipose tissue

Figure 4.3 Sample image output from the MRI scan. The total CSA, fat CSA and
muscle CSA was traced from the scan and calculated manually using Image J

analysis software.

4. 6. 5.Protocol for 3 Repetition Maximum Testing (3RM)

1. Instruct the individual to warm up with a light resistance that easily dlows 5
repetitions of the exercise.

2. Provide 1 minute rest.

3. Estimate a warm up load that allows the individual to comylletpBtitions of
the exercise.

4. Provide 2 minutes rest
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5. Estimate a near maximum load that allows the individual to complete 4
repetitions of the exercise.
6. Provide 24 minutes rest.
7. Increase the load to maximum
o If the individual can lift >3 repetitions, repeat steps 6 and 7 until the 3RM
Is determined
o Coninue increasing or decreasing the load until the individual can complete
only 3 repetitions with correct execution. Ideally this is achieved within 5
testing sets.
0 This procedure was conducted for the (1) Chest Press {figu(2) Lat
Pull Down (Figuretl.69 and (3) Leg Extension (Figure 4.8zercises at
baseline for all subjeatsthe REG and ECC groups.

4. 6. 6.Resistance Training Programme @signand Update

Once the 3RM was determined fbBaexercises for all subjetkeir 1RM was estimated

using aconversion tabl@-igure 46). The 1RM is the preferred test to conduct but due to

the subjects in this study being obese and untrained it was decided to perform the les:
aggressive 3RM test and use the conversion tables to convert their 3RM score to ar
estimated 1RM.

Once the 1RM s wer e ampleted 6rseta a H0,repdtitiorms of alC C
3 exercises working at an intensit§18f% of their 1RM. The REG groapmpleted 3

sets of 10 repetitions of all 3 exercises working at an inte@86ky of their 1RM

The 3RM test is very time consuming waadimpractical to repeatith all subjects
throughout the interventiokiVhen the subjects adapted to trainivigch was evident by
them being able to perforh2 repetitions of any exeromggh gpropriate techniquéhe
load was increased by 2.5kgs. This procesged continuously over the 10 week period

in both groups to ensure continued adaptation and progression.
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:

Estimating 1RM and Training Loads

Max reps

(RM) 1 2 = a 5 & 7 s =l 10 12 15
%1 RM 100 o5 o3 ELY a7 as a3 80 77 75 &7 &5
Load (Ib or kg 10 10 k=l k=1 ] a2 8 =1 a 8 7 7
20 19 19 18 17 17 17 16 15 15 FE T
30 29 28 27 =26 26 25 24 23 23 20 E-
a0 ES) 57 ET) EDS ED 33 EE) EYl 0 27 26
50 as a7 as aa as az 40 ET) 38 za =3
60 57 56 sa 52 51 50 as a6 as a0 39
70 67 -CH &3 &1 60 58 56 54 53 az a6
80 76 7a 72 70 [ 66 &4 62 60 54 52
S0 B6 B84 a1 78 77 75 72 69 68 60 59
100 95 93 90 a7 85 a3z s0 77 75 &7 65
| 110 105 102 99 96 EX s1 a8 85 83 74 72
120 114 112 108 104 102 100 EG oz B0 80 78
130 124 1z 117 113 11!- 108 1049 100 28 a7 as
“1ao 133 130 ize 122 119 116 112z  1os 105 54 51
| 150  1as 140 135 131 128 125 120 116 (RE] 101 ET)
160 152 1as 144 139 136 133 128 123 120 107 104
170 162 158 153 148 145 1a1 136 LER] 128 114 1
180 171 167 162 157 153 149 1aa 139 135 121 117
| T1s0 1 177 171 165 162 158 152 1486 1a% 127 124
200 150 186 180 17a 170 166 160 154 150 134 130
210 200 LEE] 185 183 179 174 168 162 158 1a1 137
220 209 205 198 = 187 183 176 169 165 1a7 Tas
| 230 =z1e 214 207 200 156 191 184 177 173 1sa 150
240 =228 223 216 209 204 199 192 185 180 161 156
250 238 233 235 218 z13  zos 200 193 188 168 163
260 247 =24z 234 226 221 206 208 200 195 174 16
270 257 251 243 235 230 2z2a 216 208 203 is1 176
280 266 260 252 244 238 232 224 216 270 188 182
290 276 261 252 247 Z2a1 232 =223 218 194 1sa

270

210

Figure 4.4 This table was adapted from

Baechle, T.R., and Earle, R.W. (2000).

Essentials of Strength Training and ConditioningHuman Kinetics.

4. 6. 7.Spotter Protocol for the Eccentric Resistance Exercises

Two spotters were required to perform the conceplvase for all exercises falf
subjects in the ECC group. In the leg extension exEigise4.@)the spotters lifted the
weightfrom the starting position (1) to the end position (2) and the siobyeced it
slowly and in a controlled manner backhe starting positiofl) In the chest press
exerciséFigured.@) the spotters pushed the weight forvweosth the starting position (2)
until the subjects arms were fully experitleednd the subjetihienlowered the weight

back to the starting positi (2) in a slow and controlled manner. For the lat pull down

(Figure4.&), the spotters pulled the weight from the starting pogitjaowards the
ground until the subjects hands (and the bar) were in line with thgi2)chidst sufect

thenreturred the weight to the starting positid) in a slow and controlled manner.
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(@) (b)

(©)

Figure 4.5 (a) The leg extension exercise(b) the chest press exercise, anft) the

lat pull down exercise.

4. 6. 8.Pilot Investigations

In order to validate the methodology for this study, 4 weeks of pilot investigations were

carried out. Fousubjects consented to take part in a 4 week training programme. Each

subject underwent lA02ma test at baselingest in addition to a 3RM test on the leg
extension, lat pull don and chest pressgercises. Two subjectsmpleted 4 weeks of the

ECC interventions detailed in section 4.7.17, and two subjects completed 4 weeks of the
REG intervention detailed in section 4.7Ti® study investigator aadother trained
instructorcompleted the concentric phase of the leg extension, lat pull doahmesind

presexerciséor the subjects in the ECC group.
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4. 6. 9.Details of the ECC study design
The ECC study design is depicteBigure4.6 Eightsubjects were randomly assigned to

the ECC group. The pre tests includéanatest with ECG on ay one. The subjects
underwent alRMR test a muscle biopsyandanOGTT on day twoOn a third day the
subjectshad their body composition analygedhe ExWell Medical Clinic, Ballymun,
using a DEXA scamnd this was followed by a visiCappagh Ho#al for an MRI scan

of their thighs. The 3RM test was completed in the fitness centre in DCU as part of their

first day of training.

All subjects completed 4 exercise sessions pefowdaékweekswhich were supervised

by the study investigator. Twotbé weekly sessions consisted of 60 minutes of aerobic

exercise working at 70%2ma The other two training sessions consisted of 15 minutes of
aerobic exercise followed by 45 minutes of eccentric resistance linagacof the
resistace trainingsessiog the subjects completed 6 sets of 10 repetitions of the chest
press, lat pull down and leg extension exercises, which totalled 180 repetitions per sessiol
or 360 repetitions per wedkach subject was instructed on correct technaquthd
resistance exercises and monitored throughout their sésgiomdividualgspotters)
performed the concentric phase of thepetition(lift or pushphase of the exerdsas
outlined inFigure 46. Once thisphasewas completéhe subjects assedh he correct
position and returnethe weight to the starting positiona slow and controlled manner
Sixty seconds recovery tinvgas allowedetween setOnly 4 lifters / spotters were
available for this study and whbile one subjecivasrestingbetveen setshe spotters
moved on to the next subjeotbegin their set. Tightcontrolledscheduling of subjects

and timing of sets was required in each se$hi@emesistance element of the programme

was continuously updated as progressed as outleetion 4.7.14.

L"’Ozmaxtestng was repeated in week 5 for all subjects to determine their new fitness levels
and update their training programmes UuUSi |
that the subject exercised at the desitedsity for the duration of the intervention and

that they continued to adapt accordirgbdy weight was also recorded for all subjects

every week he baseline tests were repeatedek 10.
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4. 6. 10REG Intervention Study Design

The study design for the reeJUREG) exercise group is depicted in Figure Skeen
subjects were randomly assigned to the REG grbeptests that were completed at
baseline were the same as those completed in the ECC interVesmtiohthe weekly

sessions consisted of 60 masubf aerobic exercise working at T @4 The other two

training sessions consisted of 45 minutes of aerobic ewendisey at 709%” Oamax
followed by 15 minutes of regular resistance training incorporating a concentric and

ece@ntric component.

The weight for the chest press, lat pull down and leg extension was set at 80% of their
1RM, which was estimated from their 3RRbreslIn each session, the subjects completed

3 sets of 10 repetitions of the 3 exercises, which tdt8Dedepetitions per session
(counting concentric and eccentric movements), omeR@ditions per week, which
matchedthe repetitions performed by tB€C group. Each subject was instructed on
correct technique for the resistance exercises and monitougghdlit their sessiohhe
resistance was increased by 2.5kgs each time the subject could perform 12 repetitions ¢

any exercise.

L"’Ozmaxtestng was repeated in week 5 for all subjects to determine their new fitness levels
and update theirari ni ng programmes using the ACSM
that the subject exercised at the desired intensity for the duration of the intervention and
that they continued to adapt accordirgbdy weight was also recorded for all subjects

everyweekThe baseline tests were repeated on completion of the 10 week intervention.
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Figure 4.6 Schemadic representation of theECC andREG interventions

4. 7.Statistical Analyses

Experimental data is presented as mean + standard deviation. Data was evaluated using tt
Sigmaplot 12 statistical package (Systat Software, Inc. Chicago, IL). Statistical significanc
was set asg®.05.The statistical tests used to perform the analytie afata in this

chapter included a dependetdst, an independentest, pearson correlation analysis and
backwards stepwise regression. These tests are explained in detail in sections 3.10.1, 3.1(
3.10.3, and 3.10.4 respectively.

4. 8.Results

The datds analysed in a number of sequential steps. Firstly, a comparison of the physical
and metabolic raw data was performed. Secondly, we studied a number of novel
biomarkers that were identified as mainly, though not exclusively, secreted from adipose
tissueto determine if the diet and exercise interventions differentially regulated their
circulating concentration. Finally, physiological and biological changes associated with the
diet and exercise interventions were identified using a linear regressisticaestigblish
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the relationship between changes in variables and then by backward stepwise regressic

analysis to identify those that best predicted the changes.

All subjects who took part in this study were obese at baseline and had been sedentary for
minimum of 6 months prior to enrolling in the study. The baseline values for the physical
characteristics, metabolic characteristics, and biomarker profile are prebablked! ih,
Table 4.2 and Table34espectively. Intervention groups were matehdzhseline for

physical and metabolic characteristics.

4. 8. 1Physical Characteristics

The smaller than anticipdtsample size limited the powfestatistical analysis and meant

a paired samplestest was used to examine the extent of changes following the
intervention rather than the preferred option of-way ANOVA. Following both
interventions there was a significant reduction in percent body fat (p=0.05 for ECC,
p=0.01 for REG), and a significant increase in percent lean tissue (p=0.05 for ECC,
p=0.01for REG). Fat mass (kg) was significantly reduced in the REG group (p=0.03) but
not in the ECC group (p=0.11). In contrast, lean tissue mass (kg) increased significantly in
the ECC group (p=0.04) but not in the REG group (p=0.09). In all future andlyisis in

chapter, fat mass (kg) and lean tissue mass (kg) are used instead of percent body fat al

percent lean tissue in order to avoid multicolineAgtypbic itness I{:'Ozmaxmllkg/min)

improved significantly in the ECC group (p<0.001) buinniite REG group (p=0.26).

There was no change in weight or BMI in either group, but the REG group trended
towards a change in both (p=0.07 forgiMgip=0.07 for BMI). Theveight loss achieved

post intervention was 0.4kg in the ECC group compared ¢pi3.8le REG group. Fat

mass was reduced by 2.2kg in the ECC group compared to 4.2kg in the REG group. An
unpaired samplestdst confirmed that there was no difference between groups in the

changes that occurred to any of the variables post intervention.

Muscle strength measured by the 3RM test increased significantly in both groups for all 3
resistance exeses. Tie strength gains achieved post intervention were significantly greater
in the ECC group compared to the REG group for the lat pull dowrD{p=6hest press
(p<0.001), and leg extension (p<0.001) exercises. An analysis of the MRI scans showe
that the cross sectional area of fat in the thigh decreased significantly in the REG group
(p=0.03) but not in the ECC group (p=0.35). The total ceat®msal area of the thigh
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also decreased significantly in the REG group (p=0.05) but not in the ECC group
(p=0.26). There was no change in the cross sectional area of muscle in the thigh in eithe
group (p=0.74 for ECC, p=0.75 for REG) post intervention.
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Table 4.1 Pre and post values for the physical characteristics of the subjects in the

REG and ECC groups. The percent change that occurred in each variable post

intervention is also presented.

% change
Variable
(n=7) (n=8)
Age (yr) 29 + 10 36+9
Weight (kg) | 83.3 121 | 829+12.9 | 97.222.1 | 94.420.3 -06+28 | -3.1+38

BMI (kg/m?) 30.0+3.5 298+4.1 33.7+48( 326+4.4 -0.6+28 -3.1+38

Fat mass (kg) 39.3+11.6/ 37.1+12.6 | 454 +15.3| 41.2+14.6*| -6.2+8.1 -9.3+84
% body fat 46.6 + 83| 44.0+9.3* | 46.0+8.7| 43.2+9.4 -5.8+6.1 -6.5+5.47
Lean tissuq 41.4+59( 43.2+6.8* [ 49.5+128| 504+ 12.7 42+ 45 2032

(kg)
% Lean] 50.3+8.1| 529+9.1* | 51.0+85| 53.8+9.2 49+58 54+46
Tissue

f?ozmax 31.8+£53| 350+59*| 296+63| 31.6+6.1 10.1+£55 | 9.0+x17.1

(ml/kg/min)

f.ro 27+05 29+05* 29+09 3.0+£09 8.7+£6.2 7.1+11.4
2max

(L/min)
3RM LPD| 51.8+83 90. 12.4* | 52.8 +17.7| 62.8+19.3*| 75.114.5A 19.8+4.1
(kgs)
3RM CP (kgs] 40.4+8.1| 70.&11.7* | 46.6 +19.3| 56.9+21.3*| 77.8+27.A | 24.1+7.7
3RM LE (kgs)| 85.4 + 22.20 124.3#20.1* | 84.1+34.9 | 96.9+37.6*| 51.2+30.A | 17.1+9.2

Muscle CSA 7395 + 7352 + 975 8813 + 8847 +1430( -0.2%6.1 0.5+47

1100 1443

Fat CSA 9598 + 9380 +£ 3958 11005* | 10028 +4449 -3.0+8.0 | -9.6+14.8
3651 4229 *

Thigh CSA 17350 + | 17189 +3544 20297 + | 19355+4544 -1.7+45 -4.7+8.7
3275 4393 *

Data is presented as mean + standard deviation. ¥0.05represents asignificant change
post intervention. Ap<0.05represents asignificant difference between groups in the percent

change that occurred to the varidle post intervention, p<0.09represents arend towards a

change post intervention.Note: BMI = Body Mass Index, f"om: aerobic fitness, 3RM
LPD = 3 Repetition Maximum on the Lat Pull Down, 3RM CP = 3 Repetition Maximum
on the Chest Press, BM LE = 3 Repetition Maximum, Muscle CSA = Muscle Cross
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Sectional Area, Fat CSA = Fat Cross Sectional Area, Thigh CSA = Total Cross Sectional
Area of the Thigh.

30 -
25 -
20 - *
15 -
10 -

mECC
REC

DPQ S5 T30
o o
1
_{
.{
F—

-20 - *
Weight (kg) FM (kg) LT (kg) VO2Z2max
(ml/kg/min)

Figure 4.7 Percent change in weight (kg) fat mass (kg) and fitness f{OzmaX
ml/kg/min) post intervention presented as mean + SD. *p<0.05 represents a
significant change post intervention  p<0.09 represents atrend towards a

significant change post intervention

4. 8. 2. Metabolic characteristics

The metabolic adaptai®to taining are presented in Tahl2fdr both groups. There

was no change in AUCG, AUCI, AUCG/AUCI or HOMBA in either group gst
intervention. The Stumvoll and Matsuda indices of insulin sensitivity also did not change in
either group, but the REG group experienced a 23% increase in the Matsuda predictor of
insulin sensitivity compared to a 14% increase in the ECC group. a&haoechange in

RMR in either group but it increased by 6.9% in the ECC group compared to 2.9% in the
REG group. There was a significant increase in fat oxidation in both groups represented by
a significant reduction in RQ (p=0.01 for ECC, p<0.001 for RES )Jntervention.

The lipid profile of the subjects was also measured pre and post intervention. These value
in addition to the percent change that occurred to the lipids are presdiaiele 4P.

There was no significant change in the lipid paffilbe subjects in the ECC or REG

group post intervention. Also there was no difference between groups in the percent

change that occurred to the metabolic variables.
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Table 4.2 Pre and post values for the mabolic characteristics of the subjects in the

ECC and REG groups. The percent change that occurred to each of the variables

post intervention is also presented.

% change

Variable Post ECC REG
(n=7) (n=8)
AUCG 108L+ 232 | 1052 + P6 | 1089 + 260 1033 +20Q -0.4 +16.1| -3.3+18.7
AUCI 10531 + 9541+ 8844 + 8101 + -8.5+14.4 -9.1 +£+23.5
6742 6698 4064 4229
AUCG/AUCI | 0.14 +0.08 0.16 £ 0.11] 0.17 £0.14 0.19+£0.18 10.5+20.0 10.9 + 24.8
HOMA-B 452 +2.7|1 40.2+24.4 39.9+30.8 286 +11.2| -6.4 +28.5| -8.9+97.6
Stumvoll 0.128 + 0.131 + 0.116 + 0.117+ | 3.7+13.7| 1.7+11.4
0.014 0.018 0.024 0.022
Matsuda 18.1 +15.8 18.4+12.7] 20.3+16.5 26.7 + 32.4 14.3 +19.6 23.7 £+52.8
RMR 1409 + 133 1508 + 211 1640 + 433 1670+401] 70+9.7 2.9+8.9
RQ 0.89 +£0.04 0.820.02* | 0.88 + 0.0 0.79%0.03*| -7.6 £5.3| -9.3+5.2
FFA' s 0.51+0.23 047 +0.27 0.54+0.10 0.50+ 7.7+779(-70+£323
0.184
TG’ s 1.04+£0.37 1.17+0.49 1.31+0.98 1.33+0.99 25.5+325 -119+
46.8
TC 499 +0.81 4.78+1.10 4.91 +1.92( 5.23+0.95 4.4+18.4( -8.9+32.0
LDL 2.69+0.33 252+0.44 3.13+1.71| 3.22+0.57 2.9+12.2| 26.1 +57.7
HDL 1.38+0.38 1.55+0.51{ 1.08+0.24 1.30+0.42 1.1+15.7| 30.3+76.5

Data is presented as mean * standdrdeviation. *p<0.05 represents a significant change
post intervention. Note: AUCG = Area Under the Glucose Curve, AUCI = Area Under the
Insulin Curve, AUCG/AUCI = Area Under the Glucose Curve / Area Under the Insulin

Curve (index of insulin sensitivity), HOMA -B is an index of fasting insulin secretion,

Stumvoll and Matsuda are indexes of insulin sensitivity, RMR = Resting Metabolic Rate,
RQ = FFAOs =
Cholesterol, High Density

Respiratory Free Fat:
LDL =

Lipoprotein Cholesterol.

Quotient,
Low Density Lipoprotein Cholesterol, HDL =
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Figure 4.8 Percent change inthe area under the insulin curve AUCI), the area
under the glucose curve / the area under the insulin curvf@UCG/AUCI ), fasting
insulin secretion HOMA -B) and respiratory quotient RQ) post intervention in the
ECC and REG groups. Data is presented as mean percent change + standard
deviation. *p<0.05 represents a significant change post intervention.

4. 8. 3.Biomarker Profile

A number of novel biomarkers related to insulin resistance and metabolic health were
measured pre and post intervention. The circulating concentrations of these biomarkers in
addition to the percent change that occurred to the concentratieseobitimarkers post
intervention are presentedTiable 43. The individual variation in the baseline values of

the biomarkers was quite large and the same was true for the individual response tc
exercise trainings presented in Tableg.4Following the EC intervention, there was a
significant decrease in the circulating concentration of Visfatin (p=0.05). There was no
change in circulating concentrations of FGF21 (p=0.82)3 I(p=0.87), Chemerin
(p=0.34) or Omentin (p=0.77). There was no change iirthating concentration of

FGF21 (p=0.38), H13 (p=0.95), Chemerin (p=0.76), Omentin (p=0.23) or Visfatin
(p=0.64) in the REG group post intervention. While the individual variation makes it
difficult to determine if changes in these biomarkers havaerthere is some evidence

of biomarker specific responses to different types of exercise training. Therefore, the next
stage was to conduct correlation and regression analysis of the data to examine associati

between the variables.
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Table 4.3 Pre and post values for the novel biomarkers in the ECC and REG

groups. The percent changes that occurred to the biomarkers post intervention are

also presented.

% change
Variable ~ Pre  Post  ECC  REG
(n=7) (n=8)
FGF21 303.7 = 3249 + 383.4 + 326.4+ | 12.3+68.1 -9.8+£39.6
129.7 241.8 108.3 131.1
IL-13 152.3 £ 1549 + 213.2 2141+ | 79+£30.8( 5.2+227
36.6 23.4 175.4 153.9
Chemerin 234.2 + 196.2 £ 194.0 £ 183.3 + -11.4 £ 29+41.6
35.2 64.9 53.1 54.1 40.7
Omentin 378.4 + 397.0+ 3746 + 4421+ | 21.0+£55.9] 25.7 £ 56.1]
183.5 90.9 153.0 156.8
Visfatin 185+45|16.8+3.6% 165+3.3| 159+4.1| -8.1+£82| -29+229

Data is presented as mean + standard deviation. .05 represents aignificant change
post intervention.

100 -

FGF21 IL-13 Chemerin Omentin Visfatin

Figure 4.9 Percent change in the biomarkers post intervention in both groups. Data
is presented as mean = SD. *%0.05 represents a significant change post

intervention.
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4. 8. 4.Pearson correlations and backwards stepwise regression analysis

The pearson correlation analysis for the physical characteristics, as pré@sdaeddin

show that the percent change in weight in both groups did not relate to any of the
metabolicadaptations, but was significantly correlated with the percent char@8 in IL
and trending towards a correlation with the percent change in FGF21, Chemerin and LDL
cholesterol in the ECC group. In the REG group, the percent change in weight was

trendingtowards a correlation with the percent change in RMR.

On the other hand, the percent change in fat mass appeared to correlate better with
metabolic adaptations in the REG group, which was positively related to the percent
change in AUCI, in addition toetlpercent change in circulating Chemerin. The percent

change in fat mass in the ECC group did not reach significance post intervention and was

not correlated with the percent change in any other variable.

In the ECC group, the percent change in leanetisss positively correlated with
adaptations in insulin secretion and insulin sensitivity represented by AUCI. It was
inversely correlated with the percent change in circulating Omentin. In addition, it was
trending towards an inverse correlation withuleiing FGF21. In the REG group, the
percent change in lean tissue mass, although not significant, was positively correlated wit
strength gained in the chest press exercise, and trending towards a correlation with

increased fat oxidation representedrbgaction in RQ.

The percent change in fitness following the ECC intervention was significantly positively
correlated with the Matsuda indicator of insulin sensitivity and trending towards a
correlation with AUCG. In the REG group, the non significasepechange in fitness,

was significantly correlated with the percent change in circulating concentratib®s of 1L
Backwards stepwise regression was not run for the physical characteristics because

changes that occurred to body composition, fismeksstrength were a direct result of the

actual physical training in addition to the energy expended in the exercise sessions.
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Table 4.4 Pearson correlations for weight, body composition and fitness in tieCC

and REG group.

Variable

‘ ECC ‘ REG
r=0.723
p=0.07

% chg.
RMR

% change

weight (kgs)

ECC

% change
FM (kgs)

REG

ECC

% change
LT (kgs)

REG

% change

¥ OZmax

(ml/kg/min)

ECC

REG

% chg.
AUCG

r=0.801
p=0.06

% chg.
Matsuda

r=-0.99
p=0.001

% chg.
AUCI

r=0.755*( r=0.827*

p=0.05

p=0.04

% chg.
Omentin

r=-0.80
p=0.03

% chg.
FGF21

r=-0.68
p=0.06

r=-0.73
P=0.06

% chg.
Chemerin

r=0.681
p=0.09

r=0.702*
p=0.05

% chg.
IL-13

r=0.823*
p=0.01

% chg.
LDL

r=0.721
p=0.07

% chg.
CP

r=0.781*
p=0.02

% chg.
RQ

r=0.636
p=0.09

r represents the strength of the relationship between two variahlé<0.05 is significant.

. p<0.09 is trending towards significanceNote: FM = Fat Mass, LT = Lean Tissue, RMR

= Resting Metabolic Rate, AUCG = Area Under the Glucose Curve, AUCI = Area Under
the Insulin Curve, FGF21 = Fibroblast Growth Factor 21, HL3 =Interleukin-13, LDL =
Low Density Lipoprotein Cholesterol, CP = Chest Press, RQ = Respiratory Quotient.
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The pearson correlations for the percent change in AUCI, HEONRRD and RMR in

both groups is presentedTiable 45.The percent change in AUCI in B€C group was
significantly positively correlated with the percent change in lean tissue mass and
significantly inversely correlated with the percent change in Visfatin. It was trending
towards being positively correlated with Chemerin, and inverselteabmvith FGF21.

In contrast, the percent change in AUCI in the REG group was significantly correlated

with the percent change in fat mass and the fat derived hormone Omentin.

The percent change in HOMA was positively correlated with the percentgehan
Chemerin in the ECC group, and with the percent change in lean tissue mass, RQ anc

strength gained in the chest press exercise in the REG group.

The percent change in RQ was correlated with metabolic adaptations in both groups. It
was trending towds a correlation with the percent change in the Matsuda predictor of
insulin sensitivity in the ECC group, and significantly correlated with the percent change in
HOMA-B in the REG group. Additionally in the REG group, it was correlated with the
percent bange in RMR and inversely correlated with the percent change in serum Visfatin.

In the ECC group, the percent change in RMR was trending towards a correlation with
body weight only. While in the REG group, the percent change in RMR was inversely
correhted with the lipid profile of the subjects including total cholesterol, LDL cholesterol
and HDL cholesterol, in addition to being positively correlated with fat oxidation or RQ. It
was also positively correlated with the percent change in the Sturexaodif imgulin
sensitivity, the percent change in the cross sectional area of muscle in the thigh. It was
inversely correlated with the percent change in the circulating concentrations of Omentin
and Visfatin.
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Table 4.5 Pearson correlations for the percent change in AUCI, HOM&B, RQ and

RMR post intervention in the ECC and REG group.

% change % change % change % change
Variable AUCI HOMA -B RQ RMR

‘ ECC ‘ REG ‘ ECC ‘ REG ECC REG | ECC = REG
% change R=0.723
weght P=0.07
% changq r=0.827* r=0.850*
LT p=0.04 p=0.01
% changq r=-0.791
FGF21 | p=0.06
% changg r=0.773 r=0.760*
Chemerin| p=0.07 r=0.05
% changq r=-0.82 * r=-0.65* r=-0.90*
Visfatin p=0.04 p=0.01 p=0.002
% changg r=0.73*
in BF p=0.05
% changg r=-0.77* r=-0.665
Omentin p=0.03 p=0.07
% change r=0.856* r=0.712*
in RQ p=0.01 p=0.04
% change r=0.873*
CP p=0.001
% change r=0.712*
RMR p=0.05
% change r=0.856*
HOMA-B p=0.01
% change r=0.858
Matsuda p=0.06
% change r=0.727*
Stumvoll p=0.04
% change r=0.874*
Muscle p=0.002
CSA
% change r=-0.97*
TC p=0.03
% change r=-0.95*
HDL p=0.05
% change r=-0.97*
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LDL p=0.03

r represents the strength of theetationship between two variables. *90.05 is significant.

- p<0.09 is trending towards significancelNote: AUCI = Area Under the Curve for Insulin,
HOMA -B = fasting insulin secretion, RQ = Respiratory Quotient, RMR = Resting
Metabolic Rate, LT = Lean Tisswe, BF = Body Fat, CP = Chest Press, Muscle CSA =
Cross Sectional Area of Muscle, TC = Total Cholesterol, HDL = High Density Lipoprotein
Cholesterol, LDL = Low Density Lipoprotein Cholesterol.

The backwards regression analysis for AUCI, HBMRQ and RMRn both groups is
presented iTable 46. The results of this analysis showed that 99.9% of the variance in
AUCI was predicted by the percent change in FGF21, Chemerin and Visfatin in the ECC
group. In the REG group, 59% of the variance in AUCI was predigtthe percent

change in Omentin.

Backwards stepwise regression was not run for H®OMAhe ECC group as this was

only correlated with one variable. Simple linear regression revealed that the percent chanc
in Chemerin accounted for 57.8% of thegearchange in HOMAR in this group. In the

REG group, the percent change in lean tissue and RQ accounted for 88.9% of the variance

in HOMA-B post intervention.

Backwards stepwise regression was not run for RQ in the ECC group as this was only
correlatedvith one variable. Simple linear regression revealed that the percent change in
Matsuda accounted for 73.6% of the variance in RQ. In the REG group, the percent
change in RMR and HOMB\ accounted for 94% of the variance in RQ.

In the ECC group, the perdechange in strength gained in the chest press predicted
85.5% of the variance in RMR post intervention. In the REG group, the percent change in
the cross sectional area of muscle in the thigh, in addition to the percent change in
Omentin, predicted 90.58bthe change in RMR post intervention.
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Table 4.6 Backwards stepwise regression analysis to predict the change in AUCI,
AUCG/AUCI, and HOMA -B post exercise intervention.

Study Dependant | Indep. Coef. . . F-to-
variable variables in . Remove
model
ECC Constant
(R=0.999) | % chg.| -0.073 -0.358 0.005 213.25 0.005
FGF21
% chg.| 0.162 0.435 0.008 370.03 0.003
% change Chemerin
AUCI % chg.| -0.886 -0.462 0.046 37150 0.003
Visfatin
REG Constant -0.769 6.390
(R=0.592) | % chg.| -0.323 -0.769 0.109 8.703 0.026
Omentin
ECC Note: Backwards regression could not be performed for HBNM¥®the ECC group

Simple linear regression revealedtkieapercent change in Chemerin accounte
57.8% of the variance in HOMB\post intervention

% change REG Constant 69.683 44.63
HOMA-B (R=0.889) | % change LT| 15.867 0.514 5.948 7.117 0.044
% change| 9.982 0.529 3.636 7.538 0.041
RQ
ECC Note: Backwards regression could not be performed for RQ in the ECC group.

linear regression revealed that the percent change in Matsuda accounted fo

the variance in RQ post intervention

% change REG Constant -10.448 0.560
RQ (Re=0.940) [ %change 0.297 0.483 0.067 17.390 0.09
RMR
% change | 0.037 0.697 0.006 36.196 0.002
HOMA-B
ECC Constant 32.055 4.868
(RP=0.855) | % change -0.323 -0.925 0.059 29.492 0.003
Chest press
% change REG Constant 3.886 1.332
RMR (Re=0.905) [% change | -0.064 -0.402 0.023 7.398 0.042
Omentin
% change | 1.395 0.729 0.283 24.303 0.004
Muscle CSA

R2 represents the extent to which the change in the independent variable predicted the change in the
dependent variable. g0.05 is significant.Note: AUCI = Area Under the Curve for Insulin, HOMA-

B = fasting insulin secretion, RQ = Respiratory Quotient, LT = Lean Tissue, RMR = Resting
Metabolic Rate, HOMA-B = Fasting Insulin Secretion, Muscle CSA = Cross Sectional Area of
Muscle.
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The pearson correlations for the percéainge in the biomarkers post intervention in

both groups are presented able 47.

Table 4.7 Pearson correlations for selected biomarkers for the ECC and REG

groups

Variable

Group

ECC

Correlations with the % clange in Independent Variables

LT

Omentin

AUCI

(r=-0.858, p=0.01) *

% change in (r=-0.730, p=0.06) (r=0.805, p=0.03) *| (r=-0.791, p=0.06)
FGF21 REG Weight Stumvoll
(r=-0.682, p=0.06) (r=0.731, p=0.04) *
ECC Chemerin TG’ s
% change in (r=-0.821, p=0.05) *| (r=-0.961, p=0.04) *
IL-13 REG Weight f"OzmaX(mI/kg/min) Matsuda
(r=0.823, p=0.01) * (r=-0.730, p=0.04) * (r=-0.707, p=0.05)
ECC IL-13 HOMA-B AUCI
% change in (r=-0.821, p=0.05) *| (r=0.760, p=0.05) *| (r=0.773, p=0.07)
Chemerin | REG Fat Mass LDL
(r=0.755, p=0.05) *| (r=0.855, p=0.03) *
ECC Lean Tissue FGF21 Lat Pull Down
% change in (r=-0.802, p=0.03) *| (r=0.804, p=0.03) *| (r=-0.777, p=0.03%)
Omentin REG AUCG RMR
(r=-0.749, 0.05) * | (r=-0.665, p=0.07)
ECC AUCI LDL
% change in (r=-0.822, p=0.05) *| (r=0.927, p=0.07)
Visfatin REG RQ RMR Muscle CSA

(r=-0.904, p=0.002) 1

(r=-0.790, p=0.02)’

r represents the strength of the correlation

between variables. <@.05 is significant.

- p<0.09 is trending towards significanceNote: LT = Lean Tissue, AUCI = Area Under the

Curve for Insulin, TG = Triglycerides, I:TOZmax = aerobic fitness, HOMA-B = Fasting

Insulin Secretion, LDL = Low Density Lipoprotein Cholesterol, AUCG = Area Under the

Curve for Glucose, RMR = Resting Metabolic Rate, RQ = Respiratory Quotient, Muscle
CSA = Cross Seabnal Area of Muscle.
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The backwards regressianalysis for the biomarkerspiesented infable 48. This

analysis revealed that the percent change in FGF21 was mostly predicted by the percer
change in Omentin in the ECC group, which accounted foofAb&variance in FGF21.

In the REG group the percent change in the Stumvoll predictor of insulin sensitivity

accounted for 53.4% of the variance in FGF21 post intervention.

The percent change in-L3 was mostly predictedntiey t h
ECC group, which accounted for 92.4% of the variancelid. [Che percent change in

weight and fithess accounted for 86.3% of the variancé3nrlthe REG group.

In the ECC group, the percent change #h3lpredicted 67.4% of the percent chang
Chemerin, while the percent change in LDL cholesterol accounted for 73% of the variance
in Chemerin in the REG group.

The best single predictor of the percent change in Omentin in the ECC group was the
percent change in FGF21, which accounted f6#64f the variance in Omentin. The

percent change in AUCG accounted for 56.1% of the variance in Omentin in the REG
group.

The percent change in RQ and RMR predicted 91% of the variance in Visfatin in the ECC

group. The percent change in AUCI accouiote@7.6% of the variance in Visfatin in the
REG group.
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Table 4.8 Backwards stepwise regression analysis to predict the change in the biomarkers

post ECC intervention and REG intervention.

Study Dependant  Indep. Coef. . . F-to-
variable variables in . Remove
model
ECC Constant -15.667 18.473
(R=0.702) | % change | 0.958 0.838 0.312 9.424 0.037
% change in Omentin
FGF21 REG Constant -14.196 10.443
(R=0.534) [ % chang | 2.546 0.731 0.970 6.886 0.039
Stumvaoll
ECC Constant 39.371 7.350
(R=0.924) [ % change ir| -0.957 -0.961 0.194 24.401 0.039
TG’ s
% change ir} Constant 22.349 4.713
IL-13 REG % changd 3.724 0.629 1.074 12.021 0.018
(RP=0.863) | weight
%  change| -0.627 -0.472 0.241 6.772 0.048
fithess
ECC Constant 1.142 11.752
(Re=0.674) [ % change ir| -1.158 -0.821 0.402 8.289 0.045
% change ir IL-13
Chemerin REG Constant -17.245 12.435
(R=0.730) [ %change 0.638 0.855 0.194 10.830 0.030
LDL
ECC Constant 12.895 14.022
(Re=0.646) [ % change if 0.659 0.804 0.218 9.129 0.029
% change in FGF21
Omentin REG Constant 22.457 16.473
(R=0.561) | % change ir| -2.367 -0.749 0.937 6.381 0.053
AUCG
ECC Constan -10.066 2311
(R=0.676) | % change i -0.429 -0.822 0.148 8.365 0.044
% change in AUCI
Visfatin Constant -16.451 9.375
REG % change ir| -1.927 -0.435 0.844 5.208 0.071
(R=0.910) | RQ
% change i -1.520 -0.594 0.488 9.701 0.026
RMR

R2 represents the extent to which thelange in the independent variable predicts the change in the
dependent variable. g0.05 is significantNot e: T Gd&s = T1B # IgtérlgukirelB,iLldlLe=s ,
Lipoprotein Cholesterol, AUCG = Area Under the Curve for Insulin, AUCG = Area Under the Curve
for Insulin, RQ = Respiratory Quotient, RMR = Resting Metabolic Rate.
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4. 9.Discussion

The main findings of this study were that the changes that occurred to body composition
were highly specific to the mode of exercise undertaken, and not simply dua¢ogptal e
expenditure which was matched in both interventions. The ECC group demonstrated
significant gains in fitness and lean tissue mass, while the REG group displaged signifi
reductions in fat mas¥here was no change in insulin secretion or insuakitigty in

either group post intervention, however both groups demonstrated a significantly greater
capacity to oxidise fat post intervention, which has important implications for insulin
sensitivity and possibly augmented reductions in fat mass longhterm in this
population. Muscle strength improved significantly in both groups which confer numerous
health benefits for these subjects, and the strength gains were significantly greater in thi
ECC group compared to the REG group for all resistarsreises. There was no
significant change in RMR post intervention, but the modest increase that occurred in the
ECC group may still have important benefits for longer term weight loss. Finally, there was
no change in the circulating concentrations ofael biomarkers of insulin resistance in
either group, with the exception of Visfatin which decreased significantly in the ECC group
post intervention. In this study it appears that the production of the biomarkers is
differentially influenced by the modk exercise training. The biomarkers themselves
appear tde interdependentand markers of metabolic health are also associated with the
changes in the biomarkers. The biomarkers may be a useful indicator of metabolic health ir

larger scale studies.

Concurrent training has emerged in the literature as an interesting therapy for obese
individuals. A review of the acute and chronic effects of concurrent training in obese
individuals concludes that this type of training enhances energy expendituréengoth dur
and after the training sessions, and also positively alters body composition in these
individuals(Vilaca et al., 20L1This may contribute to greater weight loss in the obese
population than either aerobic or resistance training(ditaoa et al., 20LXConcurrent
training incorporating an eccentric component may augment energy expenditure and fat
oxidation in obese individuals and thus may potentially lead to greater loss of fat mass ant
greater immpvements in metabolic healBurt et al., 201®olezal et al., 200Baschalis
et al., 2000 Many of the studies incorporating eccentric exercise are acute bouts, little is

known about the effects of chronic eccentric exercise training.
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In the present study, the changes that occurred to the pthesiaateristics of the
subjects post intervention appeared to be highly influenced by the training mode
undertaken. The 3RM scores for the lat pull down, chest press, and leg extension resistanc
exercises increased significantly in both groups posentitery These results were
expected and indicate that the subjects responded as expected to the training stimulu:
(Guilhem et al., 201Reeves et al., 200oig et al., 2009This increase in strength is
clinically important because it confers numerous health benefits for these individuals. It is
provento contribute to the maintenance of functional ability that would otherwise decline
with age, prevent osteoporosis by increasing bone density, prevent sarcopenia or muscl
wasting that is also evident with age, and improve lower back pain among atiter age
inactivity related disabilit@ginett and Carpitie 200).

For many years the strength gains that accompany resistance training were mostly
attributed to hypertrophy, or increased size of the trained muscles. While there is a
relationship between muscle size and muscle strength, this theoryt éaptainothe
increased strength that is evident with resistance training in the absence of hypertrophy
Research shows that the neuromuscular system is very responsive to resistance trainin
The largest strength gains occur within the fit§ Weeks ofraining and for the most
part these gains are attributed to neural adaptédiamen et al., 1994 onger term
strength gains occur as a result of adaptations to the physical structure of the muscle
including hypertrophigtaron et al., 1994 he neural adaptations to resistance training are
numerous and include improved synchronization of motor units, which improves the rate
of force development and the capability of the muscle to exert stead{Dtarbateau
and Enoka, 2002There may be increased recruitment of additional motor units, which
would also lead to greater force produdfiarchateau and Enoka, 2D02n increase in
the frequency of stimulation of the muscle fibers has also been observed, which ultimately
results in a state of tetanus and peak force development in the neus(Eadka, 1997
Other adaptations include reduced autogenic inhibition glltheirworking muscles to
produce greater amounts of force and reach greater levels of strength before they are
inhibited (Aagaard et al., 2Q0CFinally, a reduction in coactivation of the antagonist
muscles have been observed allowing for greater strength generation in the agonist o
working muscleEnoka, 1997 These neural adaptations explain the increase in strength

in both groups, even in the absence of #isat increase in lean tissue mass in the REG
group.
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The literature reports that strength can increase by as muchO8%o02&bove
baseline values in untrained subjé&tis average increase in the 3RM scores in the ECC
group was 68.1%, which wasificantly greater than 20.3% observed in the REG group.
The increase in strength in the ECC group was accompanied by a significant increase il
lean tissue mass post intervention. This indicates that hypertrophy occurred in the ECC
group in addition to theeuromuscular adaptations, possibly accounting for the magnitude

of the change in strength in this group.

The eccentric component of resistance training is reported to be the most important factor
responsible for the increase in the cross sectionabfamascle following training
(Shepstone et al., 2008 number of studies have reported greater hypertrophy with
eccentric &ining compared to concentric training or combination trgiegpstone et

al., 200p The results are augmented furthemwhe eccentric movements are performed

with high velocity(Shepstone et al., 2D0&ccentric exercise is thought to stireulat
hypertrophy in the muscles being used because it causes extensive damage to these musc
compared to concentric actions, and muscle damage is the precursor to hypertrophy. The
muscle damage creates muscle soreness which pea#8 hb@4 after the eentric

exercise bout and this is termed delayed onset muscle soreness ofMid&dVESd
Clarkson, 1994 In 1984, Armstrong proposed the following sequence of DOMS.
Eccentric exercises causes high tension in the cordtastite system of skeletal muscle

and results in damage to the physical structure of the muscle, andetslwahen This
damage disturbs the calcium homeostasis in the injured fiber(s) leading to cell death tha
peaks at 48 hours post exercise. The products of macrophage activity and intracellula
contents e.g. histamines, kinnis, ahda€cumulate outside thell. These substances
stimulate free nerve endings in the muscle causing pain. Muscle strength is initially reduce
in injured muscle fibers. This may be due to physical disruption of the muscle, failure of
the excitatiostontraction coupling processddnss of contractile protein. In the days
following an eccentric bout the muscle adapts, become stronger and more resilient to
further damag@Varren et al., 20p1

The increase in strength and size following eccentric training may have important
implications for the obese population. The ahditift a greater amount of weight over

time means that work rate, and thus energy expenditure, increases per session over tim
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The increase in lean tissue may also increase resting metafiotiteraleand Potteiger,

1998, which accounts for &5% of total daily energy expenditure, thus a small increase in
RMR can have a substantial effect on a persons total daily energy ex{@rnddereet

al., 199 These adaptahs may accumulate to greater energy expenditure and weight loss
in obese individuals in the long term, above that induced by regular concurrent training.
Resistance training is also proposed to augment fat oxidation. This is attributed to
increased ensrgexpenditure and improved body composition, in addition to enhanced
lipolysis in abdominal subcutaneous adipose @@susbee et al., 200Bince there &
causative relationship between fat accumulation and insulin regiFtersen and
Shulman, 2002Shuiman, 2000Yu et al., 20Q2 increased fat oxidation may have
significant implications for improving insulin sensitivity and metabolic health in obese

individuals.

There was no statistically significahange in RMR in either group post
intervention in the preat study. Lean tissue massease significantly in the ECC
group, but it may not have been sufficient to stimulate a significant elevation in RMR.
There wagn increase in percent lean ésauhe REG group but no significant change in
lean tissue mass which might explain the lack of change in RMR in this group. Is it possible
that an interference effect occurred between the aerobic training and the strength training
in the REG group. Theaiger volume of aerobic training in the REG intervention may
have negated the gains in lean tissue that generally result from resistance training. Babco
et al. (2012), reported that the physiological environment created by endurance training
appears toeyatively affect the satellite cells usual response to resistance training, ultimately
compromising muscle fiber growth post trainiBgbcock et al.,, 2012The exact
mechanism behind this interference effect is unclear and research continues to be carrie
out in this area. This finding is supported by the fact that many swebB&gating the
effects of endurance training on RMR have reported no change post intervention
(Tagliaferro et al., 198Bingham et al., 198%remblay et al., 1990rhe sequence of
training may also have affected muscle growth in the REG group. In the present study and
on 2 days per week, 45 oies of aerobic exercise was performed first, followed by 15
minutes of resistance training. Cadore et al. (2012) suggest that strength training
immediately prior to endurance training has no influence on maximal endurance power
adaptation, but aerobic mise immediately prior to strength training reduces the force

that can be produced per unit of muscle mass thus influencing the quality of the training
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session and the magnitude of adaptation that could potentially occur from resistance
training(Cadore et al., 2012t is possible that a greater volume of resistance training is
required as part of a concurrent training programme. The REG intervention irettie cur
study incorporated only two 15 minutes bouts of resistance training per week. A more
intense resistance training component may be necessary to ensure that participants obta
the reported benefits of fat loss that are associated with aerobic axdroesestance
training, in addition to the increases in metabolically active lean tissue and RMR that are
associated with resistance trai(@Bygne and Wilmore, 2001

Although RMR did not change significantly in either group poseiiten, it is clinically
important to note that RMR increased by an average of 100kcal per day in the ECC group.
Hi | | et al (2003) &estimated that an “ene
responsible for the weight gain in 90% of the Aaregopulation. Therefore, a reduction

or elimination of this energy gap could prevent or reduce body fat gain in the majority of
American peopl@ill et al., 2003 An increase in energy expenditure of 100kcal per day in
the subjects in the present study equates to 700kcal per week or approximately 1Ik
(3500kcal) of body fat in 35 days. Over time, athdcentinued training, this could
accumulate to significant fat loss in this population. The small numbers in this study may

mask the implications of these findings.

Importantly, there was a significant decrease in RQ in both groups post
intervention cofirming that the subjects had a greater ability to oxidise fat for fuel after a
period of exercise training. This finding has also been reported in the literature even after
an acute bout of resistance traiff@gnsbee et al.,, 2007This is a key finding with
clinical significance because there is substantial evidence to show that elevatec
concentrations of intracellular lipids in obese individuals contiiltigedevelopment of
insulin resistance by inhibiting insulin stimulated glucose transport into target tissues
(Petersen and Shulman, 2@lulman, 2000u et al., 2002The increase in fat oxidation
may be due in part to a training induced conversion of type IIx muscle fibers to type lla
muscle fibersvhich have greater oxidative prope(B¢aron et al., 1990t may also be
due to the adaptations that occur in response &etbbic endurance training that formed
part of each intervention. Endurance training is known to increase the number and
function of type | fibers in skeletal muscle, which have a high oxidative capacity and a
greater ability to oxidise fat for f@€bstill et al., 19Y6This is particularly evident in
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highly trained endurance athletes, who paradoxically have elevated intra muscular lipic
content, but their skeletal muscle is markedly insulin sensitive, has a very high oxidative
capacity and thus a high fat turnof@®oodpaster et al., 2Q00Liven the adverse
relationship between fat accumulation and insulin resistance in obese sedentary individual
an increased ability to oxidise fat may be important in the prevention or amelioration of
insulin resistance in the obese population. It magoaisdbute to greater loss of fat mass

over time.

Surprisingly there was no change in body weight or BMI in either group post
intervention. Subjects were instructed to maintain their pre intervention energy intake for
the duration of the study. If thisssvachieved then the energy expended in the exercise
sessions should have been sufficient to cause a reduction in fat mass and body weight i
this previously sedentary group, as it did in tbbiaexercise group in chaptesf 3his
thesis. In the presestudy, weight loss may have been offset by gains in lean tissue that
were acquired with resistance training. This may be particularly true for the ECC group
who experienced a significant increageelicentlean tissuand lean tissue mass. This
group #&s0 achieved a significant reduction in percent body fat and statstically
significant decrease in fat mass. This finding is supported by otherBtlelrad and
Potteiger, 1998 The REG groumchievea significant reduction percent body fat and
fat mass in addition tosagnificant increase in percegdn tissue b nonstatistically
significant increase in lean tisewess These changes in body compmsimay have
ultimately resulted in no net change in body weight or BMI. A more detailed discussion of
the similarities and differences between the outcome measures in the 3 exercise
interventions will be discussed in detail in the next chapter. Artiadterxplanation is
that it is quite possible that either consciously or subconsciously the subjects in this study
partly compensated for the energy expended in the weekly exercise training sessions. Oth
studies have reported that when compliance tov@gukexercise training interventions is
near perfect, which it was in the present study, the effectiveness of exercise may be
undermined by compensatory responses that negate the energy deficit caused by exerci
training (King et al., 2008 Compensatory responses include increased energy intake
(Stubbs et al., 2004nd / or reduced daily physical aitiand energy expenditure in non
exercising timéonnelly et al., 20D3The latter may be an attempt to recover from the
exercise session. Other compengatsponses include a reduction in RMR. Weight loss

in obese individuals, particularly substantial weight loss, has been associated with decreas
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in RMR, even when exercise is the mode of intervébéiel et al., 19985RMR was

maintained in this study and so this theory is not relevant to this particular situation.

The finding that fat mass reduced in the REG group after 10 weeks of training, and
not in the ECC group, was surprising percent body fat did decrease significen
both groups after trainingoth groups completed 4 hours of exercise training per week.
Within the 4 hours of training per week, the REG group performed two 15 minute bouts
of resistance training, where as the ECC group performed two 45 mintdesfbo
resistance training. The remainder of the exercise time consisted of aerobic exercise. It i
possible that the aerobic exercise stimulus in the ECC group was not sufficient to induce
significant fat loss. The literature suggests that aerobiq traisuperior to resistance
training with regard to decreasing fat mass, but resistance training is superior to aerobic
exercise in terms of increasing lean tissue(lD@ezal and Potteiger, 1998his would
explain the greater reduction in fat mass found in the REG group, and the greater increase
in lean tissue mass found in the ECC group. The combination of both modes of training
provide all of these benefits justatdesser extent than either mode of exercise alone
(Dolezal and Potteiger, 1998 is possible that a better balance between aerobic exercise
and resistance traininghboth groups is required to achieve significant reductions in fat

mass concomitant with significant gains in lean tissue mass.

Interestingly, there was no change in insulin secretion or insulin sensitivity in either
group post intervention. This was gssing finding that lies in direct contrast to the
metabolic adaptations that occurred in response to the exercise intervention in study one o
this thesis. A comparison of the metabolic adaptations to each of the three exercise
interventions will be disssed in detail in the chapter to follow. Given the well
documented inverse relationship between insulin sensitivity and body weight and body fat
masgqCarey et al1996 Redinger, 200)7the lack of improvement in the metabolic status
of the subjects in the present study might be explained by the fact that there was no
significant change in body weighthe REG group, and no significant change in body
weight or body fat mass in the ECC group post. A limited number of studies have reported
no change in insulin sensitivity with exercise training even in the presence of significant
reductions in body weightdabody fat masghort et al., 20Q3However this is very
unlikely because the literature overwhelmingly and consistently supports the fact that

exercise traing even in the absence of weight loss improves insulin se(tsalloszy,
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2005. Some theories have been proposed as to why insulin sensitivity mayomet |

with exercise training. A greater duration, intensity or frequency of exercise may be
required in some individuals to improve insulin sensi{@hiyrt etal., 2008 The
beneficial effects of exercise on insulin sensitivity may be lost quicker in some individuals
and so the timing of the post training OGTT could be impof&murt et al., 20D3

Insulin mediated trafficking of GLUT4 may be impaired in some individuals but the
mechanism behind this remains to be eluci¢@bedt et al., 20R3Specific to the ECC

group, a single bout of eccentric resistance training has been reported to impair insulin
sensitivity immediately after the training session and so the timing of the post intervention
OGTT could again be crukidhis is thought to be due to the muscle damage that occurs
with this type of training. The muscle damage may impair insulin stimulatieh, d&?IBRS

kinase and Akt kinase, which may inhibit insulin stimulated glucose @isposalet al.,

2009 Kirwan et al., 199Pel Aguila et al., 200GBtug one of this PhD thesis established

a positive causative relationship between aerobic fithess and insulin sensitivity, in additior
to an inverse relationship between fat mass and insulin sensitivity. It is possible that greate
improvements in fat massdaiitness were required in the REG and ECC group to result

in significant improvements in the metabolic status of these subjects.

Although insulin secretion, insulin sensitivity and the indices of insulin sensitivity did not
change significantly postervention, the non significant changes that did occur appeared
to play a role in the increase in fat oxidation that was evident in both groups post
intervention. The percent change in RQ in the ECC group was positively correlated with
the percent change the Matsuda index of insulin sensitivity (r=0.858, p=0.06). Also, 94%
of the percent change in RQ in the REG group was predicted by the percent change in
RMR and the percent change in HOBIAThese findings indicate that even small
improvements in insalisecretion and insulin sensitivity can have important implications

for overall metabolic health in this population.

The novel biomarkers of insulin resistance that were referred to in study one of this
thesis were also analysed pre and post the EGRE@&hthterventions in an attempt to
further investigate the possible relationships between the biomarkers and the physical an
metabolic characteristics. It appeared from the analysis of the results in study one that
significant increases in insulin sefityiti fitness, and lean tissue mass influenced the

production of these hormones. The gains in lean tissue mass did not reach statistica
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significance in the aerobic exercise group and so it is possible that a significant increase |
lean tissue mass, swshthat seen in the ECC group, might have a significant impact on
the circulating concentration of many of the biomarkers. This may be particularly true for
the biomarkers that are secreted from lean tissue such as FARB2andLVisfatin. The
circulatig concentration of Visfatin decreased significantly in the ECC group. There was
no significant change in the circulating concentration of the other biomarkers in either
group post intervention. However, the non statistically significant changes thbat thd oc

the biomarkers in each group yielded some very interesting findings.

The results of the present study indicate that different modes of exercise training may
differentially regulate the circulating concentrations of the biomarkers, in adthgon to
relationship between the biomarkers and all other physical and metabolic variables. Witk
the ECC group, the percent change in FGF21 and Omentin was positively correlated with
the percent change in each other. In fact the percent change in Omentitecadéoou

70% of the percent change in FGF21, and the percent change in FGF21 accounted for
64.6% of the percent change in Omentin. This suggests a regulatory role between both o
these biomarkers. The pearson correlation analysis revealed that thehpageeim 1L

13 and Chemerin were inversely correlated with the percent change in each other. The
backwards regression analysis showed that the percent chanryig@ atdbunted for

67. 4% of the percent change i n c@htedrfogr i n,
92.4% of the variance in-13. These findings indicate that Chemerin ad@ thay have

a role in the regulation of each other. The correlations that appear in the ECC group are
not evident in the REG group, which suggests that the biomadseise differentially
regulated by various modes of exercise training. However, some of the results of the REG
intervention including no change in fitness or lean tissue mass after 10 weeks of exercisi
training were not typical or expected and may maskahges that should occur to the
biomarkers in response to this type of exercise training.

The main differences in the outcome measures between both groups were that fithess an
lean tissue mass increased in the ECC group only, where as fat mas$idabe&EG

group only. In addition, the strength gains achieved in the ECC group post intervention
were significantly greater than those achieved by the REG group. The final difference in

outcome measures between groups was that Visfatin decreds=thtygim the ECC
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group but not in the REG group post intervention. The percent change in Visfatin in the
ECC group was correlated with the percent change in lean tissue mass, which also actual
predicted its variance in study one of this thesis. louthent study, the single best
predictor of the percent decreaseirculatingvisfatin washe percent decreaseAUCI,

which accounted for 67.7% of the variance in Visfatin post intervention. Further analysis
revealed th&9.9% of thepercent changa AUCI was attributed to the percent change in
FGF21, Chemerin and Visfatithese are important findings because they show the
changes that occurred to the biomarker profile of the subjects post intervention almost
completely accounted for the improvetmeninsulin secretion and insulin sensitinity

these subjects. In turn, the decrease in AUCI mostly accounted for the significant
reduction in circulating Visfatin in these subjébtsse results indicate a possible cyclical
relationship between thsimarkers and insulin secretion and insulin sensitivity. In appears
that the increase in fithess and lean tissue mass in the ECC group was responsible for th
changes that occurred to the biomarkers and metabolic status in these subjects. However,
is urclear whether the improvements in insulin secretion and insulin sensitivity regulate the
secretion of the biomarkers, or if changes in the circulating concentrations of the
biomarkers regulate the improvement in insulin secretion and insulin sensgiaiso |
possible that both of these responses occur simultaneously. Interestingly in the REG
group, none of the biomarkers accounted for the percent change in each other. The changs
in Stumvoll, AUCG and AUCI were the best predictors of the change2a ,F®Rentin

and Visfatin respectively supporting the relationship between the biomarkers and insulin
sensitivity and glucose tolerance. The percent change in weight and fithess were the be:
predictors of the change in-18. Finally, the percent changeLDL was the best

predictor of the percent change in Chemerin.
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Figure 4.10Schematic illustrating the percent change in the independent variables

that best predicted the perent change in the biomarkers post (a) ECC and (b)
REG interventions. Note: IL-13 = Interleukin-13, FGF21 = Fibroblast Growth
Factor 21, TGO s =C =TLow DRehsitycLpaopiotdie Shplesterdl,L
AUCG = Area Under the Curve for Glucose, RMR = Resifj Metabolic Rate.

4. 10.Limitations

The smaller than anticipated sample size in both groups limited the dept of the statistical
analysis which meant thaests were used instead of the preferred option of a 2 way
ANOVA. Also, FetuirA data was not availalkte the subjects in either group due to a

technical error that occurred in the finalestaj the analysis of those EAISts.

The ECC intervention was very time intensive to opknatesvery physicallgemanding

for thesmall number of spottersifters and could not be sustained long terms despite its
effectiveness. The strength of the spotters could be a limitingnfémtger term studies.

Also, theimprovements in eccentric ability over time waite large and so limiting

factor for onesubject was that the weight availabldnenely extensiomas less than that
requiredlt would be quite difficult to administer this intervention on a population based
level without the development of specialised equipment to complete the concemtric phas

of contraction.
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4. 11Summary, conclusion and future recommendations

It appears that the changes that occurred to body composition, metabolic health, and the
biomarker profile in the obese individuals in this study were specific to the mode of
exercise undeken. The concurrent intervention incorporating an eccentric component
(ECC) showed promising potential to augment fat mass loss and improve metabolic health
in the longer term in obese subjects. This was evident by the significant increase in fitness
lean tissue mass and fat oxidation, and the clinically important but non statistically
significant increase in RMR post intervention. The potential regulatory relationship
between fitness, lean tissue mass and the biomarkers identified in study onemwas furth

supported in this ECC group with a significant decrease in circulating Visfatin.

However, there are practical implications for conducting this type of intervention.
Eccentric resistance training is extremely demanding of time and human resources. Twc
lifters were required per subject to complete the concentric phase of every repetition,
which in this study equated to 180 lifts per subject, two days per week, for 10 weeks.
Therefore there was a total of 2,520 lifts per week for the 7 subjects in tp@EHCC

which was very challenging with a small team of 4 lifters including the study investigator. It
would be very difficult to implement this type of intervention on a larger scale. Also,
subjects can tolerate much higher loads eccentrically thaamtieth aegular resistance
training and so in many cases, particularly with the leg extension exercise, the lifters wer
required to lift or push loads ranging from-250kgs with every repetition. This was
achieved in the current study but in the lobggen as subjects continue to adapt to
training, greater loads would need to be lifted to ensure the stimulus is sufficient to
maintain the desired intensity and induce the appropriate adaptations to training. The
strength of the lifters could be a limitiagtor in this situation. It may not be practical to
continue with this type of intervention in the long term. For this mode of training to be
available routinely for obese individuals and on a large scale, specialised equipment must |
designed speciflafor this purpose.

The results of the REG intervention were surprising and unexpected, particularly the
findings that there were no changes in fitness or lean tissue mass after 10 weeks of exerci
training. Also there was no change in insulin isecret insulin sensitivity despite

progressive exercise training, and a significant reduction in fat mass, both of which shoulc
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improve insulin sensitivity. For this reason it is difficult to interpret the effects that this
type of intervention should haea the novel biomarkers. However, the results did
support a link between the biomarkers and metabolic health in obese individuals. The
significant reduction in fat mass in the REG group supports the findings of the aerobic
exercise intervention in studpeoof this thesis, indicating that aerobic exercise is
important for reducing fat mass in this population. It is possible that the volume of
resistance training in this intervention was insufficient to stimulate the expected changes ir
lean tissue massthalugh significant improvements in fat oxidation were observed
indicating that the subjects did respond in some way to the training stimulus. Future
concurrent training studies incorporating a greater volume and intensity of regular
resistance exercisesynpaiovide all of the benefits associated with aerobic exercise and
resistance training, which may lead to greater improvements in energy expenditure, fa

mass loss, and metabolic health of obese individuals.
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Chapter 5.Integration of results from

studies1 and Zand secondary analysis
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5. 1.Rationale

It is clear from chapters 3 and 4 of this PhD thesis that exercise training favourably
influences the physical and metabolic characteristics of obese individuals, and plays a ro
in the regulation of theirculating concentration of the novel biomarkers of insulin
resistance. The adaptations that occur may be specific to the mode of exercise undertakel
One limitation that exists when interpreting the results of the three exercise interventions is
that tre number of subjects in each intervention was smaller than originally anticipated
which limited the deptof the statistical analysis and the interpretation of the findings.
Also, there was wide variation in the baseline values for insulin and themaviké s

of insulin resistance, in addition to the individual response to exercise training. In an
attempt to address the issue of the small sample size in the 3 exercise interventions, th
subject data from the aerobic exercise group, the ECC groupe &REGhgroup was
combined and a pre post analysis was carried out. These interventions did not use exactl
the same mode of exercise training but it was broadly similar in terms of the frequency of
training per week, the intensity of the aerobic exehesdyration of the session and the
energy expenditure derived from each bout. Combining the data increased the power thus
enhancing the dept of statistical analysis which may enhance the interpretation of the
findings.

5. 2.Aim

The aim of this analysis wagttrease statistical power anastigate the effects of 12
weeks of exercise training on body composition, metabolic health, and noJedrsiomar

insulin resistance aese subjects.

5. 3.0bjectives

To measure the impact of exercise training on lomdyosition and metabolic health in

obese individuals.

To investigate the relationship between body composition, insulin sensitivity and the

circulating concentrations of the novel biomarkers of insulin resistance.

5. 4.Hypothesis

Exercise training will sifjnantly reduce fat mass, increase lean tissue mass and improve

insulin sensitivity in obese subjects.
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Improved body composition and fithess will predict the improvements in insulin
sensitivity. There will becgclical relationshipetween the biomarkprofile of the obese

subjects and their metabolic health.

5. 5.Study Design

Twenty five subjects were included in this analysis. 10 of these subjects completed the
aerobic exercise intervention detailed in chapter 3, 7 completed the eccentric intervention
detailed in chapter 4, and 8 completed the aerobic and resistance training intervention
detailed in chapter 4. Please refer to the relevant chapters for a detailed explanation o
these 3 interventions. A pre post analysis was carried out to determieetshef 4612

weeks of exercise training on body composition, insulin sensitivity, and the novel

biomarkers of insulin resistance in obese subjects.

|
)

{4

(n =25)

w10-12 weeks of exercise training
w4 * 60 minutes exercise per week

1

W
J

Figure 5.1 Schematic repreentation of study design.
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5. 6.Methods

Please refer to chapters 3 and 4 for a detailed explanation of the tpsiseahnles

outlined in Figure.5.

5. 7.Statistical analysis

Experimental data is presented as mean + standard deviation. Data was evejuhted usi
Sigmaplot 12 statistical package (Systat Software, Inc. Chicago, IL). Statistical significanc
was set asg®.05. The statistical tests used to perform the analysis of the data in this
chapter included a dependetest, pearson correlation analgsid backwards stepwise
regression. These tests are explained in detail in sections 3.10.1, 3.10.3, and 3.10

respectively.

Best subsets regression was also used in this analysis. Best Subsets Regression i
technique for selecting variables in a phrellinear regression by systematically searching
through different combinations of independent variables and selecting the subsets of
variables that best contribute to predicting the dependent variable. It is important to avoid
multicolinearity and so wietwo independent variables are highly correlated only one of
those variables can be entered into the best subsets regression model. The output from thi
analysis details all possible prediction models ranging from the lowest prediction to the
highest preiction. The predictive ability of the model is reflected by tradu which is a
measure of how well the model describes the data. The largeratue,Rhe better the

model predicts the dependent variable. TheaRe does not take in to accourd t
number of variables used in the equation. More variables result in*highmsRand so it

is necessary to interpret the data and choose the model with the lowest number of

independent variables that best predict the dependent variable.

Note: Thereis a subtle difference between a backwards stepwise regression and best
subsets regression. Backwards stepwise regression is used when a number of independe
variables are known to predict a dependent variable and you are interested in systematical
removing the independent variables to determine those that best predict the dependent
variable. In contrast, best subsets regression is best used when you are not sure whic
independent variables best predict the dependent variables and want to conssder variou
possible combinations to determine that independent variables that best predict the
dependent variab{8igmaplot 12, Sys&dftware Inc., 2012)
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5. 8.Results

All 25 subjects included in this study were obese at baseline and had been sedentary for

minimumof 6 months prior to enrolment.

5. 8. 1 Physical Characteristics

The pre and post values for the physical characteristics in addition to the percent change
that occurred to these variables after exercise training areegres€able 3. A paired
samples-test revealed that there was a significant reduction in weight (p=0.003), BMI
(p=0.003), fat mass (p=0.001) and percent body fat (p=0.001) post intervention. This was

accompanied by a significant increase in lean tissue mass (p=0.022), percent lean tiss|

(p=0.001) and fitnesk Qzmaml/kg/min) (p<0.001).

Table 5.1 All measured physical characteristics pre and post intervention in addition
to the percent change that occurred to each variable.

Pre Post % change

(n=25)
Age (yr) 38+ 13
Weight (kg) 94.1+19.7 91.8+18.6* 23+3.1
BMI (kg/m?) 33.07 +4.90 3232+4.79* -2.30+3.13
Fat mass (kg) 43.61 + 15.53 39.70 £ 14.46 * -8.92 + 8.82
% body fat 46.47 £9.41 43.28 £9.53* -7.08 £6.55
Lean tissue (kg) 46.19 + 10.89 47.98 £10.61 * 444 +7.72
% lean tissue 50.59 £ 9.20 53.72£9.28 * 6.63 + 7.67
7 Oamax(mifkg/min) 27.47 £ 6.84 31.64+7.19* 17.43 £18.77
7 Omax(L/Min) 2.56+0.75 29+0.75* 1601 + 16.67

Data is presented as mean + standard deviation. *40.05 represents a significant change

post intervention.Note: BMI = Body Mass Index, = 1'f"’OZmaxaerobic fitness.
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Figure 5.2 Percent change in weight (kg), fat mass (kg), lean tissue mass (kg) and

aerobic fitness (f"OzmaX ml/kg/min) post intervention. Data is presented as the
mean percent change + standard deviation. * 40.05 represents a significant

change post intevention.

5. 8. 2.Metabolic characteristics

The baseline and post intervention values for the metabolic disticsctee presented in
Table 22, in addition to the percent change that occurred to these variables post
intervention. A paired samplesedt idenfied a significant reduction in HOMBRA
(p=0.04) which was accompanied by a significant increase in the AUCG/AUCI index
(p=0.03). AUCI decreased significantly (p=0.01) but there was no change in AUCG
(p=0.52) or the Stumvoll (p=0.133) and Matsuda (p=0nt&Xes of insulin sensitivity.

The lipid profile of the subjects was also measured pre and post intervention. These result:
in addition to the percent change that occurred to the lipids after exercise training is
presented under in Table 5.2. Therenmahange in free fatty acids (p=0.93), triglycerides
(p=0.57), total cholesterol (p=0.65), LDL cholesterol (p=0.82) or HDL cholesterol
(p=0.22) post intervention. Pearson correlation and backwards stepwise regression analys

was not carried out for thesmiables.
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Table 5.2 All measured metabolic characteristics pre and post intervention in

addition to the percent change that occurred to each variable.

Pre Post

% change

(n=25)
AUCG 1088.43 + 216.73 1064.33 £ 177.34 -0.73 £ 15.77
AUCI 14049 + 8785 11322 + 7543 -16.09+21.75*
AUCG/AUCI 0.117 £ 0.099 0.144 £ 0.127 26.21 £38.15*
HOMA-B 48.70 £ 26.91 40.99 + 24.25 -4.60 + 56.55 *
Stumvoll 0.127 £ 0.030 0.124 £ 0.025 -1.186 + 11.315
Matsuda 14.80 +13.50 18.07 + 20.86 26.09 + 44.59
FFA' s 0.56 + 0.15 0.54 +0.21 4.52 +19.42
TG’ s 1.43+£0.92 1.32+0.72 -3.27 £ 39.39
TC 501+1.52 504+1.21 -1.52 +£29.23
LDL 3.18 + 1.37 3.05+0.90 9.65 £41.55
HDL 1.15+0.28 1.27+0.42 13.41 + 49.48

Data is presented as mean * standard deviation. *48.05 represents a significant change
in the variable post intervention.Note: AUCG = Area Under the Glucose Curve, AUCI =
Area Under the Insulin Curve, AUCG/AUCI = Area Under the Glucose Curve / Area
Under the Insulin Curve (index of insulin sensitivity), HOMA-B is an index of fasting

i nsulin secretion, Stumvoll and Mat suda
Fatty Aci ds, TGO s = Triglycerides, TC = T

Lipoprotein Cholesterol, HDL = High Density Lipoprotein Cholesterol.

ar e
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Figure 5.3 Percent change inthe area under the curve for insulinAUCI), the area
under the curve for glucose / the area under the curve farsulin (AUCG/AUCI ),
and fasting insulin secretion HOMA -B) post intervention. Data is presented as the
mean percent change * standard deviation. *<0.05 represents a significant
change post intervention.

5. 8. 3.Novel Biomarkers of Insulin Resistance

The cirallating concentration of the selected biomarkers pre and post intervention is
presented in Table.®% The percent change that occurred in the biomarkers post
intervention is also include paired samplegést revealed that there was a significant
decrase in FetuwA post intervention (p=0.02). However, Fefliwas only measured in

a subgroup of the subjects (n=9) because of a technical error that occurred during the
analysis of the other Fetinkits containing samples for the remainder of the ®ibjec
There wa$10 change in the circulating concentration of FGF21 (p=0.7143, (1=0.87),
Chemerin (p=0.35), Omentin (p=0.45), or Visfatin (p=0.58) post intervention.
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Table 5.3 All measured biomarkerspre and post intervention in addition to the

percent change that occurred to each variable.

Pre

Post

% change

(n=25)
FGF21 296.81 £ 134.92 284.62 + 156.85 11.69 + 68.20
IL-13 155.46 + 110.42 156.22 + 99.19 5.05 +24.30
Chemerin 218.82 £ 44.07 200.1 +51.82 -3.88 + 3241
Omentin 339.85 + 156.40 364.98 + 142.68 17.78 + 48.54
Visfatin 16.90 +4.17 16.23 £+ 4.44 -3.42 +14.16
FetuirA 578.49 + 141.23 464.89 £ 76.12 -19.79 £ 13.08 *

Data is presented as mean + standard deviation. *0.05 represents significant change
post intervention. Note: n=9 for the FetuinrA data (aerobic exercise subjects only)

100

PQ S5 9 30

Figure 5.4 Percent change in selected biomarkers post intervention. Data is
presented as the mea percent change * standard deviation from the mean.

*p<0.05 represents a significant change post intervention.

5. 8. 4 Pearson correlation analysis for the physical characteristics
Pearson correlations revealed that the percent change in weight post interaention
significantly positively correlated with the percent change in AUCI (r=0.433, p=0.04), and
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LDL cholesterol (r=0.478, p=0.04), and significantly inversely correlated with the percent
change in the Matsuda index of insulin sensitivity.464, p=0.05)

The percent change in fat mass was significantly positively correlated with the percent
change in AUCI (r=0.524, p=0.023 shown in Figure5 and significantly inversely

correlated with the percent change in Matsuda %4, p=0.02) arfi':Dzmax(mI/kg/min)
(r=-0.433, p=0.05), the latter relationshigisgpresentechi Figure 5.5

The percent change in lean tissue mass (kg) post intervention was not correlated with the

percent change in any other variable. The percent changessisn?’f(meaxmllkg/min)

was significantly positively correlated with the percent change in the AUCG/AUCI index
(r=0.662, p<0.001). It was significantly inversely related to the percent change in fat mass
(r=-0.443, p=0.05), AUCI (r8.665, p<0.aD), LDL cholesterol (r9.491, p=0.03) and
trending towards an inverse correlation with HEBV#A=-0.377, p=0.06).

.

% change in FM (kgs)
w
-

% change in FM (kgs)
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Figure 5.5 (a) Depicts the positive relationship between the percent change in fat
mass (kgs) and the percent change irthe area under the curve for insulinAUCI)
post intervention (r=0.524, p=0.02). (b) Depicts the inverse relationship between
the percent change in fat mass (kgs) and the percent change aerobic fithness

(Tf"’OzmaX mil/kg/min ) post intervention (r=0.443, p=0.05).

Backwards stepwise regression was not run on the physical characteristics because tf
percent change that occurred to these variables post intervention was completely due to th
actual exercise trainithgit was undertaken, in addition to the calories expended during the

exercise sessions.
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5. 8. 5.Pearson correlation and backwards stepwise regression analysis

for the metabolic characteristics

Pearson correlations revealed that the percent change in AUCI ifi@n8igpositively
correlated with the percent change in weight (r=0.433, p=0.04), BMI (r=0.434, p=0.04), fat
mass (kg) (r=0.524, p=0.02), serum Chemerin (r=0.469, p=0.03), HDL cholesterol
(r=0.557, p=0.02), and LDL (r=0.693, p<0.001). It was sigrificanersely correlated

with the percent change in Omentin-Qt453, p=0.003) and fithess-(#665, p<0.001).
Backwards stepwise regresgiesented in TabledSllustrates that the percent change in

AUCI was most significantly predicted by the perchahge in fitnessf"Ozmax
ml/kg/min) and HDL cholesterol, which accounted for 74.7% of the variance in AUCI

post intervention.

The percent change in AUCG/AUCI was significantly positively correlated with the

percent change in ﬁtneslngmax ml/kg/min) (r=0.662, p<0.001), and significantly
inversely correlated with the percent change in LDL cholestemb7{4s p=0.01).
Backwards stepwisegression presented in Tahke $hows that the percent change in
AUCG/AUCI was most sighcantly predicted by the percent change in fitness, which
accounted for 74.7% of the variance in AUCG/AUCI post intervention.

Following exercise training, the percent change in H®MAs trending towards a

significant inverse correlation with the perckange in ﬁtneSEOZmame/kg/min) (r=-

0.377, p=0.06). It was significantly inversely correlated with the percent change in the
circulating concentration of Visfatin {0506, p=0.01), and positively correlated with the
percent change ilFFA" s (r =0. 6 8 9, p=0.04) . Backward
the percent change in fitness accounted for 71.6% of the variance inBHEO4A

intervention. Tis data is presented in Tabfe 5
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Table 54 Backwards stepwise regression analysis showing the independent

variables that best predict the change in the dependent variables AUCI,
AUCG/AUCI, and HOMA -B post exercise training.

Dependant Indep. : Std. Error
variable variables in
model
Constant
% change in| -0.803 -0.646 0.181 19.593 <0.001
AUCI ¥ O
(R=0.740) | 1y/kg/miin
% change i 0.199 0.417 0.0696 8.165 0.013
HDL
Constant 4.261 10.812
AUCG/AUCI | 9% change in| 1.399 0.660 0.398 12.337 0.003
(R=0.747) |y,
ml/kg/min
Constant 8.787 7.324
HOMA-B "ot change in| -0.807 | -0.846 | 0.207 15.112 0.008
(Re=0.716) Oy
ml/kg/min

R2 represents the extent to which the percent change in the independentriahle (S)
contribute to the percent change in the dependent variable<p.05 is significant.Note:
AUCI = Area Under the Curve for Insulin, AUCG/AUCI = area under the curve for glucose
| area under the curve for insulin, HOMAB = fasting insulin secretion HDL = High

Density Lipoprotein Cholesterol, =f"02maX aerobic fitness.

5. 8. 6.Pearson correlation and backwards stepwise regression analysis

for the biomarkers.

Pearson correlations for all of the biomarkers are presented in Table 5.5. The percent
change in 13 was not correlated with the percent change in any other variable post
intervention but was trending towards a positive correlation with the pbesegd in

body weight (p=0.07yhe percent change in Fetdinvas not significantly correld with

the percent change in any other variable post intervention but was trending towards a

correlation with the percent change in free fatty acids (p=0.08).
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Table 5.5 Pearson correlations for selected bmarkers.

% change| % change % change % change % change % change

in FGF21 | Chemerin = Omentin Fetuin-A in Visfatin | jn IL-13
% change r=-0.438 *
in FGF21 p=0.04
% changq r=-0.438 * r=-0.563 *
in p=0.04 p=0.01
Chemerin
% change r=-0.563
in Omentin p=0.01
% change r=-0.618 * r=-0.407
in AUCG p=0.003 p=0.70
% change r=0.469 * | r=-0.453*
in AUCI p=0.03 p=0.03
% change r=0.409 r=0.507 *
in Matsuda p=0.07 p=0.02
% change r=-0.440 *
in Stumvoll p=0.04
% change r=-0.506
in HOMA- p=0.01*
B
% changg r=-0.424 | r=0.643*
in LDL p=0.07 p=0.004
% change r=0.526 *
in HDL p=0.03
% change r=0.648
in FF| p=0.08
% change r=0.391
In weight p=0.07

r represents the strength of the correlation between two iaflles. * p<0.05 is significant.

. p<0.09 is trending towards significanceNote: AUCG = Area Under the Curve for

Glucose, AUCI = Area Under the Curve for Insulin, HOMAB = Fasting Insulin Secretion,

LDL =

Chol esterol,

Low Density Lipoprotein Cholesterol, HDL =
FFAGOs =

High De nsity Lipoprotein

Free Fatty Acidl8= FGF?2

Interleukin-13.
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The change that occurred tollB post intervention was not significantly correlated with

the percent change in any other variableptuksvards stepwise regression was run using

a combination of variables identified in the literature as having an important influence on
the circulating concentration of this biomarker. The only independent variable that was not
removed from the model wasdy weight. The change in body weight predicted 22% of
the change in HL3 post intervention.

The percent change in FGF21 also was not significantly correlated with the percent change
in any other variable post intervention. A combination of varidblggied in the
literature as having an important influence on the production of FGF21 was entered into
the backwards stepwise regression. The only independent variable that was not remove
from the model was Chemerin. The percent change in Chemermeattmul9.2% of

the variance in FGF21 post intervention.

Only 9 data points were available for Féiyinvhich represented the subjects who
undertook the aerobic exercise intervention. Backwards stepwise regression was conducte
on FetuirA in study oe of this PhD thesis and these results are included in & curr
chapter presented in Tabl® Below. The findings show that 42% of the variance in
FetunrA i n the aerobic exercise group was p!
data analysisuc not be applied to the entire group in the current study.

The percent change in Chemerin was mostly predicted by the percent change in Omentir
and AUCI, which accounted for 55.4% of the variance in Chemerin post intervention.
Similarly, when backwardsyression analysis was performed on Omentin, the percent
change in Omentin was mostly predicted by the percent change in Chemerin and AUCG,
which accounted for 61% of the variance in Omentin post interverhlisndaka is
presented in Table®

Finally,Table 56 shows that the percent change in Visfatin post intervention was mostly

predicted by the percent change in AUCG and H@\Which accounted for 49.4% of
the variance in Visfatin.
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Table 5.6 Backwards stepwise regression analysis illustrating the percent change in
the independent variable (s) that best predicted the percent change in the

dependent variables post intervention.

Dependant | Indep. Coef. Std. Coeff. Std. Error F-to-
variable variables in Remove

model

% change in [ Constant ~ -1.345
FGF21 % change in -0.681 -0.438 0.313 4.749 0.041
(RP=0.192) | Chemerin
Constant 15.338 6.230
% change in | % change in| -0.289 -0.495 0.106 7.400 0.015
Chemerin | Omentin
(R=0.554) ['9% change il 0.499 0.372 0.244 4.181 0.057
AUCI
Constant 19.008 7.642
% change in o= cn e noe i -0.875 0511 0.275 10.147 0.005
Omentin Chemerin
(R=0.610) % change in| -1.87 -0.446 0.517 7.734 0.013
AUCG
Constant -1.563 2.357
% change in | % change irf -0.309 -0.360 0.149 4.278 0.054
Visfatin AUCG
(R=0.494) [9% change il -0.126 -0.559 0.039 10.333 0.005
HOMA-B
Constant -21.551 3.896
% change in | % change ir] 0.409 0.648 0.196 4.349 0.082
FetuinrA FFA' s
(Re=0.420)
Constant 11.90 6.036

% change in

IL-13 % change il 3.575 0.469 1.546 5.346 0.03
(RP=0.220) | weight

R2 represents the extent to which the percent change in the independent variable predicted

the percent change in the dependent variable. $0.05 is significant. Note: FGF21 =
Fibroblast Growth Factor 21, AUCI = Area Under the Curve for Insulin, AUCG = Area

Under the Curve for Glucose, HOMAB = Fasting I nsulin Secret.i
Acids, IL-13 = Interleukin-13.
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The backwards regressianalysis presented in Tab&i8entified independent variables

that predicted only 1#®1% of the variance in any biomarker post intervention. In an
attempt to identify other variables that might influence the povdotthe biomarkers,

best subsets regression analysis was performed. This analysis looks at every possik
combination of selected variables and identifies all possible models ranging from the
smallest to the largest predictive ability. The output fiemanbalysis revealed that
combining the variables originally identified in the pearson aorrahatiysis presented in

Table %5, with other combinations of measured variables deemed to be important by the
literature, had very little additional impacttlee predictive ability of the backwards
regresion models presented in Tablé. SAlso, the only independent variables to
significantly contribute to the change in any particular biomarkers post intervention were
those that were originally identifiethim backwaristepwise regression in Tale 5

5. 9.Discussion

There are 3 key findings to the current analysis. Firstly, exercise training significantly
improved body weight, all components of body composition, and fithess in obese,
previously sedentanybgects. The 3 individual interventions demonstrated adaptations in
the physical characteristics that were specific to the mode of exercise undertaken includin
greater reductions in body weight and body fat when aerobic exercise was the predominan
mode @ training (aerobic and REG groups), and greater increases in lean tissue mass whel
a greater volume désistance training was combined with aeggbicis¢dREG and ECC

groups). The current analysis supportsetedings and suggests that wgémeral
exercisand with a greater sample size all physical characteristics respond favourably anc
significantly to training. Secondly, insulin secretion and insulin sensitivity improved
significantly post training which was evident as a significant redutt@mMARB and

AUCI in addition to a significant increase in the AUCG/AUCI index. These findings
support those of the aerobic intervention. HORJAAUCI and the AUCG/AUCI index

also improved in the ECC and REG groups post training and although these
improvemats did not reach statistical significance, fat oxidation improved significantly
which has important implications for metabolic health in obese individuals. The larger
number of subjects in the current analysis stimtvsxercise training improviesulin
sensitivity and insulin secretion in obese previously sedentary subjects. These findings ac
further support to the previous chapters of this thesis and the current literature that
exercise training improves metabolic health in obese individuals. typtracurent

analysis identified thiatcrease aerobic fitness post training was the single best predictor

of the improvements in metabolic health in these subjects, supporting the findings of the
aerobic exercise intervention. In the ECC and RE® ¢gnatiimprovements in metabolic

health was mostly attributed to improvements in the circulating concentrations of the
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biomarkersuggesting that they also play g leoverall and with greater numbers of
subjects increased fitness was the best prefichetabolic health. Finally, the results of

the 3 individual interventions in addition to the current analysis indicate a cyclical
relationship between metabolic health and the circulating concentrations of the biomarkers
as opposed to a causativetiggighip. It also appears that the biomarkers play a role in the
regulation of each other.

Ten to twelve weeks of exercise training is associated with significant
improvements in body weight, body composition and aerobic fitness in obese individuals.
Overall there was a 2.3% or 2.2kg reduction in body weight, which is supported by a
review of numerous other training studies of similar duration and energy exRodgure
and Janssen, 200The subjects in the current group expended approximately 2,500kcal
per week which equated to approximately 25,800000kcal ovel0-12 weeks. The
subjects were required to maintain their pre intervention energy intake and so the total
caloric deficit caused by exercise training should have accumulated to a total weight loss c
approximately 2.83.3kg post intervention since thare approximately 9,000kcal in 1kg
of body fat. However, this simplistic calculation does not take into account the changes
that occurred to body composition as a result of physical training. The subjects in the
current analysis achieved an 8.9% or 8@kgtion in fat mass, which is greater than a
2.5kg reduction reported in a review of exercise training studies of similar duration and
energy expenditufRoss and Janssen, 900his difference may be due to variations in
the mode and intensity of exercise training in the present study. The loss in fat mass wa
accanpanied by a 4.4% or 1.8kg increase in lean tissue mass, in addition to a 17.4%
increase in aerobic fitness. These findings were an expected consequence of exercis
training and are supported by numerous other training studies in the l{@i=tary et
al., 200gHaus et al., 200Saremi et al., 20)0a

The adaptations that occurred to the physical characteristics in response to exercise trainin
in the current analysis support those identified in the aerobic, REG and ECC groups
detailed in ltapters 3 and 4 adding support to the less powered itb@rveim the

aerobic exercise intervention, body weight, BMI, fat mass and fitness all improved
significantly. Lean tissue mass increased ©34&66 and although this did not reach
statistical significance the change in percent lean tissue trendds $aymaficance
(p=0.09). Body composition data was only available for 5 subjects in the aerobic
intervention and the current analysis suggests that greater power ihithetaevention

may have teto significant increases in lean tissue masstpogtimtion. The adaptations

that occurred to the physical characteristics of the subjects in the ECC and REG groups
appeared to be very specific to the mode of exercise training undéhelemwere

greater reductions fat mass in the REG grouf.@3t8.4%) compared to the ECC group
(-6.2+8.1%). The difference between groups, although not statistically significant, was
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possibly due to the greater contribution of aerobic exercise in thmtBEEntion In

contrast, there were greater gainteam issue mass the ECC group (4:24.5%)
compared to the REG group ®32%). The difference between groups, although not
significant, was most likely due to the greater volume of resistance training in the ECC
group (45mins twice per week) compared t&®E®@ group (15mins twice per week), in
addition to the fact that muscle damage such as that evident post eccentriaftieaining
stimulate hypertrophy(Shepstone et al., 2009he greater reductions in fat mass
combined with smaller increases in lean tissue mass in the REG group explains why bod
weight and BMI trended towards a decrease (p=0.07) in the REG group but did not
change in the ECC group post intervention. However, in general and when the data from
all 3 interventions are combined it is clear that exercise training is associated with
significant weight loss in addition to significant improvements in body composition.

Aerobic fitness increased significantthénaerobic exercise group and inB6E group

post interventiout surprisingly did not change in the REG group. The average increase
in fithesswvas 22 ¥5.60, 10.1#5.5%and9.0+17.1% irtheaerobic, ECC ardEG groups
respectively. These findirgsarly indicatéhat the greatest gaimsfitnesswere evident
following aerobiexercisdéraining only The average change in fitness was similar between
the ECC and REG groupsut the large standard deviationthe REG group might

explain why the increase in fitness in this group did not reach statistical significance. It alsc
highlights thepotentialfor wide variation in individual response to exercise training which
may have masked the true changes in aéitobssin the REG group. When all data is
combinedand the sample size is larger it is clear that exercise training significantly increase
aerobic fitness. The physical characteristics of the obese subjects in the 3 individua
interventions demonstrateablaptations that were specific to the mode of exercise
undertaken butwerall it is clear from the current analysis that exercise training significantly
improvesthe physical characteristics of obese subjects inchatiggweight, body
composition and aahic fitness Any deviations from these findings amest likely
explained by the varying modes of exercise in addition to small sample sizes.

The metabolic profile of the subjects improved significantly following exercise
training. This was evident assignificant reduction in insulin secretion and insulin
sensitivity measured by HOMNBA AUCI and the AUCG/AUCI index. These findings
support those of the aerobic exercise intervention and are well documented by numerous
other exercise training studipsincan et al., 20PBlayashi et al., 19%0olloszy, R0S.

HOMA-B (-6.4+28.5% in ECC and.9+97.6% in REG), AUCH8.5+14.4% in ECC and
-9.1+23.5% in REG), and the AUCG/AUCI index (#®26.0 in ECC and 13:24.8% in

REG) all improved in the ECC and REG groups post interventiodiduabt reach
statistich significance This was an unexpected finding given the well established
relationship between exercise training, improved body composition and insulin sensitivity
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(Carey et al., 199edinger, 200A&nd mssible explanations for théiseingsare detailed

in Chapter 4mportantly, loth groups demotrsited a significant increasdat oxidation

post intevention whichhas important implications fenhanced insulin sensitivittyan

obese populatiofPetersen and Shulman, 2082ulman, 2000u et al.,, 2002 These
adaptations confir that the subjects did respandtabolically to exercise training, and the
findings from the current analysis sugbasthe other measures of insulin sensitivity may
have increasesignificarlyy with a greater sample size. Similar to the findings of the 3
individual interventions, the Stumvoll and Matsuda indices of insulin sensitivity did not
change significantly followiagercise training demonstrating that a greater sample size still
had no effect on these predictive models of insulin sensitivity. This may be due to the large
variability that existed between the subjects in their baseline fasting insulin values, in
additon to the variability in their insulin response to a glucose load. These findings suggest
that the use of the Stumvoll and Matsuda models alone may not be the most
comprehensive predictors of insulin sensitivity in an obese population, and may need to be
supported by other indicators. Finally, the circulating concentration of the lipids did not
change in any of the 3 interventions post training, or in the current analysis even with a
larger samplez&. However, R@id improve significantly following th€ E€ and REG
intervention demonstrating that fat oxidatiomproved in these groups with exercise
trainingwhich in the longer term could ameliorate insulin resistance. The subjects in the
aerobic group did not undergo BRMR and so data pertaining tiat oxdationis not
available. These findings indicate that it is important to measure fat oxidation in this
population to showmprovements in fuel utilization and metabolisat may not be

evident irmeasures of circulating lipids.

In the current analysigie improvement in the metabolic health of the subjects
post intervention was highly correlated with the favourable changes that occurred to their
physical characteristics. The reduction in body weight and body fat mass were both
significantly positivelgorrelated with the reduction in AUCI. The increase in aerobic
fitness in particular was associated with improvements in all indices of metabolic health
with the exception of the Stumvoll predictor of insulin sensitivity. In fact, the increase in
fitness was the single best predictor of the improvements in insulin secretion and insulin
sensitivity in these subjects. The backwards regression analysis revealed that the perce
increase in fitness accounted for 71.7% of the reduction in HBODMA.7% of the
increase in the AUCG/AUCI index of insulin sensitivity, and 74.7% of the decrease in
AUCI post interventiorfTable $4). These results support those of the aerobic exercise
intervention, which also revealed that the percent change in fithess best gredicted t
favourable percent change in HORAAUCI and the AUCG/AUCI indefTable 3.6).

For the ECC and REG group, the best predictors of the change in these measures were the
percent changes that occurred to the circulating concentration of the biomarkers in
addition to the percent increase in lean tissue (Taiske 4.6 All 3 interventions led to
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improvements in these variables and it is possiblae¢hatprovements were regulated by

the differential changes in body composition in response to diffedastaintraining.

Overall, when all data is combined, it is clear that aerobic fitness is the best predictor of
insulin resistance and insulin sensitivity in an obese population. There is an abundance ¢
literature to support this findifQuncan et al., 20p&hich is true in the preser({&aremi

et al.,, 201Qband absencgassis et al., 2008f weight loss. Exercise training has even
been reported to reverse insulin resistance in overweight $Otjeety et al., 20D6As

little as one bout of exercise has been shown to enhance insulin sensitivity in this
population(O'Gorman et al., 20p6rhese results illustrate the crucial role of exercise and
aerobic fitness in improving the metabolic health of obese individuals, and support the
recommendation that aerobic fitnessst be a primary outcome measure in interventions

of this nature.

The literature that is currently available suggests that significant improvements in
body composition, fitness and insulin sensitivity lead to significant favourable changes in
the circulang concentration of the novel biomarkers of insulin resigBrncet al., 2010
Cuevasfkamos et al2012 MorencNavarrete et al., 2QX0hakaroun et al., 2QIZhoi et
al., 200¥ The results of the current analysis confirms that exercise training significantly
improves body composition, fitness and insulin sensitivity, but there was no significant
change in the circulating concentration of any of the biomarkers. The large inatiatio
individual response of the bigk®s to exercise training suggestslarger scale studies
may be required to determine the effelcexercise othe biomarkers. Chapters 3 and 4
of this thesis also suggest that the circulating concentfatioe lmomarkers may be
differentially regulated by different modes of exercise training since Figameased
significantlyfollowing aerobic exercise ordpd Visfatin increased significafdliowing
the ECCinterventioronly.

Although the serungoncentration of the biomarkers did not change significantly post
intervention, the changes that did occur provide further support to the results of the
previous studies, along with some additional interesting findings. The pearson correlations
in the curent analysis revealed that there was no relationship between the percent change
in any of the biomarkers and the percent change in any of the physical characteristics
Instead, the percent change in the circulating concentrations of the biomarkers was
signficantly correlated with the percent change in each other, the lipids, and various
parameters of insulin secretion and insulin sensitivity. The backwards regression analysis |
the current chapter showed that the best predictor of the percent charegeanChas

the percent change in Omentin and AUCI, which accounted for 44.5% of the variance in
Chemerin. He literature supporta significant inverse relationship between the pro
inflammatory cytokine Chemerin and the-iaflimmatory cytokine Omenti(El-
Mesallamy et al., 2Q1k has been suggested that the adipocytes of obese individuals are
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responsible for the elevated concentration of Cheifseejskal et al.0@9, and that
Chemerin induces insulin resistance at the level of the insulin receptor, thus inhibiting
glucose uptak@_ambernd et al., 2012The resultof the current study suggest that
exercise induced improvements in fat mass and thus circulating Omentin, down regulatec
the production of Chemerin by 3.9% in this population. Other exercise training
interventions of similar duration support these fisg8ayemi et al., 201@hakaroun et

al., 201}l However, exercise training even in the absence of lesgyhias also been
shown to down regulate the expression of Chemerin mediated by the contraction induced
increase in glucose uptgdkambernd et al., 201dhe percent change in Chemerin was

best predicted by the percent change in aerobic fithess (93.4%) in the aerobic intervention
the percent change in-113 (67.4%) in the ECC group and the percent change in LDL
(73%) in the REG group. Taking all findingt® iconsideration it is likely that the
production of Chemerin is nsimplyregulated by one factor bather is influenced by a
combinationof factors including fitness, body composition, insulin sensitivity, and the
circulating concentrations of othé&markers.

The best predictor of the percent change in Omentin was the percent change in Chemerin
and AUCG, which accounted for 61% of the variance in Omentin post intervention. This
supports the previous finding that Chemerin and Omentin regulatedihetipn of each

other (EI-Mesallamy et al., 201Both biomarkers are produced in fat mass so it is
possible that changes in fat mass alter their exprdsst the results also suggest a
regulatory relationship between them. The literature reports that Omentin may have a role
in improving insulin sensitivity. In fact administration of recombinant Omentin has been
shown to increase insulin stimulated glieptake by 47% in adipose tissue and 30% in
omental adipose tissue by enhancing insulin action and thus improving glucose uptake
(Yang et al., 20p6The literture suggests that Omentin plays a role in the regulation of
blood glucose levels but the results of this current study suggest that improvements in
insulin sensitivity and glucose tolerance also regulate the production of Omentin, indicating
a possible cjical relationship between Omentin and Chemerin, in addition to Omentin
and glucose tolerance. These findings support those of the aerobic and REG interventions
which reported that the best predictor of the percent change in Omentin was the percent
changen Stumvoll (44.3%) and AUCG (67.6%) respectively. Additionally, the ECC group
identified the percent change in FGF21 (64.6%) to be the best predictor of the percent
change in Omentin adding further support to the finding that Omentin is also regulated by
other biomarkers of insulin resistance.

The percent change in Visfatin was mostly predicted by the percent change in AUCG and
HOMA-B, which accounted for 49.4% of the variance in Visfatin post intervention.
Visfatin is a multi functioning protein thatsa&s a hormone, cytokine and enzyme. The
enzyme version of Visfatin is known as Nampt and it is this enzyme that is essential for
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beta cell functioninRongvaux et al., 2Q0Zhe results of ther@sent study suggest that

the reduction in fasting insulin secretion following exercise training may down regulate the
production of Visfatin. Visfatin is reported to improve insulin sensitivity but its circulating
concentration increases with greatelsl@ieglucose intoleran(i2ogru et al., 200.7This

is possibly a compensatory response to diminished insulin f(Bwticat al., 20R7Thus
improvements in insulin sensitivity and glucose tolerance post training in the present study
may have resulted in the suppression of Visfatin and thus a reduction in the circulating
concentration ofhis hormone. These findings support those of the ECC group which
indicated that the percent change in AUCG predicted 67.6% of the variance in Visfatin.
They also support the findings of the REG group which revealed that the percent change
in RQ and RMR edicted 91% of the variance in Visfatin. The reduction in RQ represents
improved fat metabolism which has important implications for insulin sensitivity and
glucose tolerance. No variable best predicted the percent change in Visfatin in the aerobic
group. Taken together, it appears that improvements in glucose tolerance and insulin
sensitivity regulate the production of Visfatin. Since Visfatin functions to enhance insulin
sensitivity it is likely that there is a cyclical relationship between insuMitysansit
Visfatin.

Backwards stepwise regressias run on FGF21 in the current analysisiggrisingly

all combinations of variables were rejected and removed from the models with the
exception of Chemerin which predicted 19.2% of the change in p@&f2itervention

The percent change in FGF21 was best predicted by the percent change in LT and aerobi
fitness (93%) in the aerobic group, the percent change in Omentin (70.2%) in the ECC
group, and the percent change in Stumvoll (53.4%) in the REf B@ckwards
regression was also run onlR in the current analysis but similar to FGF21 all
combinations of variables were rejected and removed from the models. The exception was
the change in body weight which predi2z¥% of the change in-IL3 postintervention.

The percent change in-113 was best predicted by the percent change in LT (82.4%) in the
aerobic group, the percent change in TG’
change in body weight and aerobic fithess (Bth3te REG groupTlaking all findings

into accounttiappearshiat the production dfGF21land IL-13 arenot regulated by one

facor but may be influenced by a combinationfagtors including fitness, body
composition, insulin resistance and other biomarkers.

Overall, tle findings of the current analysis add suppadniose of chapters 3 and
4 bysuggestg that the regulation of the circulating concentration of the biomarkers is not
simplistic. Their production seems to be influenced by each other in addition to
improvenents in body composition, insulin sensitivity and glucose tolerance. It also
appears that they may be differentially regulatetiffesent modes of intervention
possibly mediated by the differential changes in body composition.
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Figure 5.6 Schematic summarising the percent change in the independent variables

that predict the percent change in each biomarker post intervention in the current
analysis. This clearly shows the c¥ical relationship between the biomarkers in
addition to the influence of insulin sensitivity and glucose tolerance on the
production of the biomarkers.

5. 10 Limitations

FetuirA was only measured in a subgroup of this population and so could not be included
in the analysis using a larger sample size. There was a slight difference in interventiol
duration between groups with the aerobic exercise intencangsting ofl2 week®f
trainingbut the ECC and REG interventions consisted®fweeks. This couldibe
avoidedwith the latter interventiortiie to end of term examations but must be noted

when considering this analysis. The mode of exercise in each group was slightly differen
but the interventions were broadly similar with regard to the nunitsniofy sessions

per week, the intensity of the aerobic exercise, and the duration and energy expenditure ¢

each training session.
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5. 11 Summary and Conclusion

This chapteclearly shows that-I@ weeks of exercise training significantly reduces body
weigh, BMI, and body fat mass in obese subjects in addition to significantly increasing lean
tissue mass and aerobic fitndSeercise training also significantly improwssilin

secretion and insulin sensitiwtyich is evident as a significant reductiéfOMA-B and

AUCI and a significant increase in the AUCG/AUCI index. Ttessacal and metabolic
adaptations to exercise training are expected but were not all evident in all 3 individual
exercise interventions possibly due to small sample size. THealhtliterventions also

suggested that physical adaptations are specific to the mode of intervention undertaken.

The Stumvoll and Matsuda indices of insulin sensitivity did not change following any of the
3 individual exercise interventions or with teatgr sample size in the current analysis.
These findings suggest that these indices may not be the most comprehensive indicator ¢
metabolic health in obese individuals and it is important to use other measures to support
them including HOMA and the AICG/AUCI index. The lipid profile of the subjects
alsodid not chang@ the current analysis but the improvements in fat oxidation in the
ECC and REG groups indicate that fat oxidation is an important measurement to obtain in
exercise training intervensoimget a true reflection of improvements in lipid metabolism

and fuel utilization in this population

Finally, here was no change in the circulating concentration of the biomarkers in the
current analysis. It appears that the regulation of the @osnarkomplex and can not be
attributed to a change in any one variddey of novel biomarkers are derived from
adipose tissue but they are also produced in various other tissues of metabolic importanc
and the relative contribution of these tissuetheéocirculating concentration of the
biomarkers remains unknown. ltikely that their production is regulated by changes in a
combination of variablgmst exercise traininghe literature reports that the biomarkers

have a regulatory role in metabbé&alth but the results of the 3 individual interventions in
addition to the current analysis strongly indicate a cyclical relationship between metabolic
health and the circulating concentrations of the biomarkers as opposed to a causative
relationship.tlalso appears that the biomarkers play a role in the regulation of each other.
The largeindividual variation inthe response of the biomarkers to exercise training
suggests that these may be important indicators of metabolic health in larger scale studie

Additional mechanistic studies are required to determine their regulation.
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Secondary Analysis
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5. 12 Rationale

Lifestyle interventions remain the primary therapy for the treatment of obesity. Both diet
and exercise interventions have been reportecéessfully produce weight loss in this
population, but there is extensive variation in the design of these interventions, making it
difficult to compare them and determine which might be the most successful. The purpose
of this analysis was to compare fibur isocaloric interventions discussed in Chapters 3
and 4 and identify which intervention or combination of interventions was associated with
the greatest improvements in body composition and metabolic health in obese subjects
Three of the interventig are those that are typically reported in the literature; diet, aerobic
exercise, and aerobic exercise combined with resistance training. The final interventior
takes a novel approach to exercise training and energy expenditure and consists of aerob
exercise combined with eccentric resistance training.

5.13Aim

The aim of this analysis was to identify the key physiological and biological adaptations tc
each type of interventi@nd use thede determine how to maximise the benefits gained

by obese individis from a lifestyle intervention.

5. 14.0Objective

To compare the effects of 4 isocaloric interventions on body composition, insulin

sensitivity, and the circulating concentrations of the novel biomarkers of insulin resistance.

To compute the most effectieembination of dietary restriction and physical activity
based on improvements in body composition and changes in biomarker profile in obese

subjects.

5. 15Hypothesis

Dietary restriction anall modes oé&xercise training lead to distinctive physiological and
biological profiles post intervention.

A combination of dietary restriction, aerobic exercise and resistance training will be
necessary to maximise the impact on physiological variables and biomarkers of insulir
resistance.
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5. 16.Study Design
(

~

Pre Tests
VO2max + ECG
Muscle Biopsy + OGTT

DEXA
\_ Scan )
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Chapter 3
Aerobic Ex
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\_ DEXA Scan )

Figure 5.7 Schematic representation of study design

5. 17 Methods

Please refer to chapters 3 and 4 for a detailed description of the tests and procedures an

individual study designs outlined in Figure 5.1.
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5. 18.Statistical Analysis

A mixedbetweerwithin ANOVA was used to compare the impact of the four different
interventions on all measured variables. A summary of these results is presented in Tabl
5.3, Table 5.6 and Table 5.9.

The first step of this analysis investigates thectmeraeffect between the type of
intervention and time. In particular this analysis investigates whether the change in the
dependent variable over time was the same in all four groups. If p>0.05 for the Wilks
Lambda test, the change in the variable oweridithe same in all four groups and so no
difference exists between them. 405 for the Wilks Lambda test, the change that
occurred in the variable over time is different between groups and further analysis is
required to determine where the diffeesnare, and thus which intervention is associated

with the greatest change in that particular variable.

If the change in the variable over time is significantly different between groups, the main
effect for time examines the effect of time on the \arigibhin each of the four
interventions. If §0.05 for the Wilks Lambda test for this step, this indicates that there is

a significant change in the dependent variable post intervention. The partial eta squarec
value specified the effect size of thisltestere .01=small effect, .06=moderate effect,
.14=large effect, and any value greater than .14 indicates a very large effect size. A po:

Hoc test is then used to determine the intervention(s) that this result applies to.

Finally, the between intertiens analysis determines whether there is any difference
between interventions with regard to their effect on a particular variabeQ%f for the
between intervention Wilks Lambda test, then there was a difference between
interventions. The partidhesquared value confirmes the effect size of the change, and a

post Hoc test establishes the intervention(s) that this result applies to.

The effect of time on all of the measured variables has already been documented in deta
in chapter 3 and 4 of thihesis. Therefore the current chapter will focus primarily on the

main effect between interventions analysis in order to determine the intervention(s) that
had the greatest favourable impact on body composition and metabolic health in these

individuals.
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5. 19 Results

The findings of the individual interventions have been presented in detail in chapters 3 and
4. The current results section focuses on a comparison between the 4 groups in the percer
change that occurred to the physical characteristics, thelimetedracteristics, and the

novel biomarkers of insulin resistance post intervention. The purpose of this analysis is to
identify the key physiological and metabolic adaptations to each type of intervention so that
this information may be used in thagtesf future interventions to maximise the benefits

gains by obese individuals to a lifestyle intervention.

5. 19. 1Physical Characteristics

The percent change that occurred to the physical characteristics post all 4 interventions i
presented ifable 5.7Themixedbetween within analysis for these physical chestaxter

is presented in Table 5There was a significant decrease in weight and BMI in the diet
and aerobic exercise group post intervention, but there was no difference between group:s
in the amont of weight lost (p =0.36) or in the reduction in BMI (p=0.27). There was a
significant decrease in fat mass in the diet, aerobic exercise, and REG groups, but there w:
no difference between groups in the amount of fat mass lost (p=0.85). Lean tssue mas
increased significantly in the ECC group only but there was no difference between groups
in the amount of lean tissue gained (p=0.42). Following exercise training there was a
significant increase in fitness in the aerobic and ECC groups. The betwestidnte
analysis revealed that there was a significant difference between these two groups (p=0.0:
with quite a large effect size (partial eta squared .330). Post Hoc analysis identified the

greatest improvement in fitness to be in the aerobic exaros€pg0.012).
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Table 5.7Percent change in physical characteristics in all groups post intervention

Aerobic Diet ECC REG
% change % change % change % change

(n=8) (n=10) (n=7) (n=8)

Weight (kg) 26+25* -3.1+29*% -0.6 +2.8 -3.1+38,
BMI (kg/m?) -2.62+246* | -3.08+2.89* -0.60 £ 2.79 -3.09+£3.81
Fat mass (kg) -12.15+11.04%4 -582+5.05* -6.21 + 8.08 -9.29+ 8.4
% body fat -9.8+9.1 -3.7x44 -58+6.1* -6.5+547*
Lean tissue (kg)| 8.62 +14.18 1.36+6.4 421 +454* 2.02+3.16
% lean tissue 11.0+12.6 3.6+5.1 49+58* 54+46*
L.'IOZmax 29.33+20.70* 10.14+20.81| 10.06 £5.54* 9.02+17.11
(ml/kg/min)

7 Opmax(L/min) | 28-30£1828* 8262158 | 8.69+6.21* | 706+ 11.42

Data is presented as mean + standard deviation. 40.05 represents a significant change in
the variable post intervention, p<0.09 represents a trend towards a significant change post

intervention.

Table 5.8 Summary of mixedbetweenwithin analysis for the physical

characteristics

Interaction Effect Main Effect for Time Main Effect Between
Within Intervention Interventions
Variable partial eta P partial eta P partial eta
squared squared squared
Weight 0.28 0.123 <0.001 * 0.402 0.36 0.104
BMI 0.28 0.122 <0.001 * 0.395 0.27 0.126
FM (kgs) 0.40 0.128 <0.001 * 0.526 0.85 0.037
LT (kgs) 0.37 0.136 0.009 * 0.286 0.42 0.112
I;?OZmax(mI) 0.06 0.226 <0.001 * 0.440 0.01* 0.330
L.?OZmax(I) 0.01* 0334 <0.001 * 0.429 0.39 0.097

*p<0.05 is significant. partial eta squared 0.01=small effect size, 0.06 moderate effect size,
0.14 large effect size, >0.14 very large effect sidete: BMI = Body Mass Index, FM = Fat

Mass, LT = Lean Tissue,T:"Ogmaxz aerobic fitness.
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5. 19. 2Metabolic Characteristics

The percent change that occurred to the metabolic characteristics post all 4 interventions i
presented ifable 5.9Insulin sensitivity and insulin secretion improved significantly in the
aerobic groupnly post intervention. This was evident as a significant decrease in AUCI
and HOMAB in addition to a significant increase in the ACUG/AUCI index of insulin
sensitivity. The mixdaetweerwithin analysis preged in Table 5.16howed that there

was a sigficant difference between groups in the change that occurred to AUCI post
intervention (p<0.001), which had a large effect size (partial eta squared .522). Post hot
analysis revealed that the change in AUCI was greatest in the aerobic exercise group po
intervention. However, since the interaction effect between group and time was significant
for AUCI (p<0.001), these results must be interpreted with caution. This finding may be
influenced by the fact that the baseline AUCI values were higher irufhiha@non any

other group. However, the literature consistently reports that exercise training even in the
absence of weight loss improves insulin sensiiiiyoszy, 2005 There was no
significant difference between groups in the change that occurred to the AUCG/AUCI
index (p=0.13) or HOMA (p=0.10) post intervention.

There was no change in AUCG, or the Stumvoll and Matsuda indices of insulity sensitivi
in any group post intervention as outlined in chapters 3 and 4. The between groups analysi
showed the change that occurred to AUCG (p=0.95), Stumvoll (p=0.51) or Matsuda

(p=0.23) was similar between groups.

There was no change in the lipid profiléhef subjects. The main effect of time in the
current analysis showed that there was t
(p=0.82), Total cholesterol (p=0.68), LDL cholesterol (p=0.84) or HDL cholesterol
(p=0.48) in any group post interventibhe main effect between interventions analysis
revealed that there was no difference be
(p=0.32), TG's (p=0.66), tot al chol ester
cholesterol (p=15) post intervemti
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Table 5.9 Percent change in the metabolic characteristics in

intervention.

Aerobic
% change
(n=8)

Diet

% change

(n=10)

ECC
% change
(n=7)

all 4 groups post

REG
% change
(n=8)

AUCG 1.08 +14.82 -0.92 + 14.63 -0.43 +£16.15 -3.30 + 18.65
AUCI -27.40 + 21.26%| -12.40+ 25.95 -8.52 + 14.28 -9.05 + 23.53
AUCG/AUCI 50.33 +46.29*| 19.01* 25.23 10.46 £19.96 | 10.91 +£24.75
HOMA-B -14.12 +17.86*| -14.91*+ 39.42 -6.40 + 28.50 8.88 + 97.56
Stumvoll -7.02 +£7.53 -0.67 £7.04 3.69 +13.68 1.72+11.36
Matsuda 34.79+49.09| 21.16+44.31| 14.33+19.64| 23.66*52.79
FFA' s 452 +19.42 4.51 +55.60 7.70 £77.93 -6.96 + 32.30
TG’ s -10.09 + 32.63| -6.60+11.19 | 25.48 +32.46| -11.91 +46.75
TC 1.96 + 31.15 0.19 £ 6.56 4.39+18.44 -8.89 + 32.03
LDL -1.39 + 3288 10.14 +18.74 2.87 +12.17 26.14 +57.73
HDL 4.80 = 26.75 -3.62 +15.29 1.06 +15.71 30.32 £ 76.50

Data is presented as mean + standard deviation. §0.05 represents a significant change
post intervention. Note: AUCG = Area Under the Glucose Curve, &Cl = Area Under the
Insulin Curve, AUCG/AUCI = Area Under the Glucose Curve / Area Under the Insulin
Curve (index of insulin sensitivity), HOMA-B is an index of fasting insulin secretion,
Stumvoll and Matsuda are indexesFatfty nAwilda,
Triglycerides, TC = Total Cholesterol, LDL = Low Density Lipoprotein Cholesterol, HDL

= High Density Lipoprotein Cholesterol.
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Table 5.10 Summary of mixedbetweenwithin analysis for the metabolic
characteristics

Interaction Effect

Main Effect for Time

Main Effect Between

Within Intervention Interventions
Variable partial eta P partial eta P partial eta
squared squared squared
AUCG 0.95 0.013 0.45 0.022 0.95 0.013
AUCI <0.001 * 0.642 0.05* 0.132 <0.001 * 0.522
AUCG/I 0.94 0.015 0.002 * 0.307 0.13 0.188
HOMA-B 0.86 0.025 0.01* 0.194 0.10 0.193
Matsuda 0.69 0.052 0.16 0.072 0.23 0.144
Stumvoll 0.14 0.173 0.42 0.023 0.51 0.079
FFA’' s 0.88 0.024 0.46 0.021 0.32 0.119
TG’ s 0.26 0.163 0.82 0.002 066 0.069
TC 0.93 0.020 0.68 0.008 0.95 0.015
LDL 0.77 0.049 0.84 0.002 0.65 0.070
HDL 0.53 0.094 0.48 0.023 0.15 0.210

*p<0.05 is significant. partial eta squared 0.01=small effect size, 0.06 moderate effect size,
0.14 large effect size, >0.14 verydareffect size.Note: AUCG = Area Under the Glucose

Curve, AUCI = Area Under the Insulin Curve, AUCG/AUCI = Area Under the Glucose

Curve / Area Under the Insulin Curve (index of insulin sensitivity), HOMAB is an index

of fasting insulin secretion, Stumvdl and Matsuda are indexes of
Fatty Aci ds, TGds =
Lipoprotein Cholesterol, HDL = High Density Lipoprotein Cholesterol.

= Free Triglycerides, T

5. 19. 3Novel biomarkers of insulin resistance

The percent change in the circulating concentration of the novel biomarkers post
intervention is presented Tiable 5.11A summary of the mixed between within analysis

for these charactstics is presented in Table 5.TBe main effect for time analysis
demastrated that there was no change in any group in the circulating concentration of
FGF21 (p=0.22), H13 (p=0.96), Omentin (p=0.77), or Visfatin (p=0.49) post
intervention, but FetwA was trending towards a change (p=0.08) in the aerobic group.
There was significant change for Chemerin over time (p=0.04) in the diet group. The

main effect between interventions analysis revealed that there was no difference betwee
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groups in the change that occurred to FGF21 (p=0.14)3 I{p=0.07), Chemerin
(p=0.17), @nentin (p=0.11), Fetuid (p=0.61) or Visfatin (p=0.66) post intervention.

Table 5.11Percent change in biomarkers in all groups post intervention

Aerobic Diet ECC REG
% change % change % change % change
(n=8) (n=10) (n=7) (n=8)
FGF21 28.46 + 85.85 -1.10 £ 81.38 12.32 + 68.12 -90.83 £ 39.56
IL-13 3.06 £ 23.82 -3.22 £9.43 7.85 + 30.84 5.20 £ 22.72
Chemerin -3.23+11.88 | -19.22 + 16.23| -11.44 +40.73 2.94 +£41.60
Omentin 7.06 £ 36.98 -12.42 £13.85| 21.02+55.87| 25.67 £56.13
Visfatin 0.21 £3.37 6.04 + 23.65 -8.12 £ 8.17 -2.94 £ 22.89
FetuirA -19.79 £13.08* -4.05+32.11

Data is presented as mean + standard deviation. §0.05 represents a significant change

post intervention.

Table 5.12Summary of mixedbetweenwithin analysis for the biomakers

Interaction Effect

Main Effect for Time

Main Effect Between

Within Intervention Interventions
Variable P partial eta P partial eta P partial eta
squared squared squared
FGF21 0.42 0.094 0.22 0.052 0.14 0.176
IL-13 0.99 0.005 0.96 0.000 0.07 0.224
Chemerin 0.46 0.094 0.04 * 0.158 0.17 0.173
Omentin 0.39 0.104 0.77 0.003 0.11 0.200
Visfatin 0.64 0.065 0.49 0.019 0.66 0.062
FetuirA 0.30 0.077 0.08 0.205 0.61 0.019

*p<0.05 is significant.,

0.01=small effect size, 0.06 moderate effect size, 0.14 large effect size, >0.14 very large effect

size.
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5. 20.Discussion

There are twalements to thidiscussion. Firstly, the key findingshef diet, aerobic
exercise, REG an&CC interventions will beribfly reviewed. Secondly, tkey
characteristics identified in each intervention willcdmpared to investigate the
intervention or combination of interventions associated with the most favourable changes
in body compositionnal metabolic health in an obese population.

5. 20. 1Review ofkey findings from the aerobic, diet, ECC and REG

interventions

Chapters 3 and 4 have discussed in detail all afmitpe physical and metabolic
adaptations that occur following each of the fouveaniéons and so to follois a brief

review of the key findings of these interventitsmcaloric aerobic exercise and diet
interventions yield significant and similar reductions in body weight and BMI in an obese
population, but aerobic exercise trgingassociated with greater reductions in fat mass
and greater increases in lean tissue mass in these subjects although the difference betwe
groups did not reach statistical significance. All exercise interventions bogyove
compositiorbut the adapttions that occup fat mass and lean tissue naassspecific to

the mode of training undertak@inere are greater reductions in fat mass when aerobic
exercise is the predominant mode of training (aerobic and REG groups). Conversely there
are greater @meases in lean tissue mass when resistance training is incorporated into the
programme, particularly eccentric resistance training (ECC Buomlyp)veight did not
decrease significantly in the ECC and REG groups after 10 weeks of exercise training bu
the changes that occutréo body composition, which haweportant imgtations for
metabolic health of obese individuals, suppemntecommendatidhat body composition

must be g@rimaryoutcome measure in lifestyle interventions as opposed to body weigh

Insulin secretion and insulin sensitivity improved significantly follRvimgeks
of aerobiexercisérainingbut not caloric restrictiashespite significant reductions in body
weight and body fat mass in this grompthe aerobic groups thigasevident as a
significant decrease in AUCI and HOBAN addition to a significant increase in the
AUCG/AUCI index of insulin sensitivity. Importantly, the increase in aétoegspost
interventiorwas thesingle best predictor of thmprovementin metabolic status of these
obese subjectimsulin secretion and insulin sensitivity did not improve significantly in the
ECC and REG groups post interventigmch was a surprising finding since the literature
consistently shows that exercise training wraprmsulin sensitivity even after a single
bout (Wahren, Felig et al. 19&hd in the absence of weight I(i3sncan, Perri et al.
2003. However, he favourable changes that did odouAUCI, HOMA-B and the
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AUCG/AUCI index after trainingvere predicted by the favourable changkody
composition andthe circulating concentrations of thevel biomekers of insulin
resistance The improvements in these biomarkers suggest amelioration of insulin
resistance in these groupsth groups alsdemonstratedignificant improveents in fat
oxidationat restafter exercise traininghis is a key finding witclinical significance
because there is substantial evidence to show that elevated concentrations of intracellulz
lipids in obese individuals contribute to the development of insulin resistance by inhibiting
insulin stimulated glucose transport intoetatggsuegPetersen and Shulman, 2002
Shulman, 2000/u et al., 2002 Increased fat oxidation post interventioay lead to

improval metabolic health in this population in the longer tEahoxidation was not
measured irthe aerobic exercise or diet group but the results of the concurrent
interventios suggest that this measure should be taken in obese indwidisalsss
changes in metabolic flexibility post intervenkorally, although RMR did not change

post ECC or REG intervention, it is clinically important to note that RMR increased by an
awerage of 100kcal per day in the ECC group. An increase in energy expenditure of 100kce
per day in these obese subjects equates to 700kcal per week or approximately 1li
(3500kcal) of body fat in 35 days. Over time, and with continued training, this could
accumulate to significant fat loss in this populafibe. resultof the 4 interventions
suggesthat theadaptationshat occur tahe metabolic characteristafsobese subjects

post interventiormre specific to the mode of intervention undertakensndl numbers

in the exercise interventions magsksome ofthe metabolic adaptations that occurred

but the results of the individual studireaddition to chapterwhere all exercise data was
combined, clearly indicate that exercise training improwlis isecretion and insulin

sensitivity in obese subjects.

Finally, it appears that theegulation of the biomarkers is complex and not

attributed to a change in any single variable post interventiomprdtieationseems to

be differentially reguladeby each of the 4 intemtionswhichis evident by the fact that

the circulating concentration of FetAin Omentin and Visfatironly significantly
decreased in the aerobic, diet and ECC groups respelctitkby.aerobic group the
changes that occurred the biomarkers post interventiorere mostly predicted by
increases in fitness and lean tissue mass. In the diet, ECC and REG groups, the change th
occurred to the circulating concentration of the biomarkers was best predicted by the

improvements ininsulin sensitivity in addition to improvements in the circulating
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concentration of other biomarkers of insulin resistaliee findings of all 4 interventions
indicate that there &cyclical, as opposed to a causative, relationship between metabolic
health and the circulating concentratof the biomarker#lso, the production of the
biomarkers appears to tegulated by each oth&he small numbers of subjects in these
interventions in addition to the large variation in the baseline valuesahtrkdss, and

the large variation in their individwasponse to exercise trainingicates that the
response of these biomarkers to exercise could be highly specific to an individual. It is
possible that a much greater number of subjects are requietertoine the effects of
exercise training on their circulating concentrations, but even with greater numbers it may
still be difficult to identify for certain the factors that are responsible for regulating the

biomarkers. Additional mechanistic stumliesequired to determine their regulation.

5. 20. 2A comparison of the physiological and metabolic adaptations
to each of the four interventions

This section of the discussion focuses on the +#betaderwithin analysis presented in
Tables5.8, 5.10 and 5.1Zhe primary aim of this analysis was to compare the changes
that occurred in all variables following each intervention and identify the intervention or
combination of interventions associated with the most favowfzdodges to body
composition, insulin seetion, insulin sensitivity, and the novel biomarkers of insulin
resistanceThere was no difference between interventions in their ability to reduce body
weight (p=0.28), BMI (p=0.28) or body fat mass (p=0.40), or increase lean tissue mass
(p=0.37). Thelinically ginificant changes that were evidedicate that the diet and

REG group were matched for weight loss with both groups achieving a 3.1% reduction in
body weight compared to 2.6% in the aerobic group and 0.6% in the ECC group. Aerobic
exercisdraining was associated with the greatest reduction in fat mass. This group achieve
a 12% reduction compared to a 9.3%, 6.2% and 5.8% reduction in the REG, ECC, and diet
group respectively. The aerobic group also achieved greater gains in lean tigsgh mass
increased yb 8.6%, compared to 4.2%, 2%, 1.4% in the ECC, REG and diet group
respectivelfit was expected that the greatest gains in leamtiassreould be evident in

the ECC group but the average body weight of this group at baseh2 (&8s was

lower that all other groups (98268.kgs, 9.3+15.5kgsand97.%22.1kgs in thaerobic,

diet andREG group respectivelyas was thaverage lean tissue mass of the ECC group

at baseline(41.42 *= 5.93kgscompared to47.58+12.58kgs, 52.08+13@9kand
49.48+12.84kgs in the aerobic, diet and REG groups respettinglyjaypossiblyhave
contributed tahe findings that the percent increase in lean tssgewas greatest in the
aerobic group post interventidraking alfindings into considation it appears that 12
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weeks of aerobic exercise lead to the greatest improvements in body composition in this
population, although this did not reach statistical significance.

There was a significant interaction effect for 1‘itr1'a":'6953m(x I/min) (p=0.01) and
the effect size was quite large (partial eta squared = 0.334). This inditeehtrge in
fithess over time was different in the four groups. A change was identified in the aerobic
and ECC group over time but further analysieated that there was no difference
between groups in the percent change in fitness (p=0.39). The actual percent increase il
fithness was 29% in the aerobic group, 10.1% in the diet and ECC groups, and 9% in the
REG group, demonstrating that aerobic exert&ning is associated witte best
clinically significant increasefitness. This is an important finding given the positive
relationship between fithess and metabolic health that has been established in this thesi
and in the literatur@O'Leary, Marchetti et al. 20®8&doglou, Vrabas et al. 2D1Phe
10% increase in fitness in the diet group cauédtbbuted to familiarisation of 13O 2max
test but also indicates that these subjects subconsciously increased their daily activity levels sin
they did not take part in structured exercise sessions.

There was no difference between ggoim the change that occurred metabolic
variables including AUCG (p=0.95), AUCG/AUCI (p=0.94), HOBIAp=0.86),
Stumvoll (p=0.14) and Matsuda (p=0.69). There was a significant interaction effect for
AUCI (p<0.001) with a large effect size (partial etaext|0.642). The post hoc analysis
revealed that the greatest reduction in AUCI occurred in the aerobic exercise group
(p<0.001) which also had a large effect size (partial eta squared 0.522). This is reflected by
27.4% reduction in AUCI following aembkercise training compared to a 12.4%, 9.05%,
8.5% reduction following the diet, REG and ECC interventions respectively. These
findings suggest that aerobic exercise training is associated with the best improvements i
insulin secretion and insulin regise in an obese population but this conclusion must be
interpreted with caution since it may be influenced by the fact that the baseline values for
insulin in this group were significantly greater than the baseline values in any other group
However, thditerature consistently reports that both acute ex@nadeen, Felig et al.
1973 and chronic aerobic exercise trair{(Mgssis, Papantakou et al. 206%proves
insulin sensitivity ithis population, even in the absence of weighDlassan, Perri et al.
2003. These findings also indicate that although insulin secretion and insulin sensitivity did
not improve significantly in the diet, ECC and REG groups post intervention, the percent
change that did occur suggest important clinical implicaticdhe foetabolic halth of
these subjects.

There was no difference between interventions in the change that occurred to the
circulating concentration of FGF21 (p=0.42);13L (p=0.99), Chemerin (p=0.46),
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Omentin (p=0.39), Visfatin (p=0.64), or Feti(p=0.3). The analysis from the previous

two chapters of this thesis suggests that the biomarkers respond differently to different
modes of interventioand are influenced by improvements in fithess, body composition
and the circulating concentration of othemairkers Possible explanations for the non
significant changes in the biomarkers include the smaller than anticipated sample size
each groupthe individual variation in baseline values of the biomarkers, and the wide
variation in the individual resgento each interventidh.is clear that the production of

the biomarkers is complex and not regulated by one variable but respond to an integration
of physical and metabolic adaptations to lifestyle intervéertorbiomarkers may be

more useful indepdant predictors of metabolic health in larger scale studies.

5. 21 Limitations

The small sample sizaeseach groumay limit the dept of statistical analysis. Also, this
analysis could only compare variables that were measured in all 4 groups, whiaeh meant th
fat oxidation, resting metabolic rate and Fé&tuiould not be included in ttamalysis

One fnal limitation was the differerfmetween groups in intervention duration, 12 weeks

for the aerobic and diet groups comparddtweeks for the ECC and Rg@®urs.

5. 22.Conclusion

In obese subjects, thghysical characteristics, metabolic characteristics and novel
biomarkers of insulin resistance are differentially regulatedolbyc exercise training,
caloric restriction, concurrent training and concurreminga with an eccentric
component. Al groups displayniquepositiveadaptationpost intervention. Yien the
effectiveness d@llinterventionss compared there is no difference between groups in their
ability to improve body vggit or body compositian the obessubjects. One key finding

is that aerobic exercise leads to the greatest increase in aerobic fisnessograted with
improvements imsulin secretion, insulin sensitivity and the circulating concentration of
the novel biomarkers ofsialin resistanc&@he subjects in the aerobic exercise group were
also identified as having the greatest improvement in insulin secretion and insulin
sensitivity which was reflected by the greatest reduction in AUCI post intervention.
However, this may bdue to the fact that the baseline insulin values were significantly
higher in this group than in all other groups and so this outagsh®erinterpreted with
caution. There was no difference between groups in the change that occurred to the lipid

profile of the subjectpost intervention othe other models of insulin sensitivity. This
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findingwas also true for the circulating concentration of the novel biomarkers of insulin
resistance but this may be due to the small numbers of subjects in each dpldigmin a

to the large variation in the baseline values of the biomarkers and the large variation in thei
individual response thet and differeninodes of exercise training. It is possible that a
much greater number of subjects are required to detdmmnifects o€aloric restriction
andexercise training on their circulating concentrations, but even with greater numbers it
may still be difficult to identify for certain the factors that are responsible for regulating the
biomarkers. Additional mechstit studies are required to determine their regulBtien.

key findings to date suggest that obese subjects would obtain maximum physiological ant
biological benefit from a combined lifestyle intervention.
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6. 1.Thesis Summary and Main Findings

When all exercise interventions are considered in isolation, the different modes of training
differentially affect body composition, insulin sensitivity and the novel biomarkers of
insulin resistance as discussed above. However, whencele edaia is combined
(Chapter bit is clear that exercise training improves body weight, BMI, and all elements of
body composition, insulin secretion, and insulin sensitivity. The improv@ments
metabolic health are solely attributed to increased aerobic fitness.

When the effectiveness of the 4 isocaloric interventioomared (Chapte) here is

no difference between groups in their ability to improve ahysic metabolic
characterigts with the exception of aerobic fithess which improved the most in the
subjects in the aerobic exercise group. Additiotialyaerobic exercise group was
identified as having the greatest improvements in insulin sensitivity and insulin secretion
measwrd by AUCI. However, this may be due to the fact that the baseline insulin values
were significantly higher in this group than in all other groups and so this outcome must be
interpreted with caution.

The novel biomarkers of insulin resistance are difééheregulated by diet and exercise

and also with different modes of exercise training. The pearson correlation and backwards
regression analysis consistently indicate that there is a cyclical, as opposed to a causati
relationship between metabokalth and the circulating concentration of the biomarkers.

It also appears that the production of these biomarkers is regulated in some part by eact
other. The wide inter individual variation in baseline concentrations of the biomarkers in
addition and theresponse to intervention means that these biomarkers might be better
indicators of metabolic health in larger scale studies.

6. 2.Recommendations for revised lifestyle intervention

The key characteristics of each of the 4 interventions suggest thiatdobésals could

obtain maximal physiological and biological benefit from a combined intervention. The
findings so far indicate that aerobic exercise training leads to the most clinically significan
improvements in body fat mass and fitness. The improvem fitness is the best
predictor of improvements in metabolic health in this population, and when combined
with reductions in fat mass favourably influences the production of the novel biomarkers
of insulin resistance, particularly those that aredidrom adipose tissue. Thus aerobic
exercise should form the foundation of exercise prescription for this population. The
addition of resistance training is important for the development of lean tissue mass and
improving fat oxidation and resting metaba@lie. These adaptations may enhance weight
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loss and insulin sensitivity in the longer term and may also improve the circulating
concentration of the myokines. The improvement in fat oxidation and resting metabolic
rate may be augmented with eccentristaigse training, however since no statistically
significant difference was found between the REG group and the ECC group in the change
that occurred to these variable, from a practical perspective regular resistance training i
recommended but of great@ume and intensity than that used in the REG intervention.
Finally, the addition of moderate caloric restriction (500kcal/day) to the exercise
prescription may augment fat mass loss and weight loss in these individuals which in turr
may augment the metdib benefits associated with lifestyle intervention. Augmented
weight loss may increase motivation and improve adherence to the programme thus
ameliorating one of major difficulties with these types of intervedrtians, VanWormer

et al. 2007

Exercise
w3 * 60mins aerobic exercise @ 70%,YQ
+
w2 * 30mins aerobic ex @ 70% Y Q+ 3*10 reps @ 780% 1RM * 6
exercises using large muscle groups (30mins total for resistaiming)

Diet
Deficit of 500kcal/day
(3,500kcal/wk)

Figure 6.1 Recommended weekly prescription for lifestyle intervention for obese

population.

6. 3.Practical application of these recommendations for free living
adults / population based obesity interventions

Short term interventions are reported to successfully reduce obesity but one of the well
documented difficulties in weight loss programmes is poor long term adherence to the
programme and in maogses weight regain (Feg6.2 (Foster, Wadden et al. 1997
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Figure 6.2 Average weight loss of subjects completing a minimum 1 year weight
management intervention; baed on a review of 80 studies #26,455; 18,199

completers (69%), Taken fron{Franz, VanWormer et al. 2007

There is an urgent need to devise a lifestyle intervention that is effective and can be
sustained in the long term. To follow, in no particular order, are a number of
recommendations that must be considered when implementing population based weight
loss programmes which may help to improve adherence and success of outcome measure
These recommendations are prieskin Figure 6.3.
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Focus

On
Fitness

Realistic
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Practical
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Dietary Education

Document
Health
Benefits

Figure 6.3 Practical elements to consider when devising and delivering community

basedlifestyle intervention programmes.

6. 3. 1Realistic Expectations

To improve adherence it is necessary to understand the factors that contribute to poor
attrition rates. One explanation that has been proposed is the mismatch between
participants expected weiftds and actual weight loss outco(Rester, Wadden el.

1997. The 2001/2002 National Health and Nutrition Examination Survey reported that
almost50% of adults were trying tsé weight in the previous 12 morfiNeiss, Galuska

et al. 2006 It is likely thithis figure has increased over the past 10 years with the growing
epidemic of obesity. Yet a review of various types of diet and exercise weight loss
interventions has reported that the attrition rate across all interventions was approximately
31% regaildss of the length of interventiffranz, VanWormer et al. 2DOMany of

these individuals reported disappointment with their weight loss ouiEasies,

Wadden et al. 199%omen taking part in a weight loss programme reported a desired
reduction in body weight of 32%. Forty seven percemomen were disappointed with a

16kg weight loss in 48 weeks and deemed the intervention to be uns{ecstEsiul
Wadden et al. 1997This perception may be affecting attrition rates. To improve perceived
success and thus adherence it is necessary to eglticgiants tsetrealistic weight loss
outcomes. In relation to exercise training interventions it is essential to highlight the energy
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expenditure derived from an exercise training session and the energy expenditure actual
required to cause substdnivaight loss. Many participants engaging in a research based
lifestyle programme are required to complete up to 5 training session (5 hours of exercise
per week. This a substantial increase in physical activity for a previously sedentary
individual but oly equates to a maximum of ~3,500kcal per week, which would yield a
reduction in body fat mass of 1lb per week if energy intake is controlled at pre intervention
values. Individuals aiming to augment these results must undertake greater volumes o
activiy and/ or restrict energy intake. It is important to educate participants so that they
understand the energy equivalent of exercise training and the effort that is required to
achieve substantial weight loss thorough exercise training.

6. 3. 2.Focus on body compsition as a primary outcome measure as
opposed to body weight

Significant changes occur to body composition in response to exercise training. Previously
inactive muscles undergo hypertrophy with training and so the weight of lean tissue mass ir
kilogramsincreases. This occurs alongside significant reductions in fat mass but the net
weight loss is often minimal. Participants must be educated with regard to these change
and the effect that these adaptations have on net weight change. It is importatifiyto qua
improvements in fat mass and lean tissue in order to give a true indication of intervention
success so that participants do not become discouraged with small changes in body weigt
This may help to improve adherence. The primary outcome measubesiof o
interventions must be body composition as opposed to body weight. Participants should be
given body fat targets to achieve and the health benefits associated with these changes mt
be communicated to the participant.

6. 3. 3.Focus on fitness as a primargutcome measure

There is a strong, independent, graded, and inverse relationship between physical fitnes
and all cause mortalifglair, Kohl et al. 198&Kampert, Blair et al. 199@.ow fithess

confers the same risk of mortality to an individual as that of actually having diabetes or
cardiovascular dised®éei, Kampert et al. 199 contrast, individuals with high fithess

are protected against mortality regardless of their BMI, waist circumference and percent
body fat. In support of this one of the key findings of Chaptertisathesis was that
improved fitness was solely responsible for the improvements in metabolic health in this
obese population. For this reason fithess must be a primary outcome measure of
intervention for the obese populatidfcAuley, Artero et al. 201&nd this can only be
achieved through exercise training.
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6. 3. 4.Incorporate mild caloric restriction and dietary education

Obesity programmes must incorporate edurcagiating to the nutrient composition and
caloric content of convenience foods compared to healthy food. Food diary analysis
frequently reveals that obese individuals consume high fat, high sugar, high processec
calorie dense foods. Daily calorie intakeften significantly greater than that actually
required by the individual to meet energy needs. It is impossible for moderate amounts of
exercise training to compensate for this type of dietary intake. Also, any exercise training
that is carried out igery quickly compensated for by poor foodogsoafter the exercise

bout. Sixtyminutes of moderate intensity exercise yields an energy expenditure of
approximately 56800kcal. However, consumption of as little@sHocolate biscuits or

2 standard datolate bars or a slice of pizza above daily energy requirements is sufficient to
counteract the energy expended in the training session. The best approach is to combin
exercise training with a mild caloric deficit (500kcal per day) and educatioardith reg
appropriate food choices. A combined approach will lead to greater reductions in body fat
mass in a shorter period of time which may improve motivation and enhance adherence to
the programme.

6. 3. 5.Injury prevention - phased approach to training

It is often the case the previously sedentary individuals progress from doing no exercise in
their typical week to completings 4raining sessions per week as part of a weight loss
programme without a transition phase. This type of approach places exteluadeoover

a deconditioned individual and may result in musculoskeletal injury. An injury at an early
stage of training is an unnecessary obstacle and if severe enough, or perceived to be seve
enough, could potentially stop the individual participatioxerpise. It is necessary to

adopt a phased approach to exercise training starting with 2 sessions per week an
progressing to-8 or daily if possible. During the initial few weeks when the volume of
exercise training is low, particular attention andshowd be given to changing dietary
habits so that weight loss occurs during this time. Dietary modification should also occur in
a progressive manner.

6. 3. 6.Document the health benefits associated with exercise training

and lifestyle intervention (possible cllaboration between exercise
specialists and physicians)

Effort should be made to facilitate the participants understanding of the health benefits
associated with exercise training and a healthy lifestyle including the favourable metaboli

and cardiovasaul adaptations that occur. This could simply be in the form of education,

but could be more comprehensive with collaboration between exercise specialists anc
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physicians. It would be progressive to have blood samples taken at the beginning a lifestyl
progamme in addition to various time points throughout the year to evaluate changes in
parameters such as glucose levels, insulin, lipids, and blood pressure. Favourable changes
these parameters may assist with adherence rates particularly duringessidbant |
desired weight loss or weight plateau. There are of course time, resource and financia
implications to this approach but it would be interesting to observe the effects of
incorporating a clinical element to weight loss programmes run outsideresfeairch

setting.

6. 3. 7.Reduce sedentary time

Daily energy expenditure can be categorised into exercise or non exercise activity
thermogenesis (NEAT). NEAT encompasses energy expended in the day excluding
structured exercise sessions and significantlibuotegrto total daily energy expenditure
since we are awake for approximately 16 hours pévakiyews, Chen et al. 2D08
Mathews et al (2008) reported thaterican adults spend on average 7.7 hours of their
waking day engaging in sedentary behaviours such as TV \(Mtdttegvs, Chen et al.

2009. Reducing sedemy time or substituting it with more active tasks throughout the day
would augment total energy expenditure. Over time this may accumulate to substantial
energy deficits and enhanced weight loss. This may also reduce the time required fo
structured exerse training.

6. 3. 8.Awareness of compensation

Even within tightly controlled weight loss interventions there is wide variation between
subjects in the amount of weight lost. One possible explanation is that either consciously
or subconsciously the subjectsipensate for energy expenditure and negate the energy
deficit caused by exercise trairfi<igg, Hopkins et al. 20p8Compensatory responses
include increased energy in{&tabbs, Hughes et al. 20@dd / or reduced daily physical
activity and energy expenditure in non exercisingDiomaelly, Hill et al. 2003The

latter may be in an attempt to recover from fatigue associated with exercise training. It is
crucial to highlight this issue so that participants are aware of compensation and the
implicatias this has for the effectiveness of a lifestyle intervention.

6. 3. 9.Time efficient but energy expensive exercise training modes

It is essential to promote time efficient but energy expensive modes of exercise training. An
example of this is home based funefi@ircuit training. Home based activities eliminate

travel time associated with GYM based exercise training. The exercises chosen for the
circuit should alternate between aerobic and resistance. The results of this PhD suggest th:
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the mixture of trainingnodes would facilitate reductions in fat mass and simultaneous
increases in lean tissue mass. The resistance exercises should be functional and incorpor.
a number of muscles simultaneously e.g. squat, plank, press ups, as opposed to exercis
that isohte a muscle group e.g. bicep curl. There are three key advantages to this type o
training (i) every exercise recruits a large number of muscles in the body simultaneousl
which may improve functionality in every day living (ii) energy expendituvenntiangi

period may be greater than that achieved by traditional resistance training in a GYM which
isolates particular muscles per exercise, (iii) functional training engages the core muscles
stabilise the body as it performs the exercise in cootrasichine based resistance
training which support the body during the exercise thus reducing the requirements on the
core stabilisers. Finally, high intensity interval training is another type of training that could
be investigated for use in this popoitati

6. 3. 10Dynamic approach to lifestyle intervention and the treatment of
obesity

In order to study the response of obese individuals to a lifestyle intervention in a research
setting, these interventions must be tightly controlled, monitored and superthead for
duration. For the participant who has enrolled in the study, the intervention is a priority for
that time period and they have signed a consent form committing to completing the
intervention and not deviating from the experimental design. The ak#bihg term

weight loss in free living adults is quite different. They are not as intensely monitored, their
lifestyles are not as controlled, and lifestyle change in not their only priority. The
practicality of log term weight loss is thaistaclesrise every dahat must be overcome

in order to prevenweight regain ardtop out. Examples tfieseobstacles includack of

social support, will power, planning, organisation, general knowledge of food, general
knowledge of effective exercise trajrangquiring minor injuries due to continuous heavy
loading on a deconditioned musculoskeletal system, stressful periods in their lives wher
healthy food preparation and exercise training are not a priority, and plateaus in weight los:
despite continued exese training, which significantly diminishes motivation. The reality

of long term population based weight loss interventions is that they require a very dynamic
approach. The professional delivering the programme must be knowledgeable, skilled an
flexide enough to adapt to all of these obstacles including injury and illness, and alter
lifestyle prescription accordingly. With the increasing prevalence of clinical conditions, they
must be able to adapt lifestyle interventions for special populatiaiagncddividuals

with CVD, T2DM and a range of other clinical conditions. They must be able to
continuously apply sufficient overload and recovery so that the participant continues to
adapt and progress over a long period of time. A varied programmessenisial to

avoid boredom. They must have excellent communication skills so that they can adapt to
all of the different personalities that they come in contact with. It is essential for the
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participant to trust the professional so that they will atthéne programme and stick

with it through tough times. Participants must be treated individually even within a group
setting. There is a need for these experts to deliver such programmes in order for them tc
be effective in the long term.

6. 4. Thesis Limitations

With regard to intervention 1, the original study was aowersslesign but the
complexity of the analysis and the interaction effects led us to exclude the second phas
of the intervention. The complex nature of this original design also resukethller

sample size than originally anticipated. For intervention 2, the original study design was
a 12 week intervention. However, due to the time required to conduct the extensive
baseline testing, the intervention was reduced to 10 weeks tchahsieepost tests

could be completed prior to end of seme3teis meant that intervention 1 and 2

were not exactly matched for intervention duration which must be taken into account
when comparing the effectiveness of each of fffertime commitmenequired for

the extensive testing procedures and training in the ECC and REG interventions also
resulted in a smaller sample size than originally recfineecdmall sample size
affected the dept of statistical analysis. The final limitations was BiaKfkecan

was damaged by flooding in year one of data collection which means that body
composition analysis is only available for subjects recruited in year 2 of data collection.

This also limits the dept of statistical analysis.

6. 5.Thesis Conclusion

The plysiological and biological adaptations that occur in response to lifestyle intervention
are specific to the mode of intervention undertaken. Diet, aerobic exercise, concurrent
training and concurrent training incorporating eccentric exercise all digpl@y un
characteristics which when combined could maximise physiological and biological benefits
for obese individuals. The key findings of this tkagigesthat body compositioas
opposed tdody weight must be a primary outcome measure for lifegglention due

to its relationship witmetabolic healtim this population. Also obese previously sedentary
individualsvho undertake an exercise training prograoftere display significant changes

in body composition despite modest changes in body wkightwhen measured may

help to improve adherence to lifestyle intervenfierobic fithess must also be a key
outcome measure as it has been showpest predict the improvements in insulin

secretion and insulin sensitivityolrese individuakkhaptes 3 and 9. The biomarkers
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may beuseful inlicators of metabolic health as thayealso been shown fwedict the
improvements in insulin secretion and insulin senditivdaptes 3 and4). A consistent

finding throughout this thesis is that the egui of the biomarkers is complex and
influenced by a combination of variables including changes to body composition,
metabolic status and each other. They in turn influence metabolic health demonstrating a
cyclical relationship between the circulatingecration of the biomarkers and insulin
sensitivity. The large variability in individual response to intervention indicates that larger
scale mechanistic studies are regtarddtermine the true impact of lifestyle intervention

on their production.

Translating research findings into effective public health programmes has not been
successful and changes in the scientific approach to lifestyle intervention isAequired.
combination of aerobic exercise, resistance training and caloric restrictiomcatitned

will maximise the physiological and biological benefits for obese inchgicdudlmed in

Figure GL. This combined intervention will lead to augmented weight loss and fat loss in
addition to gains in lean tissue mass and aerobic flthessadaptationsn turn will
influence metabolic health and the circulating concentration of the novel biomarkers of
insulin resistanc@ther mnsiderationshat must also be taken into account to improve
adherence and succesdude greater volumes of elgdraining oreducing sedentary

time, taking a dynamic approach to intervention, educating the individual to set realisti
goals, and broadening the participants focus from physical chahgakhtdenefits

associated wilifestyle intervention

6. 6.Recommendations for Future Research

Each of the 4 interventions of this thesis displayed key adaptations that were specific to the
mode of intervention undertakénwould be interestinto administethe revised lifestyle
intervention outlined in Figurelgo investigate if the combined intervention would yield

all of the physiological and biological benefits associated with the individual interventions.
The energy expenditure derived from the exercise triairthng) combined intervention

should equat®t~3,500kcal per week, in addition to a caloric deficit of 3,500kcal per week.
In comparison to the individual interventions outline in this thesis, this is almost a 3 fold
increase in energy deficit per week which should augment the changes to trenghysica
metabolic characteristics of the obese subjects which may have a greater impact on th

circulating concentration of the novel biomarkers of insulin resistance.
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It would also be interesting toncluct a community based weight loss intervention
incorporating the casiderations outlined in Figure .6This could be used for
comparison to the controlled studlysign recommended in Figurgété determine

how effectively research studieanslate to population based interventions. Finally,
other modes ohovel exercise could be studies to determine their effectiveness in

reducing obesity including (i) functional training and (ii) high intensity interval training.
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Exercise and Type 2 diabetes: the
metabolic benefits and challenges

Diane Cooper' & Donal J O'Gorman'?

B Despite the known benefits of exercise there is a need to develop a personalized approach to optimize
the therapeutic effects of exerdse prescription. This should cater for the duration of diabetes, glycemic
control, lifestyle habits, body fat, initial fitness and complications.

m  Reducing sedentary time could be an important alternative to formalized exercise prescription. This takes
the focus away from spedcific intensity, duration and frequency recommendations. The development of
accurate monitors to objectively measure spontanecus physical activity and energy expenditure are
required to create personalized daily recommendations.

Practice Points

m  Diabetes specific exercise programs need to be more widely available and accessible. One of the
major barriers is the assessment of cardiovascular risk prior to and during an exercise program. A
validated, reliable, submaximal assessment should be developed to increase mass participation in
appropriate programs.

m  The development of a community based exercise spedalist gualification in Europe would increase the
availability and effectiveness of programs as well as optimize the impact on patient health.

SUMMARY  Regular exercise is known to decrease the risk of all-cause mortality,
improve insulin sensitivity and decrease blood glucose in patients with Type 2 diabetes.
These improvements have been associated with increased skeletal muscle glucose disposal
and a decreased hepatic glucose production. In recent times exercise has been linked to
improved cognitive function and a reduced risk of dementia. In addition, the changes in
hepatic gene expression are very rapid and suggest a directimpact of exercise. Therefore, the
benefits of exercise may be more wide ranging than previously believed. Despite the known
benefits it has been a challenge to influence policy makers to incorporate exercise into the
management of Type 2 diabetes. This is partly owing to a lack of randomized controlled trials
to determine the optimal exercize prescription and the vanability in study design. In order
to affect an increase in daily physical activity there is a need to develop new screening and
monitoring tools to provide individual guidelines.
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The second half of the 20th century witnessed
a dramatic increase in the incidence of Type 2
diabetes. It is anticipated that the worldwide
prevalence of diabetes will be 300 million by
20125, an exponential increase on the 30 million
estimated by the WHO in 1985 1,2). During
this bricf period of time there have been tre-
mendous technological developments that
have dramatically changed our lifestyles. In
particular it has become clear that decreased
daily physical activity is significantly impact-
ing on metabolic regulation. It has been argued
that the human genome has evolved to support
physical activity and that muscle contraction
stimulates the expression of genes responsible
for glucose transport, lipid oxidation and mito-
chondrial biogenesis. The absence of a mechan-
ical stimulus, by exercise, not only decreases
energy expenditure but also the expression of
these metabolic genes. The consequences of
these changes can be directly related to the
defects leading to metabolic dysfunction, obe-
sity and Type 2 diabetes (3. In this context exer-
cise not only provides a valuable preventive and
therapeutic stratepy for Type 2 diabetes but also
a unique model to study the mechanisms of
metabolic disease.

Eticlogy of Type 2 diabetes

The development of Type 2 diabetes is asso-
ciated with a gradual deterioration in insulin
action and insulin secretion [4-g). A decrease
in insulin-stimulated glucose disposal as well
as increased hepatic glucose production and
adipose tissue lipolysis are the consequences of
these metabolic alterations. Normal glycemia
can be maintained if the pancrearic B-cells com-
pensate by increasing insulin secretion, but those
whao develop impaired glucose tolerance (IGT)
or Type 2 diabetes fail to produce an adequate
insulin response [5-8). The net outcome of insu-
lin resistance and insulin secretory dysfunction
is an increase in the fasting and postprandial
glucose concentrations.

A common characteristic of this multitissue
metabolic dysfunction is the accumulation of
intracellular lipid and/or a decrease in lipid
turnover ). This is a result of chronic energy
imbalance that leads to an increase in adipose
tissue mass and circulating nonesterified fatty
acids (NEFA) through dr move lipogenesis and
decreased insulin suppression of lipolysis no-12).
A short-term increase in circulating NEFAs
by intralipid infusion results in a decrease in

whole-body plucose disposal 115-15), an increase
in gluconeogenesis [16,17] and a decreased capacity
to suppress glycogenolysis, leading to increased
hepatic glucose production p7ig). In addition,
elevated NEFAs impair glucose-stimulated insu-
lin secretion in IGT and Type 2 diabetes but
not those with normal glucose tolerance (17191
However, these metabolic disturbances do not
occur when drculating NEFAs are suppressed
by acipimox [20,21].

The accumulation of intracellular lipid may
not be ateributed solely to excess lipid availability
but also a decrease in the capacity for substrate
oxidation. The number and size of mitochondria
are decreased in the skeletal muscle of patients
with Type 2 diabetes and long chain fatey acid
transport across the mitochondrial membrane is
decreased [22). The nonoxidative metabolism of
intracellular triglycerides and their subsequent
cytosolic accumulation leads to the peneration
of lipid intermediaries such as diacylglycerol
and ceramides. Both of these have been shown
to activate intracellular signaling cascades and
impair insulin signaling s

Other factors have also been shown to influ-
ence insulin sensitivity including adipokines,
myokines and inflammation markers to name
but a few 23], A review of these areas is beyond
the scope of this article but an emerging area
worthy of mention is the potential contribution
of neurclogical impairment to the development
of diabetes. There is evidence that dementia is
muore prevalent in patients with Type 2 diabetes
indicating a relationship between metabolism
and nervous system function [24). Koch ez al
have shown, using whole body and peripheral
insulin recepror knockout mice, that central
insulin action is involved in the regulation of
glucose metabolism and white adipose tissue
mass [25]. Tschritter er al. have subsequently
shown that the cerebrocortical response to
hyperinsulinemia is reduced in overweight
insulin resistant subjects (26). There is also evi-
dence that circulating lipids can be sensed by
the hypothalamus, and given the importance of
this gland to the regulation of energy balance,
it is plausible that neuronal insulin resistance
may contribute to the development and pro-
gression of Type 2 diabetes [27. It remains to
be determined if metabolic dysfunction in cells
of the nervous system contributes to the devel-
opment of Type 2 diabetes and to what extent
diabetes contributes to impairment of nervous
system function.
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Exercise & Type 2 diabetes: the metabolic benefits & challenges

Exercise & Type 2 diabetes

Physical inactivity is recognized as an inde-
pendent risk factor for more than 25 chronic
discases, including Type 2 diabetes (3, and is
defined as all movement accumulated during the
day. For the purposes of this article, exercise is
defined as any structured activity designed to
investigate clinical or physiological responses. A
low level of physical fitness, as a result of physical
inactivity, is associated with a rwofold adjusted
risk for all-cause mortality in men with Type 2
diabetes 1221, The relationship between fitness
and mortality has also been shown in healthy
and obese adults 29-31), while other dara shows
an increased prevalence of cardiovascular risk
factors in obese adults and adolescents compared
with lean subjects [32]. These associations persist
after adjustment for BMI, waist circumference
and body fat 130,311, However, some studies report
changes in daily physical activity rather than
changes in acrobic fitness or strength. Physical
activity is usually quantified by questionnaire
or pedometer/accelerometer. While these mea-
sures are casier to implement, the subjective
reporting by questionnaire and the crude esti-
mates of activity have made it more difficult to
interpret the impact of activity on metabolic
health. If daily physical activity is to be used to
assess the risk of developing Type 2 diabetes or
to predict all-cause mortality, then more objec-
tive and accurate assessment tools need to be
developed. In addition, these tools need to reflec
biclogically relevant outcomes such as energy
expenditure, as will be discussed later.

A meta-analysis of structured exercise train-
ing on physical fitncss report an 11% increase in
maximal cxygen uptake in patients with Type 2
diabetes compared with a 1% decrease in non-
exercise controls (35, On average patients exer-
cised for 49 min, 3.4 times per week for 20 wecks
with a broad range of exercise intensities. The
analysis revealed that studies adopting higher
exercise intensities tended to produce greater
increases in physical fitness. Exercise training
is known to improve insulin sensitivity (34, glu-
cose tolerance [35] and glycemic control 133 while
decreasing fasting insulin concentrations [34].
There are also additional lipid lowering 1377,
antihypertensive [38), vascular (3] and body
mass benefits 40 associated with chronic exercise
training. Thercfore, exercise has the potential
not only to be an effective treatment for Type 2
diabetes but also to reduce the morbidity and
mortality associated with the discase.

The benefits of exercise for patients with
Type 2 diabetes

® Glycemic control & insulin sensitivity
There have been a number of recently pub-
lished randomized controlled trials assessing the
impact of exercise/lifestyle intervention on gly-
cemic control [41-44). The lralian Diabetes and
Exerdse Srudy (IDES) (41 and the Look Action
for Health in Diabetes (AHEAD) trial 143] com-
pare standard care with a lifestyle intervention
combining excreise and dictary restriction. The
IDES found a -0.42% reduction in glycosylated
hemoglobin (HbAlc) after 12 months j41) and
the Look AHEAT trial report a similar decrease
{-0.36%) after 4 years [43]. The benefits of acro-
bic exercise, resistance training and combined
aerobic and resistance exercise on glycemic
control has been investigated by the Diabetes
Aerobic and Resistance Exercise (DARE) [44]
and Health Benefits of Aerobic and Resistance
Training in Individuals with Type 2 Diabetes
(HART-ID) j42) studies. Both studies found
thar combined aerobic and resistance exercise
improved glycemic control. The DARE study
found that aerobic exercise and resistance train-
ing alone also improved glycemic control but
the HART-D study only found an improvement
with aerobic training in patients with an initial
HbAlc greater than 7%.

Given the importance of exerdse training in
the management of Type 2 diabetes, the literature
contains relatively few randomized controlled
trials and there is a high degree of variabilicy
in the mode, duration and intensity of exercise
training. Despite these difficultics the results
from meta-analyses and systematic reviews con-
sistently report a reduction in glycosylated hemo-
globin. Boule et al. examined 12 aerobic training
studies and two resistance training studies that
compared an exercise training group to a non-
excrcise control group 33, The acrobic training
groups exercised 3.4 + 0.9 times per week for
18 + 15 weeks. The resistance exercise groups
trained 2.5 + 0.4 times per week (2.5 + 0.7 sets
of 10.0 £ 0.7 exercises with 13 + 7 repetitions) for
15 £ 10 wecks. The weighted mean post inter-
vention HbAlc was -0.66% lower in the trained
versus control groups. There was no significant
reduction in body mass following any of these
interventions indicating that HBAlc can be
improved by exercise independent of weighe loss,

These results are similar to those of
Thomas e al. who report a 0L6% reduction in
HbAlc in their meta-analysis of 13 randomized
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controlled trials involving 361 participants [43).
The trials lasted from 8 weeks to 1 year and
comprised resistance exercise, acrobic exercise or
both. The analysis also demonstrated that HbaAlc
had decreased 0.8% in cxercise trials less than
3 months and 0.7% following interventions less
than 6 months in duration. Short-duration erials
often have more supervised sessions and indi-
vidual prescriptions and may therefore influence
the outcome of these trials. It may also be that
compliance is greater in short-term interventions
but more difficult with increasing duration.

The improvement in glycemic control is
attributed to improved glucose tolerance and
insulin sensitivity following excreise training.
Haolloszy e al. normalized or improved glucose
tolerance in a group of patients with Type 2 dia-
betes or those with IGT following a 12-month
exercise training program [35]. Perseghin er 2l
have shown improved insulin sensitivity in the
insulin resistant offspring of Type 2 diabetes par-
ents after a & week acrobic training program [4s],
while others have shown that 7 days 147.48) or even
a single bout of exerdse [#9-52) improved glucose
tolerance and insulin sensitivity in healthy and
insulin-resistant individuals. These changes,
espedially in response to acute or short-term exer-
cise are independent of improvements in oxy-
gen consumption, blood flow or weight reduc-
tion indicating that local changes regulate the
improvements in glucose uptake and urilization.
The training related benchrs of exercise can also
diminish relatively quickly. Hortobagyi er al
reported decreased insulin sensitivity in exercise
trained endurance athletes following 14 days of
training cessation [53). Heath er all found asimi-
lar result in active men and women following
10 days of detraining, bur found that glucose
tolerance could be restored following an acute
bout of exercise [54].

n Skeletal muscle glucose disposal

& gene expression

The synergistic effect of exercise and insulin on
whole body glucose disposal led to the specula-
tion that cxercise and insulin may have distinct
mechanisms promoting glucose transport (53]
Skeletal muscle accounts for 80% of insulin-
mediated glucose disposal and has been the focus
of mechanistic studies. Insulin-stimulated and
contraction-mediated glucose transport requires
the translocation of GLUT-4-containing vesi-
cles to the plasma membrane but the signal-
ing cascades are distinct (56, Insulin binds

to the o-subunit of its receptor and initiates
p-subunit autophosphorylation, IRS-1 docking
and increased PI3K activity. Activation of Ake
and AS160 are required for GLUT-4 translo-
cation but the distal or final steps have yet to
be identified.

In healthy skeletal muscle insulin recepror
and IRS-1 phosphorylation [57.58] as well as PI3K
activity [57-6i] are either unchanged or decreased
immediately following exercise. Muscle contrac-
tion initiates a distinct set of cellular signaling
cascades related to calcium flux (CaMKID),
ATT turnover (AMPEK) and physiclogical stress
(p38 MATK). These cascades have been shown
to independently increase glucose transport and
they can be differentially activated by the inten-
sity of exercise [¢1]. Therefore, glucose disposal is
regulated by nutrient- and contraction-mediated
cellular events and emphasize the importance
of exercise as a stimulator of glucose transport.

Exercise training is associated with a positive
relationship berween insulin-stimulated glucose
disposal and PI3K activity in healthy skeletal
muscle [34.62). However, acure exercise 53 and
short-term training [&4] increase insulin-mediated
glucose disposal in Type 2 diabetic muscle, inde-
pendent of PI3K activity. The most important
role of exercise in the treatment of Type 2 dia-
betes may be the regulation of gene and protein
expression in skeletal muscle as GLUT-4 protein
content, as well as other metabolic regulators,
increase following exercise [3.64.65].

The contraction-mediated signaling cascades
not only stimulate GLUT-4 translocation bue
also regulate metabolic gene expression and
mitochondrial biogenesis [s6.67). Exercise train-
ing also leads to mitochondrial biogenesis incdud-
ing an increase in the number and size of mito-
chondria, increased Krebs cycle, B-oxidation and
oxidative phosphorylation enzyme activity and
increased uncoupling proteins and antioxidane
production [s8-71). In conjunction with increased
myoglobin and hexokinase activity, decreased
phosphofructokinase and lactate dehydroge-
nase activity 8], cellular substrate utilization
shifts toward lipid oxidation at rest and during
submaximal exercise with decreased lactate pro-
duction [721. These data support the contention
by Booth e al that the maintenance of nor-
mal metabaolic function requires skeletal muscle
contraction mediated pene expression [3].

The increased oxidative capacity of the mus-
cle cell following exercise training could party
explain the improved insulin sensitivity in
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subjects with Type 2 diabetes (73], despite a fail-
ure to improve insulin-stimulated intracellular
signaling. Intramyocellular lipid (IMCL) is an
important substrate during exercise and its prox-
imity to the skeletal musde mitochondria makes
it an ideal source of energy. Interestingly, well-
trained athletes, as well as obese and Type 2 dia-
betic subjects, have increased IMCL content [74).
The structural characteristics and distribution
are similar, which make it unlikely that the
quantity of IMCL is responsible for insulin resis-
tance [75]. The mechanism responsible has yet to
be determined but it has been speculated that the
turnover in IMCL content associated with each
cxercise session, may be an important factor [74).
The reduced mitochondrial function associated
with inactivity is reversible 7778 A lifestyle
maodification involving weight loss and increased
exercise training in patients with Type 2 diabetes
led to an increase in both mitochondrial content
and functional capacity as well as improvements
in insulin sensitivity [77]. It is not yet clearly
understood how exercise increases mitochondrial
biogenesis but recently epigenctic modifications
and miRNAs have been shown to be important
regulators of gene expression. It remains to be
determined if exercise, or inactivity, play a role
in the regulation of these processes.

The emerging benefits of exercise to
patients with Type 2 diabetes

® Exorcise & the liver

The impact of acrobic exercise on hepatic glucase
production has been well described 34791, These
studies demonstrate that, for the same circulat-
ing insulin concentration during a hyperinsu-
linemic—englycemic clamp, endogenous glucose
production rates arc lower in exercise-trained
subjects. The reduction in hepatic glucose pro-
duction has been attributed to enhanced insulin
suppression of glycogenolysis and gluconcogen-
esis. Ropelle eral. recently performed an insulin
tolerance test 8 hours after prolonged aerobic
exercise in diet-induced obese rats (891, They
found improved insulin signaling associated with
increased liver glycogen, and insulin-stimulated
phosphorylation of Akt/protein kinase B and
it's downstream target FOXO. In addition, the
protein content of gluconeogenic enzymes and
the interaction of the metabolic gene coactivator
PGC-To with FOXO1, which is associated with
gluconeogenesis, were reduced. Collectively,
these results suggest that the liver plays a direct
role in the metabolic improvements attributed to

aerobic exercise and provide a mechanism for the
suppression of endogenous glucose production
following exercise.

Another recent study by Hoene ev all, provides
evidence that the hepatic response is similar but
much more rapid that skeletal muscle 81, They
found that a 60 min session of acrobic exercise
rapidly induces the mRNA of gluconeagenic
enzymes and penes associated with lipid oxida-
tion including PDEY and PPARGCL. This was
accompanied by an increase in AMPE phosphor-
ylation and IR5-2 protein content. Following
glucose stimulation the tyrosine phosphorylation
of IRS-1 and Akt were greater in the exercised
animals. The reported increase in gluconeogenic
enzyme mRMNA reported in this sudy appears o
contradict the findings of Ropelle er 2l but the
timing and stimuli are very different 50). The
immediate response to exercise is often charac-
terized by a pene expression signature reflective
of the physiclogical stress. During cxercise the
stimulus is for increased glucose production w
maintain plasma glucose, but the adaptation to
exercise improves insulin signaling and meta-
balic Hexibility and facilicates a more efhicient
processing of substrate.

The enhanced metabolic functioning follow-
ing exercise may also be related to changes in
intrahepatic lipid content or turnover. In a cross-
sectional study of 138 overweight and obese sub-
jects Haufe et al recently reported that aerobic
fitness was positively correlated with insulin
sensitivity but inversely related to intrahepatic,
visceral and total lipid content (82). The relation-
ship between fitness and insulin sensitivity was
maintained after adjusting for visceral and total
fat but was no longer evident following adjust-
ment for intrahepatic lipid. These authors sug-
gest that the positive link between fitness and
insulin sensitivity is mediated by hepatic lipid
content. There is evidence to support a modest
reduction of intrahepatic lipid content follow-
ing exercise training in Type 2 diabetic patients,
although there is a need for randomized con-
trolled trials to provide definitive evidence [83).
We have also shown that insulin sensitivity can
be increased following short-term excreise train-
ing in the absence of increased acrobic fitness or
altered body composition [g4]. These indings
raise a question about the emphasis placed on
total and visceral adiposity in the context of
adaptations to exercise training, and sugpest
that a change in intraheparic lipid may, in fact,
be more relevant. Ideally, a decrease in total and
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visceral adiposity is desired but a reduction in
intrahepatic lipid may confer the same metabolic
benehts. If this were the case it may be more
advantageous to design an exercise prescription
that would optimize the metabolic response in
the liver and not necessarily focus on reducing
total or visceral adiposity. There is increasing evi-
dence for a direct impact of exercise on hepatic
metabolic regulation bur further investigations
are required. A growing body of literature also
supports the role of tissue—tissue cross-talk and
communication. Hennipe ef al. have shown that
enforced activation of protein kinase C signal-
ing in skeleral muscle causes farey liver, physi-
cal inactivity and brain insulin resistance [84).
Therefore, the primary and secondary causes of
metabolic dysfunction are poorly understood
but this exciting area of rescarch is likely to
reveal a much more comprehensive interaction
berween tissues.

® Exercise & the brain
There is a prowing body of evidence to support
the role of physical activity in the prevention and
management of cognitive impairment. Given the
increased prevalence of Alzheimer's disease and
dementia in Type 2 diabetes, there is 2 need for
randomized controlled trials to investigate the
impact of physical activity on cognitive func-
tion in these patients. In elderdy men and women
without cognitive impairment, a greater baseline
level of physical activity [85-87] or physical fie-
ness [88) is associated with a lower incidence of
cognitive dysfunction. Barnes ef al. found that
a higher bascline acrobic fitness was associated
with preservation of global cognitive function,
attention, verbal memory and fluency in healthy
older adults 58], Etgen ¢ al. followed 3903 par-
ticipants without cognitive impairment at base-
line for 2 years 857, At follow-up 207 {5.9%) of
participants had developed incident copnitive
impairment. They report a lower odds ratio for
those who exercised one to two times per week
(0.57, p = 0.01) and 23 times per week (0,54,
p = 0.003).

Physical activity has also been associated with
a reduction in incident dementia and the rela-
tive risk of Alzheimer's disease [g9.90). Podewils
et al. found 480 incident cases of dementia in
3375 men and women, free from dementia at
bascline, following a 5.4 year follow-up rso).
Participants involved in 24 physical activities
per week had a relative risk of 0.51 compared
with those who engaged in Z1 activity per week.

Larson et al. found the incident rate of dementia
was 19.7 per 1000 person years for those who
exercise less than three times per week compared
with 13.0 per 1000 person years for those exer-
cising 23 times per week [89). Lautenschlager
et al. found a modest improvement in cognitive
function after conducting a randomized trial to
investigate the effect of 6-month acrobic exercise
intervention on cognitive function in subjects
with memory problems s1).

The mechanism of exercise-mediated main-
tenance or enhancement of cognitive function
is difficult to investigate but should form an
important part of exercise research in the coming
decade. Aerobic fitness is associated with reduced
brain atrophy (2] and preserved medial temporal
lobe volume 93] in patients with Alzheimer’s dis-
case. Colcombe er al. reported an increase in gray
matter volume in the frontal and temporal cortex
as well as anterior white matter in older adules
who had been randomly assigned to an aerobic
exercise intervention compared with a streech-
ing control group [94]. It has also been proposed
that exercise may preserve neuronal plasticity
and increase synapses and dendritic receptors
following injury #s]. Other potential benehits
of exercise include an increase in cerebral blood
fow 9597 and influences on endocrine and
immune responses [57).

These changes have been investipated in
animal models and a number of neurotrophic,
growth and signaling molecules have been iden-
tified. The expression and function of BONF
has been linked with behavioral improvements
while IGF-1 and VEGF have been linked with
angiogenesis and neurogenesis (98], In the con-
text of diabetes it is also noteworthy that exercise
improves insulin action in the brain. Flores ezall
found increased insulin and leptin sensitiviey
in the hypothalamus of male wistar rats fol-
lowing acute exercise (49]. These changes were
associated with reduced food intake and pro-
vide a possible mechanism for exercise-mediated

appetite suppression.

Exercise prescription

In spite of the evidence supporting a positive role
for cxercise in the treatment of Type 2 diabetes,
there is still uncertainty regarding the optimal
exercise prescription. It has been difficult to con-
vince policy makers to fund exercise prescriprion
programs to treat Type 2 diabetes, as they do
with dietary or medical interventions, despite
the known clinical and socioeconomic benefies.
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There are many reasons why this may be the case
and it is important that the key issues are debated.
The evidence base for developing exercise pro-
grams has been strenpthened by recently pub-
lished randomized controlled trials (41-43). This
information should be used to lobby and advo-
cate for diabetes-specific exercise programs. A
second issuc is that exercise and physical activity
specialists often blame others for the lack of spe-
cific programs but fail to address the differences
in opinion and approach of those implement-
ing exercise research studies and programs. One
approach has been to identify the lowest amount
of exercise that elicits a positive dinical response,
while the ather has been to devise an exercise
prescription for optimal therapeutic responses.
These divergent approaches have led to large
variations in study design, exercise intensity and
frequency as well as rescarch outcomes. It is rea-
sonable to advocate for cither of these approaches
so long as the outcomes are quantified and appro-
priately translated into recommendations. The
reality is that no one set of recommendations will
be suitable for all patients with Type 2 diabetes. A
debate on these issues is warranted and a number
of issues should be considered.

In the first instance it is important to cdeary
define the purpose of the exercise program. This
is dependent on a number of factors including
glycemic control, the presence of complications,
the duration of diabetes and the age of the patient.
In otherwise healthy patients the primary goal
of an exercise program, for patients with Type 2
diabetes, should be to improve insulin sensitivity
and glycemic control. A secondary poal for these
subjects could be to reduce body fat mass, which
is also beneficial to insulin sensitivity. Glycemic
control has been linked with exercise capacityina
cross-sectional study [100] and excreise training has
been shown to reduce HbAlc in subjects treated
with oral medications and those who are long
standing insulin treated jis101. However, most
studics report on a patient chort with an average
HbAlcbetween 7 and &% r41-44). The DARE [44]
and HART-D (42 studics provide a good example
as the former found thar aerobic, resistance and
combined training improved glycemic control
while the HART-D found that only combined
exercise lowered HbhAle, A subproup analysis of
the HART-D subjects found that aerobic training
significantly lowered HbAlc in those who had
an initial value preater than 7%. Therefore, it is
arguable that exerdse recommendations should

also consider the baseline glycemic control.

However, it is possible that other factors such
as the exercise stimulus, the duration of diabetes,
gender and ethnic balance, and the management
of medications could also influence the out-
comes. The added difficulty in studying poody
controlled subjects with Type 2 diabetes is that
they are more likely to have exercise-limiting
complications. Therefore, the exerdse prescrip-
tion has to be modified, usually by decreasing
the excrcise intensity or limiting the type of
exercise. These changes are necessary to ensure
that secondary complications associated with
high intensity exercise do not further the dam-
ape caused by retinopathy or peri neuro-
pathy. As exercise, especially resistance training,
increases systolic blood pressure it is possible that
small vessels may hemorrthage during such activi-
ties. This does not mean exercise is ineffective
in these populations but the magnitude of the
response will be reduced.

The current exercise recommendations do
not cater for the varicty of factors that impact
on a patient with diabetes. The most recent
American Diabetes Association and American
College of Sports Medicine guidelines recom-
mend that individuals with Type 2 diabetes
engage in at least 150 min of moderate inten-
sity (40—60% of VO, max) acrobic activity per
week and suggest that additional bencfits may
be obtained from more vigorous intensity acr-
obic activity (=60% of VO,max) (0. In the
absence of contraindications, resistance train-
ing at least twice but ideally three times per
week should also be performed. The resistance
training sessions should consist of at least five
to ten exercises targeting all of the major muscle
groups. A minimum of one set, but as many
as three to four sets of ten to 13 repetitions to
near fatigue should be performed. Over time
the resistance should be increased so that only
eight to ten repetitions can be performed. A
combination of acrobic and resistance training
three times per week may be of greater benehit
to individuals with Type 2 diabetes than either
type of training alone in terms of blood glucose
control [42). As the benefits of an acute exercise
session on insulin sensitivity are relatively short,
it is recommended that exercise sessions should
not be separated by more than two consecutive
rest days. These guidelines are very similar to
those for the general healthy population and,
as minimal recommendations. do not address
the specific issues related to diabetes. Praet and
van Loon have made a significant contribution
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to exercise prescription guidelines with their
review article (103]. They offer puidelines and
recommendations for patients based on the
duration of diabetes, the initial Atness level of
the patient, their BMI and the length of time
they have been training. In addition, they
integrate acrobic, resistance and interval exer-
cise recommendations. This template is more
comprehensive and should form the basis for
developing a detailed exercise prescriprion.

The vast majority of research studies inves-
tigating the effect of exercise on patients with
Type 2 diabetes are not desipned to optimize
exercise recommendations. This is acknowled ped
by the authors of meta-analyses who highlight
the diverse range of exercise frequency, inten-
sity and duration in published articles (3451, A
recent review of the impact of training modali-
ties on clinical outcomes found thar there were
no studies investigating the impact of:

» Training session volume/duration;
= Training frequency;

= High intensity interval exercise in patients
with Type 2 diabetes 104).

Therefore, many of the guiding principles for
exercise prescription are derived as secondary
outcomes from rescarch studies. A pood example
of this is the recommendation that exercise be
conducted on nonconsecutive days. This recom-
mendation is based on the impact of an acute
exercise session on insulin sensitivity. Unlike
other treatment modalities, exercise can improve
insulin sensitivity after a single session 46463
This effect is transient and lasts for 12—40 h fol-
lowing exercise [54,105]. While this has raised very
interesting mechanistic questions it also sugpests
that patients with Type 2 diabetes should exer-
cise at least every second day to maintain and
continue to improve insulin sensitivity.

An important challenge in devising an exer-
cise prescription for patients with Type 2 diabe-
tes is assessing cardiovascular risk. In most cases
patients with Type 2 diabetes are recommended
to have a stress test prior to commencing an
exercise program. While it is important to mini-
mize risk to the patient this guideline is not
practical and potentially limits the therapeutic
use of exercise. In the absence of a stress test
clinicians are likely to adopt 2 more cautious
approach and not an optimal exercise prescrip-
tion for patients. It is important that a screen-
ing tool andfor exercise test be developed to

assess and monitor patients with Type 2 dia-
betes in nonclinical settings. This could pos-
sibly include a submaximal exercise test with an
upper threshold for diastolic and systolic blood
pressure. It should also be possible to create an
algorhythm to predice risk during an exercise
test based on heart rate, breathing rate, diabe-
tes duration, glycemic control, and history of
cardiovascular disease.

The current exercise recommendations for
patients with Type 2 diabetes have been derived
from research focused on determining the mini-
mal intensity and duration of exercise to improve
glycemic control. However, it appears that the
minimal recommendations may not be suffi-
cient to prevent weight pain. As most patients
with Type 2 diabetes are overweight or obese,
evidence suggests that they may gain weighe
over time even by adhering to the puidelines.
The International Association for the Study of
Obesity [106] and the Institute of Medidine ro7, 108
have concluded that a daily energy expenditure
equivalent to approximatcly 500 keal is neces-
sary to prevent weight gain. The current recom-
mendations would achieve approximately half
of this target and suggest that total daily energy
expenditure rather than the intensity and dura-
tion of a single-exercise session may achieve the
best results. The recent evidence suggesting that
physical inactivity may be a better determinant
of disease risk would also support this view and
further rescarch in this arca may significantly
change our current views on the role of exer-
cise prescription in the management of Type 2
diabetes [104).

The emphasis on exercise recommendations is
being challenged by emerging evidence of a link
between sedentary behaviors and health reviewsd
in reference [110]. The amount of sedentary time
is reported to be at least 7.7 h per day or 55%
of the measured time from the 2003 to 2004
Mational Health and MNutrition Examination
Survey (NHAMNES) study 1111]. Sedentary time,
as determined by accelerometry or self-reported
television viewing, is associated with increased
fasting insulin [112], decreased glucose tolerance
1113], markers of insulin resistance and the meta-
bolic syndrome (114-117]. Recent evidence has
shown that a decrease in muscle mass results
from the activation of an atrophic signalling
cascade and is not merely a reversal of the hyper-
trophic adaptation to training. Similarly, it is
possible that sedentary time promotes cellular
and biochemical changes that have a negative
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impact on physiological processes and ultimately
health. However, it remains to be determined
if these associations are independent of physical
activity. It is possible that the current recom-
mendations do not provide a suffcient stimulus
to overcome the much greater sedentary time
and that a greater emphasis needs to be placed
on decreasing sedentary time as a stratepy to
enhance health.

Another argument to reduce the emphasis on
exercise prescription is the issue of adherence. It
has been reported that long-term adherence to
exercise progams can vary from 10 to 80% [u17).
A variety of factors may be responsible includ-
ing time, motivation, readiness to change or
adequate support structures. Large-scale exer-
cise studies are very expensive to implement
and require a high degree of supervision. The
variance in findings from exerdise training stud-
ies is partly related to the experimental design
and verification of exercise adherence [3,45).
The greatest physiological benefits are often
reported in studies where exercise sessions are
supervised and monitored [33.45]. However, “real
lite” application of exercise will require a novel
approach and use a combined approach with
decreasing physical inactivity. Given the greater
benefits resulting from short term, supervised,
exercise programs and the sustained benefits
reported from lifestyle interventions (43, a
periodically structured program (e.g.. 3 months
per year) may be sufficient to improve glycemic
control if daily physical activity is increased.
Alternatively, exercise referral programs that
have a high degree of varicty, social integration
and enjoyment could be partly used to meet
daily recommendations. The next big step may
involve a joining of the two approaches where
decreasing sedentary time is supplemented by
exercise training sessions to achieve the overall

goal of maintaining and improving health.

Conclusion

There have been significant advances in our
understanding of the contribution of exercise to
the prevention and treatment of Type 2 diabetes
but significant challenges remain. In the patho-
physiology of Type 2 diabetes, future research
should focus on understanding the interaction
between the CINS and peripheral metabolism.
It will also be important to better understand
the cxercise training adaptation in noncon-
tracting tissues such as the liver and brain and
how miRMNA and epigenetic modifications are

influenced by acute and chronic exercise. In a
practical and applied sctring future research
should focus on inactivity physiology and deter-
mine if a combination of decreasing sedentary
time in conjunction with a prescribed exerdse
program would produce better adherence and
clinical outcomes. Alternatively, daily cnergy
expenditure tarpets could be used but this will
require the development of monitors with greater
accuracy and reliability. Specifically addressing
exercise prescription there is a need for more
studies to determine the impact of exercise mode
and intensity on glycemic control. Finally, the
future rests in researchers working topether to
provide novel and varied ways of increasing daily
physical activity.

Future perspective

The next decade holds potential for exercise
and physical activity research. In practical and
applied research the focus is likely to shift from
identifying minimal exercise recommendations
that confer health-related benefits toward a
decrease in sedentary time. The investigation
of inactivity physiology will provide an alter-
native perspective on metabolic regulation and
should complement behavior research designed
to increase physical activity compliance. The
role of prescribed exercise, while still playing
an important role in diabetes treatment, will
become a more valuable model of disease patho-
physiology. In addition to contraction-mediated
glucose transport and gene expression, the meta-
balic regulation of noncontracting tissues such
as the liver and brain, following exercise, will
provide valuable information on the develop-
ment and progression of diabetes. It will also
be necessary to determine if these changes
are direct or secondary effects owing to tissue
secreted proteins (e.g.. myokines, adipokines).
This research on tissue—tissue communication
will also identify biomarkers that are responsive
to exercise and could be used to predict the onset
and progression of diabetes.
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Appendix A2: Published Abstract

AgneiszkéPazderska Diane Coopet, De c | a n? NoeleHGolufa Shah Syéd
Krzysztof Wani; Fiona Lithandér Prof. John NolanDo n a | O Roweeks n
aerobic exercise improves intrinsic muscle mitochondriabriuimcpatients with type 2
diabetes. Irish Endocrine Society Meeting, Dublin, Ireland, September 2010.

Dublin City University, DubfinSt. James Hospital, Dublin

Title
12 weeks aerobic exercise improves intrinsic muscle mitochondrial functiontsn patien
with type 2 diabetes.

Abstract

Exercise is known to increase maximal oxygen uptaken@ip and improve insulin
resistance in patients with type 2 diabetes. Several recent studies have shown that exerci
enhances in vivo mitochondrial function. Hewe it remains unclear whether this
improvement is due to an increase in skeletal muscle mitochondrial mass or in intrinsic
mitochondrial function. The aim of this study was to assess changes in electron transport
capacity in mitochondria isolated fromsahel biopsies from patients after an exercise
programme.

Six sedentary men with type 2 diabetes (ageld1%:/HbAlc 8.3+1.7%; BMI 34.4+

6.7) participated in a 12 weeks aerobic exercise programme consisting of four supervise
sessions/week at 70%Y@ax. Muscle biopsies from vastus lateralis were obtained before
and after the intervention. High resolution respirometry was used to measure oxygen flux
capacity in isolated skeletal muscle mitochondria.

T-test was used for statistical analysis.

VO, max improved following the intervention (baseline, Wi@x: 2.65 L/min, post
exercise: 2.99 L/min; p=0.012). Following training, significant increases were observed in
oxygen fluxes, expressed per milligram of mitochondrial protein fismwprotein),
stimubted by parallel electron input from complexes | and Il in the presence of

pyruvate+malate and succinate (188.21 vs. 420.96; p=0.024). Similarly, significant increas:
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were observed in oxygen fluxes in the presence of ADP (506.61 vs. 1527.15; p=0.007), a
well as in response to uncoupling by FCCP (572.40 protein vs. 1645.18; p=0.013).

12 weeks aerobic exercise training leads to improvements in several components of
intrinsic mitochondrial function in patients with type 2 diabetes
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Appendix A3: Recruitment email for intervention 1 (Chapter 3)

Hello all,

The School of Health and Human Performance at DCU are conducting a research study in
January 2010 to investigate how an exercise programme and a dietary programme
influencs body weight, body fat and the use of energy by the muscles. This project is in

conjunction with Prof. John Nol an at St

similar changes in patients with type 2 diabetes.

This is a énonth study divided into an3onth exercise programme andnad®ith dietary
programme. The order of these will be randomly assigned. A number of measurements will
be made before the study and at the end of eacmtB phase. These include fitness
testing on a bicycle, a test fobdias and a muscle biopsy.

We are looking for males and females ag@d 48d aged 5 years who are overweight
and interested in participating in a weight loss programme.

If you would like to hear more about this study or would consider participleiasg
contact Diane Cooper (Tel: 70084#2ad: (iane.cooper2@mail.dcu.ig

Looking forward to hearing from you.

Kind regards,
Diane.


mailto:diane.cooper2@mail.dcu.ie

Appendix A4: Plain Language Statement for intervention (Chapter 3)

Cellular mechanisms of insulin resistance and exercise resistance in early onset

type 2 diabetes.

Principal investigator:
Prof. John Nolan - jnolan@stjames.ie 01-4162488
Dr . Donal O- G o donabhogorman@dcu.ie 01-7008060

Met abolic Research Unit, StHealthandlumans Ho s |

Performance, Dublin City University.

This leaflet is intended to explain what the study invAlvesnber of different
procedures will be carried out over a period of about 6 months; from the time consent is
taken up until the last tests are carried out. This study will involve three months diet

intervention and three months exercise intervention.

The first visit will involve a full medical history and physical examination by a
doctor. You will need to be fasting from the night before this visit. Please bring any
medications that you are currently taking, to this first visit. We will ask fortiofiorma
about allergies, family medical history and your past medical history, if any. We will weigh
you, check your height and then estimate your total body fat composition. Waist, thigh and
hip measurements will be taken. An ECG (electrocardiogram, ss pgastl¢hat takes a
few minutes) will be performed to check your heart. You will be asked to give a urine
sample to check your kidney function. -Ao@Gr oral glucose tolerance test will be
performed to test your glucose, insulin and lipid levels. Adalogade will also be taken
for DNA analysis for the purpose of identifying specific genes that may be associated with

diabetes or obesity.

At Visit 2 an MRI scan will be performed. This scan, which is painless, is based on
magnetic excitation resultingsignals that can be computed into graphs or images. This
will allow us to calculate your body composition, as well as the distribution of muscle and
fat. On the same day, you will have an exercise test known gmax W@asurement.

This test usually tak@o more than half an hour. We measure your breathing, and how
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your heart rate and blood pressure change while you exercise on an exercise bicycle in ol
exercise laboratory. You will wear a comfortable facemask and a blood pressure cuff on
your arm. Theest gives us important information about how well your heart and lungs are

working, and estimates your level of physical fithess before your exercise program begins.

At Visit 3 a muscle biopsy will be performed. This procedure involves giving a
small ingction of local anaesthetic initially, which will anesthesize and numb the area that is
to be biopsied. A very small tissue sample from your leg, on the outside of the thigh, will
then be taken. The biopsied area may feel slightly uncomfortable foperisitbaf time
after the biopsy. We will clean and dress the site afterwards with a small plaster. There is
very small (< 1:200) risk of local bleeding and infection associated with this procedure, but
by using appropriate techniques during this praedidel risk is minimised. The muscle
sample will be analysed in various ways to calculate how glucose and other fuels are beir

used to produce energy in your body.

Following these experimental procedures, you will initially be randomised (by
chance) tobegin the study either with 3 months of monitatedary intervention

monitoredexercise intervention

Dietary intervention
If you are randomised initially to the dietary intervention, this will involve a low fat diet at
2500 calories less than yoswal daily diet each week. You will be instructed to maintain a

food diary and will be reviewed by a dietician on a 2 weekly basis.

Exercise intervention

If you are randomised initially to the exercise intervention, you will exercise for 1 hour, 4
timesper week in the GYM at DCU. This exercise programme will be equivalent to 2500
kcal of energy used per week. It is very important that you attend all of the exercise
sessions. The exercise session will be divided into five minutespyanty minutesfo

aerobic exercise and then a-finneute warm down. During the exercise training, we will
monitor your heart rate, and blood pressure as before. This will enable us to calculate the
correct level of exercise intensity for you. We will also check yess Ievel every 4

weeks and change the exercise programme to reflect your improvement in fitness.
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We cannot emphasise enough that attendance for the exercise training and compliance wit
diet is crucial as this is what the study is all albowgee if gercise and diet helps insulin

to work better in your body, and to try to find out how it does so. This is the part of the
study that requires the most commitment from you and from us, the investigators.

At the end of the first 3 months of intétlventaiaie or exercise), you will have your body we
and blood pressure measuregraad 6t repeated. On the following days, you will have the
scan, oral glucose tolerance test and muscle biopsy repeated to reassesseyour resy
intervention. Similarly, in the following final 3 months, you will be changed over to the ot
programme (either dietary or exercise). You will have the same measurements and proced
end of the study (body weighteddaoel MRI scamn; MEX test, oral glucose tolerance test anc
muscle biopsy).

Thank you for reading this information leaflet, please note that it is intended to
complement the other information you have received, and we would be delighted to

discussray queries you might have at any time.

Risks to Participants Exercise does carry a risk of injury, such as a pulled muscle, muscle

soreness or in extreme cases abnormal heart rhythm, heart attack or death.

Benefits of participation: After completing th study you will be given a report of your
results which will include feedback on the changes, if any, that occur during the researct
study.

Your confidentiality will be guarded:

1 All information we gather will be stored in a secure filing cabinet. silte sethe
study will be used for a postgraduate project and may be published in academic
journals. You will not be identified, as your information will be presented as part of a
group. Confidentiality of information provided can only be protectednwitibi
limitations of the law. It is possible for data to be subject to subpoena, freedom of
information claim or mandated reporting by some professions.

1 You may withdraw from the research study at any point. There will be no penalty for

withdrawing bef@ all stages of the Research Study have been completed.
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Project funding

This project is funded by a grant awarded by the European Foundation for the

Study of Diabetes.

If you have concerns about this study and wish to contact an independent pesson, plea
contact: The Secretary, Dublin City University Research Ethics Corofoitidéce of
the VicePresident for Research, Dublin City University, Dublin 9.-7€l08000

If you require further information or are interested in taking part in the studylpase
contact Diane Cooper on 01 7008472, 087 2388748 or email
diane.cooper2@mail.dcu.ie
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Appendix A 5: Informed Consent Form for Intervention 1 (Chapter 3)

INFORMED CONSENT FORM FOR CL INICAL RESEARCH STUDY

Title of project : Cellular mechanisms of insulin resistance and exercise

resistance in early onset type 2 diabetes.

Principal Investigators

T Prof. John J. Nol an, Met abolic Resear
T Dr . D o nrimdn, SEhodbal Health and Human Performance, Dublin City
University.

l, understand that | have been asked to participate in a

study at the Department of Endocrinol ogy
Health and HumaRerformance at Dublin City University to determine the influence of
exercise and dietary intervention on insulin resistance and muscle metabolism. To
determine if | am eligible to participate in the study, | will visit the Metabolic Research Unit
in the Department of Endocrinology for screening, including having an oral glucose
tolerance test performed. On my second visit, | will have an MRI scan performed to assess
my intraabdominal fat content. | will also have an exercise test callednax/@st to

assess my fitness level. Following that, on a different day, | will come in for a muscle
biopsy performed by the study physicians. In the next 6 months, | will be randomly

assigned to a 3 monthly period of:

1) Supervised dietary intervention; which willlveva low fat diet (at 2500 calories less

than my usual diet each week).

AND

2) Supervised exercise intervention; which will involve 4 sessions a week, equivalent tc

2500 kcal of energy used.

During the exercise element | will have my fithess measued exweks and my blood

pressure and heart rate will be monitored during exercise. After each 3 monthly period |
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will have each of the baseline tests (oral glucose tolerance test, MRI.Stan, t&¢€),

and muscle biopsy) repeated.

Benefits At the conalsion of the project, | may obtain information about my own
exercise capacity. | will also benefit from having a specialised dietary input in this
programme. Involvement in this project is designed to improve my physical fithess and to

help me lose weight.

Discomforts and Risks

Blood Draw: The insertion and placement of the catheter should be minimally painful, a
slight ache may be felt and a small bruise may appear on the arm. There is also a small ri
of infection, but by using the appropriate teghes, this risk is minimal.

V0, Max test Some risks are associated with this test. As subjects approach a maximal
effort, they may experience episodes of transienhdigtiedness, chest discomfort, leg
cramps, occasional irregular heartbeats, anarabidood pressure response. The risk of
coronary event although minor (approximately one occurrence per 15,000 tests) does exis
Even though a regular exercise session may involve some hyperventilation; the aim of the

test is to achieve a maximum effort

Exercise training Exercise training may lead to muscle tightness, soreness, fatigue, and
rarely a pulled muscle. An exercise physiologist and physician will closely monitor the

exercise training session.

Muscle biopsyThere will be some minor distfort during the muscle biopsy procedure,
which will be performed under local anaesthesia. There is a small (< 1:200) risk of local
bleeding and infection. Due to the local anaesthesia administered, temporary numbness @
the skin near the biopsy site noagur. By using appropriate techniques during these

procedures the risks outlined above are minimised.

MRI scan of the abdomeFhis scan involves a very powerful magnetic field, and therefore

any participants with implanted metal devices (such asrel@cor prosthetic device)
will be excluded from having the scan performed. All jewellery (including dentures and

reading glasses) will need to be removed prior to the scan. The scan is painless, howevi
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some people experience a slight claustrophobatisernwhile the scan is being performed

(which may last for 15 minutes).

Exclusion from participation: | understand that my doctors have told me that | cannot
participate in this study if | have had any evidence of heart, liver, gastrointestingl or kidne
disease, or if my blood sugar or blood pressure is not well controlled. If | suffer from

claustrophobia, | can choose not to have the MRI scan performed.

Alternative treatment | do not have to take part in this study to be treated. Other

treatmentsra available and the research doctor has discussed this with me.

Confidentiality and Right to Ask Questions All records associated with my
participation in the study will be subject to the usual confidentiality standards applicable to
medical records,nd in the event of any publication resulting from the research, no
personally identifiable information will be disclogamhfidentiality of information
provided can only be protected within the limitations of the law. It is possible for data to
be subjeicto subpoena, freedom of information claim or mandated reporting by some

professions.

| have been given the opportunity to ask any questions | may have, and all such
guestions or enquiries have been answered to my satisfaction. | have been provided
with a detailed patient information leaflet explaining each of the stages in the study.
If I have any further questions about the study, or my participation in it, | may

contact any of the study investigators on a 24 hour basis.

St. James’s Hospital
Prof Joim J. Nolan 014162488 W
Nicole Burns 0861942705 M
Dr Shabahat Shah 0866039220 M

Dr Krzystof Wanic
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Dublin City University

Dr . Donal 01300860 ma n
Ms. Diane Cooper 01-7008472

Dr. Davide Susta

Compensation
| understand that in the eventigury resulting form research, the doctors are covered by

standard medical malpractice insurance. No other compensation is available.

Voluntary Participation: | understand that my participation in this study is voluntary, and
that | may withdraw fromhis study at any time by notifying the investigator. My
withdrawal from the study, or my refusal to participate, will in no way affect my care or
access to medical services. I under st and
Hospital and Duln City University and this is to certify that | consent to participate as a
volunteer in this programme of investigation. | understand that | will receive a signed copy
of this consent form.

Project funding

| understand that this project is funded by agrant awarded by the European
Foundation for the Study of Diabetes.

Volunteer’s signat ur e Date

Name ( Print)
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I, the undersigned, have defined and explained the studies involvedotcetlielabteer.

I nvestigator’'s sigbaet ur e

Name ( Print)

Witness'’ Signature Date

Name
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Appendix A6: Medical Questionnaire

DCU

Cellular Mechanisms of Insulin and Exercise Resistance in Early Onset Type 2

Diabetes
DATE

CONTACT DETAILS)

Last name:

First name

Date of birth: Age

Address:

Mobile Work:

Home:

Email Address:

Next of kin

Name Contact tel:

Relationship to you
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MEDICAL HISTORY (PHYSICIAN ADMINISTERED)

1. Do you suffer from any of the following (tick box)? Yes No
a) High blood pressure (hypertension) O O
b) Angina O O

e chest pain, neck pain, jaw pain, arm pain
or undue breathless on exertion
(such as walking fast or walking up a hill)

C) Heart disease of any sort O O
e.g. heart attack
blocked blood vessels to the heart
abnormaheart rhythm
d) Peripheral vascular disease O O
e.g. intermittent claudication (calf pain on walking)
stroke
e) Elevated blood cholesterol or triglycerides O O
f) Diabetes O O
2. Have you ever had any of the following (tick box)? Yes No
a) A heart attack O O
b) Heart surgery O O
C) An angiogram O O
d) Insertion of a stent O
e) Treatment of an irregular heart beat O O
f) A blackout (loss of consciousness) O O

3. Please list any other medical conditionsou suffer from

at present or have suffered from in the past
1.

2
3.
4

4. List any medications which you are now taking
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5. Your family history

Do any of your first degree relatives (parents, brothers, sisters)

suffer from any of the following (tick box if yes)?

Yes No
a) heart disease O O
b) high blood pressure O O
C) diabetes O O

Has any first degree relative of yours died from heart disease¥Y e s O No O

6. Alcohol / Cigarettes

Do you consume alcohol regularly? YesO No O

If yes, how many uniger week?

Do you smoke? YesO No O

If yes, how many cigarettes a day?

7. Your Exercise Pattern

Do you take part in regular exercise of physical activity YesO No O

If yes, give details (how oftegr pveek, duration per session)
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PHYSICAL EXAMINATION

Blood Pressure / Pulse

GENERAL APPEARANCE

Subject looks: Healthy Not healthy Very ill

SUMMARY FINDINGS

Nothing Details if Abnormal
Abnormal
Found

HEAD AND NECK 1

CHEST AND LUNGS 1

HEART 1
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ABDOMEN 1

EXTREMITIES 1

NEUROMUSCULAR 1

RESTING ECG
Descriptive Anlgsis:
Rate: bpm

Rhythm:
Arrhythmias

Clinical Impression

According to the medical history and physical exam, does subject qualify for this research <

Yes

No
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Comments:

Physician's signature (Date)
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Appendix A7: Informed Consent Form for DEXA Scan

DCU

DUBLIN CITY UNIVERSITY

Informed Consent Form for DEXA Scan

Title:
Cellular mechanisms of insulin resistance and exercise resistance in early onset type
diabetes.

Investigators:
Dr . Donal O Gor man

Prof. John Mlan
Ms. Diane Cooper

This consent form is in addition to the detailed consent form that has already been signed
by the participant for the above study. A DEXA scan was not included in the original

consent form.

Potential risks to participants from invdvement in the Research Study:

I understand that DEXA Scanning involves exposure to a small ameray cddiation,

~2% of that used in a traditionatay scan. This is a routine assessment.

Participant 8 please complete the following (Circle Yes dfo for each question)

Do you understand all the information provided here? Yes/No
Have you had an opportunity to ask questions and discuss this study?
Yes/No

Have you received satisfactory answers to all your questions? Yes/No
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Signature:

| haveread and understood the information in this form. My questions and concerns have
been answered by the researchers, and | have a copy of this consent form. Therefore,
consent to undergo a DEXA scan.

Participants Signature:

Name in Block Capitals:

Witness:

Date:
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Appendix A8: 6-20 Point Borg Scale

(3 No exertion at all
7
Extremaly light
v}
9 Very light
i0
i1 Light
12
13 Somewhat hard
14
15 Hard (heavy)
16
17 Vey hard
18
19 Extremaly hard
2 Maximal exertion
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Appendix A9: Recruitment email for intervention 2 (Chapter 4)

Hi All,

The School of Health and Human Performance at DCU are conducting a research study in
January 2010 to investigate how body weight, body fat and the use of energy by the
muscles is influenced by different types of exercise training. We want to a@duct
month exercise training programme using two different approaches. For thecéist 4

all participants will exercise for 4x 1 hour sessions consisting of aerobic exercise, like
walking and cycling, as well as approximatetyni®es of strength exees. For the last

8 weeks some participants will continue with this programme while others will change the
resistance exercise. Instead they will only perform half of the strength exercise, ie they wil
only let the weight down, but not lift it.

A numbe of measurements will be made before the study and at the end eheatth 3
phase. These include fitness testing, an MRI of the arm and leg, a measure of energy use |
the body, a measure of how well the body reacts to insulin, measurement ofrimbdy fat a

muscle biopsy.

We are looking for males and females agg@ §&ars who are overweight and interested
in participating in a weight loss programmgou would like to hear more about this
study or would consider participating, please contact Dian€ooper (Tel: 7008472;

e-mail: (diane.cooper2@mail.dcl.ie

Kind regards,
Diane.
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Appendix A1Q Plain Language Statement for Intervention 2 (Chapter 4)

Plain Language Statement

Title: The impact oéccentric exercise training on energy expenditure and metabolism in

obese patrticipants.

Principal investigators:
Dr . Donal O’ (@Gomal.og@aman@dcu.ie  01-7008060
Dr. Davide Susta davide.susta@dcu.ie

Other investigator:
Ms. Diane Cooper - diane.cooper2@mail.dcu.ie01-7008472

What is the study about?

Regular exercise has many important benefits forihekithng weight loss as well as the
prevention of diabetes and heart disease. One of the key roles of exercise is to increase tr
amount of energy we use during the day. This study compares a traditional exercise
programme, combining some aerobic (walkixgrcise with some strength exercises, to a
programme that has a similar amount of aerobic exercise but modifies the strength
exercises. We wish to determine if the modified exercise programme is a more effective

way of increasing energy used by the body

What will be involved in the study?

The training study will involve 4ixdsessions of exercise each week faiegRs. Each of

these sessions will involverdids of aerobic exercise (walking on a treadmill, cycling on a
stationary bicycle, etc) andniiis of strength exercises (lifting a weight with your arms
and legs). All participants in the study will follow the same exercise programme for the first
4-weeks. At that time one group will continue with the same exercise programme and the
other will hae a modified programme for the strength exercises. This group will only
perform half of the exercise. For example, if you were doing a bench press (see picture
below), you will not lift the weight but you will have to lower it slowly back to your chest.
Two people, standing next to you, will take the weight and lift it back up for you to lower it

again. Otherwise the programme remains the same.
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A number of tests will be carried out before and after thedltraining programme.

The energy your dg uses at rest will be measured in the lab by lying dowhnr fand

having the air you breathe out analysed for oxygen and carbon dioxide. Your aerobic
fitness and strength will be determined before you start and -ewels4during the
programme. Inrmaer for us to examine the changes that have occurred in the muscle we
will take a scan of your arm and leg to measure the amount of muscle you have. We wil
also take a sample of muscle from your leg so that we can measure the size and number
individud muscle fibres. The amount of fat in your body will be measured by scanning it
with a DEXA analyser.

Exercise does carry a risk of injury, such as a pulled muscle, muscle soreness or in extren
cases abnormal heart rhythm, heart attack or death. néfieskié being involved in this

study include a detailed assessment of your fitness, your response to exercise and yol
energy use. All information we gather will be stored in a secure filing cabinet. The results
of the study will be used for a postgedad thesis and may be published in academic
journals. You will not be identified, as your information will be presented as part of a
group. Confidentiality of information provided can only be protected within the
limitations of the law. It is possilfite data to be subject to subpoena, freedom of
information claim or mandated reporting by some professions. All data will be destroyed
after 5 years. Your participation in this research project is voluntary and you may withdraw
your consent at any time.

This study is being funded by a research training grant for Ms. Diane Cooper from the

Irish Research Council for Science, Engineering and Technology.
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If you have concerns about this study and wish to contact an independent person, please

contact:

The Secretary, Dublin City University Research Ethics Committee, c/o Office of
the Vice-President for Research, Dublin City University, Dublin 9. Tel 62008000
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Appendix A1t Informed Consent Form for Intervention 2 (Chapter 4)

Informed Consent Form

Title: The impact of eccentric exercise training on energy expenditure and metabolism in

obese participants

Principal investigators: Dr . Donal O’ Gor man, Dr . Davi i

School of Health and Human Performance

Other investigators:Ms. Diane Cooper

Purpose:The purpose of this study is to determine if the amount of weight and body fat
lost in response to exercise training could be improved by including strength exercises tha

accelerate the changes in muscle.

This is what will happenduring the research study
1. 1 will have the purpose of the study, each of the steps involved and the risks of
participating in the study explained to me. | will have the opportunity to ask any
questions and if | am happy with the answers | will:
a. Provide wtien informed consent for participation in the research project.
b. 1 will then complete a medical history form, which will ask questions about
my general health, personal and family health history, smoking, exercise,

and dietary habits.

2. Pre and Post tésvaluation

a. | will have a number of measurements of my body size and shape. Firstly,
my blood pressure will be measured. | will have an electrocardiogram
(ECG) done to check my heart. This is a painless, 5 minute procedure that
involves lying down arthving adhesive pads attached to my arms, legs
and chest. My height and weight will be measured in light clothing, and
without shoes.

b. | understand that any of these procedures or tests may be waived at the
discretion of the doctor for the following s (i) | have completed the

same or similar step in the past 6 months as part of another research
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protocol at the School of Health and Human Performance; (ii) It has been
determined that | am not eligible to participate in this research project; and
thuscompletion of the entire screening process will not be necessary.

. The amount of fat and muscle in my body will be measured in two ways.
My body fat will be measured using a DEXA scanner. This involves lying
on a flat table for about-bdins. During thisme my body will be scanned.

The picture taken will be used to determine the amount of fat. | will also
have an MRI of my arm and leg. This is also a painless procedure where an
image is taken that can be used to measure the size of the muscle. These
pictures will be used to see if the amount of muscle in my body increased
and the amount of fat decreased following exercise.

. Resting metabolic rate. | will rest by lying down on a bedhifoiie bed

will be located in a wekntilated private sewirkenedoom. After 30

mins | will have a clear plastic hood placed over my head. | will still be able
to breathe normally as 50 litres of air is drawn through every minute. The
air | breathe will be analysed to determine the amount of energy | use at
rest.

. On one morning | will come to the lab between 0800h and 0900h after an
overnight fastwith only water taken for the previous 10 hoAfter

resting for 15 minutes, | will have a muscle biopsy taken from my thigh.
For the biopsy | will have the area anaéstidetvith local anaesthetic, then

a small 0.5 cm incision will be made in the skin and a needle inserted briefly
into the muscle. A small piece of muscle, less that 0.15 of a gram, will be
taken from my leg. The incision is pulled close with stepteastd my

leg will be wrapped snugly with an elastic bandage to maintain pressure.
Before | leave | will be given contact information and supplies to change
the dressing around the biopsy sites. A muscle biopsy will be taken before
the exercise trainingdafollowing 12 weeks of exercise.

After the biopsy my metabolism and the way my body uses glucose will be
determined. | will have a small tube placed in a vein of my left and right
arm. After some baseline blood samples are taken | will have be given some
glucose through one tube ovenih. Blood samples will be taken from the
other tube every-@intues for the next #@ins. During the next 4@ins

two other blood samples are taken. Then | will be given a small amount of
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insulin and blood samples will Bkein at 020,30, 56,70 and 16emin
after this. The test will takénfs.

3. Exercise capacity and determination of exercise intensity

a. | will undergo an exercise test designed to measure my fitness, and to
evaluate my current physical condition. |nsteted that | will walk on a
treadmill, with the speed or slope getting more difficult every 2 minutes
until, fatigue, breathlessness, chest pain and/or symptoms that indicate to
the doctor or myself that | should stop exercise. To assess my fithess | wil
have a mouthpiece similar to a snorkel in my mouth to measure the amount
of air | breathe in and out.

b. For the strength exercises | will be asked to lift a comfortable weight 10
times. The amount of weight will increase gradually exreng hintil |
canrot lift it 3-times. This maximum weight will be used to determine the

weight | will lift during the exercise training.

4. Exercise training

a. | will undertake 4 exercise sessions each week in DCU Sport. Each of these
sessions will involve #%ins of aerobic excise, like walking on a
treadmill, and Z@ins of strength exercises. | understand that all
participants will undertake the same programme for the fuestks.

b. At that time | will be asked to either (i) continue with the same programme
or (ii) modifythe strength exercises so that | am only lowering the weight
and not lifting it. | understand that, if | am part of this group, the weight |
lower will be slightly heavier that what | was previously lifting but two
people will lift the weight for me andill lower it slowly.

c. My fitness on the treadmill and my strength tests will be measured every 4
weeks during the exercise training programme to monitor my performance

and to adjust the training programme.

Sometimes thereare side effects from performingexercise tests. These side effects

are often called risks, and for this project, the risks are:
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1. Exercise testing carries with it a very small risk of exercise induced asthma,
abnormal heart rhythms, heart attack, or death in less than one in 30,860 patien
The risk of sudden death during exercise for healthy men is -18@000
Because | will be asked to give a maximum effort, | may experience some muscle
soreness in my arms and legs or nausea following the maximal exercise test.

2. | understand thatking the blood sample should be minimally painful but a slight
ache may be felt and a small bruise may appear on my arm. There is also a sma
risk of infection, but by using the appropriate techniques this risk is minimal.

3. | understand that following @hglucose injection | may feel flushed with slight
nausea for a couple of minutes.

4. | understand that lowering the weight is strenuous and my muscles may feel stiff
and sore for a few days after the first few sessions.

There may be benefits from my parti@ation in this study. These are:
1. 1 will receive a copy of my personal results, body fat and fithess measurements and
energy use during exercise.

2. lunderstand that no other benefits have been promised me.

Participant 8 please complete the following (Cir@ Yes or No for each question)
| have read the Plain Language Statement Yes/No
| understand the information provided Yes/No
| have had an opportunity to ask questions and discuss this sttiely/No

| have received satisfactory answers to all njogses Yes/No

My confidentiality will be guarded:

Dublin City University will protect all the information about me, and my part in this study,
within the limitations of the law. My identity or personal information will not be revealed
or published. Allecords associated with my participation in the study will be subject to the
usual confidentiality standards applicable to medical records. In addition, the study
findings may be presented at scientific meetings and published in a scientific journal and/o
as part of a postgraduate thesis, but my identity will not be divulged and only presented a:

part of a group.
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If I have questions about the research project, | am free to call Dr. Donal
O06 Gor ma-n00&&0. 0 1

Taking part in this study is my decison.

| understand that my participation in this study is voluntary and that | may withdraw my
consent at any time by notifying any of the investigators. | may also request that my date
and samples be removed from the database or storage and desyroyidftirdwal from

this study, or my refusal to participate, will in no way affect my relationship with Dublin
City University or my entitlements as a student or staff member. | understand that my
participation in this research may be terminated by #wigavor without regard to my
consent if | am unable or unwilling to comply with the guidelines and procedures explained

to me.

This study is being funded by a research training grant for Ms. Diane Cooper from the

Irish Research Council for Sciencejri&mging and Technology.

Signature:
| have read and understood the information in this form. My questions and concerns have

been answered by the researchers, and | have a copy of this consent form. Therefore,
consent to take part in this researcheptoj

Participants Signature:

Name in Block Capitals:

Witness:

Date:

Acknowledgement
The researchers would like to thank IRCSET for providing funding for this research.
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Appendix A12:PostBiopsy Care and Treatmat Instructions

Information for subject:

1. You will be given a supply kit containing somesétgr$, sterile gauze, cotton
wool, alcohol wipes, bandage and tegaderm transparent dressing. Inspect the
biopsy site regularly.

2. Keep the biopsy incision doyr fat least one full day. Do not get it wet in a shower,
bathtub, jacuzzi, whirlpool, or go swimming during this time. Use the transparent
dressing over the site if you are having a shower.

3. Check the incision several times each day. Change the bandagecedsary
with the bandages supplied.

4. Do not permit sweat to get in the incision. This means no saunas, and no vigorous
exercise for at least two full days.

5. Do not perform heavy lifting with the legs for at least two full days. When you do
return to liftng, begin the training session gradually with light weights.

6. Be sure to have contact with the research team the day after the biopsy and report
any unusual feelings or responses since the biopsy.

7. If the incision is painful, take some paracetamol aeditgcthe manufacturer,
apply an ice pack, and elevate the leg. It is not recommended to take Aspirin or
Advil since these may allow unnecessary bleeding or bruising.

8. Inspect the biopsy area for swelling, red appearance or infection. If you notice
anythig unusual please contact the research team.
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